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1 Introduction

In this user’s guide, the operator can find the main information allowing him to use a CAMECA NanoSIMS
50L with best results. This instrument is based on Secondary lon Mass Spectrometry (SIMS) and designed
to provide benchmark capabilities for SIMS analysis at high spatial resolution.

After introduction to SIMS and NanoSIMS in this chapter 1 the first part of this document (chapters 2 and
3) describes the physical principle, the optics, the hardware and the software of the CAMECA NanoSIMS
50L to have an overview of the instrument. It is mandatory to understand at least the main optical concepts
in order to make sensible use of the following, more practical chapters.

In the second part (chapters 3 to 8) the operator will have access to an extensive software description and
operation interface. One can come back to this part at any time to find details of individual functions.

The third part (chapter 9) is a practical tutorial. There are three levels of operation: basic, advanced and
expert. It is our opinion that it is dangerous (for the instrument and analytical results!) to dig directly into
expert operation without a clear mental image of the optics and the mastering of lower level operation!

The last part (chapter 10) is dedicated to maintenance operations.

1.1 Introduction to Secondary lon Mass Spectrometry (SIMS)

Secondary lon Mass Spectrometry (SIMS) is one of the most sensitive surface analysis techniques. It is
based on the mass over charge analysis of secondary ions, emitted from the surface of a sample submitted
to a primary ion bombardment. This analysis is performed with a mass spectrometer, the sample and the
instrument being under high vacuum to reduce sample contamination and ion/electron beam attenuation
or scattering.

SIMS analyses deliver information about the elemental, isotopic and molecular composition of the
uppermost atomic monolayers of a sample. It allows the acquisition of mass spectra from the surface, 2D
maps or 1D line-scans of the lateral distribution of elements or isotopes, 1D depth profiles or 3D images.

Classically, one divides SIMS technique into dynamic SIMS, where the focus of the analysis is on elements
and isotopic ratios, and molecular or static SIMS which is mostly used for molecular characterization of the
surface.

The NanoSIMS falls in the dynamic SIMS category. In this mode, relatively energetic (4-16keV for the NS50L)
reactive primary ions (here Cs* and O" mostly) are used to bombard the surface of the material to analyze.
These primary ions will implant in the material and mix the atomic layers through a collision cascade of ~10-
20nm depth (Figure 1). As the primary ion dose increases, the surface concentration of projectile atoms
grows (in the transient regime) then stabilizes (in the steady state regime). In parallel, the sample is
sputtered: a small crater forms at the bombarded area. SIMS is thus a destructive technique allowing depth
profiling.

Quantitative information will always require the use of known reference sample(s).
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Figure 1: lllustration of the ion collision cascade

The main strengths of SIMS are:

Surface technique (a few atomic layers).

Excellent spatial resolution (50nm with the NS50L)

High sensitivity for most elements (concentrations at ppm level with the NanoSIMS, ppb level with
high current instruments).

Depth profiling capability with excellent depth resolution.

Access to hydrogen, lithium and other light elements.

Isotopic ratio information

Analysis of electrically insulating samples

Survey and navigation over millimetric to centimetric samples.

Quantification is very linear and reliable for atomic concentration below say [1at%] and works with
a single standard over a concentration range of many decades.

The main challenges of SIMS are:

A few elements are quasi-inaccessible (rare gases on the NS, mercury)

A few have moderate sensitivity (zinc, cadmium).

Secondary ion vyield varies greatly with chemical environment and sputtering conditions (ion,
energy, angle). This can add complexity to the quantitative aspect of the technique (e.g. the
response/sensitivity of silicon will vary strongly between Si, SiO,, SizNg, SiC,...).

Quantification requires standard(s) with a similar matrix as the sample.

Quantification of major elements (above 1at%) requires a calibration curve with several standards
of different concentrations.

Finally, SIMS is a destructive technique, which can be a limitation for samples of very limited
availability.

The first thing one does when analyzing the composition of a sample with dynamic SIMS is changing its
surface composition by implanting Cs or O. But this is for a good cause: to increase the ionization yield of
sputtered atoms by several decades. The ionization yield (sensitivity) will be determined by the electron
affinity of the element (for negative ions) and by the work function (for the positive ions).

There are many informative literatures in the SIMS domain. A possible start would be to read the small
booklet “Dynamic Secondary lon Mass Spectrometry” Essential Knowledge Briefings (EKB) published by
John Wiley & Sons Ltd, downloadable from Cameca web site. The booklet also lists additional references if
you wish to go further.

In summary, SIMS is recognized as the most sensitive elemental and isotopic surface analysis technique.
This technique is "destructive" by nature (sputtering of material). It can be applied to any type of solid
material (insulators, semiconductors, metals) that can sustain high vacuum.
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1.2 Introduction to the NanoSIMS

The NanoSIMS is a SIMS instrument optimized for high spatial resolution. Thus, its concept follows a logical
analysis of the following problems:

1-

As SIMS is destructive and there is a limited number of atoms in small objects (e.g. only 50 atoms
in 1 nm3 of silicon), a first requirement to produce images is the optimization of the signal level
(number of detected particles) through several parameters: break large molecular ions into more
numerous atomic ions, maximize the ionization yield of sputtered atoms, the collection and transfer
of the secondary ions, the transmission of the mass analyzer, the detection efficiency and the
reduction of noise and background signals (which requires fast analysis under ultra-high vacuum).

As SIMS is destructive the analysis of small objects requires a parallel detection of as many isotopes
or elements as possible. Indeed, for very small objects, with a monocollection SIMS one could
record the distribution image of a first element and the small object could have been already
completely sputtered: too late for other elements or isotopes!

As SIMS is destructive the analysis of small objects requires high mass resolution (without losing
on the useful yield !) because there won’t be more material available from small objects to re-run
the analysis and elucidate the numerous potential mass interferences present at each single mass
(e.g. 2C™™N, B3CHN, Z7Al, 2C¥*NH,... all at 27 amu).

Instrumental choices are derived from these constraints:

The use of reactive primary ions: cesium for electronegative secondary elements and oxygen for
electropositive elements are the two first choices. Cesium is heavy so the collision cascade is very
shallow, resulting in a good depth resolution. Cs concentration is high at the surface, increasing the
ionization. Oxygen ions are excellent for enhancing the ionization yield of electropositive elements.
However, O is light, so the sputtering yield is lower (lower speed of analysis) and the mixing
thickness is larger degrading the depth resolution compared to Cs. One solution can be to use small
molecular oxygen ions: O, or Os. lodine or bromine could be other choices providing ion sources
presented high enough brightness.

Forming a small primary beam requires a bright ion source (in A/sr*cm?), a transport optics and an
objective lens with low aberrations, not to blur the transported image of the source. Theoretically,
the brightness of the source is the maximum value obtainable on the object using a perfect
transport and focusing optics. But brightness is not the only goal: e.g. liquid metal ion sources (Ga,
Au, Bi...) are very bright and used in all focused ion beam (FIB) instruments to cut materials. But
their induced ionization yields are very low: most atoms are sputtered as neutral, which are lost for
SIMS analysis. For SIMS we need high brightness of reactive ions. For the NanoSIMS, a new cesium
source was developed. For oxygen, a duoplasmatron oxygen ion source was first used, replaced
now by a brighter RF-plasma ion source.

The obtention of intense small spots relies on low aberrations coming from the objective lens: the
shorter the working distance, the better the lens properties. Hence the shortest possible working
distance is necessary. This brings a new constraint: one needs also to position an extraction optics
as close to the sample as possible, in order to collect the few emitted secondary ions as early and
as strongly as possible. This problem is solved on the NanoSIMS by the adoption and optimization
of a normal incidence, single co-axial objective and extraction lens.

In order to maximize secondary ion collection, an early and strong electrostatic extraction field is
required. We then need a transfer optics and a mass analyzer optimized for high energy. A
quadrupole, anion trap or an orthogonal time-of-flight are excluded as they require (presently) low

NanoSIMS 50L users guide_10Aug2020_V1.docx Page 14 sur 410



ion energy. Slowing down the ions would defocus the secondary ion beam and reduce the
transmission (=sensitivity). We are thus left with magnetic sectors and time-of-flight mass analyzers
with pulsed primary beam. As far as magnetic sector transmission is concerned the optimization of
transmission from small area implies to give up on stigmatic analyzer (SIMS microscope) for a pure
microprobe analyzer: the NanoSIMS is thus based on a highly focused primary beam, scanning pixel
by pixel over the sample. The secondary ion extraction/collection solid angle is maximized, over a
reduced area. A dynamic emittance matching optics scans this small collection area in synchronism
with the scanning of the primary beam, in order to form homogeneous acceptance from a larger
area. A transfer optics then shapes the secondary ion beam into the entrance slit in order to
minimize aberrations and optimize transmission of the following high mass resolution mass
spectrometer.

- A small ion probe size leads to small primary current (Ip prop. to diam?) thus to a small signal:
acquisition will be slow, leading to associated problems (recontamination, mandatory single ion
detection with low background noise, high mass resolution). Also, recording useful isotopic ratios
means at the minimum having a good enough statistics (counts) on the minor isotope(s) within a
reasonable time. These two points require maximizing the duty cycle (time spent for measurement/
time of analysis) and maximizing the useful yield. This in turn excludes TOF-SIMS with pulsed beam
(most of the time is spent waiting for ions to reach the detector, not sputtering) and dual beam
geometry (a good portion of the rare secondary ions from tiny objects are not collected during the
reactive ion sputtering phase). We are now logically left with a continuous (DC), magnetic sector
design.

- As SIMS is a destructive technique, we need a parallel detection to optimize the collection of all
the sputtered material.

We thus come to a high mass resolution, high transmission, continuous, magnetic sector SIMS, with
multicollection. A Mattauch-Herzog-like (double focusing) geometry was adopted on the NanoSIMS, well-
suited for a large mass range rather than a pure isotopic multicollection with smaller mass range.

For a small beam size, associated with low current and low sputtering speed, especially for light element
analysis, an Ultra High Vacuum technology is necessary to reduce contamination from the residual gas of
the analysis chamber.

The NanoSIMS instrument is now defined in its main lines: bright reactive primary ion sources (Cs and O),
near lens, coaxial geometry, high transmission, high mass resolution, magnetic sector with multi-elemental
multicollection, high vacuum.

See below a simplified synoptic in Figure 2: NanoSIMS 50L simplified schematics (from: M. Steinhauser et
al., Nature, 2012) and a picture of the NanoSIMS 50L instrument in Figure 3: The CAMECA NanoSIMS 50L
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The NanoSIMS: a scanning lon Microprobe
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Figure 2: NanoSIMS 50L simplified schematics (from: M. Steinhauser et al., Nature, 2012)

Figure 3: The CAMECA NanoSIMS 50L

Chapter 2 of this user’s guide describes in more details the optical solutions adopted to make the whole
concept work with high performance.

The chosen instrument design induces certain physical constraints:
- Opposite polarity between primary and secondary ions:
o This precludes the use of O,* primary ions to detect positive secondary ions. O (or Oz or O3’

) ions are used instead, despite a lower source brightness compared to O,".
o This also precludes the MCs* semi-quantitative SIMS mode.
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o It renders charge compensation with electrons impossible in O"/positive secondary mode.
Sample coating and use of O,/03 primary ions are usual solutions.

- Oxygen (or ozone) flooding used in other SIMS designs to further enhance the positive ionization
yield has not being implemented (yet) by fear of electrical discharge in the high field lens.

- Thebestlateral resolution is obtained at 16keV leading to depth resolution of ~10-20nm. This depth
resolution can be improved by reducing the impact energy down to 4keV on the NS50L but it is still
far from sub-nm depth resolution obtained on other CAMECA SIMS using ultra low impact energy
(down to 100eV), but at larger spot sizes.

The NanoSIMS has been a joint development of nearly 10 years between three French institutions: the
University of Paris Sud (UPS) with mainly Prof. Georges Slodzian, original designer, the ONERA (space and
industrial research) with mainly research engineers Bernard Daigne and Francois Girard, and CAMECA with
mainly Francois Hillion, physicist.

Two early papers can be a useful introduction to the design of the NanoSIMS:

Hillion F., Daigne B., Girard F. and Slodzian G. (1993). A new high performance SIMS instrument: The Cameca
“Nanosims 50”. In: Benninghoven A., Nihei Y., Shimizu R. and Werner H.W. (eds), Secondary lon Mass
Spectrometry SIMS IX. Wiley (Chichester), 254-257.

Slodzian G., Daigne B., Girard F. and Hillion F. (1993). lon optics for a high resolution scanning ion
microscope and spectrometer: Transmission evaluations. In: Benninghoven A., Nihei Y., Shimizu R. and
Werner H.W. (eds), Secondary lon Mass Spectrometry SIMS IX. Wiley (Chichester), 294-297.

The launch of a first commercial product, NS50, has been allowed in 1999 by two first orders based on
prototype evaluations in cosmochemistry by: Prof. Robert M. Walker and Prof. Ernst Zinner from
Washington University in Saint Louis, MI, USA and Dr. Peter Hoppe from MPI Mainz, Germany.

The major evolutions have been since then:

- The development of a larger multicollection, NS50L, with seven detectors instead of five, a larger
mass range and smaller minimum mass interval, and motorized switch between EM and FC
detectors.

- Automation of apertures, slits, hexapole, and development of software functions (e.g. beam
alignment, EM drift correction...)

- Replacement of the duoplasmatron by a brighter RF-plasma oxygen ion source.

The CAMECA NanoSIMS is constituted of three main parts: the physical part, the electronical part and the
computing system detailed in the following chapters.
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2 NS50L Optics & general hardware

2.1 Physical and Optical description

Note: A minimal physics background (electrical or magnetic fields, charged particles, optics...) would be
helpful to understand this part of the manual and get the best results using a NanoSIMS.

L,E0  Circular Lens FC Faraday Cup RF-plasma SChematlc Of
LF Slit Lens EM Electron Multiplier

C,Pd  Deflector Sc Scintillator Cduo NanOSIMs 50L
B Scanning Plate PM Photomultiplier H

P Deviating Plate TIC Total lon Current EM ZVVFV‘:"' lon optlcs

D Diaphragm eGun Electron Source @ Cs Source

Oct Octupole Be, Bhor, Bvert Magnetic Field Lduo <=
Hex Hexapole ES Entrance Slit o
Q Quadrupole Lens AS Aperture Slit co
SS Spherical Sector EnS Energy Slit
cs Cylindrical Sector ExS Exit Slit Do
WF Wien Filter CCD Camera "
DCs
L1
cco oGun c1
cs5
FCP
2
s LF6 (x) 8
$830 8
5
>

LF5 (x)

Figure 4: Overall NS50L optical schematic

The above optical schematic will be detailed progressively in the following chapters.

2.1.1 The primary column

The primary ion optics is made of four different sections: (1) the Cs/RF-Plasma switch, (2) the lower primary
column section, (3) the central column and finally (4) the coaxial lens which allows to focus the primary
beam on the sample.

The first two sections (Figure 5) are exclusively used by the primary ion beam while the last two are shared
with the secondary ion beam (Figure 6). Either Cs* or O" can be used as primary ions, depending on the
source used and the polarity configuration required for a given analysis. 0,7, O3 and O," can also be used
but do not change anything to the principle and explanations. Indeed, if the primary beam is positive, the
secondary beam will be negative while if the primary beam is negative, the secondary ion beam will be
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positive. The whole primary column is used to accelerate the primary ions (Cs+ or O- depending on the used
source) to a specific energy to strike the surface of the sample.
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Figure 5: Illlustration of the Cs/RF-Plasma switch and the lower primary column
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Figure 6: illustration of the central column and the coaxial lens

2.1.1.1 Upper part: the Cs/RF-Plasma source switch
2.1.1.1.1  Overview

The Cs/RF-Plasma source switch is made of two ion sources: the CAMECA Cs+ microbeam ion source and
the RF-Plasma O- gas source (Figure 8). In addition, when the RF-Plasma source is used, a Wien Filter is
available.

The source chamber is isolated from the rest of the primary ion column by a gate valve and is equipped
with a turbo pump. This allows maintenance of the sources without venting the whole primary column. The
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source interchange mechanism also allows switching between ion sources without venting: a trolley
supporting the Cesium source and the Lduo lens can be moved under vacuum between two different
positions, using a manual goniometer.

As shown in

Figure 7 below, in Position 1 (around 1.0 mm on the goniometer), the Cesium source is set on the axis of
the primary column and Lduo is pushed away. In position 2 (around 3.4 mm on the goniometer) the Lduo
lens is set on the axis of the primary column allowing oxygen ion focusing and the Cs source is pulled back.

RF Source
RF Source
Cduo
Cduo
WFcoil
CWF WFcaoil
CWF
@ Cs Source Lduo : :
Les Lcs
co (010]

Figure 7: Cs+/RF-Plasma switch mechanism and upper part of the primary column. Left: Cs+ mode; Right: oxygen mode.

Cs Source
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RF-Plasma

Cs source, Cs/RF-Plasma
mechanism and Wien filter.
Backside of the Cs source:
turbopump

Lower part of the upper
primary column

2.1.1.1.2

Figure 8: Main parts of the upper primary column

Component description

Device

Label

Description and functionality

Cs Source

Cs Source

The Cs* source is used to make analyses with cesium
primary ions. This source emits Cs* after having
heated an ionizer and a reservoir of Cs,COs. Cs* ions
are extracted and accelerated by applying a high
voltage.

@ RF source

RF Plasma

The RF-Plasma source is used to make analyses with
O primary ions. A RF antenna is used to create an
oxygen plasma. O ions are extracted and accelerated
by applying a high voltage.

Cduo corrector

Cduo @

Cduo

A 4-plate deflector is used to center the RF-Plasma
ion beam before it enters the Wien filter.
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Wien Filter CWF The Wien Filter is a mass filter consisting of 2
WFcaoll WFcoil electrostatic deviators (CWF) and a magnetic deviator
CWF (WF Coil).
Lens Lduo Lduo Lens used to focus the RF-Plasma ion beam on DO at
Lduo ¢ the exit of the Wien filter.
Lens LCs LCs Lens to focus the Cs ion beam at the exit of Cs source.
Les ¢ Usually not used anymore but still present in the
column.
Corrector CO Cco A 4 plates deflector used to center the primary ion
\ co beam at the exit of the Cs/duo switch.
Diaphragm DO DO DO is a diaphragm limiting the angular aperture of the
DO Cs ion beam or acts as a mass selection diaphragm
for the Wien filter. 5 different diameters are
available: DO-1: 200um, DO-2: 150um, D0O-3: 100um,
DO-4: 100pm, DO-5: 50um.
Diaphragm DCs Diaphragm previously used in association with the Cs
iDCs beam. Not used anymore.
A

Figure 9: Table of the elements of the upper part primary column

2.1.1.1.3 The CAMECA Microbeam primary Cesium ion Source

For more detail refer to: G. Slodzian, B. Daigne, F. Girard, F. Boust, F. Hillion: A thermal ionization source
for a Cs+ ion probe. Proceedings of the 8th SIMS Conference, Amsterdam sept. 91.
For practical operation refer to chapters 5.4 and 9.1.2 and 9.1.3.

211131 Overview

A cesium vapor is generated from a cesium carbonate (Cs,COs) pellet contained in a reservoir raised to a
temperature of 400°C. This temperature is required to release the cesium vapor.

The cesium vapor encounters a tungsten plate enclosed in the ionizer head, heated to 1100°C. The hot
tungsten plate ionizes the Cs vapor into positive ions (Cs*). The reservoir and ionizer are set to a voltage
adjustable between +2 and +8 kV and heated independently by electron bombardment. Those electrons
are emitted by applying a current to two annular filaments set at 0 Volt.

The extraction electrode, placed in front of the ionizer at ground potential, generates an electric field to
extract and accelerate the Cs* ions.

A constant emission of cesium ions is obtained by regulating the electron current flowing between the
ionizer and its associated filament (I,,,) and between the reservoir and its associated filament (lres).

The total current delivered by the high voltage power supply (lroral) is the sum of the ionizer, reservoir
electron currents and a leak current (Figure 10). The leak current is mainly due to secondary electrons
produced by low density plasma surrounding the source and secondary electrons re-emitted by the
extractor toward the source (especially when there is too much cesium deposited on the surfaces, leading
to the source stop, venting and extractor cleaning) .

ItrotaL = lres + lion + lLeakage
Figure 10: Total current expression
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Leakage, negligible during normal operating conditions, may be important during a runaway (first usage of
a source); however, a security is designed to limit the over-heating of the source.

Figure 11 shows the layout of the various parts of the source.

(@ High voltage input (® Tungsten plate
® cesium chromate pellet ( not reaetive to air ) (® Reservoir filament
® Reservoir @  Ionizer filament
@ lonizer Extraction electrode
H ‘ ® MICROBEAM CESIUM SOURCE PRINCIPLE
@ — H ¢G—o
L — i
K —_ i « @
B o
®—P
@ [lonizer Tungsten plate Extraction

heated to 1100°C

plate 4>

® Tungsten plate

Extraction electrode

> >

TN
qp!
w

IONIZER (4)

Figure 11: The Cs Microbeam source

2.1.1.1.3.2 Tuning and aging issue

The carbonate source (Cs,COs) is generally employed with the following values (Figure 12):

Type lonizer at 8kV Reservoir at 8kV
Carbonate (Cs2C03) 1.8 mA 0.35 mA

Figure 12: Usual ionizer and reservoir current values
The Cs* current emitted by the ionizer varies dramatically with the reservoir current, and slightly with the
ionizer current. The following data (Figure 13) have been recorded with a Cs carbonate source:
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Figure 13: Evolution of the Cs+ beam current with the reservoir current

After using the Cs* source for a long period of time (of the order of hundred hours), the beam current in
FCp will start decreasing. This must be compensated by increasing the reservoir current (usually by 0.05 to
0.1 mA at a time, up to 0.6 mA max).

It is standard and good practice to check and note down regularly (e.g. every day at the beginning of a
session) the FCp primary beam current. This allows the monitoring of the aging of the cesium source.

Using and adjusting the source are detailed in chapter 9.1.2.1.
Servicing the cesium source is detailed in chapter 10.7.

2.1.1.1.4  The RF-Plasma primary ion source

The NanoSIMS has been historically developed around a single, fixed cesium source. For its
commercialization a Cameca duoplasmatron ion source was added to work in O" mode with a Wien mass
filter. The cesium source was made moveable. And a third step has been the replacement of the
duoplasmatron by the Hyperion RF-plasma ion source from Oregon Physics. It offers two main advantages
over the duoplasmatron:

- A higher brightness in O" mode leading to smaller final spot size and higher beam intensity.
Typically, with O, the duoplasmatron has a source size of ~300um, a brightness of 10-20A cm sr?
and dE < 15eV. The RF-plasma will have a source size of ~70-80um, a brightness of 100A cm sr! and
dE < 5eV.

- A largely reduced need for cleaning as the RF-plasma source does not sputter internally. The
maintenance can be annual whereas a duoplasmatron, especially used in negative primary ions and
in vertical mode, had to be dismounted every one-two weeks for cleaning the sputtered material
and particles.

In addition, the source is very stable over long periods (few % over several hours), ultimately limited by the
temperature regulation of the laboratory (causing variations of gas flow through the leak valve).

The drawbacks are a lower maximum beam current, which is not a problem on the NanoSIMS dealing with
small beams and currents anyway, and a higher cost compared to a duoplasmatron.

For practical operation refer to chapters 5.4, 9.1.2 and 9.1.3.
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2.1.1.1.4.1

Figure 14:

Photos of RF-plasma Oxygen source and cabinet

Duo/ Cs
selection
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Figure 16: RF-plasma electronics and cooler rack
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2.1.1.1.4.2 RF-plasma ion source principle

The principle is to create a cold plasma with inductive power coupling:

Time varying current in an external coil creates a
RF‘E_'E-?“*“‘ field time varying B field, which induces an azimuthal
— Gas E field.
I!f ._,f/ Feed | l | ;:_ \ .I \\ —_
<N T VxE=-0B/6t
T e
| 4 ] & | | Source Induction E field accelerates electrons to ionize
|/ |\ /| resident gas.
II" / .-I -'II Illa lll‘\
Dielectric/ ‘ 1 ‘ \\ /
7 Vaomm — A arentin | /7T
Pump @ the plasma | i
| Efid | p .
the electron plasma frequency T p?as_m_a ' heating _./ \\ /\
LK VARVAREN
al n€° |- B-field time
o [ 1€ |eaoHD>
\ £,m, € ion plasma frequency

N A
ne |’
@y S (EHT:J (when Xe plasma density, n,=1x10"2cm~)
\ et

Above slide from Oregon Physics

2.1.1.1.4.3 Plasma properties (inert gases)

Mean thermal electron energy, (kT,/2)~3 eV Sheath Pre-sheath
Mean thermal ion energy, (kT;/2) < 0.1eV l (10-1005um) (10’5 mum)

KT, { """"""""""
Ve>>Vi 2 ‘ ) @
e

and the walls charge up, until 7;=7,

Creates a plasma potential, V},

—KT,

V = eIn(m./m
5=in(m, /m,)

p

Above slide from Oregon Physics

2.1.1.1.4.4 Extracting negative ions

The NanoSIMS is used mostly with O primary ions. Note though that it is possible to use O, and O3 as well
(to optimize depth resolution or surface oxidation at the cost of a lower beam current) or Oy* (superior
mode in term of brightness but the NanoSIMS works with opposite polarity between primaries and

secondaries and not many negative ions have high yield under oxygen (some oxides can be useful in some
cases e.g. BO5,...).
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For negative ion generation, the key point is to have two plasma zones isolated by a magnetic field region.
The upper plasma region is rich with fast electrons and positive ions (and less negative ions). The magnetic
region protects the lower plasma region against too many fast electrons that can neutralize the produced
ions.

(@

Upper plasma region o

Ne-, N+ ions, N-ions O% RF antenna ]
© o

—4[ Magnetic Filter

Lower plasma region

Ne, N+ ions, N- ions " Extraction
aperture and
electrode

Figure 17: RF plasma schematic with its two plasma regions
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Figure 18: plasma region principle
Above slide from Oregon Physics
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2.1.1.1.5 The Wien Filter
2.1.1.1.5.1 Physical principle

0

N

Ejl»
Electric B, \ .
plates — | N

Eqll»

Figure 19: lllustration of the Wien filter

A Wien Filter is basically formed by superimposing a homogeneous electrostatic field and a magnetic field.
As shown in the figure above (Figure 19), the magnetic field B is parallel to Oy axis, while the electric field
E is parallel to Ox axis. Thus, a charged particle moving along Oz axis is submitted to two forces parallel
to the Ox axis.
The charged particle is not deflected if the electrostatic force and the Lorentz force balance along the z axis.
2

% =49 10°° [5j [eV/amu]

M, B,
Where Ep and By are respectively expressed in V/cm and gauss. Mo, eVo and e are respectively the mass, the
energy and the electric charge of the particle. Mg is expressed in amu.
As eVy/Mo is proportional to the particle velocity, it can be said that the Wien filter is a velocity filter. As it
can be assumed that the particle energy eVy is constant, a Wien filter is in fact a mass filter. The main
advantage of the Wien filter is to be straight-line.

For achieving a mass filter, a diaphragm must be included in the system, downward the combined electric
and magnetic fields, so that the selected M, trajectories can pass through the diaphragm while the
deflected mass trajectories are stopped.

When using a Wien filter in an ion optical system where the charged ions are accelerated at V, the ratio
Eo/Bo is determined by the mass My which must be kept on axis. Ep and By intensities are determined by the
closest mass M; minimum deflection a; required to be rejected by the diaphragm defined as follow:

. B,(gauss) L(cm)e*? [ 1 1
1 204 Vol/Z Mluz Mol/Z
Where L is the combined field length.

The electric field E is controlled by the voltage V applied to the electric plates, and the magnetic field B
is controlled by a current | supplied by the coils of a magnetic circuit.
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The CAMECA NanoSIMS 50L Wien filter consists of a pair of 76 mm height plates, adjusted by a voltage
supply ranging within £250 Volts and a magnetic circuit. This circuit both inside and outside the vacuum
chamber is excited by a coil supplied by a 7A source. Both the plate voltage and the coil current are
controlled from the tuning user interface.

The Cs+ primary beam is mainly composed of Cs+ ions and does not require a mass purification for CAMECA
NanoSIMS 50L application. However, the Wien filter is used as a mass filter to eliminate various ions which
can be generated with the RF-Plasma source, even when using purified oxygen.

In the negative polarity, there are three major peaks as shown on Figure 20: **0-, *0;, **05". This graph is
obtained by scanning with a magnet (and so, separating) all the masses emitted from the source. The signal
is collected on a Faraday Cup detector.

Wien Filter Mass spectrum

1E+06
160)-

1E+05 +—f 16% { 3
1E+03 | f

' 4
1E+02 ', Kv ".‘ IJ LWt N R\

1E+01 l l

I (pA) on FC detector

1E+00
10 20 30 40 50 60 70 80 90 100 110 120

Mass (amu)

Figure 20: Wien filter mass spectrum in logarithmic scale

Figure 21 displays the experimental relationship between CWF and WF coil for **0- ions. It can be checked
that the plate voltage is proportional to the magnetic field.

Cwf vs Coil current

700
600 /i
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400 //
300

200 /‘
100 /

&

Cwf (bits)

0 2000 4000 6000 8000

Coil current (bits)

Figure 21: Experimental relationship between Cysand the coil current

This graph is obtained by applying a Coil current and looking for the Cwf value allowing the maximum
primary current. When increasing both the magnetic field and the plate voltage, it can be useful to re-adjust
DO. Most of the time, DO-2 is used.
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The usual value for the coil current is 2000 bits and the Cwf value is around 200.

In most applications O primary ions are used in the NanoSIMS because of the higher source brightness. In
geology, when ultimate lateral resolution is not mandatory (e.g. for dating in geochronology where a “large”
volume of material must be sputtered anyway in order to get enough statistics on the minor lead isotopes)
0O, or O3 primary ions can be interesting. Sputtering yield is higher, charging is lower and for some elements
the ionization can be also higher. In materials, depth resolution can be improved using O,", O3 or O,*and/or
through the use of a lower impact energy.

2.1.1.2 Lower primary column

2.1.1.2.1 Overview

This section of the NS50L is either used to increase the primary ion beam current or to decrease the size of
(i.e. demagnify) the cross-over of the source. In addition, a Faraday cup called “FCp” allows to measure the
beam current entering in the central column.

Lduo el
Les
co
DO
LO
DCs
L1
C1
FCP

Figure 22: lllustration of the lower part of the primary column

2.1.1.2.2 Description of the optical components

Device Label Description and functionality
Lduo ¢ Lduo Lens used to focus the O- beam on the DO plane. Usually set
at a constant value.

LCs Lens used to adjust the demagnification of the source image
for the Cs+ source only. Usually not used.

COX, A 4 plates deflector used to center the primary ion through

coy LO

DO Aperture stop which limits the angular aperture of the
primary ion beam and controls the primary beam current
and the spot size. Only used in oxygen mode.

co
DO
1¢ Lo LO Lens used to adjust the demagnification of the source image
DCs
<"

and adjust the probe current for both sources.

DCs Aperture stop which limits the angular aperture of the
A primary ion beam and controls the primary beam current
and the spot size. Usually not used.

L1 Lens used to adjust the demagnification of the source image
and adjust the probe current for both sources.
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Clx A 4 plates deflector used to center the primary ion beam into

C1 Cly SS30 (see below) or the FCp, depending whether the beam
is ON or OFF.
Secondary electrons | SE FC Tube at —30 volts located at the entrance of FCp, used to
Suppressor (not prevent secondary electrons from escaping the primary
represented) Faraday Cup FCp.
FCp The Faraday Cup used to measure the primary ion beam
FCP current at the exit of the lower primary column. When FCp

is used, the primary ion beam (OFF state) is focused with L1
and deflected with C1 in the entrance of the FCp, thanks to
pre-set values.

Figure 23: Table of the elements of the lower part of the primary column

Note that certain version of the NS50L also show a lens LCs and a diaphragm DCs on the primary column.
These were made to try and reduce the primary beam size in Cs*. However the use of additional lens and
diaphragm make the tuning really difficult and while DCs (DCs : 200 um, 200 um, 150 um, 100 um et 100
um.) and LCs are still present, they are generally not used.

2.1.1.2.3  Effect of LO and L1 on the primary beam

L1 can be used to adjust the degree of demagnification of the source image. L1 produces a real reduced
image which will be seen by the subsequent sections of the primary column as a real object. This reduced
image is located between L1 and SS30.

Figure 24 shows the variation of the Gaussian probe size versus L1, with a Cs* source set at 8kV. This
theoretical graph has been computed with a 40 microns source size at the exit of the Cs source.

While reducing the probe size, the probe current will decrease. Figure 25 shows the theoretical and
experimental variations of the probe current versus L1 for the same D1 diameter.

Gaussian demagnification vs L1
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Figure 24: Gaussian de-magnification vs L1
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Relative probe current vs L1
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Figure 25: Relative probe current vs L1

LO or LO + L1 are also commonly used to increase the probe current. Of course, while increasing the probe
current, the probe size increases.

Figure 26 shows the variation of the probe current vs LO. L1 is kept at O volt and the source species is Cs+.
Probe current limitations are not only due to D1 but also to the small differential pumping tube located
between the source chamber and the central column. A comparison has been made between theoretical

and experimental values showing the effect of the pumping tube which limits the current at high LO values
(Figure 26).

Probe current vs LO (Cs+)
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Figure 26: Probe current vs LO (Cs+)

One can find different LO-L1 combinations giving a maximum for the probe current as shown on Figure 27
and Figure 28 while using LO and L1 for Cs+.

As an example, 29 nA of Cs+ were measured on the sample for the following settings: FCp = 50 nA, D1-1 =
750 microns, LO =4250V, L1 = 3100 V
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Probe current vs L1 for different LO
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Figure 27: probe current vs. L1 for different LO. LO values are here given in bit units for a NS50 instrument with 12 bit cards. For
NS50L instruments LO is in 16 bits. Multiply the LO values by 16 to obtain the NS50L equivalents.
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Figure 28: probe current vs L1 for L0=1700

Note that in these extreme conditions of very high primary beam current, the probe size is “huge”, and
aberrations dominate the probe shape, leading to very long tails.
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2.1.1.3 Central column

2.1.1.3.1 Overview

This section of the primary column (Figure 29) is used to send the primary ion beam on the axis of the
coaxial column and to raster the beam on the sample surface. An octupole is available to correct the
astigmatism. A part of this section, the P1 deflector plates, is common for the primary and the secondary
ion beam.

yon

VA7 \

Figure 29: lllustration of the central column for the primary beam

2.1.1.3.2 Description of the optical components

Device Label Description and functionality
$S30 SS30 30 mm radius spherical electrostatic sector used to rotate
the primary ion beam by 78°.

&,

78° ESA
L3 L3 Lens used to couple SS30, P1 and P4 in order to provide an
achromatic deviation of the primary ion beam.

e

B1 B1 A 4 plates deflector used to raster the primary ion beam on
the sample surface.

a

Scanning plates B1

B2 B2x A 4 plates deflector used to raster the primary ion beam on
B2y the sample surface.
|
Scanning plates B2
Oct-45 Oct-90 Octopole used as a stigmator which acts like two
Oct-90 Oct-45 quadrupole at 45°.
Stigmator
P4h Deviating plates used to rotate the primary ion beam by 6°.
P4b

AL

P4

Plates P4
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P1h Deviating plates used to rotate the primary ion beam by 6°

% P1b and to rotate the secondary ion beam by -6°.
P1
Plates P1
B B3 A 4 plates deflector used to raster the primary ion beam on

the sample surface and which also act as a dynamic transfer

i system for the secondary ion beam.

Scanning plates B3

Figure 30: Table of the central column elements

2.1.1.3.3 Detail of the achromatic deviation

L3 lens is used to couple electrostatic sector SS30 with plates P1 and P4 in order to provide an achromatic
deviation of the primary ion beam. Indeed, the primary ions issued from the source have a certain energy
dispersion and deflecting them with a simple electrostatic deflection would introduce a lot of chromatic
aberrations (Figures Figure 31, Figure 32 and Figure 33).

Chromatic beam

E e
Spherical sector 90° \'.
Radius R \
Achromatic point
-—

Figure 31: Principle of the effect of a 90° spherical sector on a polychromatic ion beam
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Two spherical electrostatic sectors, radius = R
Chromatic compensation of a polychromatic beam.
" Ac?is the image of Ac1.

al =-a2 =R AE/E

Ac1

Lens in charge of chromatic
compensation

Figure 32: Principle of coupling two 90° sectors with a lens for an achromatic deviation

L3 position and voltage (6043 Volts @ 8 keV) have
been chosen in order to compensate the chromatic
dispersion due to SS30, P4 and P1.

Never change L3 voltage!

SS30

Sample
P1

,,,,,,, Spherical sector 78°
Radius 30 mm

—
—

P1 and P4 Achromatic point

Figure 33: NS50L specific achromatic deviation optical scheme

2.1.1.3.4  Rastering the primary ion beam

The primary ion beam is scanned over the sample surface by the action of a set of three pairs of parallel
plates B1, B2 and B3. Plates B3 are powered in synchronism with the two others scanning plates to cancel
the motion of the secondary ion beam (dynamic transfer) at the entrance slit of the mass analyzer. The
maximum practical field of view that can be scanned by the primary beam is 200*200 microns, with a
number of pixels ranging from 64x64 to 1024x1024. However, note that increasing the field of view beyond
50 microns leads to defocusing and aberration effects on the primary ion probe.

As an optical image of the sample surface image is located near D1, D1 acts also as a field aperture
diaphragm and thus limits the maximum field of view (FOV) visible by the mass analyzer. This FOV is defined
by the following equation:

FOV = 0.6 * diameter of D1.
Consequently, the maximum field of view when using the smallest D1 diaph of 100um is around 60 microns.
While it is physically possible to scan a larger area with the primary beam, the ion image will display a dark
area surrounding the center image, introduced by a small D1 aperture.
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The tuning of B1, B2 and B3 is mainly linked to the dynamic transfer. B3 and B1 are set at their theoretical
values: 4096 and 3700 bits, respectively. B2 is the free parameter and can be tuned independently in X and
Y. The theoretical values for B2 are: B2X=3170 and B2Y = 3480 but can differ depending on the instrument.

2.1.1.3.5 Dynamic Transfer

Oct-45 B1
B2

P1

B3

Figure 34: lllustration of the dynamic transfer elements

The dynamic transfer is in charge of keeping the secondary ion beam motionless at the analyzer entrance
slit while the primary ion beam is scanned over the sample surface. The plates B3 are powered in
synchronism with the two others scanning plates B1 and B2 (Figure 34), in order to cancel the motion of
the secondary ion beam (dynamic transfer) at the entrance slit.

In the schematics below (Figure 35):
- B1, B2 and B3 rotate the primary ion beam around the center of D1,
- B3, in addition to its action on the primary ion beam, is in charge of the “Dynamic transfer”. B3 is
powered so as to cancel the secondary ion beam motion at the slit level,
- B2X and B2Y can be set to different values to take into account the difference between the
horizontal and vertical planes

%'\ Primary ion beam

EOW EOS

I - | |
( 1 Secondary ion beam

Sample

Static Deviators
Sec. beam AS
shaping

Dynamic
transfer

Figure 35: simplified primary scanning and dynamic transfer

Figure 36 shows the beam position at the entrance slit and the angle value at the cross-over position
(roughly B3 center) while the beam is scanned over 30x30 microns without any dynamic transfer. As the
entrance width is ranging from 10 to 30 microns it is obvious that without dynamic transfer the transmission
would be dramatically reduced and that for field of view larger than a few microns there would be nearly
no beam going through the entrance slit.
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Figure 36: Theoretical variation of beam position at ES and rotation angle at CO vs scanning area .

These simulations have been made with the followings conditions: B3 = 0 Volts, Sec. lons emitted at
different position on the sample

2.1.1.4 Coaxial column

2.1.1.4.1 Overview

The same optical system is used to focus the primary ion beam and to collect secondary ions. The objective
column is the communal path for primary ions, secondary ions, as well as primary and secondary electrons
(Figure 37).

EOP L4

EOS
Sample

Figure 37: lllustration of the coaxial and central column

Compared to other SIMS instruments where the primary ion beam is introduced obliquely, this
arrangement has the great advantage of considerably shortening the distance between the sample and the
probe-forming lens. Thus, focal length and aberrations of the objective lens are minimized, which leads to
a smaller probe diameter for a given ion current.

A second advantage of this experimental setup is that the secondary ions experience a strong electric field
as they leave the sample, leading to a higher useful yield, and to a dramatic reduction of the broadening of
the secondary ion beam at the exit of the probe forming system, due to the initial angular and energy
distribution. In addition, the normal incidence of the primary ions minimizes shadowing effects on rough
samples compared to oblique incidence in other SIMS.

The diaphragm D1 controls the angular aperture of the primary ion beam and acts as a field diaphragm for
secondary ions.
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2.1.1.4.2 Description

In the following table, all the elements (lenses, deflectors, sources, etc...) are described.

Device Label Description and functionality
L4 L4 Fourth electrode of the immersion lens. It acts mainly on
:& the secondary ion beam.
Lens L4
D1 D1 Aperture stop which limits the angular aperture of the
primary ion beam, and controls the primary beam current
% and the spot size. But D1 also limits the field of view.
>
Diaphragm D1
P EOS Third electrode of the immersion lens EO which acts

mainly on the secondary ion beam.

EOS’ Electrode EOS

EOP EOP Second electrode of the immersion lens EO which focus
ﬁ the primary ion beam on the sample.
Lens EOP
EOW First electrode of the immersion lens EO which acts mainly
% on the secondary ion beam.
EOW  Electrode EOW
FCo Faraday Cup used to measure the probe current.

FCo
-

Faraday Cup

Figure 38: Coaxial column elements description

2.1.1.43 Probe diameter

Probe size can be theoretically determined by means of the following relationship:
(Probe size)? = (Gaussian size) 2 + = (aberrations) 2

The main aberrations for this kind of optical system are:
- Aperture aberration: % Cs o®
- Chromatic aberration: Cc o AE/E

a is the half-aperture at the sample. E and AE are the nominal energy and the energy spread of the primary
ion beam, respectively. Cs and Cc are the aperture and chromatic aberration coefficients, respectively.

Cs and Cc are linked to the optical properties of the immersion lens. The shapes of the electrodes have been
designed to minimize these two coefficients; practical values for the N50 are Cs = 66 mm and Cc = 16 mm.
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For a given probe size (d) one can theoretically determine an optimum value for D1 (or o) which maximizes
the probe current. In a first approximation, by neglecting chromatic aberrations, one can determine this
optimum:

Clopt = 72 (d/cs)l/3
And lopt = (37%/16) B (1/Cs)?*? d®*

A complete simulation with chromatic aberrations gives for a probe size of 100 nm, D1 = 240 microns and
lopt = 2-3pA.

Above simulations have been made with the following hypothesis at 8keV with Cs+ primary ions and the
followings hypothesis: Source size 40 microns, AE =1 eV, Cs =66 mm, Cc = 16 mm.

As D1 is not continuously adjustable, a compromise needs to be found for each probe size, Figure 39 is a
summary of practical D1 vs probe size for Cs+ and RF source.

Probe size D1 L1

Not significant D1-1 Not significant
100-120 nm D1-2 or D1-3 0

70-100 nm D1-3 or D1-4 6000 V< L1< 7000V
<70 nm D1-4 or D1-5 > 7000V

Figure 39: Practical rules for small probe diameters with Cs+

Figure 40 shows the standard D1 apertures used for analyses.
D1# 1 2 3 4 5

D1 diameter (microns) | 750 300 200 150 100
Figure 40: D1 Standard aperture diameter

2.1.1.4.4 Probe size vs EOP

In most analyses, the primary ion beam cannot be used focused as the beam will drill a very deep and
narrow hole. Decreasing EOP will increase the probe size as shown on Figure 41. Experimental conditions
were as following: Cs+ at 8 kV, D1 = 150 microns. In this measurement, Delta EOP was in fact negative.
Practical value is 52V per micron for D1 = 150 microns.

10

9

8
z /!
N N 4
E y= o,cmy’ +0,315
<] 5
5 F
Eel S/

L E

1 /

N

0 200 400 600
Delta EOP (V)

Figure 41: Relation between the probe size and the EOP delta value
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2.1.1.4.5 Influence of Z

The CAMECA NanoSIMS 50L has been designed to work with a distance between the immersion lens EOW
and the sample set to 400 microns. Any change of this value will affect the focusing value of EOP and thus
the focal length. The practical rules for EOP is this following link: 60 Volts = 100 microns in Z.

Any z variation will not have any effect on the lateral resolution. Figure 42 and Figure 43 show the typical
relationship between aberration coefficients Cs and Cc and the focal length.

Aberration coefficients vs focal
length
E 500
£ 450 A
g 400 —
S 350 Vi
o 300 ¢Cs
O 250 /
75 200 eCc
150
E oo a"' Pl
ST pd
O 0 .- y./'
0 100 200 300
Focal length (mm)

Figure 42: Aberration coefficients vs focal length
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Figure 43: Aberration coefficient vs focal length

As shown on Figure 43 above, Cc is proportional to f %% and Cs is proportional to f 2%, f is the EO focal
length (roughly 6 mm). Changing Z is equivalent to changing the focal length of EO leading to dz/z = df/f. In
addition, relative variation of a will be also equal to relative variation of f: da/a = -df/f.
Assuming aberrations are expressed by:
Ab =% Cs o

Thus:

dAb/Ab = dCs/Cs + 3 da/o

dAb/Ab = 2.93 df/f - 3 df/f

dAb/Ab = - 0,07 df/f
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As f = 6mm and Delta z = 100 microns: df/f = 0,015 leading to dAb/Ab = 0,001. This result shows obviously
that even a z variation of 100 microns will have no real effect on the aberration.
As the Gaussian reduction factor is directly proportional to the focal length, it will also be negligible.

2.1.2 The secondary ion column

The secondary ion optic is composed of four different sections: the coaxial column, the matching optics,
the mass spectrometer and the multicollection system. The three last sections are exclusively used by the
secondary ion beam while the first one is shared by the secondary and the primary ion beams as well as the
electron beam.

Once this user’s guide is mastered, users with instrumentation and optics background can fruitfully read
the much more detailed article: Dynamic transfer applied to secondary ion imaging over large scanned
fields with the nanoSIMS 50 at high mass resolution. Georges Slodzian, Ting-Di Wu, Jean Duprat, Cécile
Engrand, Jean-Luc Guerquin-Kern. Nuclear Instruments and Methods in Physics Research B 412 (2017)
123-173. https://doi.org/10.1016/j.nimb.2017.06.019

2.1.2.1 The Coaxial column

2.1.2.2 Crossover and image plane notions

To understand how the immersion lens, coaxial column and spectrometer work, it is useful to remember
two basic optical notions: images and crossovers. In the schematic below, the lens produces an image of
the object in an image plane with a given magnification (A’B’/AB). In the NanoSIMS one can replace “object”
by “sample”, “lens” by “E0S” and “image plane” by “ES entrance slit plane” for example. Note that optical
objects can be real (like the sample) but also virtual (the apparent origin of particle trajectories). The
Crossover plane is at a position where a distance at the object side is converted into an angle: the secondary
beams are rotating around this point.

Bl

Lens
Y

B
Obiect - Exit Pupil
Jec or Image
Crossover

From: Prof. Georges Slodzian, Univ Paris Sud, France

Figure 44: notions of object, crossover and image planes
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2.1.2.2.1 Overview

The same optical system is used to focus the primary ion beam and to collect secondary ions (Figure 45).
The objective column is the common path for primary ions (2.1.1.4), secondary ions, primary and secondary
electrons.

EOP L4

EOS
Sample

Figure 45: Illustration of the coaxial column

One can summarize in one slide the main points of the immersion lens of a CAMECA SIMS:
= High Acceleration Voltage, High Extraction Field

= Reduction of angular divergence and relative energy dispersion of
emitted ions

= Direct ion images of sample surface

= Diaphragm on the Crossover controls:
= Collection solid angle
= Aberration on image points

= The sample surface is the first "electrode". Any local geometry or
potential change may influence optical properties.

Figure 46: general immersion lens highlights

Note the last point, especially important for the NanoSIMS: the sample, integral part of the immersion
lens, must be flat (hence embedding/polishing for rocks), parallel to the immersion lens electrode (careful
mounting in a sample holder in good shape, analysis at least Imm from the hole edges) and its electrical
potential must be as well defined and homogeneous as possible (hence metal or carbon coating, good
electrical contact and/or electron flooding for electrically insulating samples).

Note also point 2: the direct ion image capability is not used in the NanoSIMS. Indeed when one wants the
immersion lens to collect secondary ions with the largest solid angle as possible, the angular aberration of
this lens limit its lateral resolution. Hence the NanoSIMS is instead working uniquely in a microprobe mode,
not in ion microscope like the Cameca IMS series.

The immersion lens collecting the secondary ions will be followed by a transfer optical system in charge of
adapting the beam characteristics (energy, angle, position) to enter in the mass spectrometer in the most
favorable conditions for a good (transmission/mass resolution) couple. In the NanoSIMS a large solid angle
is effectively collected and the originally circular secondary ion beam is shaped into a beam of rectangular
section with optimized energy-position-angle distribution at the spectrometer entrance, minimizing the
mass spectrometer aberrations. Note that such shape optimization results in a beam striction or beam waist
rather than a perfectly defined shape at the entrance slit level.
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Transfer Optical system sends CO on ES
and Image on AS with adjustable magnifications,
ES and AS being fixed for a given MRP
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Figure 47: from an ion microscope to an ion microprobe

2.1.2.2.2  Crossover and image planes in the NanoSIMS

The NanoSIMS secondary line includes several crossovers and image planes:

The wehnelt electrode EOW will produce a first crossover of secondary ions very near the sample.

A second crossover is located in the middle of the dynamic emittance matching system. B3 will thus
contribute to the scanning of the primary ion beam, but also of the “de-scanning” of the secondary ion
beam to cancel its movement at the entrance slit ES level.

A third crossover is located between entrance slit ES and aperture slit AS.

Concerning image planes, the first image of the surface is positioned after E0S. The D1 diaphragm is
positioned just here, allowing two simultaneous actions: a) controlling the beam size & current, and b)
limiting the field of view on the sample.

This image of the sample is then re-imaged at the level of the entrance slit. Hence using very small ES size
will limit the FOV in the horizontal plane.
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NanoSims 50 optical schematic (horizontal plane)
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Figure 48:transfer optic: Crossovers and image positions in the horizontal plane

2.1.2.2.3 EOS Description

In the following table (Figure 49), all the elements (lenses, deflectors, sources, etc...) are described.

Device Label Description and functionality
First electrode of the immersion lens EO which
EOW acts mainly on the secondary ion beam.
EOW W stands for “wehnelt”.
Electrode EOW
EQP
Second electrode of the immersion lens EO
EOP which focus the primary ion beam on the
sample.

P stands for “primary”
Lens EOP

Third electrode of the immersion lens EO which
EOS acts mainly on the secondary ion beam.
EOS‘ S stands for “secondary”

Electrode EOS

D1
Aperture stop which limits the angular
D1 aperture of the primary ion beam and limits the
;

field of view.

Diaphragm D1
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L4

Fourth electrode which acts mainly on the

L4 .
secondary ion beam.

Lens L4

Figure 49: Table of the elements of the coaxial column

2.1.2.2.4 Considerations on EOS

The electrode EOS which mainly acts on the secondary ion beam, focuses the secondary ion beam in the
entrance slit ES (Figure 37). Assuming that the primary ion beam is already properly tuned, the first tuning
to perform in the secondary ion column is EOS.

The optimum EOS value changes with the ion species and the distance Z between the sample and EQS. One
bit of EOS is roughly equivalent to 1.5 micron of sample Z translation. Hence for best reproducibility an
important starting point will always be to precisely adjust the sample surface to the same Z-position. It is
much more sensitive than on other Cameca SIMS which use an extraction gap of several mm. This is
achieved by obtaining the in-situ optical microscope image in focus while varying Z sample position.

EOS centering

120,00

100,00 »

A
S 80,00
8
E 60.00 —o— | relatif
8 / \ —m— 50 mic
|
—_ >
$ 40,00 4 /_

20,00 \1 -—

0,00

45760 46080 46400 46720 47040

EOS (bits)

Figure 50: Variation of beam intensity (I) and width (L50) with EOS.

In addition to EQS, L4, LF2 and LF3 which are also acting on the secondary ion beam focusing but these last
three lenses are at preset fixed potentials for a source potential of 8kV (Figure 51).

Lens EOS L4 LF2 LF3

Voltage (in bits) 44800 +/- 1600 44800 20000 28960
Figure 51: typical values for EOS, L4, LF2 and LF3

Check Operations (9.1.12.3, Optimizing Transmission) for details on EOS Tuning.

Remark: Changing EOS leads to a variation of the secondary ion beam cross-over position at the exit of the
coaxial column. In addition to this position variation there is also a variation of the exit angle (Figure 52):
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Figure 52: Theoretical variation of the crossover (CO) position (simulations with B3 = 0 Volts and Sl emitted from the sample).

As a consequence, for each EOS value corresponds a particular setting of the dynamic transfer (especially
B3) (Figure 54). It could then be useful to check the dynamic transfer tuning (see procedure in expert
operation 9.3.1.3.1), especially if the mass spectrometer has to be used at high mass resolving power and

if EOS has been largely modified.

While the sample is moving in Z, EOS has to be modified to keep the beam waist position at the ES plane,

leading to a slight movement of the crossover in B3.

EO0S*

EQW 1

B3

Sample

J;
T

Image

cross-over -

Figure 53: EOS, sample, cross-over and beam waist positions
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B3 and C.O. position vs EOS
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Figure 54: Theoretical variations of B3 vs EOS

These simulations have been made with the following conditions: B3 = 10 Volt; Sec. lons emitted at 30
microns; Standard value for EQS: 7000 Volts. Depending on each particular instrument the standard EQS

value can vary a lot.

In conclusion, for the best reproducibility, EOS should be maintained as constant as possible, hence the
sample surface distance from EOW and the surface potential should be also kept as stable as possible.
For practical tuning details refer to the operation chapter 9 but as an order of idea, at 16keV impact energy
(=EOW at 8000 volts) :

- for elemental imaging EOS must be kept stable within +/-75 V

- for Low reproducibility Isotopic ratios (1s > 2-3 permil): EOS must be kept within +/-50 V.

- for High reproducibility Isotopic ratios (1s < 1 permil): EOS must be kept stable within +/-25 V.
These ranges of value for EQS are proportional to Ep and varying from instrument to instrument depending

on the relationship between EOS and Cy:

>
O

EOS
Figure 55: instruments with different Cy/EOS relation

2.1.2.3  Matching optics
2.1.2.3.1 Overview

LF
Bhor P2 Cy ) ()

Figure 56: lllustration of the matching optics
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At the exit of the coaxial column the secondary ion beam travels through a set of parallel plates P1 which
is in fact an electrostatic separator for primary and secondary ions of opposite signs. This symmetric design
keeps the secondary and primary ion beam energies equal. These energies can be tuned from a few keV to
10 keV.

Because of its high degree of dispersion in aperture and energy, the secondary ion beam must travel as
straight as possible before it enters in the mass spectrometer. Otherwise its trace diagram (angular — space
graph) will show very intricate folds leading to a dramatic reduction of the cutting efficiency of the slits in
the mass spectrometer leading to a reduction of the transmission for a given mass resolving power. Thus,
to minimize these effects, small deviations have been chosen: 6° in P1 and P3 and 12° in P2. In addition, P1,
P2 and P3 have been set to ensure an achromatic deviation of the secondary ions.

N Primary ion beam

Secondary ion beam
>

. Il
ES

Static Deviators
Sec. beam AS
shaping

EOW EOS

Sample

Dynamic
transfer

Figure 57: simplified dynamic transfer, static deviation & sec. beam shaping

After these three parallel plates the beam enters in the matching section of the mass spectrometer. A set
of two slit lenses (unidirectional focusing lens), LF2 and LF3, are necessary to adapt the secondary ion beam
in terms of angular aperture and spatial dimensions in the horizontal (radial) and in the vertical (transverse)
plane. As the mass spectrometer is corrected for second order aperture aberration in the radial plane, the
angular aperture in this plane can be relatively large; this possibility has been used as the beam is focused
on the entrance slit in the horizontal plane. In the vertical plane, the aperture is kept as small as possible
and the beam is not focused in the entrance slit.
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Figure 58: Focusing of the matching optics in the horizontal and vertical planes

2.1.2.3.2

Description

In the following table (Figure 59), all the elements of the matching optic are detailed.

Plates P3

Device Label Description and functionality
B A set of 4 plates used to scan the primary ion
B3 beam on the sample surface and which also act
E as a dynamic transfer system for the secondary
Scanning plates B3 ion beam.
w = Deviating plate used to rotate the primary ion
eam by 6° and to rotate the secondary ion beam
== Eig beam by 6° and h dary ion b
P1— by -6°.
Plates P1
y— P2h Deviating plate used to rotate the secondary ion
P2 P2b beam by 12°.
Plates P2
% c A 2 plate deflector used to center the secondary
Cy ¥ ion beam in the horizontal plane.
Corrector Cy
% P3h Deviating plate used to rotate the secondary ion
P3 P3b beam by 6°.
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4

Slit lens used to control the height of the

v Lens LF3

LF2 . . .
LE2 secondary ion beam in the vertical plane.
) LensLF2
f‘ LF3 Slit lens used to focus the secondary ion beam in
LF3 the entrance slit (horizontal plane).

P1, P2 and P3 allow a centering of the secondary ion beam in LF2 and in the entrance slit (ES) in the vertical
plane. Cy allows a centering of the secondary ion beam in LF3 and ES in the horizontal plane. To maintain
the mass spectrometer settings unchanged, it is recommended to re-center the secondary ion beam in ES

Figure 59: table of the elements of the matching optics

with CY and P2-P3 (see Operation chapter 9.1.12.3).

Then, in order to minimize aberrations along the secondary ion beam path it is necessary to center the
beam in LF2 in the vertical plane, and in LF3 in the horizontal plane. As LF2 is a slit lens acting only in the
vertical plane, a reasonable misalignment in the horizontal plane will have no effect on the secondary ion
beam quality. Similarly, LF3 is a slit lens acting only in the horizontal plane, a reasonable misalignment in
the vertical plane will have no effect on the secondary ion beam quality. See chapter 9.3.1.3.1 for details
on how to center the beam in LF2 and LF3.

2.1.3

2

The mass spectrometer is a double focusing system with a focal plane. In order to achieve angular and
energy focusing along the whole focal plane, the magnetic prism and the electrostatic sector are coupled

The mass spectrometer

1.3.1

Overview

Figure 60: lllustration of the mass spectrometer

by a quadrupole lens (Q) and two slits lenses (LF4 and LF5).
Three different slit systems limit the beam extensions:
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- The Entrance slit (ES) limits the spatial extension and the lateral energy of the secondary ion beam.
It has a rectangular shape.

- The Aperture slit (AS) limits the angular extension of the beam. It has a rectangular shape.

- The Energy slit (EnS) limits the energy bandwidth of the beam.

Lens LF4 acts in parallel with Q on the energy and angular focusing. Lens LF5 controls the height of the
secondary ion beam in the magnet. The Hexapole (H) corrects second order aperture aberrations in the
horizontal plane.

A proper choice of the matching section and of the three limiting slits leads to a good compromise between
mass resolving power and transmission.

The following figure shows the main optical elements that will help to explain later in the text the two
different focusing in the horizontal and the vertical planes.

S$S100 I LF4 LF5 Magnet
EnS

Figure 61: mass spectrometer main optical elements

2.1.3.2  Description

In the following table (Figure 62), all the elements of the mass spectrometer are detailed.

Device Label Description and functionality
Entrance slit of the mass spectrometer — It has 5
ES different positions corresponding to 5 different
; Esx slit width x height: ES1: 30 X 180 um, ES2: 25 X
ES Esy 160 pm, ES3: 20 X 140 um, ES4: 15 X 120 um and
Entrance slit ES5: 10 X 100 um
j?% C2x A 4 plate deflector used to center the secondary
c2 C2y ion beam.

Corrector C2

Aperture slit of the mass spectrometer — It has 5
different positions corresponding to 5 different
slit widths and heights. The width x height of

A aperture slit sizes are usually: AS1: 350 x 350um,
Aperture slit AS2: 200 x 200um, AS3: 150 x 150um, AS4: 80 x
80um and AS5: 40 x 40um.

N

AS

Hx

Hy

oy H

;E Hx Hexapole used to correct second order aperture
aberration.

Hex s< Hy
Hexapole
i

$5100 100 mm radius spherical electrostatic sector used

55100 as an energy analyzer.
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90° ESA

ﬂ% C3x A 4 plates deflector used to center the secondary
Corrector C3 3y lon beam.

m EnS | EnS pos Continuously adjustable slit used to control the
Energy slit EnS width energy bandwidth of the secondary ion beam.
HLH (y) LF4 Slit lens used to assure the chromatic focalization

(horizontal plane).
Lens LF
w

c4 C4x A 4 plates deflector used to center the secondary
Cay ion beam.

N

&N

Corrector C4

H

LF5 (x) LF5 Slit lens used to control the height of the
Lens LF5 secondary ion beam in the vertical plane.
/ Q Quadrupole lens used to focalize the secondary
Q ion beam on the magnet focal plane
Quadrupole

Figure 62: table of the elements of the mass spectrometer

2.1.3.3 Mass Fractionation at the entrance slit

Due to the presence of leaking Brield along the secondary ion trajectories, the secondary ion beam at the
entrance slit is mass fractionated. These fringing fields are mainly produced by the two ion pumps in charge
of pumping the analysis and the central chambers. This effect leads to severe mass fractionation at the
entrance slits in both planes: ion intensities are attenuated or cut differently depending on their mass
(proportionally to the square root of their mass if it is purely magnetic). Although isotopic measurements
are usually corrected by the ratio of a standard of known value this can be a problem for precise and
reproducible measurements.

Two external coils have been added to generate a compensating B-field when flowing a DC electrical current
through them. This cancels the dispersion effect, resulting in having secondary ions of different mass over
charge ratio centered at the same position in the entrance slit for one specific value of P3 and Cy.

Two optimum values of Bhor and Bver which depend on each instrument are adjusted to limit the mass
fractionation. These values will then stay constant for this primary energy. The propagation software will
automatically change this value (prop. to sqrt(Ep)) when the primary energy is changed.

See chapter 9.3.1.3.2 on how to practically tune the B-field coils.
As an illustration see below Figure 63 and Figure 64: on a SiC sample for a few values of Bhor or Bver we
record the values of P3 or Cy voltage positioning 12C and 28Si” peaks in the central position in the entrance

slit. For one given value of the compensating Bfield, the two peaks are centered in the slit for the same P3
or Cy voltage: this is the optimum value to apply and save.
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Figure 64: Vertical coil compensation

The following measurements (Figure 65), have been made on a Si wafer. Three different secondary ion
beams (%60, 3°Si and 28Sis) have been scanned across the entrance slit (slit #3, 30 microns) in the horizontal
plane. Corrector Cy has been used to scan these beams. Without vertical Bfeq, the distance between °0
and #Sis is roughly 0.44 Volts which can be estimated to be 5 microns. This would be huge for entrance slit
size of 10 to 30 microns width.
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Figure 65: Example of Horizontal coil tuning

Figure 66 shows that the slope of the linear fit is proportional to 1/sqrt(M), demonstrating that this effect
is a pure magnetic field effect.
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Figure 66: Slope vs 1/M*2
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2.1.3.4  Mass spectrometer tuning

To reach high mass resolution without loss of transmission, the mass spectrometer has been designed with
low aperture and chromatic aberration coefficients. Due to a special design of the magnet, it is free of
second order aperture aberrations in the radial plane; thus, it can accept secondary ion beam with large
angular aperture.

The mass resolving power M/AM is dependent of numerous terms and this dependence is not only linear
but also of higher order. The following formula describes the effect of the main ion beam parameters on
the inverse of the mass resolving power.

AM/M = f (G W, Kg o’)  KEo AE/E, (Kg [32 + higher order terms....))

/ \

H, AS, ES, LF2 & LF3 ENS, LF4, ES, AS ’—’
H, LF2, LF5

Figure 67: main ion beam parameters of the mass resolving power

- W Entrance slit width (or beam waist),

- G: magnification of the spectrometer. G = R/537; as the mass dispersion is R/2, the MRP is
independent of R.

- Kg 02: second order aperture aberration term,

- KE o AE/E: main chromatic aberration term,

- o the half aperture angle in the radial (horizontal) plane,

- P the half aperture angle in the vertical plane,

- K,, Kg and K¢ second order coefficients for the radial aperture, vertical aperture and chromatic
aberrations respectively,

- AE/E the relative energy spread of the secondary beam.

The bottom part of Figure 67 shows the optical elements influencing the aberration terms.

2.1.3.4.1  Angular focusing in the Horizontal (radial) plane

As shown on figure 66 and Figure 69, the electrostatic sector SS100 produces an image of the entrance slit
located on the energy slit plane. The location and the size of this image are not adjustable. Then Q and LF4
produce a parallel beam at the entrance of the magnet leading to a focus point located on the focal plan.
The location of this focus point depends directly on the mass and charge of the incoming ion beam.

Both Q and LF4 act on angular focusing but due to the location of LF4 —as close as possible to EnS — Q is
the essential lens to be tuned in order to reach the optimum focus.

To tune Q, check the procedure in chapter 9.1.13
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Figure 68: angular focusing in the horizontal plane

HMR TUNING

Electrostatic prism
SS 100

Magnet prism

Focal Plane
Figure 69: Angular focusing

2.1.3.4.2  Angular focusing in the Vertical plane

In the vertical direction the obtention of a parallel beam to enter the magnetic sector is achieved through
the combination of LF5 and Q.
Refer to chapter 9 (operation) for practical tuning.

Vertical plane
(angular focalization) @ g >

I Q ExS

S$S100 I LF4 LE5 Magnet
EnS

Figure 70: angular focusing in the vertical plane
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2.1.3.5 Mass Resolving Power

Different definitions of the mass resolving power (MRP) are conceivable, each being suited to a special
situation. The purpose of the MRP definition being referred to as the "CAMECA definition", is to characterize
the mass line width in relation to mass dispersion. Here is a general approach to MRP definitions.

The width labelled Lig-g0 is the width inside which one finds 80% of the line intensity and with 10% of
intensity left on each side. If intensity is assumed to be uniformly distributed across the line and if
aberration effects on the wings of the line are neglected (sharp line assumption), the total width of the line
h_ would be,

h| = Lio-90 / 0.8 = 1.25 Lio-90 (1)
Ls-o5 is also available in the HMR spectrum and is the width inside which one finds 90% of the line intensity
To simplify, we consider situations where two adjacent mass lines are of equal intensity.

The dispersion in the plane of the exit slit is given by the following relation:

hpy = kR—

v m o)
hy is the distance between the center of two mass lines differing by a mass difference Am and k is a
numerical factor which depends upon the design of the spectrometer. R is the radius of the circular path in
the uniform magnetic field and "m" is the ion mass. In the CAMECA NanoSIMS 50L setup, k = 0.5. Thus, the

general expression is obtained with atomic masses M,
R AM

hv =—5— 3
M =51 (3)
Now let us select a slit width hg and make the sharp line assumption. To define an MRP we usually have to

introduce additional conditions: either the percentage of peak reduction, P% of full intensity, due a narrow
exit slit if hg < h| or the distance ht over which the mass line may move inside the exit slit while keeping its

full intensity if hg > h|_(flat top peak). The other condition regards the valley to peak ratio being accepted
as a separation for two adjacent lines.

If one makes the choice of having a full intensity line and a point of zero intensity between two adjacent
lines, MRP can be defined with the relation,

That is,
R AM M R

he+hy =—— > —=(MRP)jz———

Y AM "Tafhs+h)
h
M _|

] 4+ sharp line assumption

hg exit slit

Figure 71: lllustration of the Exit slit for the MRP calculation
If one wishes to characterize the mass resolving limit capabilities, the conditions may be written as:

- P arbitrarily fixed at 80% of the full intensity
- The valley to peak ratio arbitrarily fixed at 25%.
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These conditions lead to:
hs = Lig-90 and hy = 2 Lio-90 (6)

and result in CAMECA's definition:
MRPcam = M/AM =R /4 Liooo (7)

This value of MRP indicates the possible performance of the instrument consistent with the specified
conditions, regardless of the actual width of the exit slit. But it should not be understood as a definition of
MRP being suitable for any situation.

It is worthwhile noting that the width Lio.g0 is @ parameter which takes its full meaning in relation with the
mass dispersion hy, for a given mass difference Am at each radius R. Instead of considering the variations

of L1000 and hy, with the radius R separately, it is convenient to use MRPcam.

From a practical point of view, the procedure to follow is:
- Lio-go is measured experimentally (or any other L(a%-b%) width....).
- For each specific problem, the width of the exit slit has to be chosen according to some criteria: P%
of the full intensity or the "length" hy of the flat top.

- The valley to peak ratio between two adjacent lines.
- Then the MRP is determined with the help of equation (3).

To provide users with information upon the intrinsic performances of the instrument, it is essential to
determine the relations between the signal intensity and the mass line width at different radius R. But,
considering the great variety of situations, it is left to users to determine which MRP definition they should
use according to their specific problem (taking into account the intensity of interfering lines, the precision
of the peak top flatness, ...) and which decision they have to make concerning the width of the exit slit.
Figure 72 shows a typical example of data obtained on CN"ions. MRP has been computed according to the
CAMECA definition. The relative transmission refers to the ratio (Intensity with slits) / (intensity without
any slit). The different points correspond to different combinations of slits. There are no specific rules to
determine which set of slits has to be used to reach a given mass resolving power. However, one can set
for the slits an order of efficiency as following: firstly ES, then EnS and lastly AS.

It is good practice to check regularly (every week and before sessions) and keep record in a long term
stability spreadsheet of the transmission in the same multicollection set-up (for instance: slits fully opened
and always on the same sample standard).

For example, using 16keV Cs+ on silicon one should measure FCo and %Si- count rate and obtain roughly
the following:

With | = n Q/t, using 1 pA there are 1 E-12/ 1.6 E-19 = 6.25 E6 Pl/s.

- 625000 %si ¢/s per pA of Cs+ with no slit. Or SI/PlI =10%

- 250000 %si ¢/s per pA of Cs+ with ES-3, AS-2 (MRP > 6000). Or SI/PI = 4%.
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Figure 72: Relative transmission versus Mass resolving power. 100 % = slits fully opened

2.1.3.6  Chromatic (=energy) compensation

As shown on Figure 74, two secondary ion beams with two different energies are emerging from the
entrance slit on the axis. The electrostatic sector SS100 will disperse them according to their energy and
the two emerging trajectories will appear as coming from a single point named achromatic point (Ac.). This
specific point is located at one radius from the SS100 exit face.

The magnet has also achromatic points. Let’s suppose that we send two trajectories focus on the magnet
achromatic point Ac’, they will emerge with the same angle from the magnet.

Q and LF4 have been design to conjugate Ac and Ac’ in order to compensate chromatic dispersion at the
exit of the magnet.

Q and LF4 act both on angular focusing and on chromatic compensation. Q is the main lens for angular
focus and chromatic compensation. Due to its location - as close as possible from EnS — LF4 acts mainly on
chromatic compensation (fine energy focusing).

For the LF4 tuning procedure inside the overall secondary tuning, read chapter 9.3.1.3.2

Horizontal plane
(Energy focalization)

| : S

I I AcCs5100 I

EnS

Figure 73: energy focusing in the horizontal plane

LF4 LF5
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Figure 74: Energy focusing

As Q acts on Chromatic compensation, LF4 cannot remain unchanged as Q varies. Thus, for each value of
the Quadrupole Q one can determine an optimum value for LF4 (Figure 75).

LF4 vs Q
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1540 \ LF4=9921 - 225%Q |
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Figure 75: LF4 vs Q

2.1.3.7 Second order aperture aberration

These aberrations are mainly due to the electrostatic sector S5100. Let suppose we have a mono energetic
secondary ion beam emerging from the entrance slit. This beam has a very small aperture in the horizontal
plane in a mean direction doing a (radial) angle o with respect to the axis in the horizontal plane.

This beam will be focused in the energy slit plane but not on the axis. The distance z from the axis is

proportional to the power 2 of o (Figure 76)
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Figure 76: a? aberrations

AZ is proportionnal to a2

Let suppose we have another mono-energetic secondary ion beam emerging from the entrance slit. This
beam has a very small aperture in the vertical plane in a mean direction having an angle [ in the vertical

direction with respect to the axis.
This beam will be focused in the horizontal plane at the energy slit but not on the axis. The distance z from

the axis is proportional to the power 2 of B (Figure 77)

A.Sx HMR TUNING

lB lectrostatic prism
/E SS 100

EnS

AZ is proportionnal to 2

Figure 77: 82 aberrations

Figure 78 and Figure 79 demonstrate the existence of these aberrations. These measurements have been
done with ES5 and AS5 on a SiC sample. AS5 position has been changed either in the horizontal plane (As5,

for a? aberrations) or in the vertical plane (AS5x for B?aberrations).
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Figure 78: aberrations in the radial plane (a?)
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Figure 79: aberrations in the radial plane (62)

These two last measurements are extremely difficult to achieve as the secondary ion beam has to perfectly
focus in the exit slit. If not, one will see a linear dependence instead of a parabolic one.

2.1.3.8 Hexapole tuning

The mass spectrometer is corrected for second order aperture aberrations in the radial plane by the
Hexapole H. In the vertical plane, the beam shape has been transformed from a circular one to a slit one,
leading to a dramatic reduction of angular aperture and thus of aberration effects.

The followings figures (Figure 80, Figure 81 and Figure 82) show typical variations of the mass resolving
power while the positions and values of H are changed. Experimental conditions were : ES-3, without AS,
EnS-2 (intensity reduction of 20%).
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Figure 80: Mass Resolving Power vs H position in the horizontal plane
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Figure 81: Mass Resolving Power vs H position in the vertical plane
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Figure 82: Mass Resolving Power vs Hexapole value

It is thus critical to properly tune the Hexapole to optimize the Mass Resolving Power. The hexapole tuning
procedure inside the general secondary tuning is described in chapter 9.3.1.3.2.
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2.1.4 The multicollection system

2.1.4.1 Overview

The magnetic sector, derived and optimized from a Mattauch-Herzog configuration, permits to obtain a
straight focal plane along which seven detectors (more precisely their exit slit) can be moved and positioned
precisely. The ions travel in a flat tube between the pole pieces where the magnetic field is very
homogeneous. They follow a circular path but note that the shape and angles of the poles and the field
shape leaking outside near the entrance and exit gaps play an important role too in the overall optics. As
an illustration, the electron multipliers after the exit slits must be magnetically shielded otherwise the
electrons cannot travel from one dynode to the next under the B-field!

The multicollection system follows the magnetic sector. It is one mechanical ensemble inserted (and
removable for service) inside the multicollection chamber through a rectangular flange.

The multicollection incorporates:

- Six moveable (computer controlled) trolleys, each equipped with a miniature discrete dynode Electron
Multiplier, a Faraday Cup with repeller and a slit assembly (3 widths, commutable under vacuum): detectors
#1,2,3,4,5 and 6. For fine mass adjustment and scanning, each trolley is equipped with an electrostatic
sector preceded by deflection plates, before each exit slit. This set-up allows the recording of mass
spectrum (called HMR as high mass resolution) around a single unit mass, with a range of mass line
deflection of +/- 500 pm.

Each trolley is mechanically equipped with one FC and one EM. All FCs are connected to the flange but in
the basis configuration only the FC of trolley #1 is equipped with a preamplifier and electrometer.

The “MULTICO SEVEN FARADAY” accessory permits to have all seven FCs preamplifiers/electrometers.
The FC/EM switches are automated and can be performed under vacuum. A window port allows the
observation of the slit exchange mechanism.

- One fixed trolley delivered in standard with one EM and one FC (no preamp supplied), and a slit assembly
(3 widths, commutable multicollection opened): detector # 7. It is mounted at FIXED radius R= 680 mm. It
is also equipped with deflection plates before the slit for fine mass adjustment and scanning.

The FC/EM switch is manual and thus require a venting of the multicollection chamber.

Four main factors will determine the capabilities of the NS50L multicollection:

1) The mechanical-physical limits of the multicollection:

The extreme radiuses of ion trajectories are Rmin = 145mm and Rmax = 680mm. Within this range the mass
resolution and transmission are approximatively constant. Using lower or higher radiuses would lead to a
loss of performance.

2)  The magnetic field obtained by flowing a given stabilized current in the coils around the laminated
iron pole pieces. Inside the magnetic field, the radius R of circular ion trajectory is
R = sgrt (2mU/q) / B so it is proportional to the square root of the mass M of the ion:
R=a*sqrt(M) orR1/R2 =sqrt(M1/M2). So the unit masses becomes nearer and nearer as we move up
along the focal plane.

3) The Mass Range is a ratio D = 22 between minimum mass and maximum mass (e.g. from 1 amu to max
22amu or from 10 amu to max 220 amu). D= (Rmax/Rmin)?

4) The minimum Mass interval between neighbor detectors: once the mass Mmax Of detector 7 is
defined through a chosen B-field, the minimum mass separation between two adjacent small detectors at
the highest radius is given by: Mmax/58.
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So up to 58amu, single amu interval is always possible; between 58 and 116amu the highest masses can
be limited to 2 amu interval ; between 116 and 174amu the mini interval can be limited to 3amu, etc.
Numerically, as Rmax = 680mm the radius of ions of mass M will be: r =680/ sqrt (Mmax) *sqrt (M),

$0 8Mmin (Mini mass interval between 2 adjacent det.) = sqrt (Mmax) * sqrt (M) * &rmin./ 340.

The mini NS50L radius interval between detectors (8rmin) is 5.8mm so SMmin ~ sqrt (Mmax * M) * 0.017.

For example, selecting Mmax = 127 amu (iodine) on the 7th detector will give approximately:
SMmin = 0.66amu at 12amu (nearest mass: 13 amu),

S6Mmin = 0.98 amu at 26amu (nearest mass: 27 amu),

S6Mmin = 1.08 amu at 32amu (nearest mass: 34 amu),

S6Mmin = 1.72 amu at 81amu (nearest mass: 83 amu).

S6Mmin = 2.13 amu at 124 amu (nearest mass: 127amu).

The NanoSIMS control software will simulate and inform the operator of the exact possibilities or
conflicts.

Multicollection
Detector Detail
FC

ExS

Figure 83: lllustration of the multicollection detection system
The multicollection system (Figure 83) is essentially made of two parts: a mechanical system which allows

the operator to move detectors under vacuum and 7 detectors. These detectors can be either Faraday Cup
(FC) or Electron Multiplier (EM).

2.1.4.2  Description

Device Label Description and functionality
FC Each trolley is equipped with a FC detector
& FC which is exchangeable with an Electron
Multiplier detector depending on the analysis.
Trolley Faraday Cup This switch is motorized for the trolleys 1 to 6.
Each trolley is equipped with a miniature

electron multiplier (EM) exchangeable with a

EM EM
FC detector if needed. This switch is motorized
EM for the trolleys 1 to 6.
Each trolley is equipped with an electrostatic
Esa sector called Esa allowing to deflect the beam
Esa into the detector. Esa is shared by EM and FC
Es detectors.
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Each trolley is equipped with three exit slits
moveable depending on the analysis.

ExS ExS1:100 X 2400 pum, ExS2 : 70 X 2400 pum and

o ExS3: 40 X 2400 pm.
}ﬂ 1 ExS These exit slits are used to separate the masses
E at the entrance of the detector. They can be
used in conjunction with the other slits to

Exit slits define and optimize peak shape (flat peak top
or gaussian shape, etc...). Exit slits are shared
by EM and FC detectors
This is a pair of parallel plates (with opposite
Pd potentials) which allow to scan the mass line
ﬂ_ Pd+ and Pd- |across ExS for recording a HMR mass spectrum,
d and to adjust a mass line position in the exit
slit.. Pd is shared by EM and FC detectors

FC
] Detector 7 is a fixed detector. The radius

cannot be changed and the EM/FC switch or
EM

o

the Exit slits switch needs to be made manually
(see chapter 10.4.2)

Trolley 7

Figure 84: Table of the elements of the multicollection

In front of each detector is a pair of parallel plates (Pd) allowing scanning of the mass line across the exit
slit. The deflection coefficient is roughly 10 microns per Volt. These plates are also used to focus the
secondary ion beam in each exit slit by applying the same voltage to both plates. 50 Volts is roughly
equivalent to one bit of the quadrupole lens used to conjugate the electrostatic sector S5100 to the magnet.
One can select independently, under vacuum, the exit slit size for each detector (EM or FC) mounted on a
trolley. There are three different widths, the height remaining the same (2400 microns).

Each trolley can be moved along the focal plane, driven by a step by step motor under computer control
with a minimum step of 1.2 micron (one external motor rotation of 1000 steps is equivalent to 1.2mm).
The trolley positioning reproducibility (1s) is demonstrated during installation to be better than 5 um.

The minimum distance between trolleys is 5.8 mm. It is defined by electrical safety contacts on each trolley,
in order to avoid crashes between trolleys.

2.1.4.3  Electron Multipliers (EMs)

The NanoSIMS 50L can simultaneously detect ions of seven different masses with a multicollection
composed of one fixed and six movable EMs. The detectors must be as thin as possible to allow the
simultaneous detection of heavy mass isotopes. The CAMECA NanoSIMS 50L multicollection trolleys are
equipped with Hamamatsu® R4146 electron multipliers, customized especially for CAMECA. The R4146
width is smaller than 7mm.

The EMs of the NanoSIMS 50L are always working in a direct pulse counting mode where the secondary
ions are counted one per one. A secondary ion striking the first dynode (conversion dynode) of the EM
induces a secondary electron emission (Figure 85). These electrons are accelerated through the successive
dynode stages in order to amplify the secondary electron current. A gain (mean number of electrons per
secondary ions) of about 102 is obtained. For most of the secondary ions reaching the detector, a charge
pulse is produced at the last dynode output. The charge amplitude is converted in voltage, and the pulse
amplitude, in Volt is proportional to the EM gain.
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Figure 85: lllustration of an Electron multiplier

Due to the internal capacitance, it will take a certain “dead-time" for the EM & electronics to restore its
gain and be ready to detect a next pulse, well separated from the previous pulse. It may occur that two or
more ions impinge the EM first dynode within a time interval small enough to be detected as a single ion.
The measured count rate is then lower than reality. This EM dead time effect can be corrected numerically
as long as the dead time is known precisely. To ensure this on the NanoSIMS, the EM channel detection is
by construction electronically “paralyzed” for a precisely fixed duration after a pulse is detected. This
electronic deadtime is stored in the setup (see chapter 5.9.9.1).

2.1.43.1 EM output and discriminator threshold

The following definitions are useful to understand the electron multiplier language:

The jon/electron conversion efficiency (Np)corresponds to the response of the first dynode. It is
derived from the P(k) distribution law which gives the probability for one ion to produce k electrons.
It is reasonable to assume that P(k) is a Poisson law where Np is the mean. Np depends on the first
dynode local chemical surface composition and the incident ion characteristics: mass, velocity and
nature (single or molecular).

The EM gain is the ratio between the electron output current and the ion input current. It involves
both the first dynode ion/electron conversion efficiency and the other dynodes amplification effect.
This last amplification depends on both the EM HV and the EM age (chemical composition of the
local surface).

The pulse height distribution (PHD) is the curve showing the probability P(V) for an EM output pulse
to have a given voltage amplitude V. Like the EM gain, it depends on both the first dynode
ion/electron conversion efficiency and the other dynode amplification effect.

The EM Yield is the ratio between the number of output pulses counted after the EM discriminator
(see below) and the number of incident ions.

The EM detection channel. The first electrons produced by the first dynode when impinged by an
ion are amplified by the successive stages within the electron multiplier with a gain in the range of
108 (EM gain). As it is displayed on a PHD distribution curve, the pulses detected at the EM output
do not have all the same amplitude (Figure 86). A preamplifier converts the charge pulses into
voltage pulses and amplifies them. Then, a discriminator selects the pulses larger than a given
threshold.

Base line '/\ ~
M F\vf\uf\v —] —_— — —

-/

threshold

Preamp
% Discri. V Discriminator

|
L YEM_HV(= +2 KV)
/

\

pulses

Figure 86: Pulses detected at the EM output
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Figure 87: Typical PHD distribution curve
The large number of pulses with a small amplitude (first part of the pulse amplitude distribution) are due
to the system noise. These pulses are therefore eliminated by using a discriminator with an adjustable
threshold. The setting of the threshold is the result of an optimization which minimizes the EM background
(typically < 5 counts/min) and optimizes EM detection efficiency (number of counted pulses per secondary
ion).

2.1.43.2 EMaging

When an EM is getting older (meaning the EM has been used to detect ions), its gain (output electrons per
ion) decreases (Figure 88), leading to a Yem decrease if the EM HV is kept constant. For recovering the
original gain and yield, the EM HV must be increased.

The lifetime of an electron multiplier depends on the gain and the total number of ions counted (total
integrated charge). Frequent high intensity measurements shorten the EM lifetime! Hence it is
recommended to blank the mass analyzer during high current pre-implantation and to use minor isotopes
when the signal of the major one is above a million c/s, especially for long depth profiles. Alternatively, if
not in image mode, one can switch to FC detection.
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Figure 88: Discriminator threshold
Figure 88 shows the evolution of the pulse height distribution curve with use. It can be characterized by

two parameters:
- the maximum of the PHD (Maxp, in mV here)
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- The curve width, which can be translated by the ratio (R/L) between the pulse height at 80% on the
right flank and the on the left flank of the curve as shown in Figure 88.

One can see that the gain decreases (the max of the distribution is moving to smaller amplitudes) and the

width is changing. Overall, this is not good as more pulses corresponding to real secondary ions will fall

under the threshold and not be counted. More quantitatively, Figure 89 shows the evolution of these two

PHD parameters with time (= integral of received secondary ions) for 325 ions. Secondary ion beam intensity

was 1.4 x106 cps over 3 hours.
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Figure 89: evolution of Maximum of the PHD and the R/L ratio parameters versus time for 32S- ions

As shown on Figure 90, the evolution of Maxp with time can be expressed as:

Max, o exp (-t/z,)

Figure 90: Maxp equation
With t being the exposure time and 1, the fitting parameter.

Figure 91 shows a comparison between two types of miniature electron multipliers. These two types of EM
differ by the size of the dynode; the large one has a dynode surface larger by a factor 3. These
measurements obviously show that:
- 1/rpis proportional to the ion beam intensity.
- The aging effect has been reduced by a factor ranging from 5 to 22 thanks to the larger EM version
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Figure 91: 1/t Comparison between two EMs version
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This aging effect will lead to a dramatic decrease of the detection efficiency with time and especially for
high count rate. One way to estimate this effect is to measure an isotopic ratio with one abundant isotope
and a very weak one. The two isotopes have to be recorded simultaneously with two different EMs.

The EM detecting the abundant isotope exhibits a change of its detection efficiency due to aging effect
while the others remain unchanged.

The relative variation of isotopic ratio R can be expressed as:

ARR o exp (—t/7;,)

Figure 92: The relative variation of isotopic ratio R expression

An empirical relationship between tp and tr has been established as following: Tr = 1/20 1p

Figure 93 summarizes the change in Silicon isotopic ratios before and after an EM has been aged. These
experimental values are in good agreement with the above empirical formulae.

Before aging After aging
High voltage 1640V 1670V
MaxPHD 220 mV 175 mV
29Gj /28Si 5,070 1072 5,025 102
305 /28Si 3,376 107 3,339 10
Change of Max PHD -20,5%
Change of 2°Si/%8Si -0,88 %
Change of 3°Si/%8Sj -1,09 %

Figure 93: Change in Silicon isotopic ratios before and after an EM has been aged

In summary the Electron Multiplier gain decreases with the received ion dose. The loss of gain visualized
by the reduction of PHDm.x can be restored by increasing the HV. Before any precise measurement and
regularly (each week), PHDs and discriminator levels must be checked.

For ultimate isotopic measurements with high count rate (5 x10° ¢/s) on the major isotope the drift of
PHDmax will limit the long-term reproducibility. An automated PHDwuax control with EM HV automatic
adjustment routine is available (refer to 9.3.3.4) for cancelling this drift. It is generally necessary for
maintaining isotopic ratio reproducibility better than the permil level when using EM with high count rate
(above 1 E5 ¢/s).

The progressive carbonation of the last dynode (which sees the highest current flow) is a crucial factor for
aging. This is why the multicollection vacuum is an important factor.

The local heterogeneity of the first dynode (original and sputtered areas) can contribute to a limitation of
reproducibility, especially when using small slits (a very small secondary beam line moving between a
damaged area to a fresh area of the 1rst dynode would change the overall detection probability).

For high precision measurements, before using a new EM freshly replaced, pre-aging is necessary to
stabilize its gain (e.g. a few tens minutes at 5 x10° ¢/s).

2.1.4.3.3 The ion to electron conversion issue

The ion to electron device is the EM first dynode. Although the first dynode can become locally
inhomogeneous after long exposure to focused mass line of high ion intensity, aging does not occur at the
first dynode but at the last one, probably caused by contamination problems (poor local vacuum
simultaneously with high electron current bombardment induces carbonation of this dynode). However, it
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can be demonstrated that an improvement of the first dynode electron/ion rate should make the EM
insensitive to the last dynode aging.

1000 —— - -
y Discriminator —a— detected ion signal
800 _1 Threshold —e— Noise
- — Resulting PHA
= 600 A
E L 4
8 400 A
200 ~
4
0 - 1
0 200 400 600 800
Amplitude (mV)

Figure 94: PHD curve

On Figure 94, the red curve is the PHD distribution as it can be displayed with our instruments. It results
from the sum of the amplified ion signal and a noise consisting of short pulses. Slodzian et al. (2001)! has
shown that from such a curve shape, just by assuming that the electron emission at each dynode was
following a Poisson law, it can be deduced, for CuBe dynode EM, an ion/electron conversion efficiency of 9
and an electron/electron yield of some 2.5.

The issue is that for eliminating noise pulses, it is required to set the discriminator threshold at a level such
as it cuts also several per cent of the useful signal, leading to a yield of some 93%, which is not constant if
the EM gain varies because of aging. It should be highly desirable to have the hereunder PHD distribution
curve (Figure 95).

—&— detected ion signal

1000 Discriminator i
Threshold ¢ Noise
= Resulting PHA

800
600
400

dS/dThr
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0 : :
0 200 400 600 800
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Figure 95: “ideal” PHD curve

Obtaining such an improved PHD from an EM would require increasing the ion to electron conversion
efficiency probably through dynode material and geometrical optimizations.

1 Precise in situ measurements of isotopic abundances with pulse counting of sputtered ions, G. Slodzian et al., EPJ,
Appl. phys., 2001, vol. 14, no 3, pp. 199 - 231
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02 lon to electron Conversion:
The POISSON law Model

The curves on the left display the
probability of electrons expected
from the Poisson law for a mean
efficiency of respectively 4.5, 9 and
Np=18 18.

0.15

Probability

It can be expected that an
improvement of the first dynode
conversion  efficiency  improves
dramatically the overall PHD curve

0.05 f

0 5 10 15 20 25 30 35
Number of electrons

Figure 96: Poisson law model

The PHD distribution curve is dominated by the first dynode conversion efficiency but depends also on the
next dynodes (mainly the next 2 dynodes with a mean yield of 2.5 each). Because the electronic
discriminator cannot accept pulses larger than 1.5 Volts, let's assume that the pulse mean amplitude is
always tuned at 300 mV and that the threshold level to eliminate all the noise pulses is 100 mV. From the
simulation of the first 3 dynodes, it is possible to draw the probability that an incident ion leads to a pulse
smaller than 0.33 of the mean amplitude. Hence increasing the ion/electron efficiency would lead to more
ions detected.

1% dynode ion to electron Mean number of electrons emitted Probability (number of
conversion efficiency by the 3 dynode electrons < 0.33 Mean)

(Np) (Np x 6.25)

4.5 28.125 12%

9 56.25 3.8%

18 112.5 0.38%

2.1.4.3.4  QSA Effects on Isotopic ratio measurements

QSA stands for quasi-simultaneous arrivals.

Secondary ions are often considered to be only a small fraction of the bunch of sputtered particles resulting
from the impact of primary ions. However, the average number K of secondary ions ejected per primary
ions may reach values as high as 20% for some elements. In such conditions, the probability to get more
than one secondary ion emitted per primary impact is not negligible and those ions may arrive at nearly the
same time on the conversion dynode of the electron multiplier for high transmission instruments like the
NanoSIMS. QSA are registered as single pulses so that the registered number of counts is slightly lower than
the true number of incoming ions.

Assuming a Poisson statistics, the correction factor is given in a first order approximation by:

Neor = Nexp (1 + K/Z)(l)

Where Ncor is the real number of ions reaching the first dynode and Nexp the number of pulses counted
with a given threshold and K is the ratio secondary over primary.
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In order to show the effect of QSA on isotopic ratio measurements, the ratio 34S/3%S (figure 31) has been
measured for different K. As K for 34S is roughly 22 times lower than for 325, the effect of QSA on 34S can be
neglected. Thus, the experimental Sulfur isotopic ratio Rexp must vary with K according to:

Keor = Kexp/ (1 - Kexp/z)

120,00 { 834exp = <834cor> + 0.69Kcor * 1000 [
100,00 &

80,00
.

E 60,00 /
5
2 40,00 e ® Delta exp.
% ./Q’ - A Deltacor.
% 20,00 ¢ ---e--.Kcor/2
= 0,00
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-20,00 o
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Figure 31: QSA on Pyrite (Primary ion Cs*, 1 pA)

If <334cor> represents the corrected relative deviation of 34S/32S ratio, the linear relation (Figure 31)
writes down:
834exp = <d34cor> + 0.69 Kcor * 1000

This experimental coefficient, 0.69 instead of being 0.5, is obviously different from the value given by
relation (2) obtained from Poisson statistics. It might be due to the inadequacy of Poisson statistics to
describe the phenomenon or to other effects such as fractionations due to differences in ion selection
generated by the change of K. Further investigation needs to be done with measurements coupling Faraday
cup and EM and on different elements.

For further details see: G. Slodzian et al. / Applied Surface Science 231-232 (2004) 874-877

2.1.4.4 Faraday cups (FCs)

As explained above electron multipliers are aging proportionally to their total integrated counts. To
preserve their lifetime, one should keep the EM count rates below a few millions c/s. At such count rate, a
dead-time correction is mandatory. For the highest reproducibility of isotopic measurements, the count
rate should be about 5 x10° ¢/s maximum and at this rate, one should use the continuous PHD automated
adjustment routine to handle EM aging over long measurements (chapter 9.3.3.4).

For higher count rates and/or better isotopic reproducibility, it is best to switch the detectors to Faraday

Cups and electron current pre-amplifiers. Note that these positive aspects are balanced by their long
response time precluding fast scanning imaging or electronic gating window, accessible only with EMs.
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On the NanoSIMS, it is necessary to mechanically switch between EM and FC on each trolley. On recent
NS50L versions, the switch can be automated while the multicollection chamber stays under vacuum. The
only exception is the 7" detector, which is fixed and still requires a manual switch. The multicollection
chamber must then be opened to atmospheric pressure (See chapter 10.4.2 for switching detector #7 or
for NS50/L not equipped with switch automation).

On an EM used in pulse counting mode the statistical uncertainty will be given by Poisson statistics:
Uncert =1/ sgrt (N). e.g. at 5 x10° ¢/s with 80s integration the uncertainty will be: 1/ sqrt(5 x10° * 80) = 0.35
x103 (= 0.35 permil 1s). Of course, other factors will play on the final isotopic reproducibility.

On a FC one let the secondary ion current flow through a huge resistance (10 ohm on the NS50L). The
current is measured as a voltage across the resistance, converted in frequency (V/F conversion) which is
measured. Any minor variation of the resistance through temperature or surface contamination will lead
to variation of current and background noise. The resistances and the pre-amplifiers are located in a
thermostated container above the multicollection flange.

On the NS50L, the background noise of a FC with a 10 ohm resistance is given as 5 x106 A, measured over
5s. Noise, count rate and integration time will determine the incertitude for short term measurements (long
term baseline drift must be controlled also): the basic rules applies: | = n*q /t e.g the equivalent count
rate of the FC background noise is: n=5x102 /1.6 x10 =3 100 ¢/s.
This noise will be reduced when integrated over a longer time t instead of 5s, following sqrt(t/5).
- Case 1: with 5 x10° ¢/s over 80s, the relative incertitude will be: [3100/ sqrt(80/5)] / (5 x10°) = 1.5 x10°
3=1.5 permil. Itis poorer than with EM as above.
- Case 2: with 1 x107 ¢/s (not possible with EM) over 80s, the incertitude will be: 0.75 x10* = 0.07 permil,
which is much better than with EM (other factors will limit the overall isotopic reproducibility to a few
tenth permil on the NS50L).

2.1.5 The optional Normal Incidence Electron Gun (NEG)

2.1.5.1 Electrical Charging Effects

During SIMS analyses, positive, negative or neutral primary particles impinge the sample surface and either
positive secondary ions or negative secondary ions, and secondary electrons, leave the sample surface.

As the “secondary ions/primary ions” and “secondary electrons/primary ions” ratios are not equal to 1, an
excess of charge will occur over the sputtering area of insulating samples. If the sample has an intrinsic
conductivity, or at least a surface conductivity (through a metallic coating for example), the excess electrical
charges can flow towards the conductive sample holder and the potential of the surface will be kept
constant. On the other hand, if the sample is an insulator, the electrical charges accumulate on the sample
surface and the potential surface is modified positively or negatively, depending on the sign of charges
appearing over the sputtering area.

POSITIVE SECONDARY ION MODE: In order to collect positive secondary ions, the sample is brought at a

positive potential (e.g. +8 kV). In that case, only positive secondary ions can escape from the sample surface

and leave behind (via surface and depth collision cascade) negative charges (secondary electrons and

negative ions being trapped on the sample surface by the strong extraction field). The number of charges

Q+ appearing on the sputtered area per incoming primary particle is therefore given by the relationship:
Qt=qgp+0qs * Y

where:

gp is equal to 0 or neutral, +1 for positive and -1 for negative primary particle (only single charged primary

ions are considered).

gs is the sign of the charges left behind by the secondary ions.
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Y* Is the yield for positive secondary ions/primary particles. This yield is always less than 1.

This equation shows that for the use of positive primary ions (not available on the NS50), a positive charge
is always building up on an insulating material and for negative primary ions (on the NS: O, Oy, O3’ or
neutral (FAB), it is a negative charge. In fact, to give a complete description of the phenomena occurring in
negative mode, secondary electrons and ions coming back from the front plate of the immersion lens should
be also considered, but, in first approximation, they can be neglected. It should be noted that the use of
polyatomic primary ions (e.g. Os) is favorable in term of charging (at the cost of a lower ion source
brightness i.d. reduced beam density and ultimate spatial resolution).

NEGATIVE SECONDARY ION MODE: In order to collect negative secondary ions, the sample is brought at a
negative potential (e.g. - 8 kV). In that case, negative secondary ions and secondary electrons can escape
from the sample and leave behind positive charges where the positive secondary ions are trapped on the
sample surface and in the collision cascade volume by the extraction field. In positive mode, equation 1
therefore becomes:

Q- =qp+0qs(Y-+Y°)
where:
Y- Is the yield for negative secondary ions/primary particles, which is always less than 1.
Y¢ Is the yield for secondary electrons/primary particles, which is always more than 1.

This equation shows that for negative secondary ions whatever the primary particles are (on the NS50: Cs*,
0,%), a positive charge is building up over the sputtered area. The following table summarizes the different
cases which can occur for an insulator analysis:

Secondary Primary Ions | Charging Up
Ions
1 + Neutral <0
2 + — <0
3 + + <0
4 — Neutral >0
5 — — >0
6 — + >0

The above shows that depending on the experimental conditions (polarity of secondary ions), the sign of
electrical charging can be either positive or negative. If no charge compensation is carried out, the potential
of the sputtered area will exceed the nominal value of 8kV and, therefore, no secondary ions will be
collected since the mass spectrometer is adjusted to analyze ions accelerated under 8 kV.

In order to keep the surface potential of the analyzed area constant when a positive charge occurs, a flood
of low energy electrons (secondary electron yield < 1) may be used for charge compensation. But, for
negative charging effects, no charge compensation is possible by using an electron gun.

However, it must be noted that the use of neutral or negative primary particles for positive secondary ion
analysis enables one to perform SIMS analysis of insulators, even if negative charge builds up. As a matter
of fact, low density of neutral or negative primary beam allows one to reach a steady state with negative
charging corresponding to a few tens of volts, which may be compensated by applying an offset on the
sample holder.

IDENTIFICATION OF CHARGING EFFECTS: When an analysis is performed on an insulating material, it is
important to know if the charge compensation is optimum. Of course, a high voltage sample breakdown is
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an obvious indication of incorrect charge compensation. However, sometimes there is no HV breakdown
but charging effects are present.

One way to verify if there is charging effects is to check the energy slit position and to compare it with the
standard position on a conductive sample.

Another criterion to identify charging effects is the shape of the secondary ion energy distribution. On a
conductive sample when a narrow energy slit (a few eV), centered on the peak intensity of the energy
distribution, is mechanically pulled towards the low energy ion side, the secondary ion intensity decreases
to zero for a small shift (corresponding to 5-10eV). On an insulating material, when there are charging
effects, the energy distribution is deformed, and even by pulling the energy slit over the complete range,
no sharp decrease of the secondary ion intensity can be reached.

Scanning EOW can help to see the seriousness of charging. For moderate charging on homogeneous
samples adjusting slightly EOW can solve the problem.

Using O; or O3 instead of O can help reduce charging for positive secondary ion mode but will reduce the
primary beam current; it is effective for “large” spot size but for very small spot size it might become
unusable.

Solving other charging will generally require coating the sample (before mounting in the hole to ensure
good contact with it !) with a film of 10-20nm of e.g. platinum, carbon or others and/or the use of electron
flooding.

Controlling the electrical conductivity (< 1ohm) between the coating and the sample holder, using an
ohmmeter, is mandatory after sample mounting in the sample holder.

For homogenizing the charging and easier charge compensation, scanning the beam with a high scanning
rate (tens of pus/pix) and acquire many cycles will always be favorable compared to a slow scanning (e.g.
50ms/pix). The drawback is, in imaging mode, to result in files containing hundreds of cycles but they can
be accumulated in Winlmage.
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2.1.5.2 Normalincidence Electron flood Gun (NEG) description

NORMAL INCIDENCE ELECTRON GUN
Filament
EMISSION NV
. mmmm——— Anode
| | -
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- 4P LF7
Flectromagnet for electron
beam deflection
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YO ion beam trajectory correction
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A
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Figure 97: description of the Normal incidence Electron Gun (NEG)

Figure 97 shows a schematic drawing of the normal incidence electron gun. The electron source is a
tungsten filament which can be brought to a potential adjustable between 0 and -10kV and a Wehnelt. The
optical column of the electron gun is composed of two slit lenses, two sets of deflectors (in X and Y) and a
magnetic sector (B1). This optical system is adjusted to form an image of the e-gun cross-over in the plane
of D1.

Two other magnetic sectors are required to compensate the deviation of secondary ion beam undergone
in the B1 sector. The shape and the size of these two sectors have been determined in order to compensate
the deviation in B1 to the first order. A fine tuning of this compensation is available by using Bhor (vertical
coils).

In positive primary ion mode, making use of the reversibility principle, it is clear that incoming e- will follow
the same trajectories than the secondary ions. And, if electrons go through the crossover plane on the
secondary optical axis, they will arrive on the sample surface with a normal incidence and energy close to
zero since the potentials of the filament and the sample are the same.

The practical use of the NEG and its tuning are described in chapter 9.3.2

2.1.6 The Total lon Current detector

At the end of the matching optics (Figure 98), the beam can be directed toward an additional detector, the
Total lon Current detector (TIC). This detector is an electron multiplier (EM) identical to the EMs in the
multicollection chamber (see chapter 2.1.4.3 for details).
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TIC

Figure 98: position of the Total lon Current detector (TIC)

In TIC mode, the secondary beam is directed toward the TIC detector by turning LF2 and LF3 lenses as well
as electrostatic sector SS100 to zero. Since this EM is located before the mass spectrometer, it receives the
entirety of the secondary beam and it is much less dependent on the sample composition compared to
mass-filtered images. It is therefore very useful during tuning and troubleshooting, and the signal is usually
quite strong. It might also be used for some normalization process but by definition it is not possible to
acquire a TIC image simultaneously with mass-filtered images.

For details on how to use the TIC detector see chapter 9.1.8.

2.1.7 The optional Secondary electron detector

Under primary ion bombardment there is an emission of secondary electrons. If the sample holder is
negatively polarized (= when using Cs* or O,* primary ions), these electrons escape from the sample surface
and can therefore be collected, similarly to negative ions. A scanning electron image induced by the primary
ion bombardment can therefore be formed. The ratio e-/primary ions being much higher than the ratio
secondary ions/primary ions, scanning electron images often offer excellent signal to noise images.

Note, though, that the topographical and shadowing contrasts, so useful in SEMs, are reduced on the
NanoSIMS because of its normal beam incidence and strong co-axial, normal SE extraction. Nevertheless,
ion-induced SE images on the NanoSIMS are extremely useful to localize quickly the smallest objects like
oxide particles with high SE yield, cracks, grain boundaries, cells grown or filtered on a flat surface, etc.
Secondary electrons are accelerated in the secondary ion extraction space, through the co-axial lens. After
dynamic transfer plates B3, the Be coil used for the e-gun can also be used to deflect in the opposite
direction the secondary electron beam towards the electron detector fitted underneath the collection
optics of the instrument.

This detector is an Everhart-Thornley detector, made of a scintillator to convert electrons in photon in
combination with a photo multiplier (Figure 99). Working in pulse counting mode similarly to the EMs of
the mass spectrometer, the obtained image can be displayed via the real time imaging or acquired as an
image, just like any ion images of the multicollection.

= Note that SE detection is only possible without the electron flood gun (NEG). Otherwise the strong

light emitted by the NEG filament in front would saturate the photomultiplier (PM) and a security on its
max count rate will switch off the PM HV above 1 E7 count/sec.

NanoSIMS 50L users guide_10Aug2020_V1.docx Page 79 sur 410



PN 1-2kV

—D_D-’G—‘—D-‘G—F]GT_’_B
| Faraday Cage
] Photocathode +200 Volts

/ Scintillator

SR A (+10 kV) Incident
«— :_,-' 2 electrons
Output \.,7_ \‘_r ) (20 keV)
Signal | J Optical R
U ERYZ U waveguide A
Dynodes . Secondary
Electron Multiplier MR ~f, ™, electrons
-, 10eV)
Sample A
(0 Volt)

Figure 99: schematic of a generic Everhart-Thornley secondary electron detector in a SEM

2.2 Electronics

The CAMECA NanoSIMS 50L electronic is divided in four different parts:

- Integrated electronics inside the physics chassis which controls the lens high voltages and the
communication between the computer and the instrument.

- The “cabinet A”, which controls the power supply, the vacuum (automation, pumps and a part of
low voltages.

- The “cabinet B”, which controls motorizations, the Cs+ and electron source supplies, the rest of low
voltages, the NMR, the magnetic field supply, the keyboard and the vacuum gauge displays.

- The RF-Plasma electronics.

Cabinet A Cabinet B
Integrated electronics

Figure 100: Three main parts of the electronics
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2.2.1 Integrated electronics

The integrated electronics includes:
- the real-time unit which is the link between the computer and the NanoSIMS instrument.
Furthermore, all the signal acquisition, scanning and keyboard values go through this unit.
- The lens high voltages supplies are dedicated to the following elements: P1, P2, P3, P4, EQS, EOP,
EOW, L4, LF2, LF3, LF4, LF5, LF6, LF7, LO, L1,, LCs, L3, SS30, EMs, Lauo, S5100, ESAs.
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2.2.2 Cabinet A

The “cabinet A” (Figure 102) controls the power supply, the vacuum (automation and pumps), a part of low
voltages supply and the coils supply.

Vacuum automation

lon pump controllers (and turbo pumps controllers at
the rear)

Electronics and EMO supply

Coil supply

Low voltage power supply 3 (HV unit supply, camera light
power supply)

Low voltage supply 1 (Real time unit)

Ti sublimation

General power

Figure 102: Description of the cabinet A
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2.2.3 CabinetB

The “cabinet B” (Figure 103) controls motorizations, the Cs+ and electron source supplies, the other part of
low voltages, the NMR, the magnetic field supply, the keyboard and the gauge displays.

Vacuum gauge displays

Motorization controllers

Low Voltage 2 (scanning, detection and multicollection) low voltages

EMO and NMR electronics

E-gun source supply

Dedicated control Keyboard and Thumbwheel pad

Cs+ source supply

Magnetic field supply

Figure 103: description of the cabinet B
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2.2.4 The RF-Plasma electronic unit

The RF-Plasma source electronics (Figure 104) is located at the rear of the instrument or under the transfer
rods. This small cabinet is composed of a command system which allows a communication between the
source and the computer, a RF generator and a cooling unit. The RF generator unit is, generally, not
controlled from its front panel as it is controlled from the computer.

Command unit

RF Generator unit

Galden cooling unit

Figure 104: RF-Plasma cabinet configuration

2.2.5 Electronics interconnection schematics
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source synoptic software j
vacuum Real Time _— Vacuum —— i sublimation
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window window Tt S
Legend: controller
Cabinet A Cabinet B Integrated electroni L
e = ronies RF source _ RF source lon pumps
RF source cabinet - PC generator electronics controller
Connections: R5232 RS485 Ethernet

Acronyms: HV: high voltage; LV: low voltage; TIC: total ion current detector; FCs: Faraday cup detectors; NMR: nuclear magnetic resonance B-field probe; RTI: real time

interface; PC: personal computer.
Figure 105: electronics interconnections

This schematic shows that the PC can be turned off, as well as all electronics, while the vacuum system can
stay on independently, as long as the vacuum automaton and vacuum devices are powered.
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2.3 Fluids and Vacuum

2.3.1 Gas interconnexions (compressed air, dry N2, pure 02)

The Figure 106 below shows the gas interconnexion (compressed air, high purity oxygen, dry nitrogen) with
valves, turbomolecular and primary pumping.

lon pumps and Ti sublimator pump are not represented. The compressed air blue pipes show their
numbered connection to the pneumatic panel and their length.

Zm
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column
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Figure 106: Interconnection of rough pumping, valves, compressed air, 02 and N2 gases.
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2.3.2 Pumping & vacuum system

Pumping of the instrument is insured by several types of pumps (Figure 107). The reference names of pumps
and vacuum gauges are the ones used in the vacuum synoptic software (Figure 108 and see chapter 5.10).

Vacuum
Ch P P Vv
amber ump ump type Gauge acuum Gauge
Agilent TPS Compact combining a TwisTorr Thermocouple,
. . 74 FS turbomolecular pump, backed by the range : 103
P | PM TC1A
rimary fine Agilent 60 L/min IDP-3 dry scroll primary mbar to
pump atmosphere.
Load-lock TP1 Turbomolecular Agilent TwisTorr 84 FS UHV 1B
turbomolecular pumps (67 I/s N,) UHV24 Bayard-
Agilent diode ion pump Vaclon Plus 150 Alpert
Storage vessel IP3 (150 I/s) UHV 3B range : 100 to
Analysi : Co 10 mbar
natysis IP1 | Agilent diode ion Vaclon Plus 300 (300 I/s) UHV 1A
chamber
Titanium sublimator, 3 filaments
Central . . .
entra IP2 | Agilent diode ion Vaclon Plus 300 (300 I/s) UHV 3A
column UHV24 Bayard-
lon Source PS5 Turbomolecular Agilent TwisTorr 84 FS UHV 2B Alpert
chamber turbomolecular pumps (67 I/s N,) range : 10 to
i i 103 mbar
Multicollection P3 One TV551 SEM turbomolecular pump UHV 2A
chamber (550 1/s N,)
Figure 107: summary table of all pumping and vacuum elements.
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Figure 108: vacuum synoptic showing location of all the pumps, valves and gauges.

2.3.3 Compressed air

Compressed air is used to control all the pneumatic valves of the NanoSIMS 50L. The COMPRESSED AIR
circuit is recognized by its BLUE plastic tubes. All information goes from the vacuum unit to the valves via
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the pneumatic valve panel (Figure 109) sending commands to all valves. All valves are monostable, except
for EP9 and EP13 (between airlock and vessel chamber, and vessel chamber and analysis chamber,
respectively) which are bistable. In case of a drop in compressed air pressure, the monostable valves will
automatically close, keeping the system under vacuum, while the bistable valves will remain in their

position, avoiding them to potentially close on the transfer rods (Figure 110).
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Figure 109: Pneumatic valve controller panel. Compressed air is distributed via the blue pipes.
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Figure 110: vacuum synoptic showing the position of all the valves.

All valves of the above synoptic are noted EP (for electro-pneumatic). They all are monostable, except for
EP9 and EP13, which are bistable.

Compressed air is also used for the antivibration suspension system below the feet of the instrument. Refer
to maintenance chapter 10.11 on how to adjust the of the antivibration system.
The required compressed air pressure at the entrance of the CAMECA NanoSIMS 50L is 7 bars. This high-

pressure level is especially crucial for the antivibration suspension system below the feet. A limitator on the
pneumatic valve control panel keeps the compressed air for the valves at 5.5 bars.
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CAMECA offers an air compressor in the list of NanoSIMS accessories. Note that it is wise to power this
compressor on the UPS if it is available.

2.3.4 Purified Nitrogen gas

The circuit of purified NITROGEN, used for venting the chambers, is based on YELLOW pipes. They are
connected on the three turbo pumps and the roughing pump in order to vent the instrument.
Purity of nitrogen must be of at least 99.998%.

Nitrogen
pipes

Figure 111: nitrogen pipes are yellow

2.3.5 Purified Oxygen gas

The oxygen is only used for the RF-Plasma source. Purity of oxygen must be of at least 99.998%. A Wien
filter will additionally select the primary ions of choice between the ions generated by the source.

The RF-Plasma leak valve is directly connected to the oxygen bottle with a stainless-steel flexible pipe. A
manometer attached to the Oxygen bottle lets 0.5 mbar into the flexible pipe. This pipe can be
pumped/purged by the primary pump through valve EP14.

A manual leak valve (grey knob, EP16) located at the top of the RF-plasma source allows the user to adjust
the Oxygen pressure in the source (it should be of the order of 10° mbar, when open).

See 2.1.1.1.4 and 9.1.2.2 for details on the RF-plasma source and how to operate it.

Manual
valve EP16

o N ;-

Figure 112: the oxygen pipe is a stainless-steel flexible pipe.
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2.3.6  Cooling fluid circuit (water, Galden)

The NanoSIMS requires a circuit of cold water for cooling. It is generally coupled with a water chiller, in
charge of evacuating calories whether in the air (water/air) or in another water circuit (water/water).

If the chiller is located in a separate service room, this room must be air-conditioned to evacuate the
calories.

The temperature stability of the cold water generated by the chiller is crucial for the performance of the
instrument, especially for long measurements at high mass resolution and/or high lateral resolution. The
water chiller should provide cold water adjusted between 17°C and 19°C with a permanent stability better
than 1°C.

As there is a single chiller, it is important to wait for thermal stabilization after changes of power
consumption (e.g. turning on/off the NEG, an ion source or changing the magnet B-field), before starting
very high mass resolution or lateral resolution measurements.

The chiller feeds 2 lines: one line cools the physics parts (in blue in Figure 113) while the other line cools
the electronics (in red). Both lines are equipped with taps from and to (“in” and “out”) the chiller, in order
to stop the water flow during maintenance operations. In addition, there are shunt junctions (black dots in
Figure 113) that allows the user to short circuit the Cs Source or the electronics cabinet during maintenance.

In total, there are three distinct cooling circuits on the NanoSIMS 50L:
- One water circuit (blue line) is used to cool all the electronics,
- another water circuit (red line) is used to cool various optics elements (magnet, Cs* source, Wien
filter and multicollection turbo pump).
- The Hyperion source (green line) is cooled separately by galden.

I ® ¢ taps
Cs source W connections

Magnet

Electronics water circuit.

' Physics water circuit. —
(green pipes 6/8 mm 0000004169)
Turbo

pump
multi

Wien filter

Electronics water feed. e-gun electronics

1
1

! 1

Physics water feed. — : l :
: Magnetic field I

1

! 1

1 1

Distripution parel ¢ electronics
° ‘ l L 5
i — = o 0\ [ ] @
N | ® T o —
Y
IN ouT & Hyperion -
-’—‘ + > Cooling system = Hyperion O- source
Y4 E $-
i RF generator

Hyperion galden circuit.

S

Physics water security

A 4
?0

Figure 113: cooling fluid synoptic
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3 NS50L Interface: Keyboard and Thumbwheel

3.1 Getting started

The keyboard and thumbwheels allow the user to access a number of lenses, diaphragms and other
components of the instrument and adjust their voltage or position.

Each button (for example, L1) is associated with a series of parameters, grouped by 3. When clicking on a
button, the small screen above the keyboard will display the first 3 parameters associated with this button
(Here: L1, Co X and Co Y). By default, the 3 parameters displayed are the ones associated with Defl. To
display the next groups of 3, click on Def2 or Def3 in the dark grey group of buttons in the middle (in the
case of L1, Def2 will show L1, C1 Xand C1Y).

CONTROL TUNING

Figure 114: keyboard and thumbwheel system used for tuning the NanoSIMS NL50

The parameters displayed on the screen are the ones that can be adjusted via the thumbwheel board. The
parameter on the first line can be adjusted with the top wheel. The parameter displayed on the bottom left
can be adjusted with the bottom left wheel, and the parameter displayed on the bottom right of the screen
is adjusted with the bottom right wheel.

Note that a digital version of this keyboard is accessible via the software (see below). This allows remote
control and tuning, through network or the internet.

3.2 Keyboard parameter table

The table below lists all the parameters accessible via the keyboard. The left column indicates the key label.
X, Y, Z indicates which wheel allows the user to change the parameter. Grey boxes indicates the default
parameters showing when one presses on a key.
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Table 1: complete description of the keyboard

Label DEF1 DEF2 DEF3 SSXX STIG COIL THD LENS
X Y X Y X Y X Y X Y X X Y Z
LO COx COy LO
L1 COx COy Clx Cly L1
L2 COx COy Clx Cly IS:E LCs
§S30 COx COy Clx Cly i(E: Slsnio S::to
L3 COx Coy Clx Cly i(E: Slsngto S:fto L3
P1P4 P1b P1h P4b P4h
L4 P1b P1h P4b P4h Cy L4
EOS P2P3 Cy EOS
EOP cox coy Clx Ccly c;‘(:)t 2‘;‘ EOP
EOW ; 3:: t Cy EOW
P2P3 P2b P2h P3b P3h P2P3
LF2 Cy C2x c2y LF2
LF3 Cy C2x c2y LF3
HEX Cy C2x C2y H)EX H$X HEX
$5100 Cy C2x C2y ssligo SS&SO
LF4 Cax Cay C2x C2y C3x | C3y Sslrlfo ss;(c:o LF4
LF5 Cax Cay C2x C2y C3x | C3y Sslrlfo SSET(SO LF5
Q C2x C2y C3x C3y C4x Cay SS“];?O SS;(SO Q
EM1 C4x Cdy Def-1 Foc-1 ﬁ:ﬁ EiA TTD RF:p EM1
EM2 C4x C4y Def-2 Foc-2 ﬁﬁt\ E;A TI;D RFeCp EM2
EM3 C4x C4y Def-3 Foc-3 F;:? E§A T‘;D RFeCp EM3
EM4 Cax Cay Def-4 Foc-4 F;i'? EZA T':D RFeCp EM4
EM5 Cax Cay Def-5 Foc-5 F;i'? EzA T';D RFeCp EM5
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EM6 Def-6 Foc-6 ESA ESA THD FC EM6
Int 6 6 Rep
EM7 Def-7 Foc-7 ESA ESA THD FC EM7
Int 7 7 Rep
EMTIC Cy C2x C2y TI'T((Zj EM TIC
PM EGun
PM Offset Bf-Hor Bf-Vert Be PM
BFIELD Cax Cay BField
Xlow Ylow
Raster RTI RTI Raster
Sample | X Axis Y Axis Z Axis
LDUO CDuoX | CDuoY [ COminx | COminY LDUO
WF CWF WI.: CDuoX CDuoY
Coil
EMLD Cax Cay C7x C7y E:/? EM LD
SC60 C7x C7y S.CGO SCe0
int. ext.
EMTIC Cy C2x C2y Thd EMTIC
TIC
PM eGun
PM offset Bhor Bvert Be PM
eGun
LF6 C5x C5y Be LF6
eGun
LF7 C5x C5y Cbx Céy Be LF7
DO DO X DOY
D1 D1X D1Y
ES ES X ESY
AS AS X ASY
ENS
ENS ENS X W

Note: On most keyboards, “Sample” is not noted, though it does work. When selecting the “Sample” key,
X, Y and Z thumbweels are allocated to X, Y and Z motions of the stage (Figure 115).
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Figure 115: Unlabelled “sample” key on the keyboard, used to move the stage in the X, Y and Z directions.

4 NS50L Software: the “BOARD” interface

The board is the main interface of the software (Figure 116) and is usually located on the right side of the
desktop screen. It is launched with along all the software component at each start of the instrument (see
maintenance operation 10.1 for start procedure and how to launch the board) and must be kept on at all
times. From the board, the operator can access all the programs necessary to tune and control the
instrument, move the sample and run analyses.

The board It is composed basically of three tabs: MAIN, TOOL and OTHER, giving access to different
programs.

Each icon on the board represents one specific program. To launch a program, the operator must click on
the corresponding icon. A green light turns on aside the icon when the program is running (Figure 117). To
open the running program window, click a second time on the icon. To hide this window while keeping the
program running, click once more on the icon, or minimize the window.

If you close the window — either by clicking on the top-right corner cross or the exit button — it will stop the
associated program and the green light on the associated icon will turn off.

Alternatively, all programs can be stopped via the control button at the bottom of the board. When clicking

on control, a new window opens. Select the program you want to close in the pulldown menu and click on
abort to close the program (Figure 118). The green light on the associated icon will turn off.
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Figure 117: icon of the Tuning program displayed in the board.
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Figure 118: Board program control window.

In the following sections, we will describe the programs, tab by tab (Main, Tool, Others).

4.1 Principle/architecture of the NS50 software

Figure 119 shows the architecture of the different programs of the NS50 software. All those programs (in
blue in the figure) are accessible via the BOARD. Additional programs (in green) allow the communication
with the instrument Real Time and other hardware.

NS50 control software NS50 electronics
e e -
|
| RF source :‘_I—' RF plasma
| SErRhRRies electronics
| init. S Cs* source, e-gun 1
: il ources ol |
| |
| ISF < Tuning :
: {
| | RTI display | 1
| PRESETS |, 1
| — |
I « Navigator [* Mach. 1
1 | [ Server : —
: Opt. image 1 £
. 'd
| 1 =
|
1 Pt. logger | 2
I ©
' I <) |
=
1 Def Analysis 1 S
I | i}
: I 3
| Analysis | -
1 (e}
] Acquisition files Virtual ! —
1 keyboard 1
" | Mach. Ter | ]
| — |
|
| @ — Load68 init.
| = | . T
S Sl 3
SIIEN=|I& 1
| SIE|E] e ,7 | 1 R
I == Z Vac. Ter | Vacuum
: | VR | . automaton
| |
| NMR
! Processed data NMR 1 Al
|
|

Legend:

NS50L BOARD software || Communication and initialization software | Computerfiles Instrumentelectronics

Figure 119: architecture of the NS50 software and communications with the instrument.

NanoSIMS 50L users guide_10Aug2020_V1.docx Page 95 sur 410



5 NS50L Software: The “MAIN” Taskbar

5.1 Optical image

Due to the short working distance between the sample and the immersion lens, the NanoSIMS has two
sample positions: the SIMS position (“SIMS”) and the optical microscope position (“CCD”). The user can
switch between the two positions with one click in the Navigator program (see 0 for details). The CCD
position moves the sample under a CCD camera and the optical image program allows the user to view the
sample via this camera (Figure 120) in order to navigate on the sample.

File View Tools Help [#[1

Figure 120: image of the optical image window, showing the surface of the sample

5.1.1 Getting started

Navigate on the sample: double click on point of the sample to move the stage and put the beam on this
point.

Beam position: the blue cross (beam position) at the center of the image shows the reference position of
the ion beam. For better accuracy of positioning while navigating the whole sample holder, the user can
also display a working SIMS position (white cross) and a user position (green cross), via the menu “View”.

See 9.1.5 for details on how to use the optical image as well as 9.2.9 for adjustment of the beam position.

Save an image: The user can easily save a capture of the image (.jpg) of the sample on display via the menu
File > Save > image.

5.1.2 Menu
File Load: allows the user to load an image previously saved.
Save: Image: save the image shown on the screen.
Window: save the image as well as the marks (crosses, scale, etc...)
Copy: Image: copy the image (to be pasted directly in another software).

Window: copy the image as well as the marks (crosses, scale, etc...)
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Print: Image: to print the image.
Window: print the image as well as the marks (crosses, scale, etc...)
Print Setup: Image: change the print settings to print an image.
Window: change the print settings to print the image as well as the marks (crosses, scale,

etc...).

View Camera
Working Position: when checked, shows the working position as a white cross.
Beam Position: when checked, shows the working position as a blue cross.
User Position: when checked, shows the users position as a green cross.
Field of View: when checked, shows the scale bar.
Line scan measurement: click and drag a line between two points to measure the distance
Labels: when checked, show the labels (see below)
Image freeze: stop the live feed
Zoom reset: reset the zoom to 1/1

Tools Label Properties: allows to add labels to features on the image
Image control: contrast and light control of the camera

Camera configuration:  allows horizontal and vertical image and stage flips
Linescan measurement: click and drag a line between two points to measure the distance
Working Position Adjustment: when checked, allows to modify the “Working position”
Beam Position Adjustment: when checked, allows to modify the “beam position”

Help Software Version

See chapter 9.1.5 for details on how to use the CCD camera functions.

5.1.3 lcons

|u When selected, the cursor is an arrow.

EZIWhen selected, a click on the image will zoom in the image.

=

' E E Zoom tools. Respectively, reset the zoom to zero, reduce the zoom, increase the
zoom. The number indicates the level of zoom.

When selected, the zoom is controlled by the scroll button of the mouse.
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5.2 Tuning

This program is used to tune the instrument. It is the main program to set up the instrument before an
analysis. From this window you can read the signal received by all available detectors, manage the
multicollection trolleys, select slits and diaphragms, launch a real time imaging, as well as various
automated tuning functions.

5.2.1 Getting started

'mf | Trolley 2 ) | Trolley 3 [Eu](c] || roney 4 [Ew](Fc] | Trotieys [Eu](7c] | Troleys [Em](Fe
- . Tuning acquisition panel 0 0 0
*‘ Radus (mm): 308873 Radus (mm): 408 520 EM/FC detector panel {adus (mm): 555678 Radus (mm): 563396
gucam ) | (<< 0 G| i ] }MT‘ (<) 0 k)| 0 >)62)
rocam | 2729% 396.853 320608 456730 409.296 554741 461348 559,682 567.468 672764
—— Mass (amu): 16012 | oW | Mass (amu): 25010 ) oM. | Mass (amu): 35137 au... | Mass (amu): 52335 au... | Mass (amu): 54223 au
[ symool. | 160 15,995 : SymooL. | 285 Pl : Symbol.. | 142 41.9% [ symool | s3cu 62500 ( Symbol.. | 2742 52963
.‘*‘.'—'ﬂ'i‘.'—‘ Detect: 703 (][ um |[amu Deflect: -21612 ym |[amu | || vefect: 25924 ym |[ amu Deflect: -4.982 um | amu Deflect: -30.549 ym | amu
e — —_— 0 — —— —
= || sz - %)  sa7e0 || -2zeee2  2e8m 224982 s 224982 : e
MR | ocus (v): -200.000 PuEsa Calb Focus (V): 200.000 Pdsa Cald Focus (V): 0.000 PafEsa Calb Focus (V): 0.000 PdEsa Cald Focus (V): 0.000 PaEsa Call
L ‘ SRE1 (um): 942 Change Sit SR#1 (um) : 100.0 Change Sit SRE1 (um): 965 | Change Sit Si#1 (um): 955 | Change Sit } Si#1 (um): 93.8 Change Sit \
\ » Adjst | Adust [ Adust [ Adust [ Adust |
By
-~ —
= ‘ Trolley 1 (&M (Fe Secondary Electron Detector 7 M
mailttlogboen
— 0 Tuning mode selection | Global control panel )()2 0
N - Radus (mm): 261206 e Radus (mm) : 669.978
< ;“9‘387 ] = "39? >) | Tuning Mode { Coéined Analysis || Magnetic Peak Swiching || Troley Peak Swiching |
— Mass (amu):  11.451 au... | 0 Mass (amu): 75.336 au. |
‘ | o ioce . uticoecion ][ 7 || oo || Toaroncomen > : >
G == ~m ocs: 0 | symboL. | e3cu 62500
7| Slits and diaphragms | 2 mmes): osat [ cm o ] @ Detect: 2125 = T
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Ens: 0 —— . o . . .
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VI Communscation trme out —
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Adjust

trolley synoptics

Figure 121: the TUNING window

The TUNING window (Figure 121) can be divided into 6 main sections:

- The Global control panel: This panel allows the user some basic actions, such as turning the beam on/off,
setting the size of the raster, and selecting the detection mode so that the signal will be directed toward
the multi-collection detectors, FCp, FCo, or the TIC.

- The EM/FC detector panels: There are 7 identical panels, representing all 7 multicollection detectors,
which can be either electron multiplier (EM) or Faraday cup (FC). Via those panels, the user can set the
detectors at the desired mass, as well as read the signal counted by each detector.

- The multi-collection chamber trolley synoptics: shows the positions of the trolleys inside the chamber.

- The tuning mode selection: this will determine how a detector will be set at the right mass.

- In “multi-collection” mode the B-field is fixed: when a mass is entered on a detector panel, the
detector will move to reach the position associated with the mass.

- In Magnetic Peak Switching mode, it is the Magnetic Field that is adjusted to set the mass on the
detector. The detector doesn’t move.

- The case of detector 7 is special: it cannot move. Whatever the mode its mass will be adjusted by
changing the magnetic field (hence when setting up a multicollection configuration with seven
masses one should start by the heaviest mass on the 7" detector).

- The tuning acquisition panel on the side of the screen: it allows the user to access various sub-programs
necessary for the tuning. Among those major functions:

- The bar graph: by scanning the magnetic field on a given detector, the user can identify the masses
(and thus the elements) composing the sample.

- The PHD tool: allows to adjust the voltage and noise threshold of each EM.
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The HMR (High Mass Resolution): records a small mass spectrum at high resolution on a given
detector by scanning the deflection plates before its exit slit. It is used to properly tune the peak
shape, center and select the desired peak, detect mass interferences.

The “real time imaging” (RTI) that allows the user to see live ion images of the sample allowing,
for example, the tuning of the primary beam.

- The slit and diaphragm control panel: When hovering the mouse over this section, the panel deploys
(Figure 122).

Tuning Mode : [ Multi Collection ” Combined Analysis || Magnetic Peak Switching || Trolley Peak Switching |
DO: @0 D1 ©2 03 D4 O5 [ caib | [ Centering |
DCs: @0 )1 ©12 @3 D4 O5 [ caib | [ Centering |
DI: @0 ©1 02 @3 D4 O5 [ calb | [ centering |
Entrance Slit: ()0 (11 (12 @3 (14 (5 [ calb | [ centering |
Aperture Slit: ()0 (1 @2 ()3 ()4 ()5 ()Bs [ caib | [ Centering |
Energy Sit: @0 ()1 (D2 ()3 ()4 ()5 )6 [ calb | [ Ccentering |
Hex: )X @Y () va [ calib | [ centering |

Figure 122: Slit and diaphragm control panel (appears when hovering the mouse over this TUNING section).

5.2.2 EM/FC Detector panel

At the end of its path, the secondary ion beam reaches the detectors. Each of the multi-collection
detectors can be either an Electron multiplier (EM) or a Faraday Cup (FC). Number of detectors and
EM/FC availability may differ depending on instrument model and options. Using either EM or FC
depends on:

the expected count rate (cps) that will hit the detector. Typically, an EM is suitable for a signal up
to around one million counts per second, while a FC is used up to mid- E8 or mid-E9 c/s respectively
with FC preamplifier of 1 E10 or 1 E11 ohm resistor.

The acquisition mode: working in single ion pulse counting mode EM allows fast imaging with short
dwell-time per pixel (e.g. 50us) as well as long acquisition times (several seconds for isotopic ratio
down to the permil reproducibility), as well as the use of electronic window in depth profiling.
Due to a large time constant, the FC cannot be used for imaging. It is ONLY used for large dwell-
times of several seconds typically. But it will ensure the best precision and reproducibility for very
precise isotopic ratios (down to a few tenth of permil reproducibility).

The following panel displays controls for an EM/FC detector (Figure 123). The panel is identical for
EM and FC apart from the counting unit option (cps or pA) on top of the panel that is only available for
FC. For EMs, the signal is always given in cps (=c/s).
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Detector ID Trolley 2 [Em] Fc Trolley 3 [em] Fc ;

0 07 Signal detected

- Detector type

»
1 . | Radius (mm) | 467.873 Radius (mm) : | 514.442
Trolley position 1 el =2 1 =
485.907 509.850 502,464 526.376
Mass (amu) : | 27.892 dM... Mass (amu) : | 29.780 | am. 2
- 2 Mass detected«
Symbol... 28Si 27.977 Symbol... 160 15.995 \
| Deflect: [ -1.758 ' ym | amu Deflect:[ 22198 _|[ v || ym || amu
Deflection adjustement 1 1 s
) L r -224.982 224.982 - - . . .
Focus (V) : | 0.000 Pd/Esa Calib Focus (V) : | 0.000 PaEsaCab. Additional tuning options
. s |
Exit slit info b Sit#1 (um) : 94.2 Change Sit | Sit#1 (um): 100.0  Change Sit .. 3
6 Adjust Adjust ~ Mass calibration™

Figure 123: two EM/FC detector control panels

[1] The position of the detector in the chamber is given by the radius value and can be adjusted by either
typing a different value (in mm) or using the arrows of the scrollbar. Sometimes it is practical to write down
a radius for a given B-field in order to be able to come back to the position after some movements, by
retyping it in this field. When changing the radius, the mass (in amu) is refreshed using the current B/R
calibration.

[2] “Mass” indicates the mass (in amu) corresponding to the position, depending on the current Magnetic
Field and EOW HV (= 1/2 impact energy). When changing the mass (in amu) the radius (in mm) is refreshed
using the current B/R calibration.

The second box allows the user to enter the isotope expected to be detected by the detector. It can be
typed in or selected from a Mendeleyev table by clicking on “Symbol”. It must be typed like:

“28Si2 1603” (with a space between each atomic species). It is only an information, with no action on the
instrument.

In italic next to it, the theoretical mass of the isotope is given. When the position and the theoretical mass
match, the isotope appear in black (see Trolley 2 in Figure 123). However, when the trolley position (thus
the mass detected) is too far from the theoretical value, the isotope name appears in red (see Trolley 3 in
Figure 123). It is only an information or warning. The user can adjust the maximum interval of acceptance
between the mass detected and the theoretical value by clicking on “dM” (for example, if dM is set at 0.3,
every position within £0.3 of the theoretical mass will be accepted and the isotope name will appear black)

When in multi-collection tuning mode, entering a mass (in amu) followed by “Enter” will move the
detector to the corresponding position (except for detector #7 where it will move the B-field).
= It makes sense to start by positioning first the highest mass of interest into the highest radius in
order to determine and fix the B-field, then move the others trolleys by decreasing radiuses (see
chapter 5.2.9 on how to check a trolley configuration).
When in magnetic peak switching or combined analysis mode, entering a mass will change the magnetic
field value. The detector will not move. Note that changing the magnetic field value affects all the detectors
following R = sgrt(2*m*HV/q) / B.

[3] Because of the hysteresis of the magnet, the calibration between the magnetic field and masses is
delicate. For more details on how to finely adjust the calibration for one peak, see the procedure described
in 0.

[4] Each detector is preceded by two deflection plates (Pd) before the exit slit. To finely position the peak
in the detector, the user can adjust this electrostatic deflection. However each detector has an maximum
deflection range. It is recommended to stay within about 100 V of the optimum value, otherwise the
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transmission/MRP relation will be degraded. It is then recommended to move the trolley to reduce the
need for electrostatic deflection introducing aberration (peak shape degradation).

[5] - A positive or negative voltage can be added (+/- 200V max) to both deflection plates (creating a
stigmator/lens effect) to optimize the mass resolving power at the detector. For this and the use of the
Pd/ESA calibration see expert operation chapter 0

[6] For each detector, 3 exit slit sizes are available. The mass resolution of the mass analyzer is determined
mostly by the entrance slit sizes and residual aberrations and noises. The exit slit size will change the shape
of the peak. Depending on the analytical need one will work whether with large exit slit to obtain flat top
peaks (in the case of inorganic peaks on one (light/left) side of the peak group) or with small exit slit when
the peak of interest is in the middle of a range of peaks at one given mass unit.

On the NS50L it is possible to switch slit automatically by clicking on “Change Slit.”

5.2.3  Global control panel

The following panel displays global controls for the tuning (Figure 124).

Detecfion mode ‘
| ] I EM Detector unit
| Scannlng rnude
Tuning Made Huti Codecton Combned dcalyss | |Magnetc Peak Swiching Troley Peak Swicheg
|

Detection Mode: | et coteciba || Fep || Fro || Totsiion current ning Weda OFF
niing time
- Rt () 0
Magnetc Feld 1G). 1 200
Magnetic field Il — -

sur: | ofe | on ] ]
Rt R Cenber Beam HE LE Bieam; | OFF OH

* ot
() :

Center beam position |
I Motorizaion menu

Trolleys synoplic |

I High/Low energy mode: ”}—K‘/

I Beam activation ”

Figure 124: Tuning control panel

- The Detection Mode allows the user to send the beam in different detectors along the path of the
NanoSIMS (Figure 125):

o FCp is a Faraday Cup on the primary column. It measures the primary beam current after the
source (and the first lenses) when the beam is OFF.

o FCo is a Faraday cup located behind the sample (object). When moving the stage to a position
letting the beam go through, it allows to measure the primary beam current reaching the sample
when the beam is ON.

o Total lon Current (TIC) is located on the secondary beam section, before the mass spectrometer.
Therefore, it receives all the secondary ion signal of one polarity coming from the sputtered
sample, without mass filtering.

o At the end of the course is the multi-collection, where the EM/FC detectors are positioned to
receive the signal of selected isotopes. In Multi-collection mode, all multicollection detectors (see
above) as well as the secondary electron (SE) detector are active.
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Figure 125: the central part of the TUNING window shows either FCp (in FCp mode), FCo (in FCo mode), the Total lon Current (in
TIC mode) or the Secondary Electron signal (in Multicollection mode)

The user can also:

Adjust the counting time for all the detectors (only available if the scanning mode is OFF, otherwise the
counting time is determined by the scanning mode, see Figure 126)
Set the Magnetic Field (value given in Gauss)
Change the EM detector display unit (count per second (cps = c/s) is traditionally used)
Put the NMR regulation ON or OFF
Put the beam ON or OFF. Note that beam “OFF” means the primary beam is blanked by sending it sent
into FCp. Beam “ON” means the primary beam is sent toward the sample or FCo.
Set the Raster, and the size of the rastered area.
Adjust the raster parameters by right-clicking on the “scanning mode ON/OFF” button (Figure 126). In
most cases it is recommended to keep the raster simple and fast, defined with 64x64 px, with a counting
time of 0.54s per frame. Only for imaging with NEG on difficult heterogeneous insulators might it be
useful to tune with the scan conditions of the future image.

- Max Frame (=working frame) is the maximum area in pixels allocated in the memory of the scanning

board. The maximum is 1024 x1024 pixels.

- Scanning frame defines the scanning of the beam, in pixels. It is defined by the coordinates of its
upper left corner inside the max frame (in pixels: NXLow, NYLow) and its width and height (in Nb of
pixels in X and Y).

- Counting frame: an electronic window (=gate) permits to count the signal only when the primary
beam is inside this window. It is used mostly for depth profiling to reject signal coming from the
edge of the crater but count the signal only coming from the (flat) center of the crater bottom. It is
defined by the coordinates of its upper left corner and nb of pixelsin Xand Y.

In general, the pixel size is taken between half to a third of the beam size. Over-pixelizing wastes time and
do not bring anything more except making the drift correction easier. Under-pixelizing brings loss of
information by drilling holes at each pixel center with untouched sample space in between.

e.g. if the spot size is 200nm, the max area will be 1024*0.1 ~ 100um. With 50nm spot size and 512 pixels,
12.8um max before becoming under-pixelated (= losing information). With 1um spot size (depth profiling),
64 x64 pixels allows crater size up to 32x32um, which is generally sufficient.
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NXMax = 64 (65 in calculation)

NanoSIMS 50 - Scanning Mode
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Figure 126: Scanning mode configuration window and schematic showing the definition of the various parameters with numerical
example of a counting frame smaller than the scanning frame, which is itself smaller than the maximum frame.

- Ifthe option is available on the instrument, the user can also switch between high and low energy modes
(HE/LE), the latter being used for ultra-low energy implantation/deposition without analysis (see 9.2.8
for details)

Note: the “Center Beam” option is not available.

5.2.4  Tuning mode selection

At the top of the global control panel (Figure 124), the Tuning mode allows the user to select the way
they want to tune the multi-collection.
- In “Multi-collection” mode, when entering a mass (in AMU) in the EM/FC detector panel, the
detector mechanically moves in the chamber to place itself in the position to “catch” atoms from said mass,
at a fixed magnetic field value.
- In “Combined Analysis” mode, all detectors are available, but they do not move. When the user enter
a mass (in AMU) in a detector panel, It is the magnetic field that adjusts so that the detector will receive
the signal of the desired mass. Be careful that, as the magnetic field is common to all detectors, all detectors
will be affected by this magnetic field switch.
- The “Magnetic Peak Switching” mode is like Combined Analysis. It is the magnetic field that adjusts,
while detectors do not move. Here it is necessary to select each detector one by one.
- The “Trolley Peak Switching” mode is similar to the “Multi-collection” mode. The selected trolley
mechanically moves to the mass position.

For more details on image acquisition in Multi-collection mode, see advanced operations 9.2.1. For how
and why use Combined analysis, Magnetic and Trolley peak switching, see expert operations 9.3.6.
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5.2.5 Slit and diaphragm panel

The following panel displays controls to manage motorized slits and diaphragms (Figure 127). For each
diaphragm or slit, several positions are available (1 to 5 or 6). Each of these positions match a specific size
of diaphragm/slit (may vary from one instrument to another — For diaphragm and slit dimensions, refer to
the SETUP (chapter 5.9).

Diaphragm or -
slit nosition oo: @0 L 2 0304 O5 Calb | | Centering |
DCs: @0 1 2 ] 4 5 Cailin ] Centering ]
Store motors posifions for — — — — — —. r -
the current diaphragm or o 00 OF 02 @3 0d 05 cx Centering
it position Entrance Sit: @0 01 02 03 04 05 L ¢ e AL
Aperture Siit: @0 (1 2 ()3 )4 3 L)BS Calb | Centering |
Centering motors — = —_— —— .
positions for the current Energy SitT a0 1 2 3 4 5 5 Cali \ Centering
diaphragm or siit position Hex: @X )Y (O va [ Calib | \Eentering

Figure 127: Slit and diaphragm control panel

The Aperture slit also has a “beam stop” (BS) position, which stops the secondary beam. This is useful to
protect the TIC or multicollection EMs when implanting the sample at high current.

Those positions are motorized. When clicking on a position, the diaphragm or slit pin will move to the
selected position. However, the motors are not perfect and the positions can shift with time. The user can
then readjust manually a position via the keyboard (for example, to reposition D1, select D1 on the
keyboard and adjust X and Y to optimize the signal). To save the new X and Y positions in the keyboard, click
on “calib”. Those positions can also be adjusted by doing a scan via the “centering” function associated with
each slit and diaphragm (See chapter 9.1.7 in Basic Operations for more details on diaphragm and slit
centering).

The energy slit can be used between 0 (wide opened, no energy filtering) up to position 6, depending on
the aim (MRP increase, reduction of molecular interference, etc...). Each EnS setting can be adjusted in
position and width and stored in the set-up. Refer to advanced operation chapter 0 for more details on
adjusting the energy slit.

This slit and diaphragm panel also allow to recall X and Y positions of the hexapole (HEX) (See 9.2.1.1) as
well as centering the Hexapole (see alignment procedure 9.3.1.3).

5.2.6  Synoptic panel

The following panel displays the detectors synoptic positions (Figure 128) in the multi-collection chamber.
The scale can be displayed in mm or a.m.u. (according to the magnetic field value). Click on the scale to
switch between units.

No action is possible from this panel (it is for information only). The trolley currently selected in TUNING
appears in yellow.

T T Y

150

Figure 128: Trolleys position synoptic
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5.2.7 TUNING side panel

5.2.7.1 List of TUNING side panel functions

The Tuning side panel shows all the tuning programs and settings directly accessible to tune the instrument.
They will be described one by one in the next paragraphs.
Note that depending on the detection mode, certain programs might not be accessible.

Multicollection and mass analyzer mode definition
e
Multicollection mass assignement tool

Control and reset of all motorized elements

Not available

| —
J —
| —
_ P’ Calibration program for the Faraday cups

Read the isotope ratios live

Primary ion species selection (for Oxygen source)
e
Mass spectrum scan by moving trolleys
—

Tuning of the sample offset
Mass spectrum by scanning the magnetic field
Primary and secondary ion beam current recording
Focusing of secondary ion beam (EOSa
Centering of secondary ion beam (Cy and P3)

—

Optimization of the Mass Resolving Power

Adjustment of Pulse Height Distribution (for EMs)

High Mass Resolution spectrum

| —
| —
| —
| —
| —f
| —
w—
—
—
—
—

Check
ec P Not used

Real Time image display program

T— A

Scanning of most parameters

[ | —
_ Cesium source leak current recording
B it Tuning

Figure 129: Tuning side panel

5.2.7.2 Common software interface for scanning a parameter

Many of those programs use similar scanning functions. Figure 130 shows the shared features of all those
scanning functions.
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1- Choose one (or when applicable, several) detector.

2- Set the scan parameters. When unsure of what to set, check the scanned lens value via the
keyboard and set the “start voltage” and “voltage step” parameters as to have the current lens
value at the center of the scan. When the signal is low, you can accumulate several scans (“number
of scans”) to smooth the curve.

3- When parameters are set, launch the scan by clicking on “Start”. You can stop the scan at any time
by clicking on “abort” or “stop”.

4- When the scan is done, the program calculates the central line (CL, in yellow on the graph), as well
as various widths of the peak. If you are satisfied with the centering of the CL, click on “apply CL".
Otherwise you can readjust it manually by clicking on the graph (green line). In this case, click on
“Apply value” to apply the green line value.

NanoSIM$ 50 - Acq X

Fie Save the scan | .. Adjust the scan display
Dir : D:\Cameca D i —
XAxis Unit: | Vokt || Mass | Mi XMin: |0 XMax: |25.13 {x)
File Name (.hmr) : | NoName_3 Save Export AL ass Micron L
-
Print LOG | LN Y Min: |0 ¥ Max : | 345326.68 Y
Acqustion 1 - Select a detector +

CAMECA |/ HMR spectrum
Detector 3 / SCANNING MODE / Step : 0.51V 18.07.19 17:14
B:1224.912 /R : 449.99 / dR/dV : 10.250 / M : 18.322

Detector | #1 || #2 w4 |[ws |36 || a7

L10_90: 13.75/15_95: 18.67 / CL : 27.03 / IMax : 313933 File: NoName_3

MRP : 8184

Start Voltage - | 0 -200 ] 200
EllD ctector 3

Voltage Step: | 0.51 0 1 4 i _
300000
Points Number 50 1 1 258 .
Central Line (CL)
Counting Time 054 1] l 10

Number of scan: | 1 |

Start

3 - Launch the scan
[Resus |
Liosowm: 1276 Calculations
L5-95 (um) : 18.67
LS0 (pm) : 86.98 Apply L50 In Setup
CL (pm) : 27.03

Selected Votage (V) : 13.63 Apply Value

Center Line Voltage (V) - 15.38 Apply CL

4 - Apply values

Figure 130: Common organization of all scanning windows of TUNING.

Additional information (in blue):

You can change the graph display depending on your needs: The X scales can be displayed either in Volt
(recommended), Mass units or microns. You can also adjust the Y scales in Log or Lin depending if you’re
looking at peak flatness of flank shape. You can also readjust the X and Y coordinates manually. Note
however that it will not affect the actual scanning scale defined by the parameters on the left. The X and
Y double arrows allow to switch back to the default (auto) X and Y values.

At the end of the scan, the program calculates the center of the line and shows Results in the bottom
left corner of the window. In addition, depending on the program, it calculates peak width (for instance,
L50 is the peak width at 50% of the peak) and slope width (L10-90 is the slope width between 10% and
90% of the peak signal). These are used for automatic peak centering (see below)

You can also save the scan. Click on “save” to save a file that can then be read via WinCurve. Click on
“Export” to automatically export data into an Excel file. In both cases the file will be saved in the noted
directory, which Is where everything from a session is saved (scans, acquisitions, etc...) This directory
can be changed through Def Analysis.

NanoSIMS 50L users guide_10Aug2020_V1.docx Page 106 sur 410



Certain programs also allow an automatic peak centering modes. Those modes are described in Operations
(chapter 9).

5.2.8 DEFANALYSIS file display

This program is used to display and save MULTICOLLECTION (B-field and trolley position) configurations. It
allows an easy reload of a previous configuration and only retune it for new analytical needs, instead of
sending all trolleys one by one and adjusting the B-field. It is slightly different depending on Tuning mode
(thus type of analysis) selected.

5.2.8.1 DEFANALYSIS in multi-collection mode

In Multi collection, this program can be used as a simple display (Figure 131). It shows the detectors settings
(mass, corresponding species, exit slit, radius position and deflection values) as well as the magnetic field,
EOW offset, Q, LF4 and hexapole values. When opening the program, the window will display the current
configuration. This configuration (comprising magnetic field, trolley configurations, EOW, Q, LF4 and Hex)
can be saved in a def analysis file (Save As).

Alternatively, a previously saved configuration can be loaded (Load). When applied (Apply), all saved
parameters will be applied (overwriting any previous value sent to those parameters), and the trolleys will
move accordingly.

NanoSIMS50 Tuning - Defanalysis File

Mutticollection File Content Current parameters
value

EOW Offset (V) - 0.000

I Current magnetic field ‘ |

Magnetic field . 1283.527

Q(DAC): 0
LF4 (DAC): 0
HEX (DAC): 0
Det Species Symbol Mass Int Radius - Plate + Plate
1.235 1 11.472 0 0
1.464 1 121.370 £9 68
1.591 2 126.565 62 &1
. . 1.717 2 131.457 -10 10
Detectors information H}i - 1.088 2 1472 o o
22713 2 151.267 137 136

i! I Apply the selected conditions ‘

| I;
. (7} = TroBey position is different from current
Print the content =
of the file \ Al

:H I Close the dialog box ‘
Print Load... Save As... | Close I
Load or save a file NZ/ \ || I Save in a new file ‘

Figure 131: DefAnalysis window in Multi Collection mode

5.2.8.2 DEFANALYSIS in Combined Analysis mode

In Combined Analysis mode, the magnetic field cycles between 2 or more values during the analysis. An
individual “multi-collection”-like trolley configuration can be associated to each value of the magnetic field.
This program is then necessary to set magnetic field settings and their associated trolley parameters before
running an analysis. The Def Analysis File window looks as follow (Figure 132):
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NanoSIMS50 Tuning - Defanalysis File
List of magnetic field settings Conbined Analysis Flb Coniont
saved in Def Analysis File ,
—_— Magnetic Fiold EOW Offset (V) : 0.000
1511.794
LF4 (DAC) : 22850
: HEX (DAC) : 406
List of trolleys selected
for a given magnetic field
setting | Det Species Symbol Mass Int Radius -Plate + Plate
2 13¢ 13055 13 307.89%6 68 68
3 12C 14N 26175 26 435961 8 -85
Cycling B Fields Apply All Mass Apply Mass Delete Mass
Print Load... SaveAs... Close

Figure 132: Def Analysis File window in Combined Analysis mode

Edit the content of a Def Analysis File:
- Remove a magnetic field setting, including all its associated trolley parameters: Select a magnetic
field value and click on Delete B Field.
- Remove a trolley from a Magnetic Field setting: Select the magnetic field setting, then click on the
trolley you wish to remove, and “Delete Mass”.
- Add a magnetic field setting: In Tuning, when the magnetic field and trolley positions are set, click
on “Save to Def Analysis” for each trolley you will use.

Apply the displayed setting:
- Apply a Magnetic field setting (including all its associated trolley): Select a magnetic field setting
and click on “Apply all Mass”.
- Apply parameters to a single trolley: Select the magnetic field setting associated with the trolley,
then select the trolley you wish to move, and click on “Apply Mass”.

Cycling B-Fields: launch a cycling of the magnetic field between the different magnetic field setting values.
It is necessary to let the magnetic field cycle for a few minutes before launching a Combined Analysis
acquisition, otherwise it will not be reliably reproducible. See chapter 9.3.6 on Combined Analysis for more
details.

Similarly to the Multi-collection mode, a given configuration can be saved in a def analysis file for further
use (Save As) and later recalled (Load). Note that it is not necessary to save a Def Analysis File to launch an
analysis acquisition. The acquisition will use the data configuration as it is displayed in the Def Analysis File
window.

Note that a given trolley can be used for several values of magnetic field.

In addition, any change in a trolley configuration, such as adjustment of the deflector values between two
cycles (for instance to measure ?C®N and 3C¥N at mass 27 on same detector and same B-field but
alternating between two sets of Pd deflector) can be saved in distinct magnetic field settings, even if the
magnetic field value is identical.

For more details on how to configure the data displayed in the Def Analysis File and set a Combined Analysis
acquisition, see chapter 9.3.6 in Expert Operation.
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5.2.8.3 DEFANALYSIS in Magnetic Peak Switching mode

The Magnetic Peak Switching mode is a mono-collection mode. Only one detector is used, and it is the
magnetic field that cycles between 2 or more values to measure the different elements or isotopes. Here
the trolley is fixed (it has been selected in the Tuning window, Figure 133), and only the different magnetic
field values need to be set in the Def Analysis File (Figure 134).

Tuning Mode : | Multi Collection Combined Analysis | Magnetic Peak Switching | On |Det4 v| Trolley Peak Switching

Figure 133: pértial view of the Tuning window, showing the selection of detector 4 (Det4) in Magnetic Peak Switching mode)

NanoSIMS50 Tuning - Defanalysis File
Magnetic Peak Switching File Content
EOW Offset (V) : 0.000
Detector : 4 Q(DAC): 386
LF4 (DAC): 22850
”\\ HEX (DAC) : 406
Selected trolley
BField  Species Symbol Mass Int Radius - Plate + Plate
1511.156 27.006 27 442832 -359 -324
1516.000 27.180 27 442832 -359 -324
v Associated B-field values
and trolley parameters
Cycling B Fields Apply Mass Delete Mass Delete All
Print Load... SaveAs...

Figure 134: Def Analysis File window in Magnetic Peak Switching mode
Edit the content of a Def Analysis File:
- Remove a magnetic field value: Select the magnetic field value in the list and click on Delete Mass.
- Clear all the list content: Click on “Delete Mass”.
- Add a magnetic field value: In Tuning, set the magnetic field, and click on “Save to Def Analysis” for
the used detector.

Apply the displayed setting:
- Apply a Magnetic field value: Select a magnetic field value and click on “Apply Mass”.

Cycling B-Fields: launch a cycling of the magnetic field between the different magnetic field values. It is
necessary to let the magnetic field cycle for a few minutes before launching a Magnetic Peak Switching
acquisition, otherwise it will not be reliably reproducible. See chapter 9.3.6 for more details.

Again, a given configuration can be saved in a def analysis file for further use (Save As) and later recalled

(Load). Note that it is not necessary to save a Def Analysis File to launch an analysis acquisition. The
acquisition will use the data configuration as it is displayed in the Def Analysis File window.

5.2.8.4 DEFANALYSIS in Trolley Peak Switching mode

In Trolley Peak Switching mode, the magnetic field is fixed but this time it’s the trolleys that are cycling
between positions. The Def Analysis File then looks as follow (Figure 135):
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NanoSIMS50 Tuning - Defanalysis File

List of Trolley Peak Switching

Trolley Peak Switching File Content

configurations f
- — W EOW Offset (V) : 0.000
o 001 Delete TPS Config Q (DAC): 386
D 002 LF4 (DAC) : 22850
HEX (DAC) : 406

List of trolleys selected for
a given TPS configuration

-

Det Species Symbol Mass Int Radius - Plate +Plate
3 12C 14N 26.343 26 435.961 86 -85
5 30617 31 470.000 -53 52
Print Load... SaveAs...

Figure 135: Def Analysis File window in Trolley Peak Switching mode

In this mode, the detector window in TUNING shows two new options/buttons: Save in New or Save in
Current (Figure 136). When moving a trolley to a desired position, click on “Save in Current” to add it to the
selected Trolley Peak Switching (TPS) configuration in the Def Analysis window. The trolley and its position
will be added to the list of trolleys associated to the selected TPS configuration. To add a trolley position to
a separate TPS configuration, click on “Save in New”. The trolley and its position will then be added to a
separate TPS configuration.

Change Slit ...

Adjust \alid Cance Adju

Save In New Sawve In Current Sav

Figure 136: partial view of a detector window in TUNING showing the options specific to the Trolley Peak Switching mode

Edit the content of a Def Analysis File:

- Remove a TPS configuration, including all its associated trolley parameters: Select the TPS
Configuration and click on “Delete TPS Config”. in the list and click on Delete Mass.

- Clear the trolley list of a given TPS configuration: Select the TPS configuration and click on “Delete
All Mass”.

- Remove a trolley position from a TPS configuration: Select the TPS configuration, then click on the
trolley you wish to remove and click on “Delete Mass”

- Add a TPS configuration: In Tuning, move a trolley into position, and click on “Save in New”

- Add a trolley to an existing list of a TPS configuration: Select the TPS configuration in the Def
Analysis File window, then in TUNING, move the trolley into position, and click on “Save in Current”.

Apply the displayed setting:
- Apply a TPS configuration value: Select a configuration in the “TPS config” list and click on “Apply
All Mass”.

Again, a given configuration can be saved in a def analysis file for further use (Save As) and later recalled

(Load). Note that it is not necessary to save a Def Analysis File to launch an analysis acquisition. The
acquisition will use the data configuration as it is displayed in the Def Analysis File window.
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5.2.9 Mass Table Edition

This program (Figure 137) allows the user to edit, build, test, save and apply to the instrument a
multicollection setting, including B-field value and trolley positions with the names of the ions. Trolleys can
be moved to a given position either by entering a mass value, or a radius. This Mass table program makes
it very quick to reload a previous configuration and only retune it for new analytical needs, instead of
sending all trolleys one by one to their position and adjusting the B-field.

Reminder: The two basic limits of the NS50L multicollection are:
®  Mmax/Mmin = 22. For example, if Mmin = 10 amu, Mmayx is 220 amu.
e Neighbor trolley minimum interval dmin = Mmax/58. For example, if Mmax = 58 amu, dMmin = 1
amu. If Mmax = 70 amu, dMmin = 2 amu, if Mmax = 200 amu, dMmin = 4 amu, etc...
This is controlled more precisely by the values stored in the SETUP.

Selected B field 'I Radius for
| \ selected mass
O 1
i HanoSIMS 50 - MASS TABLE 1 E field mode
L
B field mass table H |
A\ 1 .
Magnet 2240202 T Real
8 Dt A\ o dac ek — ' Delete selected
1AL Ved Peb (02,2011 0548 Periodc | FocRadus | 22389 . Fieldinsted '/ mass
HEIEOT  Wed Feb 09,2011 103 Tabds r
23703 MonFeb 07 2011 1713 | | Symbol: | 160 Q\ Delete mass |
Mendeleyev table —*mm—mmnm—'—-”' Il selected mass
Fig” Rl Wed Feb 03 2041 11:32 d Spacies symbol Mats int s ||
nersr Maon Feb 14,2011 1118
F] 5 Fo T 25 04 F8
3 1] oo 0 (30 4o
4 e 55954 (58) aza977
5 783 F353 (84) 526512

| Comment ”~ . ]
Taibs Deseription © |
Mew mass table }- i : )
! m1}_ "bcuz ] II'.. |
| T SHE TR Toble | g [ Sove in Cusrent Takie | B mass Troley insted || Acwust redess | |
Prict_ry | Cioze |
ﬁ> .é}. f J \! |I Mass table mode

Delete current

Print current
mass table

Save current
mass table

L

H f £ 454 ¥ &
-
I Close the window H:,'/ \—H | Mass synoptic

Figure 137: Mass table window

The “Edit mass” mode allows the user to edit an existing configuration (listed on the left) or create a new
one (“new” button on the left).

You can add an element by typing in its symbol on the “Symbo
list by selecting it and clicking on “delete mass”.

“Mass Table” will display the magnetic field for the configuration you are working on, while “real” will show
the current magnetic field value.

“Field install” allows you to retrieve the current (= “real”) magnetic field value and apply it to the
configuration.

You can edit the configuration of the mass table by selecting a trolley in the list and changing the associated
element or radius.

III

field, or delete an existing one from the

Once done with the mass table configuration, click on “trolley install” or “adjust radius” to move the
trolleys or adjust the magnetic field radius, respectively.
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5.2.10 Motor Reset/Setup

This program (more of a service tool than a tuning function) allows the user to reset the motorized parts of
the instrument, such as detectors, slits and diaphragms. This is useful when one of them starts acting up,
or when there is an error in communication.

For each of those elements, it is possible to either “RESET” or “initialize” (INIT) it.

RESET means the trolley or slit goes back to its zero position (an electrical stop contact mounted on the
next trolley or a fixed support) before moving back to a default, Reset position defined in the SETUP.
With_INIT, the trolley moves from one end to the other of its course (defined by the two electrical stops),
before moving back to Reset position. When resetting the motorization of the Multicollection trolleys, it is
recommended to use the Init command, while Reset is enough for all other motors.

In the particular case of the MC trolleys, which are all moving together, the first trolley is stopped by a fixed
electrical contact at the end of the rail, while all following trolleys are stopped by an electrical stop on the
previous trolley (trolley 1 is stopped by an absolute stop, while trolley 2 will be stopped by the electrical

stop mounted on trolley 1, etc...)
NanoSIMS 50 - Reset / Setup

Detector

[E # | ¥ || ¥ ¥ ¥ | ¥ | Restore default configuration... |

Det‘eFtor ” Defautt offset (mm) : 120.000 —
positions and l Init communication with motor h Motor communication

: i Current offset (mm) : 126.348
calibration

Default siope (mmvstep) : 1.21e-003 E] Force Siit Position

| Reset posttion (step) : 295000.0 | Ral ‘E?
esel ni

Deta #3-#4  (step): [ 108

[JForce

Coil Off

Motor

DCs D1 Es As Ens Hex ExsDn  ExsUp b cb

Reset Init

Motorization

Coil Off

Switch EM/FFC Click on Cancel to
Upper 23 _ close the window.
Apply Cancel
Reset oo | —  Ignore the « Apply »
button

Figure 138: Reset/Setup window

[1] Detector positions and calibration:

- Default offset: original position set in the factory. Offset from the 0 mm radius position defined by the
mechanical stop at the inner side of the muticollection chamber.

- Current offset: most recent offset value. It is updated each time a calibration with the magnetic field is
done (see advanced operation 0)

- Default slope: size of a step in mm

- Reset position: position the trolley goes back to after “Reset” or “Init”

- Delta: difference (in steps) over the whole course of the multi-collection chamber between 2 consecutive
moveable detectors. This difference must be under 400 steps. If the interval is over 400 steps, an “INIT” is
necessary to recalibrate the trolley course.

- Restore default configuration: reset the current offset to default offset. This is to be used with caution as
it will impact the magnetic field calibration (see advanced operation 0) .

[2] Motor communication:
Every time the motorization electronics has been shut down (Cabinet B), the communication must be re-
established. Do so by clicking on “Init communication with motor”.

[3] Motorization:

- Detectors: If the trolley position seems inaccurate (for instance, you get a collision warning message that
trolleys are touching each other while they, in fact, are not), you can re-calibrate the position reading by
doing an INIT. All trolleys will then move to their Reset position.
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- Motor (diaphragms, slits, Hexapole): Similarly, if the motors of the diaphragms and slits do not work
properly, do a RESET.
- particular case of the EM/FC switch and exit slits: if a reading error on the EM/FC switch motor or the
exit slit motor occurs, then, when trying to move a trolley, you will get an error message and the trolley will
not move. You then need to do a RESET of either the exit slits or the EM/FC switch.

- Exit slits (in Motor section of the window): Click on ExsDn (Exit slit Down), then RESET. When the
motors stop moving, Click on ExsUp (Exit slit Up), then RESET.

- Switch EM/FC (in Switch EM/FC section of the window): Click on Lower, then RESET. When the
motors stop moving, click on Upper then RESET.
- Coil Off (both Detectors and Motor sections): shut down the motors. To be used if anything wrong happens
when moving a motor (strange noise, unexpected collision, a motor doesn’t stop, etc...). Once the problem
has been solved, any command to move a detector will automatically switch the coils back on.

When the RESET or INIT process is done (all motors have stopped moving), click on Cancel to close the
window.

Note: The Force options are for Cameca staff only. Do not use them.

5.2.11 FC Calib : Faraday cup intercalibration

This Faraday Cup calibration acquisition is used to inter-calibrate the Faraday cups, i.e. adjust their
responses so that they would all be the same. Waiting time and counting time are independently adjustable
by user. The following window (Figure 139) displays settings for FC Calibration acquisition.

The principle is to switch successively a calibrated electronic voltage (0V, 9V, -9V and 0V) on the different
preamplifiers, measure the various responses and calibrate them numerically in order to get a uniform gain
and offset. See 9.2.13.1 for procedure details.

ManoSIMS 50 - Finnigan FC Calibration X
SCANNING MODE
Waiting Time (3] : Counting Time (s} : E
o v oV o FC-Cal
Fc | | Ref| | 2323 | 905594 | 904730 | 2433 | 0.992620
Fcz2 | |Ref| | 1949 [ 901653 [ 299085 | 1862 [ 0987323
Fca | |Ref| | 1816 | 904802 | 901887 | 1952 | 0.990605
Fcs | |Ref| | 2114 | 902256 | 299801 | 2194 | 0.987774
Fcs | |Ref| | 2951 | o3240 | e2805 | 3043 | 0.008967
Fce | |Ref| | 2389 | sz2870 | sz8m | 3066 | 0.098680
Fc7 | |Ref| | 2285 | s33 | o837 | 2390 | 0.09%083
Start Stop Abort Apply To Setup ...
Print Close

Figure 139: FC calib window

5.2.12 Live Isotopic ratio Monitor

This tool (Figure 140) allows the user to monitor “live” the element or isotope ratio between the signals of
2 different detectors. Its use is limited to the Multi-collection mode, with the beam ON.

The “ratio” is the simple ratio between numerator and denominator, while “sigma” translates the
difference between the ratio measured here (R) with a known standard ratio (RO) defined by the user*.
“Sigma” is expressed as o = (R/RO -1) x1000 (%o). You can also smooth the variations by integrating the data
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over several measures. The measure is defined by the integration time in TUNING (usually set at 0.54s, see
5.2.3). The displayed ratio is a raw ratio based on detected counts, and does not take into account typical
corrections such as instrumental fractionation, dead-time correction, QSA effect, detector efficiencies, etc...
ManoSIMS 50 - Detector Real Time Ratio x

Isotop ratio Siama

146.9 2.8

Numerator Detector : | #1 #2 | #3  #4 | #S #T

Dencminator Detector : | #1 #2 #3 #5  #5 #

RO: | 0.03 Nb Integ Measure I:l

Close

Figure 140: Live isotopic ratio window

5.2.13 Wien Filter mass spectrum recording

The cesium beam is sufficiently pure when reaching the sample in the NanoSIMS and no filtering is
necessary. In contrast, the RF-plasma source generates various primary species. The Wien filter is then used
with the oxygen primary ion source in order to filter only the desired O ionic species (mostly O,*, 0", O, and
03). 07" gives the highest current but is of limited use on the NanoSIMS because of its opposite polarity
design: the negative ions are rarely intense under O;* bombardment. With negative primary ions, one
generally uses O (giving the highest beam density and current, and smallest spot size) but also O, or O3 in
some cases (better ionization yield and depth resolution compared to O but slower due to the lower
generated current). Adjusting RF-plasma parameters (pressure, coil) or internal cesium contamination can
optimize slightly one peak vs the others.

To select the desired O species, a mass spectrum is recorded using the Wien Filter function. It works
identically whether in negative or positive mode. This Wien filter acquisition program measures the
variations of the beam current in FCp as a function of the voltage applied to the Wien filter Coil (CWf).
Hence, it records a mass spectrum of the ionic species emitted by the source, allowing the user to select
the primary ion of interest.
Start value, step value, number of point and counting time are independently adjustable by user:
- You can choose to do the scan in FCp or FCo (if selecting FCo, remember to go to FCo in the
Navigator)
- Set the scanning parameters. Typical values are:
o Startvoltage: -40V
o Voltage step: 0.3V
o Point numbers: 130
o Counting time: 1s
- Launch the scan and apply CL/Value on the desired peak.
Figure 141 displays settings for Wien filter mass spectrum acquisition.
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NanoSIMS 50 - Acq X

Fie Curve
Dir: D\Cameca NanoSMS DatalexperienceitestsRTT Diplayunt [ Cps || A X uin- [ 4005 X [ 246 )
File Name (. wf) NoName_1 Save Export
Print Adoscale 06| v vin: [1 Y Max - | 1000 Y
Acquistion k = b
CAMECA | Wien Filter spectrum
i 08.10.18 10:44
1 Ve 2 File: NoName_2
|:na)- Cup [ ObectFC || Primary FC 2 3 MRP : 0.9
Range Auto Manual 10uA | 100nA nA
—_—— - R
2 s voltage (V) | -40.05 289 1 297
Votage step (V) | 0.29 o 8 "
Points Number : | 130 1 1 2%
Counting Time LI | 10

Results

L10(V): WA

LSO (V) : A 4

cLV): NA

Chose

Figure 141: Wien Filter acquisition window

5.2.14 Trolley Step Scan mass spectrum acquisition

This Trolley Step Scan acquisition is used to record a mass spectrum on one trolley by moving the trolley
while the magnetic field remains constant. This allows the user to find the position of a given mass and
position the detector at the right mass. This can be useful when the user is looking for a mass but doesn’t
want to change the magnetic field (for example when other trolleys have already been tuned to the right
masses).

The trolley Step Scan thus measures the variations of the EM counts as a function of the trolley position.
The user can define the range of the scan either in term of start and end position (radius, in mm), or in mass
(Figure 142). Trolley step value, number of point and counting time are independently adjustable by user.
Note: For large mass scans, one needs to ensure not to miss any peak by setting too large a detector step.
From the basic relation R = sqrt (2mU/q) /B, one gets Rmax/Rmin = kK * sqrt (Mmax/Mmin): the unit mass lines
are physically nearer at higher radiuses than at lower radiuses. However, the mechanical steps are constant.
Assuming, as an example, a MRP of 6000 at Mmax = 60amu for Rmax =400mm. Using dm/m =2 dR/R, dR =
400/6000 /2 = 33um. Choosing ~15um steps will ensure not to miss information.

NanoSIMS 50 - Acq x
Fie Curve
Dir - D’\Cameca NanoSMS Datalexperience\Specifications  mah Uk m s [ wor IR
File Name (tss) : | Notlame_3 Save Export
e print [ﬂ L Yin: [1 v Max : | 1000 z
Detector | #1 || #2 |[#3 | w4 45| 46 ECA| Trolley Step Scan

INING MODE 26.07.19 16:45

Start radius (mm) | | 467.768 End radius (mm) ;| 488.717

Define the scan length File: NoName_3
Start mass (amu] 29.9529 End mass (amu 30202 Whether in or amu

Troley Step (ym) : | 30.77 0 1 120
Mass resolution : 5892

Points Number - | 50 2 1 255

Counting Time (s) : [ 0.541 o 10

467.83. Empty

Results
LSO () : NIA

CL (um): NA

1

467 80 46800 58 2 468 B 46300 46320 46340

Chose

Figure 142: Trolley Step Scan acquisition window
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5.2.15 Energy (EOW scanning)

When a sample is slightly charging of a few eV (i.e. the signal is not stable without completely dropping) it
can be possible to compensate the charging effect by adjusting the sample HV (EOW). For a few eV the
primary focusing with EOP will not be changed. EOS might need fine tuning.

However, for high precision analyses, where the stability of the signal is primordial, it is recommended to
use conductive thin coating (C, Pt, etc..) and the e-gun to compensate charges, especially for non-
homogeneous samples.

The primary ion source voltage being kept constant, varying EOW (= adding an offset to the sample HV) will
vary the primary ion impact energy as well as the secondary ion kinetic energy. The program measures the
variations of the secondary ion intensity as a function of the EOW HV offset. The increment of the sample
HV offset, the number of point and the counting time per point are independently adjustable. The following
window (Figure 143 and Figure 144) displays settings for Energy acquisition.

NanoSIMS 50 - Acq

Data directory ||
:" Fie »
Dir: D\Cameca NanoSMS Data\Before-FANSI / Save data fizname

: Fie Name () _NoNamegd Save | (. Export

Acquistion

I Detector selection : )
e ERIETOEEE
Atometic Eversy Conarog

| (e
0

' ==
2 } 255
0

i 10 |

Start Votage :  -79.95 15 150

Votage Step: 268

Points Number : S0

Z I

Counting Time : 0.5

n

[ =

s
L0 (V) gt421

Width at 10%
—

ﬂ Apply center e voltage

Apply Value
Center fine votage

Center Line Votage (V) -15.74 Apply CL
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Close the window | |

Figure 143: Energy acquisition window

Figure 144 displays the Automatic Energy Centering part of the Energy acquisition window which allows to
center automatically the maximum of the Energy curve.

NanoSIMS 50 - Acq
[ |4 -
Fle A

DatalBefore-FATISI

Fie Name (nrj): NoName g Save Export |
”‘ L Save data fiename
Acquisiion
oetector [T

((Enersy ) [Automaiic Energy Centerng

Start vake ”» —x
Start Vorage (v) R3.08 '/—H Counting time per paint
Counting Time (s): 05

E=—y Y —
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Resutt
L10 (V) 2 44.22
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o J————
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[SaveTonsiammng
Close the window ”» 3 ﬂ=“

Figure 144: Automatic Energy Centering
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5.2.16 BarGraph mass spectrum acquisition

This program is used to record a mass spectrum over a defined mass range by scanning the B-field and
measuring the signal variation on one or several multicollection detectors. A bargraph analysis is recorded
at a constant number of data points per peak width which means the B-field step varies over the mass
range. This program is very useful to identify the presence of certain species in samples of unknown
composition, or the exact “position” of the peaks when the mass table is not perfectly calibrated. In order
to properly see all main masses over the mass range, it is recommended to use a BField step (6B) of 0.3 G
maximum.

Scanning over a large range of masses thus takes time. If you need to scan over a large mass range (several
dozen of masses), it can be useful to use in parallel several trolleys located over the length of the multi-
collection chamber. In this case, it is best to set the masse ranges for each detector in such a way that they
will partially overlap, in order to identify common peaks and make it easy to reconstruct the whole
spectrum.

Note that this is different from the high mass resolution (HMR) program which deflect the secondary beam
at the exit slit in order to precisely scan a given mass and identify interferences.

B; and B; are defined by the user. Over the B field range [B;, Bf] and for a given mass resolution, the B field

is scanned with an increment 6B computed with the relationship following:
oB = 1 x Bf - Bi .
2 Mass resolution

Inversely, if OB is set by the user, the mass resolution is computed via the same relationship. When setting
the parameters, the user must thus keep in mind that all parameters are interconnected.

NanoSIMS 50L users guide_10Aug2020_V1.docx Page 117 sur 410



How to use this program (Figure 145):
1- select one or several detectors

2- for each detector selected, enter a start and end mass. Beware that because trolleys are fixed and
the magnetic field is common to all, changing the range of a scan will affect all of them. Ranges for
all detectors will automatically adjust when changing one.

3- adjust the Bfield step (<0.3 G)

4- Start

Once the scan is done, you can set a detector to a desired mass. To do so:
5_
peak

If multiple detectors, select the one you want to set, and simply move the cursor to the desired

6- “Apply Value” to change the magnetic field so that the mass will be on the selected detector. Keep
in mind that this will change the magnetic field value and thus affect all detectors.

Mass Resolution

Counting Time (s)

NanoSIMS 50 - Acq
File Curve
Dir: DACameca NanoSIMS D ien Display Unt [Cps. ][ Counts I 5.7 S 206 )
File Name (.br, Sn_standard_Cs Save Export
-~
/ 01 v 10000000
Acquistion 1 Print LN Y Min Y Max l
I Detector | 1 || 2 Ed(e _I CAMECA/BARGRAPH
SCANNING MODE 22.11.19 09:44
Start B Field (G) : 2071111 EndBField (G): 2235618 Step Bfield : 0.300G / Beam Blanking Off File: Sn_standard_Cs
| BField Step (G): 0.3 | Counting Time : 1.00 s / Waiting time : 0.01s
Number of step 3 .

3587

1

- TrH3
wTiit4

00000
Watting Time (s):  0.01 Computed 100000
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5 1000
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— 11 \lt
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Mass (a.m.u.)

Close

TiHS

Figure 145: Bar Graph acquisition window

5.2.17 Beam Stability recording

This program is used to check the stability of either the primary or the secondary beams. The primary (or

secondary) beam intensity is measured as a function of time.

To start a primary beam stability test:
- Open the “Beam Stability” window (Figure 146).
- If you want to save the file, enter a file name.

- Select the signal to be recorded: primary beam current (FCp, FCo) or secondary ion signal (TIC,

multicollection detector)

- Enter the total acquisition time and/or the number of points and/or the counting time per point

needed for the beam stability recording.

- Click on Start. The analysis is running and a real-time curve signal/time is displayed (the analysis can

be stopped or aborted).
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- At the end of analysis, some statistical values are computed and displayed in the result window. Click
on “Show Results” to open this result window (Figure 147).

Fie Curve

Dispiay unt [_cps [ counts | (oA ] XMin: 0.541 XMax: 200049
[0 |[en] YMin: 18433 YMax: 23845
Acquisiton —

CAMECA | BEAM STABILITY

NancSIMS 50 - Acq 9 IS
X}
-
¥
~

SCANNING WODE

l c e:0581s (Max-Min)/Me

Range [ Auo [_Manual ] [[10sA )[Ci08aAl)[ oA

Abort

‘ Stop ‘

Resuls

100 120 140 160 180
Time (s)

Beam Stab : Primary FC - Point 247/370

Figure 146: Beam Stability acquisition window

For the stability measurement, parameters are printed in the results window (Figure 147):
- Maximum: is the maximum intensity measured.
- Minimum: is the minimum intensity measured.
- Mean: is the mean intensity measured.
- Geom Mean: geometrical mean
- S5.D (%) is the (relative) standard deviation computed for all data points.
- Poisson (%) is the Poisson statistic computed for all data points.
- Sigma: is the sigma computed for all data points.
- Radius (mm): is the radius of the selected detector.
- Mass (a.m.u.): is the mass of the selected detector.

— .
NS0 - Results it S

CAMECA - NANDSINS 50
BEeam Stability Statistics (STATIC BEEAMD 10.06.14 - 12:30

Result File : Di'Cameca MNanoSIMS Data'Before-FAT'Si/NoName.bs_res

CT/Point : 1.000 s Number of points : 50

Det D ¥ Poisson % Min Max Mean Geom Mean Sigma R (mm) Mass
—————————————————————————————————————————— e T T S
Det&l 0.010 0. 045 1. 00E+005 1.000E+005 1. 000E+005 1.000E+005 9.776 470.122 32.022

Print Close

Figure 147: Results window for a beam stability acquisition
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5.2.18 EOS Focusing Scan

This EOS scanning routine is used to measure the variations of the signal from a multicollection detector as
a function of EOS. This allows the user to focus a secondary ion beam waist at the level of the entrance slit,
thus maximizing the mass analyzer transmission. It is generally used in combination with the centering of
the beam in the entrance slit using P2-P3 and Cy (see chapter 0).

The final EOS scan must be done with the selected entrance slit in position.

EOS start value, step value, number of point and counting time are independently adjustable by user.
Once the EOS scan curve is recorded, it is possible to apply the optimum EOS voltage to the instrument
(Apply CL or, if the program fails to calculate a CL, position manually the cursor on the scan and “apply
value”).

Typical values are:
- Start Voltage: -7300 V (refer to your installation documentation for reference of the expected
CL value)
- Voltage Step: 10
- Points number: 40
- Counting Time: 0.54

NanoSIMS 50 - Acq

|
i
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Dir: Di\Cameca NanoSIHS Data\experience\experience\SEM Xuin: 729838 xXuex: sa0165 | 4
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Figure 148: EQOS acquisition window
It is also possible to do an automatic EOS centering. This routine will determine automatically the value of
EOS voltage providing the maximum of secondary beam signal.
Note that the term “centering” does not refer to the centering of the beam waist in the entrance slit (this
is performed by P2-P3 and Cy) but the generic centering of the recorded curve to its max or center position.

Please refer to chapter O for details on automatic centering routines.
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5.2.19 Secondary lon Beam Centering scan

This Secondary lon Beam scanning window is used to center the beam in the entrance slit by varying P2 and
P3 deflection voltages in synchronism (in the VERTICAL plane) and the Cy deflection voltage (in the
HORIZONTAL plane), in order to maximize the transmission (= the percentage of beam going through the
slit). It is generally used interlaced with EOS optimization (see previous chapter).

The tool records the variations of counts on a selected multicollection detector by scanning either Cy
(HORIZONTAL) or P3 (VERTICAL). Start value, step value, number of point and counting time are
independently adjustable by user (Figure 149).
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Figure 149: Second lon Beam centering, horizontal (top) and vertical (bottom)

Similarly to the EOS centering, the Automatic Beam Centering part of the Secondary lon Beam acquisition
window allows to set automatically the maximum of the secondary ion beam signal (Cy and P3 values).
Please refer to chapter 9.3.3 for details on automatic centering routines.

Caution: While using the Sec. lon Beam centering software which determines the optimum values for Cy,
P2 and P3, the ratio P2/P3 has to be properly set. This ratio allows to keep the secondary ion beam parallel
to the horizontal axis while changing its height in ES by varying P2 and P3 in synchronism. This ratio is very
sensitive to the setting of LF2. As LF2 is generally set to 20 000 bits, the ratio P3/P2 must be set near 0.36.
This coefficient is introduced in the Setup chapter 5.9.4.6 Secondary lon Beam. We recommend to NOT
modify the value determined by CAMECA production or service engineer. This tuning goes beyond the
scope of this users guide.
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5.2.20 MRP OPTI

This program is an automated routine for the adjustment of Q and LF4 in order to optimize the mass
resolving power (MRP) on a chosen detector. The procedure is all automated. The HMR window parameters
are taken from the last HMR acquisition. Simply select the trolley and click on start. The program will first
adjust Q, then LF4, and finally check Q again, so as to optimize the MRP. Q will be incremented by +/- 1
between scans, while LF4 steps can be adjusted by the user (steps of 100 bits are recommended). The graph
on the right shows progression of each HMR scan, while the small graph shows evolution of the MRP for
each value of Q (or LF4). When the program is done, the best Q and LF4 values are automatically applied.
The user can check via the keyboard the applied values.

NanoSIMS 50 - Trolley Repro Acq X

Acquistion 1 - Select a detector «

Trobey L T 1 Y
iR A

Start Voktage (V 4982

Votage Step (V) : | 0513

Nb Step - | 50

Counting Time (s) :| 0.541

—— -

Hr Point 41/50

Stop Abort

2 - Start the procedure

Results

Evolution of MRP
with Qor LF4

Scan in progress for a given Q (or LF4)

= - Applied Q (or LF4) value
Steps of the 2 of the scan in progress
MRP Opti routine -
r

Figure 150: MRP Opti program

Note that the optimum Q might differ from one trolley to another. It is recommended to note the optimum
Q for each detector and then find the best compromise (see chapter 9.1.13 for details on the MRP and how
to adjust it manually).

5.2.21 PHD acquisition window

Refer to chapter 2.1.4.3 to learn EM and PHD principles and background.

Electron multipliers age as they are used. Therefore, it is necessary to periodically readjust their pulse height
distribution by increasing the applied high voltage. The Pulse Height Distribution (PHD= acquisition program
records the EM PHD distribution curve, where the EM threshold is the scanned parameter and the EM
counts the acquired signal.

EM Threshold start value, step value, number of point and counting time are independently adjustable by
user. The following window (Figure 151) displays settings for PHD acquisition.
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Figure 151: PHD acquisition window

Parameters should usually set as:
o Start voltage: 0
o Voltage step: 15
o Point number: 30
o Counting time: 0.54

For a good accuracy of the measurement, it is recommended to check an EM PHD with the EM set to receive
a high count (of the order of several 100 000 cps). If necessary, the user can average several scans to smooth
the PHD scan: Set the number of scan so that the addition would reach about a million counts per second,
and click on “meaned” in the scan window (2a and 2b steps in Figure 151).

The maximum of the curve (“Max”, see Figure 151) should be around 220 mV, though can be increased to
250 mV for high precision isotope analyses (the higher the PHDmax the stronger the aging effect; but at the
same time at higher voltage the effect of a shift of PHD has less influence on the count rate; 250mV seems
a good compromize).

If PHDmax is too low, the user needs to adjust the EM high voltage via the keyboard (see part 2.3.6). The EM
HV will have to be increased as the EM ages. For a new EM, the HV is around 1400 Volts.

For detailed procedure on manual adjustment of threshold and PHD, see Basic Operation chapter 9.1.10.
For automatic PHD & HVem control during high precision isotopic ratio, see Expert Operation chapter 9.3.3.4

5.2.22 HMR Acquisition configuration

This High Mass Resolution (HMR) spectrum acquisition is used in order to visualize the peak shape and
flatness, potential mass interferences, and center the signal in the detector. To do so, it measures the
variations of the detector intensity as a function of the deflection plates (Pd) before the exit slit.

Pd deflection plate’s start value, step value, number of point and counting time are independently
adjustable by the user. Figure 152 displays the HMR acquisition window.
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5.2.22.1 Manual peak centering

In the easiest case (Figure 152), there is a single species at the mass scanned by the HMR program. In that
case, the HMR scan shows a single peak. The program will calculate the central position of the peak. You
can then click on “Apply CL” to adjust the deflection plate voltage to the center of the flat top of the peak.
The deflection voltage is sent to the instrument as the current one for this detector.

NanoSIMS 50 - Acq X

Fie Curve
Dir: DACameca NanoSIS Datalexperience\Specifications r
b o X auis Unit - | ok ] Mase | Micron XMin - [-21.03 X Max - | 491 {xp

Fiie Name (.hmr) : | NoName_& Save Export L
mvvm | I S
Print LOG | LN Y Min : | 1.667 Y Max: | 48165129 | Y |
Acquisition 1] L

Detector | #1 || %2 | 3 |[#a] 85|88 [ &7 /s 2207.1917:38

File: NoName_4

Start Vokage : | -21.03 -200 [ ] 200

-
Votage Step: [ 0.37 | .
Points Number 1 i 258
Counting Tane : [ 0.54 [ | 10
Number of scan - [ 1
Start
Resurs
110-90 (pm): 1938
(595 (um): 25.03 _
L50 (pm) : 95.62 Apply LSO In Setup M Single peak:
LS Apply Central Line (CL)

Center Line Volage (V) : -12.31 Apply CL

Ciose

Figure 152: HMR spectrum in the case of a single peak

However, mass interferences often occur. In that case, the HMR spectrum will show a more complex shape
(Figure 153). Here, the program will try and calculate a center as usual, placing it at the center of the higher
peak. Whether to avoid contribution of interfering species, or because he/she is interested in a lower peak,
the user can manually select the detection position by clicking with the cursor on the graph.

When using large exit slit for working with flat top peaks, it is important to keep in mind the hidden part of
interfering peaks, adding to his neighbor(s). If one peak is much smaller than his intense neighbor the flat
top peak of the intense one will not reveal any change. But the interference is nevertheless there ! And will
become important if the large peak vanishes (e.g. in a depth profile).

In the example shown in Figure 153, the line is placed on the left side of the 2Si peak (but still on the flat
part), in order to avoid contribution of the (nearly invisible) 28SiH peak tail.

NanoSIMS 50 - Acq x

Fie Curve
xocunt: [V s [ xm: (798 ] xume: (27| b
File Name (_hr | NoName_S Save Export

) -
Print ‘ o8 | um YMin: 0 Y Max : | 100000 Y
| -

Acquistion

Detector | #1 | [ #2 |43 | #4 |[#5] % || w7

Start Votage : [ 799
Vokage Step : [ 0.5

Points Number : | 60

Counting Time - | 0.54.

Number of scan

stant

Resuts

double peak:
Adjust the deflection
_~ line and apply value

L10-90 (m): 21.10

L5-95 (um|

Selected Vokage (V) : -0.51 Apply Value

Center Line Vokage (V) : 198 Apply CL

Figure 153: HMR spectrum in the case of a mass interference
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5.2.22.2 Automatic Peak Centering (APC) during long acquisitions

For long isotopic analyses, if there is a risk that the magnetic field might shift and thus shift the centering
of the beam in the exit slit, it is possible to set an automatic peak centering routine at intervals during the
analysis. The interval will be defined in DefAnalysis.

To set this routine, an automatic peak centering must be done and saved before the analysis.

Then the “automatic peak centering” option appears. When clicking “start”, the program reproduces the
peak centering automatically by searching the peak side(s), then the top (red points in Figure 154)

For more details on how to set/use the HMR automatic peak centering routine for isotopic analyses see
9.3.3.2.

Note: the option “Ftp” (flat top peak) is not used.

NanoSIMS 50 - Acq X
File Curve
Dir: D\Cameca NanoSIMS Datalexperience\Specifications
X s Unit: Mass. Micron XMin: | -21.03 X Max : =r
File Name (.hmr) : Save Export
-
Print L0G | LM ¥ Min - | 1887 viax: | 53000083 Y
Acauston [u] n = 4
CAMECA/HMR spectrum
Detector or 4 22.07.19 1746
HMR Automatic Peak Centering Ftp 3 28.149 / 8
File: NoName_4
Start Voltage (V) -12.08 o R
Counting Time ()
Start
Results
LSO (um) : 95,69 Apply L50 In Setup
CL (ym} : 0.00
Center Line Voktage (V) : -12.01 Apply CL.
Close

Figure 154: Automatic peak centering window

5.2.23 Real Time Imaging window

The Real Time Imaging (RTI) allows the user to make an ion or electron image of the sample. Note that this
is different from a proper analysis acquisition. It is only a “live” display and does not record successive
frames.

When opening the RTI program, the following window appears (Figure 155).

- 1) The detection mode (TIC or multicollection) will be automatically selected depending of the
detection mode in TUNING. In the case of multicollection, you can choose up to 2 detectors, which
will be displayed in the main RTI window, while the others will appear as thumbnails.

- 2) The scanning speed is defined by the counting time/px. A fast scanning (such as 50 ps) is usually
preferred for tuning purpose, while a slower scanning (200 ps) gives a better signal/noise ratio,
useful for low signal.

- 3) The raster can be adjusted via the this RTI window, or via the Tuning.

- 4) The Working and Scanning frame resolutions are by default set at 256x256 px. The raster defines
the size in microns of the working frame (= max scan memory size). The scanning frame is the area
actually imaged within this max working frame. It can be reduced by decreasing the number of
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pixels in Width and Height. Its position can be adjusted by adding an offset from the top left corner
of the working area. This option is rarely used in RTI mode as the RTI imaging is mainly used for
tuning purposes.

- 5) Click on Start to launch the imaging.

Nar 2 350 - Real Time Imaging NaneSIMS 50 - Real Time Imaging Display

EMJFC: e
Symbol: S8Ni 160 F ¢

amy.: 16576 amu.: 74318
Radus : 249,084 Radus : 527.374

Dett 1 ez
EWFC: EM EWFC: EM

e ©

FRZE Radius : 527374
| o a | s o

- Several parameters allow the user to adjust the two live images from the chosen detectors:

a. The signal intensity scale can be linear (lin) or logarithmic (log)

b. The user can choose between three types of color scales: black and white (B&W),
“temperature” or “Cameca”.

c. The maximum (full scale) and minimum (offset) can be adjusted separately for each image

d. Average/Sum allows to average or add several images. Click once on the button to activate
the “average” option, then set the number of planes you wish to average. Click twice on
the button to activate the “sum” option, then set the number of planes you wish to add.
Click a third time to deactivate this option.

- Itis possible to save a “capture” image of the two displayed signals, as a .im file, similar to an image
acquisition file. This .im file can then be opened in WinImage (The difference with a proper image
acquisition is that here you can only save one plane (frame)).

- When done, click on “stop” to stop the imaging (turn the beam off), or click on “close” to exit the
program (it will also turn the beam off)

5

™ File name (m)©  NoName
Stop.

Starting RTI Acquistion

Cose.

DET1  Symbol: 160 amu.: 18576 Radius : 249064 EMJFC: EM DETS  Symbol: S8i160  a.m.u.
o

Figure 155: main features of the Real Time Imaging window

Real Time imaging can be used to:

Select the analysis position when moving the stage.

Follow in real-time the pre-implantation process increasing the useful yield

Control good charge compensation or good tuning through homogeneous signal or collection

Check the centering of D1 (A large raster will show the edges of diaphragm D1)

Adjust the focus of the primary beam with EOP and correct the astigmatism with the octopoles 45 and
90.

etc...
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5.2.24 Tools acquisition window

This Tools acquisition is used to measure the variations of the EM counts on TIC or selected detectors of
the multicollection as a function of a selected parameter in order to optimize the tuning. You can select a
parameter to scan and the relevant detection mode (FCp, FCo, TIC, multicollection detectors) (Figure 156).
All the parameters accessible from this program are: COX, COY, CY, C2X, C2Y, C3X, C3Y, C4X, C4Y, CDuoX,
CDuoY, CWF, LO, L1, EOW, EOS, LF2, LF3, SS100 int, S5100 ext, LF4, LF5, Esa int, Esa 1, Esa 2, Esa 3, Esa 4,
Esa 5, Esa 6, Esa 7, E-gun Be, C5X, C5Y, C6X, C6Y, LF7, Z axis (refer to the instrument schematics in part 2.1
of this manual for details of all those elements).

As for all scanning tools, start value, step value, number of point and counting time are independently
adjustable by the user.

= —= = =
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Fie Curve
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Detection mode | Total lon Current MuRicollection SCANNING MODE 19.11.19 18:54
= 2 3 File: NoName
- e
oo (0 (20 20 o () B G (= : S W T
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Figure 156: Tools acquisition window, here showing the scanning of parameter C4X on the multicollection Ems

5.2.25 Cesium source leak current recording

This Leak Current acquisition is used to measure the variations of the leak current of the Cs* source versus
time. Number of point and counting time are independently adjustable by the user. The following window
(Figure 157) displays settings for Leak Current acquisition.

The HV source power supply delivers a total current = | ionizer + | reservoir + lleak. The latter, | leak, comes
from plasma possibly created around the polarized source and from secondary electrons re-emitted by the
extractor toward the source. If too much cesium has been coating the extractor | leak might increase, show
bursts or be unstable. It is often the sign that one should open the source and clean the contaminated
extractor electrode.

The leak current of a cesium source in good condition should be stable and stay below 0.2 mA.
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Figure 157: Leak current acquisition window

5.2.26 The sum-up window

This window is a reduced view of the main window and appears during certain acquisitions. This allows to
see the signal live during acquisitions.

NanoSIMS 30 - TUNING

Trolley 2 EmM Trolley 3 Em Trolley 4 EmM Trolley 5 EM Trolley 6 EM
Radius (mm) : 121.370 Radius (mm) : 126.565 Radius (mm) : 131.457 Radius (mm) : 141.472 Radius (mm) : 151.267
Mass (amu) : 3.553 Mass (amu) @ 3.364 Mass (amu) = 4.169 Mass (amu) @ 4.828 Mass (amu) : 5.520

Trolley 1 EM Total lon Current Secondary Electro Detector 7 EM
Radius (mm}) : 111.472 Radius (mmj) : 661.472
Mass (amu) . 2.998 Mass (amu) : 105.548

Figure 158: Sum-up tuning window
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5.3 Navigator

5.3.1 Main window

5.3.1.1 Terminology

Holder represents the physical sample holder object which is used to carry samples to be analyzed in the
analysis chamber. There are different holder types which will be selected according to the sample size, but
all of them are designed as Holder in this document. These holders are equipped with Windows (holes) of
various sizes in which the samples are loaded.
The Navigator program is divided in two main sections: Navigation and Edition, and in both modes, it uses
the concept of present holder, present window or present sample.
Navigation mode: dedicated to the navigation over the holder loaded in the analysis chamber.
Edition mode: dedicated to the edition mode for defining the holder configuration, the sample ID's....
In the Navigation mode,

- The present holder is the holder which is loaded in the analysis chamber.

- The present window is the window of the present holder which is in the analysis position (i.e. within

the field of view of the secondary ion optics)

- The present sample is the sample loaded in the present window.
In the Edition mode,

- The present holder is the holder being under edition.

- The present window is the window being under edition.

- The present sample is the sample being under edition

5.3.1.2 General concepts of the Navigator

The Navigator program allows to fully define the sample holder loaded in the analysis chamber by
associating three different types of information:

- Sample holder configuration: it defines the size and the position of the windows present in the
holder. A file system allows to save different sample holder configurations (e.g. “Biology”, “24
holes”, “WU-MPI”, etc...)

- Sample configuration: it defines the features (name, matrix...) of the sample loaded in every
window. A file system allows to save different sample configurations.

- Preset positions: they are positions saved by the operator. A file system allows to save different
Preset position configurations.

When a sample holder has been physically loaded in the sample stage and using the Load command, the
sample holder is displayed with its last sample configuration. The operator can then change the sample
configuration and the preset point configuration to be consistent with the targeted analyses.

Note that the software controls the consistency between sample configuration and sample holder
configuration (i.e number of windows and number of samples) that the operator is attempting to associate.
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Figure 159: Navigation window

5.3.1.3 Getting started

The Navigator program is used to drive the sample stage along the three axes X, Y, Z. Thus, it allows the
operator to navigate on the sample holder loaded in the analysis chamber. The Navigator program also
offers edition functions in order to define the name and the position of the samples mounted on the holder,
and preset analysis positions.

The main functions available in this program are visible in the Figure 160 below:
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Figure 160: main window of the navigator
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Among the main functions are:

- Switch between FCo, SIMS and CCD mode (Erreur ! Source du renvoi introuvable.).

- In SIMS mode, the sample is placed on the path of the primary beam and is thus sputtered away. This
is the mode for everything that requires a secondary signal or for primary ion implantation.

- The FCo mode moves the sample holder away (up) so that the primary beam reaches, through a hole
in the stage the fixed Faraday Cup located in front of the beam behind the moveable sample holder,
thus giving the primary beam current intensity at the sample.

- Finally, the CCD mode moves up the sample from the current SIMS position to the CCD camera of the
microscope, allowing the user to see optically the exact same sample area as in SIMS and navigate in
optical mode without sputtering the sample.

FCo beam current meas.
position: the beam can go through
the stage into the FCo behind.

X

¥ stage range: 40mm SIMS Analysis position same positionin CCD mode
inside a 12.5mm hole blue spot = CCD)

f VY
cop camera SIMS-CCD switch / \ |H J|
¢ * Iy - \ * /

Coordinates (um) { !
read in Napigator: T .
{¥,¥) = {11{500, -16 000) }__ Same coordinates {ﬂm]
- read in Mavigatpr:
/ \ (X.¥) = (11 500, -16 0O

PCo Faraday cup f I
= Spectrometer axis ™ f ! \y

ion beam position T i E

View from the ion beam \ /
of the stage travel ranges and the
two fixed elements (FCo & CCD)
Right side = toward the storage vessel 1

Figure 161: FCo/SIMS/CCD positions and relative X-Y axes, here with a large sample holder

X stage range: 70mm

FCe-CCD: 35mm
Offset transfer- FCo: 44mm

X-Y accessible area:

Due to the two different positions of SIMS analysis and optical camera observation (CCD) the area that can
be BOTH accessed in SIMS and CCD is ~39 x 39 mm. It is shown in green in Figure 162: Some sample holders
showing in green the area accessible BOTH by SIMS and CCD the schematic below and superimposed on
some of the sample holders explaining positions of the holes.

1
| >

Figure 162: Some sample holders showing in green the area accessible BOTH by SIMS and CCD

Sample stage motion (see chapter 5.3.1.6 for more details):
- The user can first move the stage using the X-Y-Z arrows buttons,
- ordirectly type X, Y, or Z coordinates and hit “move” to go directly to the position,
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- or access a position by clicking on it in the sample holder synoptic.

Note: in addition to these functions available through the Navigator, other options are available to navigate
the sample:
o moving the stage with the keyboard thumbwheels (see chapter 3)
o Moving the stage by clicking on the in-situ optical (CCD) microscope image (see chapter 5.1
on the Optical Image functions)
o Clicking on an imported external image after alignment (see the Point logger chapter 9.2.7)

Save/Go to a position. It is possible to save or call back a position. To save a position, move to the position,
then enter a name and click on “snap”. To recall a saved position, select the desired position in the list and
click on “go to”. The stage will automatically move to the position.

5.3.1.4 Navigator file types

The Navigator program handles different types of files which contain the information defined by the
operator. The hereunder table summarizes the different file types and where they are stored. All the files

of the Navigator program are stored in the Navigator directory. They all are text files, except for the image
files which are in a TIFF format.

File type File extension | Directory

Sample holder .hid Navigator

Sample configuration | .spl Navigator/Config_sample
Preset position .prs Navigator/Preset_position
Crater .crt Navigator/Crater

Sample type .ptm Navigator/Sample_type
Image tif Navigator/Image

Logbook log Navigator/Logbook

Refer to their respective section to see how to configure those files:

- Sample Holder files: see section 5.3.2

- Sample configuration files: see 5.3.2.4

- Preset position files: see section 5.3.2.5

- Crater files: contains the information relative to analysis craters sputtered in every sample. For
every analysis run on a sample, the Navigator program stores the raster size and the position of the
crater. There is one crater file per sample defined. See section 5.3.3.3.4

- Image files: contains the images of the alignment patterns. There is one file per pattern type.

- Sample type files: see 5.3.3.3.3

- Logbook: contains the information of the Analysis logbook (see chapter 5.3.3.4.1)

5.3.1.5 Sample holder synoptic

The holder synoptic is displayed in the light-yellow graphic in both Edition and Navigation windows (see
Figure 159 above). Inside this graphic area, there is a frame (continuous black line) which defines the sample
holder area which can be mechanically explored by the sample stage. Therefore, any window defined for a
given holder must be defined within this frame.

Window color code (see Figure 163: color code of sample holder synoptic below):

The area covered by any window defined for a given sample holder is drawn in light grey color.
When a sample is loaded in a window (= sample_ID edited) light grey turns into light blue.

When a window becomes the present window (on the mass spectrometer axis) it turns into light red.
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Figure 163: color code of sample holder synoptic

This synoptic can handle rectangular and circular shaped windows. See 5.3.2.

Zoom Out| | Zoom |n

Clicking on one of these 2 buttons allows the operator to change the
magnification of the sample holder synoptic.

Options for the information displayed in the synoptic can be selected from the menu: Tools>Options.... The
corresponding dialog box is shown in Figure 164.

Diption Display

Prezet Position

Crater Pozition [ (]S

| Spectrometer Sxis Cancel

Figure 164: Navigator synoptic display options

- Preset position: when checked, the preset positions are represented by green squares on the
synoptic

- Crater position: when checked, for every analysis performed, there is a brown square marking the
analysis position of the corresponding analysis.

- Spectrometer Axis: when checked, there is a marker on the synoptic indicating the current position
of the mass spectrometer axis (a red circle in SIMS mode, and a green square in CCD). When the
sample stage is moved, the marker moves on the synoptic.

- Primary beam position: when checked, there is a marker on the synoptic indicating the current
position of the primary beam position. When the sample stage is moved, the marker moves on the
synoptic.

Note: in most cases, the marker for the spectrometer axis and the marker for primary beam position
overlap.

5.3.1.6  Analysis position coordinates — Axis systems

The X,Y position read in the Navigator indicates a position within the sample holder. This internal axis
system has been adjusted to match the mass spectrometer axis in SIMS mode: the (0,0) X,Y stage position
read in the Navigator is defined by the mass spectrometer axis (= the SIMS position).

This zero position is also adjusted to roughly match the transfer (unload) position.

There are ~ 35 mm between the CCD position and the SIMS position. Hence, in order to switch accurately
between the CCD and the SIMS positions (keeping the same sample detail at the center of the FOV in both
cases), the user must store in the SETUP the exact X and Y distances (offsets) between the two positions.
(see chapter 9.2.9). Once this is calibrated, the (X,Y) coordinates of a small detail on the sample read in
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the Navigator appear THE SAME in CCD mode and in SIMS mode, despite the fact that in reality the sample
holder has been moved by the X-Y offset between the two positions.

The operator can read the X, Y coordinates of the analysis position in the Navigator window (Figure 165).
Figure 166 shows the X-Y axes relative to the stage and sample holder while Figure 167 shows the
definition of Z.

Note that opposite to usual conventions X is here the vertical axis with positive X coordinates oriented
toward the sky and Y is the horizontal axis with positive Y coordinates oriented toward the storage vessel
chamber. The Z axis is along the ion beam axis, with positive Z coordinates oriented toward the inside of
the instrument. The Z coordinate read is the external linear Z-movement coordinate (see detail below)

x[12260 ym v:[10732 ym z[1950 m

Figure 165: External translation coordinates displayed in the Navigator panel

¥ staze range- 40m SIMS Analwis position Same position in CCD mode
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E . .
(=1
r.;. E Coordinatgs (um) { \ ¥
& " read in Navigator: i i
A a (%,Y) = {11|500, -16 000) *{ | Same coordinates (m) |
TEP E read in Navigatpr:
» = [¥,¥} = (11 500, |-16 0O
FCo Far.ada\r cup | \ S I
= Spectrometer axis ~ f \ ¥
ion beamn position i i =
| {
View from the ion beam | / The coordinates read in the NAVIGATOR are in
of theﬁ‘;felt’“e' 'E'I“gesg”d th}e \ / the violet referential, (0,0} being the center of
two fixed elements (FCo & CCD .
Right side = toward the storage vessel —] the sample holder. Switches between SIMS and

CCD (35mm)} are transparent for the user.
Figure 166: X-Y axes of the positioning system viewed from the ion beam as seen in Navigator
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~ sample holder

4500 steps
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Figure 167: definition of the Z axis.

Note on Z:

All motors are mounted perpendicular to the beam axis. However, the Z movement, adjusting the distance
between the sample and the co-axial lens EOW, is in the beam axis. The perpendicular movement (external
movement, EM) is then translated inside the analysis chamber into a co-axial movement (internal
movement, IM) via a rotor. An external movement of 1 mm translates as an internal movement of 170 um,
which is the actual movement of the stage.
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IM =0.17*EM or EM ~5.9 El
One Z step is equivalent to 1 um on the external movement, thus a movement of 0.17 um of the stage.
The exact length of one Z step is given by the slope parameter in the Setup (1 to 1.2 um/step, see chapter
5.9.2). The total (internal) sample holder Z course is ~ 600 um corresponding roughly to 4500 motor steps.
As shown in Figure 167, the sample is farther from the EOW lens (600 pum + 10-20 um) when Z=0, and is the
closest (10 to 20 um) from the EOW lens when Z=4500 (steps). Note that the exact number of steps and the
closest distance might vary from one instrument to the other.

The Z-0 (outer) position is defined by an electrical stop (contact). It is adjusted at the sample transfer
position. The full motor range available is around 4500 steps (corresponding to a travel of 600um in Z). At
the other end, toward the immersion lens, a second (inner) electrical stop limits the travel toward the
immersion lens. By precaution, in order to prevent a collision of the sample holder with EOW lens a
mechanical stop is adjusted behind the electrical one to always ensure a minimum distance of a couple tens
um between the sample holder and EOW.

The Z course is adjusted by Cameca engineers upon installation.

5.3.1.7 Stage motion

From the Navigator panel, there are several ways to move the sample stage:
1. Click in the sample holder synoptic on the targeted new analysis point. The stage moves to bring
this point of the sample holder onto the mass spectrometer axis.
2. Edit X, Y or Z in the dedicated editing fields and click on Move.... The stage moves to this new
position.

wium) o | -10S05 | ¥ {um) | -372 :M::uve... |

z: | 2706 Move... |

3. Step by step motion. Enter the step size and click on the arrow. Every click moves the stage along
X (up and down), Y (left and right), Z (back and forth).
Steps of the X-Y stage motions are adjustable in um.
Steps of Z are indicated in motor steps (steps of 50 or 100 motor steps are advised). Step length is
defined in the SETUP (tab “holder” > Z motor) and should be around 1 um of the external
movement, thus 0.17 um for the stage movement. (Figure 168).

k

® sbep (um)

4

k

¥ ghep (um) ¢ | 900

Zstep: 3,

4

4. Recall a preset point from the preset point list. (see chapter 5.3.1.10)
5. Click in the CCD image (see chapter 5.1 for details),
6. Click in the Point Logger image (see chapter 6.2 for details)

Z motor

Slope (um/step): 1.2 Speed (pmis): 200

polarity [[= ][ - |  Offsetradus: 12

Figure 168: Z motor step slope in SETUP.
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There are also “macro” functions to easily move to specific positions or from window to window and within
a window:

FCo | 2% tom

SIS CCD

o SIMS: default mode for the NanoSIMS. The sample stage is moved to set the analysis area
in front of the primary ion beam.

o CCD: moves the present sample area in SIMS position to the corresponding position in front
of the optical microscope (CCD position), ~¥35 mm above the optical axis. During the moves
from/to the CCD position the sample Z is set to the 0 position. The image shown by the CCD
camera is displayed in a separate window.

o FCo: moves the sample holder away (up by ~44 mm from the transfer position) so that the
primary ion beam can reach (and refocused into) the fixed Faraday Cup located in the
analysis chamber behind the stage, in front of the primary beam and spectrometer axis.
The primary ion beam current is displayed in the FC part of the Tuning window.

«

o moves the stage from the present window to the next one. («: previous, »: next, 4 «:
first one)

o moves the stage in order to bring the center of the current window onto the analysis
position (i.e the mass spectrometer axis).

Note: in order to avoid any unintentional sputtering of the sample surface, the ion beam is automatically
turned off (= blanked into FCp) during stage movements from/to/between SIMS, CCD and FCo positions. It
is necessary to re-activate it with Beam ON when necessary.

5.3.1.8 Backlash correction

Function tentatively introduced in earlier version but not available.

5.3.1.9 Motor Initialization and Reset Procedure

The initialization and reset procedure are under the control of the 68030 microprocessors. To initialize or

a ml
reset the stage motors, click the Init or Reset icons El it 1 in the Navigator window.

The sample stage incorporates on each of its X, Y and Z axes two internal electrical contacts defining ends
of travels.

In the Z-axis the rear (or outer) electrical contact is adjusted at the sample transfer position corresponding
to zero Z position. The full motor range available is around 4500 steps (corresponding to a travel of 600um
in Z). At the other end, toward the immersion lens, in addition to the (inner) electrical stop, a mechanical
stop is added behind it by precaution, in order to prevent a collision of the sample holder with EOW lens.
This mechanical stop maintains a minimum distance of a couple tens um between the sample holder and
EOW.

For Z axis:

RESET means that the sample stage moves back to its zero-position defined by the rear internal electrical
stop (rear, exterior, Z=0).
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With INIT the stage will move up to the (inner) electrical stop closest to the EOW lens (max Z), then back to
the electrical stop at the farthest point from the EOW lens (Z=0), while counting the motor steps.

The X axe is the vertical movement of the stage. The full motor range, between the two electrical contacts
is of 75000 steps. The Y axe is the horizontal movement of the stage. The full motor range is of 40000 steps.

For Xand Y axes:

RESET means the motor moves to the internal electrical stop on one side (lowest position for X and left =
storage direction for Y), then moves back to a position defined by an hardware offset of X=55000, Y=20000,
defined as the X=0, Y=0 coordinates of X,Y axes in the navigator.

With INIT, the stage moves to one electrical stop then back to the opposite electrical stop counting the
number of motor steps between the two, and finally moves to a position defined by an hardware offset of
X=55000, Y=20000, defined as the X=0, Y=0 coordinates of X,Y axes in the navigator.

When resetting or initializing X and Y, both motors move together.

This offset position corresponds roughly to the unload position. A software offset is added by Cameca
engineers to define the exact unload position. This additional offset is visible in the Setup (Setup > Holder
> Analysis Sample).

Up RESET stage position (electrical
contact): 55000, 20000

TX
s - = o
/ S -
/ \ low INIT stage position NEVIga.:.or Troa nosfer
III "I Y (electrical contact) position (0, 0)
A /
N 4
- R .
~~ - - er
1 el
~ .,
T / \
d ., f \
) . | 1Y
/ \ \ ]
1Y "\ /
II -~ v

Figure 169: X-Y reset/Init and transfer (=load/unload) positions

5.3.1.10 Preset positions

In the Navigator program, the operator can memorize positions of interest, called Preset points, in Preset
position files that can be saved and recalled later on allowing to revisit the preset points.

A preset point is defined by the 3 coordinates X, Y and Z and a name which is used for its identification.
Figure 170 shows the section of the Navigator window dedicated to handling the preset positions.
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Figure 170: Preset position handling in the Navigator
Preset position file combo box: the first box is used to select the file name of the preset position
series to be loaded. The current file name is shown at the top.
Load: click on this button to load the preset file displayed in the combo box
Save: click on this button to save the modifications of the current preset position series in the last
loaded file. The previous file will be overwritten with no confirmation prompt.
Save as: click on this button to save the current preset position list in a new file. There is a prompt
to enter a new file name.
X, Y, Z: editing fields to define coordinates a new preset point (e.g. keeping same name but updating
the coordinates).
Name: editing field to enter the ID of the new preset point. Two preset points cannot have the
same ID in a given series.
Comment: editing field to enter a comment about the new preset point.
Date: static field concerning the saving date of the preset point.
Snap: click on this button to add a new preset point with the current position X, Y and Z of the
sample stage and the Name and Comment editing fields value.
Modify: click on this button to update the preset information selected in the list (blue line) with the
X, Y, Z, Name and Comment editing fields value.
Modify Position: click on this button to update the preset information selected in the list (blue line)
with the current position X, Y and Z of the sample stage (name and comment remain the same).
Add: click on this button to add a preset point with the X, Y, Z, Name and Comment editing fields
value. Note: if there is no value for X, Y, or Z, zero is saved by default. If there is no value for Name,
"Point" is saved by default.
Delete: click on this button in order to delete the preset position selected in the list (blue line).
Clear all: click on this button in order to delete all the preset positions present in the list.
Preset position list: table displaying the current preset position series.
Goto: click on this button to move the stage in order to bring the selected preset point (blue line)
onto the mass spectrometer axis.

Procedure to edit a new preset point

Edit the X, Y, Z, coordinates fields.
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- Edit the Name and Comment fields.

- click Add to add the point to the preset list. Alternatively, click Snap to add a new point with the
current sample position.

% Procedure to Modify a preset point

- Select in the list the preset point to be modified by clicking on the corresponding line

- Modify the X, Y, Z, coordinates fields.

- Modify the Name and Comment fields.

- Click Modify to save all the edited information or Modify Position to save only the sample
coordinates.

+* Procedure to delete a preset point
- Select in the list the preset point to be deleted by clicking on the corresponding line and click on
Delete.

+* Procedure to move to a preset point
- Select in the list the targeted preset point by clicking on the corresponding line and click on Goto

5.3.1.11 Sample configuration

Every sample holder can be associated to a Sample configuration file containing the description of all the
samples loaded in the Holder. This file contains information on: sample name, matrix name, etc...

Figure 171 shows the section of the Navigator window dedicated to the handling of the Sample
configuration

Config Sample
Config Sample File

|Biu:u||:ugie-dG j
Load | Save | Save;’-‘-s| GearN||

Figure 171: Interface for the Sample configuration handling in the Navigator window
- Load: click on this button to load the sample configuration list displayed in the combo box
- Save: click on this button to save the modifications of the current sample configuration in the last
loaded file. The previous file will be overwritten with no confirmation prompt.
- Save as: click on this button to save the current sample configuration in a new file. There is a prompt
to enter a new file name.
- Clear all: click on this button in order to delete all the samples defined in the current sample
configuration.
When loading a new holder, the last saved Sample configuration matching the Holder configuration will be
loaded.

** Procedure to Save a new sample configuration file
- Edit the samples loaded in the current Holder.
- Click Save as. A dialog box opens
- Edit the new file name and click OK.
- The new file name is displayed in the combo box

%+ Procedure to Load a sample configuration file
- Select in the combo box the file to be loaded and click on Load
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5.3.2 Edit holder window
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Figure 172: Holder edition window

This mode is used by the operator to define the Holder to be used on the instrument (Figure 172). The
operator can:

Edit a new Holder configuration, i.e. definition of the position and the size of the windows for the
holder.

Edit the Sample ID (definition of the sample ID for every window).

Edit Preset positions (preset positions are stage positions that the operator wants to memorize to
be able to come back on it by a single command).

Save a new Holder configuration.

Duplicate a holder definition.

Modify an already existing Holder configuration.

Delete a Holder definition.

Restore the last deleted Holder configuration.

The holder editor is accessible via the Holder menu.

5.3.2.1 Main commands

The operator can handle the Holders by selecting the following commands in the Holder menu:

New: to create a new Holder. The Edit Holder dialog window automatically opens (see paragraph
5.3.2.2 below).

Modify: to modify an already defined Holder configuration (cannot be used for the current holder).
Save as: to save the present Holder with a new name.

Duplicate: to copy a Holder configuration with a new name (cannot be used for the current holder).
Delete: to delete the Holder selected in the list (cannot be used for the current holder).

Restore: to restore the last deleted Holder configuration.

Sort: to modify the list order of the Holder names.

5.3.2.2 Holder configuration edition

This edition is divided in 3 different steps (Figure 173):

Holder configuration (window layout in the holder)
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Sample configuration (which sample in which window)
Preset positions (memorized positions over the useful area of the sample holder)

The operator activates one of these 3 edition modes by clicking on one of the 3 tabs (Holder, Sample ID,
Preset position). During the edition, there is a synoptic of the Holder presently edited which is updated
according to the configuration under definition.

The available commands are:

Front / Back: the label of this button indicates the representation mode of the holder in the
synoptic. Switch between Front and Back representations is made by clicking on this button. The
representation change is made by means of a symmetry relative to the horizontal axis of the figure.

ORI Click on these buttons to change the present window selection. («: previous, »: next,
< «: first one)

OK: close the Edit Holder window. All the modifications edited in the different menus are
automatically saved in their respective files (Holder, Sample configuration, Preset positions). If new
file name(s) has(ve) been edited in the editing fields, OK command is equivalent to the Save as
command.

Cancel: click Cancel to close the Edit Holder mode. None of the modifications edited in the different
menus are saved.
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Started

Figure 173: Holder edition, window configuration

5.3.2.3 Holder edition (window configuration)

The Holder editor allows the operator to define the window configuration of a given holder. This window
configuration is graphically represented in the synoptic during the edition procedure.
The available commands are:

(|
—|: to toggle in the edition mode of rectangular (squared) window.

[
: to toggle in the edition mode of circular window.

:
~——1: to paste a window.

i : to cut a window.

Copy: to copy a window.

Delete: to delete a window.

Center: editing fields for defining the X and Y coordinates of the center of a circular window. The
zero of the XY coordinate system is the center of the holder.

Radius: editing field to define the radius of a circular window.
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P: editing fields to define the X and Y coordinates of the lower left corner of a rectangular window.
The zero of the XY coordinate system is the center of the holder.

- Height: editing field for defining the height of a rectangular window

- Width: editing field for defining the height of a rectangular window

- Edit alignment: command to open the dialog box used to define the alignment point of the Holder
under edition.

¢ Procedure to edit a window

- Select either Holder > New (for a new holder definition) or Holder > modify (for modifying an
already existing holder). In the former case, select in the list the holder to be modified.

- Select the Holder tab. Select the type of window to be added (rectangular or circular)

- Edit a Holder name to save all the information

- Edit the position and the size of the new window

- Click Apply. The new window is displayed in the synoptic. Note that the software does not allow
the overlay of two windows. If it happens there is a prompt asking the operator to modify the
Centre or P values.

Note: the windows are numbered according to their edition order.

«* Procedure to copy a window:

- Select a window type (rectangular or circular) identical to the window to be copied. Editing
fields for the window definition are empty.

- Click right on the window to be copied and select Copy

- Click on the Paste icon. The parameters of the copied window are displayed in the parameters
of the new window

- Modify P (or Center) parameters in order to avoid window overlay.

- Click Apply. The new window is displayed in the synoptic.

+* Procedure to delete a window
- Click right on the window to be removed.
- Select Delete. The window is erased in the synoptic.

5.3.2.4 Sample ID edition

The sample edition in the Edit Holder mode is the same as in the Navigator window.
The editions performed in this menu are saved in a file with the name displayed in the combo Configuration
Sample File. For a new holder, the default file name is the holder name (Figure 174).

Holder | Sample ID | Preset Position

Samples List
o Window  Mame b atrix
= 1 Sampl...
Clear
all
Save
88 1 [ »
Configuration i - |
Sample File
M. of indows !

Mb. of defined Samples |4

Cancel

Figure 174: Holder edition, Sample ID
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5.3.2.5 Preset Position edition

The sample edition in the Edit Holder mode is the same as in the Navigator window.
The editions performed in this menu are saved in the preset position file with the name displayed in the
combo Preset position. For a new holder, the default file name is the holder name (Figure 175).

Holder | Sample ID | Preset Position

w 10 mm  Mame
Yoz mm ez
Fresst Cadd |
M ame # Ay i 1
Sample 10 12 | Delete: |
| Clear Al
Preset Position File
|User's quide] v |
[ Load | (Saveds |

[ Cancel |

Figure 175: Holder edition, Preset position

5.3.3 Menus

The main bar contains 4 menus giving access to the functions listed hereunder:

File: Print, Remove, Exit

Holder: New, Save as, Duplicate, Delete, Restore, Modify, Sort, Load, Unload

Sample: Edit sample ID, Copy sample, Paste sample, Delete sample, Undelete sample, Edit pattern
mapping, Crater.

Tools: Logbook, Options, Holder offset.

5.3.3.1 Filemenu

o ———
Mavigator

- Holder Sample Tools

Print

Remove Fer
Exit
[peispa] |

Figure 176: File menu in the main bar of the Navigator panel

- Print: A dialog box opens for the print option selection. The operator can select to print: the holder
synoptic, the sample list, the preset position list.

- Remove: allows to manage the Navigator files (holder, preset positions, etc... see section 5.3.1.4 for
details). Files can be deleted, copied, moved. Figure 177 shows the dialog box.

- Exit: quit the Navigator program. Note that all information not saved will be lost!
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Figure 177: Navigator file manager

5.3.3.2 Holder menu

This menu regroups two main functions:

- The first few commands (from “New” to “Sort” are for Holder definition (see chapter 5.3.2 above).
- “Load” allows to load an existing holder configuration, which must be done every time a new
sample holder into the analysis chamber. See below for details.
- “Unload” allows to move the sample holder back to the “unload” position so that the user can take
it out of the analysis chamber (see below).

I!EEE Sample To

Save Az
Duplicate
Celete
Restare
td odify
Sor
Load
Unload

3

Figure 178: Holder menu from the the main bar of the Navigator panel

5.3.3.2.1 Load

This function is used to define the current sample holder which is the holder loaded in the analysis chamber.
This is a software definition only and the holder will have to be physically loaded by the operator.

Procedure to load a Holder:

- Select Holder > Unload. The stage moves to the Load/Unload position
- Check with the optical microscope that the stage is well set in the Load/Unload position.
- Physically (unload the holder from the stage and) load the new holder from the storage chamber into

the analysis chamber.

- Select Holder>Load. The Holder list dialog opens. Select in the list the holder file name corresponding

to the holder loaded in the analysis chamber.

- Click OK, the schematics of the holder now appears in the synoptic window.
This Holder file is loaded in the Navigator software with its last associated Sample configuration and Preset
position files. Once loaded, using the Load function for Sample configuration and Preset positions files, a
given holder can be associated with different samples and preset position configurations. It is thus practical
to save these files to reload them (e.g. standards are often always mounted in same windows).
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The available holders are shown in the Figure 179: Various sample holders below, with various number of
holes and diameters (25.8mm, 10.4mm, 7.2 mm, 5.4mm):
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Figure 179: Various sample holders

5.3.3.2.2 Unload

This function is used to unload the Holder from the stage. The Unload command moves the stage to the

Load/Unload position but the holder will have to be physically unloaded by the operator with the transfer
road, back to the Storage vessel.

«* Procedure to unload a Holder

- Select Holder > Unload. The stage moves to the Load/Unload position. The synoptic shows
an empty stage.

- Check that the stage is well set in the Load/Unload position.

Perform the holder load/unload operation using the transfer rod between the analysis

chamber and the vessel chamber (see chapter 9.1.1 for details on the procedure).
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When the Unload command is applied all the modifications made for the Sample configuration and Preset
Positions are saved in their respective current file name.

5.3.3.3 Sample menu

This menu (Figure 180). gives access to the commands used to perform
- Sample configuration definition (Edit Sample ID, Copy Sample, Paste Sample, Delete
Sample, Undelete Sample)
- Alignment procedures (Edit Align point, Edit Pattern mapping)
- List coordinates for all analyses done on the samples of the loaded holder (crater).

mﬁ Tools

Edit Sample 1D

Undelete Sample

Figure 180: Sample menu from the main bar of the Navigator panel

5.3.3.3.1 Edit Sample ID

For every window of a given holder, the sample ID can be defined from the Navigator window or from the
Edit Holder mode. Do not forget to systematically fill at minimum sample ID and Comment fields that will
be saved in the acquisition conditions, to keep track of data in the future (Data Explorer CAMECA search
engine software uses this information). For a given holder, the sample ID must be different for every
window. For any window the sample ID can be displayed by a right click in the corresponding window
(Figure 181Figure 181).

Test Sample_#2
Edit Sample Edit Sample
Copy Sample Copy Sample
Delete Sample Delete Sample

Figure 181: Menu for Sample ID edition

- Edit sample: This command opens the dialog box used to edit the Sample ID and associated
parameters. (Figure 182)

- Copy sample: This command is used to copy the sample description of the current window in the
clipboard.

- Paste sample: This command is used to paste the sample description from the clipboard to the
current window. Note that as two samples cannot have the same sample name in a given holder,
the Paste command will update the sample name from sample_name to sample_name_copy.

- Delete sample: this command erases the current sample ID (and associated parameters) of the
window.

- The Undelete sample command available in the Sample menu allows the operator to restore the
parameters of the last deleted sample.
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Data Process 1d AZTIZE

Comment User's Guide
Sample Type File Edit Point

Sample reference -

oK | [ Cancel |

Figure 182: The Edit Sample ID dialog box

- Sample name: Editing field for the Sample ID

- Matrix: Editing field for the Matrix name. This information will be used in the Curve processing for
the RSF data base.

- Data process ID: Editing field to enter a label defining a data processing recipe. This label is saved
in the Raw data file.

- Comment: Editing field to enter a comment. Only the Navigator program can display this comment.

- Sample type File: check this editing field and enter a Sample type name. The parameters defining
the Sample type will be saved in a Sample type file (the file name will be the Sample type name).
These parameters are edited in the Edit Sample Type dialog box (see 5.3.3.3.3)

- Edit point: Click on this button to open the Edit Sample Type dialog box.

- Sample reference: Check this editing field in order to declare the sample being edited as a Sample
reference. If the sample being edited is not a reference sample, do not check this editing field and
select a Reference sample in the list to be associated to the sample being edited. Note that in the
first Navigator program release, this Sample reference option is just used as a comment by the
software.

** Procedure to edit a Sample ID:
- Right-click on the target window in the synoptic,
- Select Sample ID in the menu displayed,
- Fill the different editing fields (all are optional but Sample name)
- Click OK to validate the edition (or Cancel to abort the edition)

5.3.3.3.2 Edit Align point

This function is meant to help navigation on the sample in other CAMECA SIMS. However it is not suited to
NanoSIMS and we recommend the use of Point Logger instead (see chapter 6.2).

5.3.333 Edit Pattern mapping

This function is generally used in nanotechnology on other SIMS tools, for samples containing repetitive
structures with lines and rows. This function permits to use a referential internal to the sample itself, with
pattern repetition distances helping for navigation.
These files are used to save the information relative to a type of samples. A type of samples is defined by:
- Alignments points
- The coordinates in the window axis system of the origin of the Sample axis system
- Aseries of analysis points defined with their coordinates in the Sample axis system.
Therefore, a Sample Type file is mainly oriented to the definition of a sample with patterns.
In order to edit these parameters defining the sample type, the operator must open the Edit Sample Type
dialog box by clicking on Edit point. This dialog box is shown in Figure 183.
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Edit Sample Type
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Analysis
Marmne X Y z [ Add |
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Delete
[ Clear Al |
[ Goto |
Sample Type File
|Biolog_l,J_Test - |
Load | [ Save Az |
Cancel | [ Ediaigoment | [ 0K

Figure 183: Edit Sample Type dialog box

- X, Y: editing field to enter the X&Y coordinate of a new analysis position. These coordinates are
given in the sample axis system. The current sample position can be loaded in the editing field with
the Snap button.

- Name: editing field to define the name of the new position analysis position.

- Add: add to the list the analysis position being edited. Two analysis positions cannot have the same
name. There is a prompt before overwriting a former point with the same name. Note that this
function adds the analysis point in the current list but not in the corresponding Sample Type File. A
Save action is required to update the file.

- Delete: Delete the position selected in the list (the blue line).

- Clear all: Clear the analysis position list

- Goto: Click on this button to move the stage and bring the selected analysis position (blue line) onto
the mass spectrometer axis.

- Sample type file list: Display the name of the current Sample Type File on the top. Allow to select a
new Sample Type File.

- Load: Click on this button to load the Sample Type File display selected in the list.

- Save: click on this button to save the modifications of the current analysis positions series in the
last loaded file. The previous file will be overwritten with no confirmation prompt.

- Save as: click on this button to save the current analysis positions series in a new file. There is a
prompt to enter a new file name.

5.3.3.34 Crater

For every analysis launched from the Analysis program, the Navigator program stores information in a file
which can allow the operator to control the relative crater position for different analyses on a given sample.
Note that all craters sputtered outside of the Analysis program (e.g. during a tuning) are not considered by
this function.

The command Sample > crater in the Sample menu opens a dialog box which lists this information. This
dialog box is shown in Figure 184.
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Figure 184: Crater position dialog box

- #: Analysis rank. Note that the maximum number of analysis per sample is 50.

- Date: date of the analysis.

- Analysis: Analysis type (Depth profile, mass spectrum....).

- Raster: raster size used for the analysis.

- Beam: spot size in the case of the use of a static primary beam (raster = Oum).

- X(mm) and Y(mm): X and Y coordinates of the analysis position in the stage axis system.

- Close: to close the dialog box.

- Save: to save the crater position list.

- Delete: to delete a line in the list.

- Clear All: to get an empty crater position list.

- Next/Previous: To move back and forth in the list. When a crater (i.e. a line in the list) is selected,
the corresponding symbol representing the crater in the synoptic (see 5.3.1.5) turns to a different
colour in order to identify it.

5.3.3.4 Tools menu

This menu (5.3.3.4) shows a few more options regarding the Navigator. However, as the Navigator program
is common to most CAMECA ion probe products, certain options are not available to the NanoSIMS (e.g.
sample rotation). Those options appeared greyed in the menu and cannot be accessed. The other options

are described below.
4 Init X-Y
= Init Z
Rotation
J Rotation WF/SC

Holder alignment

* v v v

Sample alignment
] Legbook
Options

About
Holder Offset

Chain trace

Light CCD ,

? Light Sample 3

Figure 185: Tools menu from the main bar of the Navigator panel

NanoSIMS 50L users guide_10Aug2020_V1.docx Page 149 sur 410



5.334.1 Logbook

The Navigator program updates the content of a logbook at the end of an analysis. The Logbook dialog box
(Figure 186) opens with the command Tools > Logbook. In this logbook, the operator can read the following
parameters:

- Date: completion date of the analysis.

- Window: window number where the sample is loaded in the holder.

- Point: analysis point number (see 5.3.3.3.4).

- X(mm), Y(mm), Z(um): analysis position coordinates.

- Sample: sample name.

- Data file: name of the raw data file saved at the end of the analysis.

- Holder: holder name.

- Preset file: preset position file name associated to the holder.

- Pattern file: Pattern file name associated to the sample.

There are commands to handle the content of the logbook:

- Sort criteria: this menu offers the choice between criteria to sort the information listed in the
logbook (Date, holder name, Analysis type, Sample name, Data file name).

- Save: to save the content of the logbook in a dedicated file.

- Print: to print the content of the logbook.

- Previous/next: Allows to move back and forth in the logbook list. When an analysis (i.e. a line in the
list) is selected, the corresponding symbol representing the crater in the synoptic (see 5.3.1.5) turns
to a different color in order to identify it.

- Close: to close the Logbook dialog box.

LogBook —| = |
1
Son Cieis -
LogBook.
Date W F Hmm)  [mm)  Zpm]  Sample Mame  Data File M Holder Mame  Prese
2040201215 4 - 155, 055, 4700. Geology 10, testan
12/5/2011 5. 1 -1 013, 108 000 Geology Janja_
4 [ »
| Save | | Prirt | | CLOSE | | Previous ‘ | Mext |

Figure 186: Logbook dialog box

5.3.34.2 Options

Option Display

I Crater Position

¥ Spectrometer Az m

[ Prirnary Bearn Position

Figure 187: Navigator "options" window
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» Preset position : when checked, the preset positions are represented by green squares on the
synoptic
» Crater position : when checked, for every analysis performed, there is a brown square marking the
analysis position of the corresponding analysis.
» Spectrometer Axis : when checked, there is a marker on the synoptic indicating the current position
of the mass spectrometer axis. When the sample stage is moved, the marker moves on the synoptic.
» Primary beam position : when checked, there is a marker on the synoptic indicating the current
position of the primary beam position. When the sample stage is moved, the marker moves on the
synoptic.
Note : in most of the cases the marker for the spectrometer axis and the marker for primary beam position
are overlaid.

5.3.3.4.3 About

“About” indicates the version of the Navigator program

Navigater @

Version: 31

Copyright(C) march - 2007

Figure 188: Navigator "about" window

5.3.3.4.4 Holder Offset

-

Holder offset (mm) @

#  |-18.500
T |o.oon

Eancel| Reset |

Figure 189: Holder offset window from the Navigator

An X and Y holder offset can be applied to adjust the CCD and SIMS. The reset button set the X and Y offset
to 0.

For historical reason this window is now redundant with the CCD/SIMS offset and thus we recommend
not to change this Holder Offset here.

5.3.3.45 Light CCD

This function allows the control of the light intensity in the analysis chamber. It can be turned off (OFF) and
set at a given percentage of the max intensity (25%, 50%, 75%, 100 %). Note that the light is turned on only
in CCD mode and turns off when the user switches back to SIMS.

5.3.3.4.1 Light sample
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This function allows the control of the light in the airlock. It can be turned off (OFF) and set at a given
percentage of the max intensity (25%, 50%, 75%, 100 %). It is mainly used to heat the airlock to help degas
a new introduced sample. Use it with caution, many samples do not react well to the heat.

5.4 (ion and electron) Sources

5.4.1 The main window

The source window (Figure 190) is used to control the two ion sources and the electron-gun. The Cesium
ion source is used in positive polarity, while the Oxygen RF-Plasma source can be used in both negative and
positive polarity.

Using positive primary ions (Cs*, O,*) with the sample negatively biased, only negative secondary ions and
electrons will leave the surface. Hence the surface of an insulating sample will charge positively. We then
can use the normal incidence electron flood gun (NEG) to compensate the charges. Using O-, O, or O3 and
extracting positive secondary ions will charge the sample negatively and the e-gun is not used in the impact
energy range generally used on the NS50L.

Choice of source

Polarity of
primary beam
O- EGun
mA 0 Heat 2520 DAC
mA 39.600 Emission 0.14 mA
\' HV -8007 V
Emsson (L0, ]( of |
On
o u| > g
— )
Cs* source RF-plasma source e-gun

Figure 190: Sources window — Main parts

In this window, only one source can be used at a time: Cs* or O7* (RF-Plasma). The source is linked to the
polarity, so when the operator selects the ion source ( Cs, O;" or O, Figure 190), the polarity is switched
automatically. The operator can load, save or create files containing sources parameters information,
allowing to apply saved values. By default, the previous session’s parameters will be applied. The Sources
window is separated in three main parts for the Cs* source, the RF-plasma source, and the e-gun. The source
currently used is not darkened.

5.4.2 The Cs" control

The Cs* source controls (Figure 191) allow to set the source parameters, to stop or start the source and
eventually add delays to the start and stop procedures.
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lonizer current (typically 1.8mA)

lonizer 0000 A .
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Fain | L (usually 0.2 - 0.5mA)
HV i] 4——— Extractor HV (usually 8000V)
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e Source status
wvallaole

I
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Figure 191: Cs+ controls

Stop the source

Function not available

Standby mode

The “Start the source” button opens a dialog box (Figure 192) where the operator can enter/modify the
source parameters. If a source file has been loaded, then, the values are already filled. After having filled
the values, the operator can click on OK to continue or click on Cancel to abort the process.

Start Cs Target Values ﬁ

lonizer 1.201 mA
Reservoir 1,001 mA
HV 5000| v

0K | [ Cancel |

Figure 192: Start Cs+ target values

If the operator chooses OK, a small window opens (Figure 193) where one can add a delay to start the
source. The delay unit is hours and minutes: XX:XX (for example, if the operator wants to start the source
in 1 hour and 12 min, he has to fill : “01:12”). If no delay is necessary, fill 00:00 and click on OK.

It is also possible to turn off all HVs of the instruments (lenses, detectors...,) except the source HV which is
independent) after the source start. by clicking on “stop HV after”. So the source is kept stabilized while
the rest of the instrument is at rest.

-~ .|

Enter the delay

Timer value (hhomm) 13:00
[] Stop HV after
| oKk | | cancel

Figure 193: Cs+ start delay

Click on OK. The starting process will automatically start, progressively raising current and voltage until the
target current and voltage values are reached (as defined in the Setup, see 5.9.12). Wait for the end of the
process. Note that once the starting process is over, it still takes about thirty minutes for the source
temperature to stabilize and thus for the primary beam intensity to stabilize.

Note that the Start process cannot be interrupted once launched.

|
To STOP the Cs+ source, click on the “Stop” button and wait for the process (as defined in the Setup
in 5.9.12) . A new window opens (Figure 194). You can decide to totally stop (all parameters are set to zero)
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or put the source in standby. Like for the start, it is possible to add a delay to the stop procedure. This is
particularly useful when one wants to program the stop of the source at the end of a long analysis.
Note that the Stop process cannot be interrupted once launched.

If the user wishes to program a restart of the source (for the next morning or next Monday), it is also
possible. Check the “restart after cooling” option. New parameters appear. Enter the lonizer, Reservoir and
HV values, and the time delay. Note that the countdown for the restart only starts after the stop procedure
is complete.

Stop/Start Cs &J

Stop/Standby Cs

Timer Delay (hh:mm) : 00:00

Start Cooling Thursday, December 06 at 17:38
End Cooling Thursday, December 06 at 17:44

[ Stop HV after

Restart Cs

lonizer {mA) : 0.000
Reservoir (mA) : 0.000
HV (V) : O

Timer Delay (hh:mm) : 00:00
Start Heating Thursday, December 06 at 1744

End Heating Thursday, December 06 at 17:44

Figure 194: Stop and auto-start window for the Cs source

5.4.2.1 Cs* use clock

When hovering the cursor over the source status (Figure 195), the number of hours of use of the Cs* source

I
is showed. This clock can be reset by clicking on the reset button. © We recommend resetting the clock

every time a new source is installed.

| C= Duo
lonizer 2181 mA 0.00
Il Reservor 0400 mA 0.00
HW 6999 v 0
| On Mot available
| | Started since 115d09h11'20" |
o m| FT ]
[ |

Figure 195: Cs* source clock
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5.4.3 The RF-Plasma control

The O source control window (Figure 196) allows to start automatically the RF-plasma source. Procedure is
the same in both negative and positive mode.

Power value (work:
800W:; stand-by: 600W)

Frequency ]

RF control status

—1

Coil value (usually 1.1 A
for negative Ox and 0.7 A
for positive Ox")

D_
[ Powerw
| Frequency o
(usually ~ 40MHz)

Forward power value

40,560 = <4—| Reflected power value
I

m
[§

|
(']
i

Source HV value

/ :
0,00 0

0 «—— 4
Source status
Not avai®sle | |

Extractor HV value

Standby mode Stop the source Start the source

Figure 196: O- source control

All the source values necessary to start the source, such as Power value, Frequency, Coil value, Source and
Extractor HVs, are saved in the Setup file and does not need to be changed by the operator (see 5.9). Note
that for O,* mode, because the polarity is set as positive, the slit, diaphragm and hexapole values, which
are applied from the Setup will be the ones from the Cs mode.

Enable

To start the source automatically, select overall the “Enable” button of the RF control status _

Then click on the “Start” button
(Figure 197).

g

and follow the steps displayed on the following pop-up window

- =)

NanoSIMS 50 - O- Start Process.

Step 1

Set Coil to 0.00A

SetPower to 800W

Set Frequency to 38.600Mhz

Select Enable RF Done

Figure 197: RF-Plasma source start window

To stop the source, click on the “Stop” button and wait for the end of the process.
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If, for stability reasons, the user wishes to leave the RF source on even though no analyses are running for
a period of time of several hours (typically, overnight), we recommend to put the source in standby mode.
You can do so directly from the front panel of the RF cabinet, or from the source window of the NS50
software.

Standby mode:

1- Lower the power to 600W.

2- Lower the Source HV and Extractor HV (Set to 0).

Note: the order is important. This will ensure a safe mode for the source and maintain the best source
stability when needed.

To restore normal operation:

1- Restore the HV (8000 V under normal conditions), restore the Extraction voltage (4000 V under normal
conditions),

2- Rise the power to the usual setting (800W Max)

Note: the order is important.

5.4.4 The Electron gun control

The E-Gun control (Figure 198) only needs three parameters:

- The Heat which corresponds to a DAC parameter of the heating current applied to the filament.

- The Emission value (current delivered by the HV power supply = electron current extracted from
the filament by the grounded extraction electrode, plus eventual electrical leaks through incorrect
insulation) is controlled by the Wehnelt voltage (0-200V) applied to this intermediate electrode
focusing the emitted electrons. With HV on and a heated filament, a wehnelt voltage at zero will
allow all generated electrons to be extracted, resulting in the highest possible lemission. A higher
wehnelt voltage value will reduce the emitted current to a point where it will cut all emission (if the
filament is correctly mounted).

- The HV value which is the voltage applied on the filament heating current power supply in order to
extract the electrons from the polarized filament toward the grounded extraction electrode.

e Heating current applied to
et D% the filament

Emission ~ 0.08—mA—1 Electron emission current

Function not available HV value

Filament heating status
(emission or stand-by)

Function not available

Stop the e-gun

Source status

Figure 198: E-Gun control

g

Starting the E-Gun is NOT an automatic process, so the “Start” button does not work. The start-up is
manual. To see the starting procedure, refer to 9.3.2.

|
To stop the E-Gun, click on and wait for a few seconds.

When moving the stage (including when switching between FCo/SIMS/CCD modes and when
unloading/loading sample), it is recommended to turn off the e-gun emission. Some catastrophic degasing
could happen if the electron beam was left with high impact energy on some fragile or uncured resin.
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To keep the e-Gun turned on without emission, select the OFF button off the Filament emission status

Off . . . .
. The filament Heat current DAC value is automatically decreased to 1700 to keep it
warm while the wehnelt voltage is set to its maximum value, cutting all emission.

To re-start the e-Gun emission, click on the ON — button .

When “On”, the e-gun parameters are usually as follow:

- Heat = 2500 DAC (never exceed 2700 DAC), with emission ON, 1700 DAC with emission OFF.
CAUTION ! an emission above 3000 DAC will lead to a sublimation of the filament requiring its replacement
soon !

- Emission = 0.14 mA (never exceed 2 mA)

- HV=-8000V (never exceed a voltage of -8050 V)

5.5 Preset (and ISF)

5.5.1 Overview (Setup, ISF and Preset)

It is important to distinguish the “SETUP” , “ISF” and “PRESET” files.
The CAMECA NanoSIMS 50L is entirely computer controlled. All the instrument parameters are contained
either in the SET-UP file or in the Instrument Status File (ISF).

The “SETUP” is a set of values defining ALL the parameters and their values for the whole instrument
configuration. The “Setup” values, contained in the setup table, are automatically read and applied to the
instrument as “default” values.

For example, if the operator asks for a CCD mode in the Navigator window, the instrument reads in the
“Setup” the stage motorization positions independently of the other values already applied. Similarly, if the
customer blanks the beam, the instrument reads the L1 HV and the C1 deflector values from the setup and
applies them to direct the primary beam in FCp. Most of the time these values are the same for all analyses
and the operator does not modify them from a sample to another.

The ISF (instrument status file) is a set of values for the whole instrument, defining a general mode of
operation (e.g. Cs+ mode or O- mode,...).

The “PRESET” file is a smaller file containing a reduced number of specific parameters for a specific
adjustment or tuning (e.g. lens HV value, deflection value, detector HV values...) and belonging to a
complete “ISF” (Instrument Status File). The principle is to constitute a reduced set of selections to
simplifying the instrument operation.

From one sample to the other, the EOS HV value or the Cy deflection value, for example, can be different.
It is possible to create a “Preset” file and choose each parameter value to be in this file (see 5.5.5).
Consequently, when the operator sends (applies) such preset files to the instrument, only the short list of
values defined by the operator will be modified.
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5.5.2 The main Preset window

Before working with presets, it is necessary to load an ISF files from the Preset window (Figure 199).

- N i
=2 NS0 - Preset - [J Save an ISF file
with another name

Load an ISF file
[ioseonsrne | ER)
| Save an ISF file
| Super User Mode

New ISF File

Superllzer a

File name list

\ ISF File
Content

Information

status

Figure 199: preset main menu with no ISF file loaded

5.5.3 Loading an ISF File

Select the k-

button to load an ISF file and open the ISF loading dialog box (Figure 200).
=! Open x
Mame . Date modified Type
Trmplsf 3/4/2020 2:21 PM File fo
I Gs<hianoiist 173573011 327 Bivd ISFFi
[ Cs+Nss0L51.ist 3/4/2020 2:21 PM ISF Fi
[ ] o—8kvist 2/18/2020 4:31 PM ISF Fi
[] 0-Nano.isf 8/21/2019 9:34 AM ISF Fi
[] 0-NssoL1isf 2/21/2020 3:16 PM ISFFi
Standard
browser :’I File Header
——
. /—_T
. . File name: Ca+MNano isf V|
Primary ions
fllter Primary idn\s Electmn‘; Egun fllter
e —— 02+ || o Others

File Header
Username : |[NONE
Saving date : 25.01.2011 15:27

Primary ions : Cs+ Beam energy : -8.00 kV ( 50833 bits
Primary HV : |8.00 kV { 2731 bits } Egun HV : -0.00kV (D bits }
Comments :
Loading
setup
Loading setup
Sections : | Primary | | Secondary | NEG | | Slits & Diaphragms

Mode : Menge

Open Cancel Display

Figure 200: ISF file loading

The standard browser allows to sort the ISF files by name, by size or by date. Additionally, the Primary ions
field allows the user to filter the ISF files according to their primary ions (Cs+, O-, 02+) and the Electron gun
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use. The selection of an ISF file shows the file header content (User name, Saving date, Primary ions, Beam
energy, Primary HV, Egun HV and Comments).

The Loading setup allows to select the sections (Primary, Secondary, NEG) to be loaded and the loading
mode: Import or Merge.

Note that most of the time, all sections are selected and when you import a new ISF file, all preset sections
are updated. However, if for any reason you wished to import only one section into the active file, it is
possible. Just select the section(s) you would like to import from a given file.

We recommend to regularly save your presets into a new .ISF file, in order to keep a record of previous
conditions. This way, if anything goes wrong, it is always possible to restore a previous configuration and
start again from there.

.
Select the button to load the selected file or the “ button to return to the

main menu bar without loading any file.

5.5.4 Main Preset dialog box

;
‘Preset Field | |/—oon— o ronomn
Name

Preset Group
Modify

Current Preset
GLOBAL Cs

R S

Secondary electron
Egun

Diaph

e
[ |

Figure 201: Preset main window with ISF loaded

Group

NanoSIMS 50L users guide_10Aug2020_V1.docx Page 159 sur 410



The “ISF” file contains several presets defining distinct groups of values. Each preset category contains 10
possible group of values which can be sent to the instrument. The operator can select one group of values
to send to the instrument (Figure 202).

Preset file

Save as New
File List NS144
9| Send e T
SuperUser Display S5S30int PN 47200
PreSput

5530 ext.
High cumrent

Global

ey -

Detectors

TN
Egn Group of values

(R A

PM detector
Sits and Apertures

ES B [ | sub folder

Figure 202: "Preset” files configuration

Each preset category is usually dedicated to one part of the instrument is in a specific color:

- Primary beam: YELLOW
Usual values for the primary beam Presets: LO, Lduo, COx, Coy, Cduox, Cduoy, L1, C1x, Cly, Wf coil, Cwf, LCs
Commonly, the primary beam Presets are “bistable”, meaning that by clicking on the preset main button,
the operator switches between two groups of values: the standard value (on the bottom left of the Preset
window) and one of the nine selected values (one of the nine other groups of values).
For example, when the operator applies a high current to sputter a sample, he can come back to a normal
current just by clicking again on the same button (Figure 203).

=1 NSO - Preset - [0-Nane..  — % NHioh cument
iz ) e ff Sea |f (5 o

Send
or Label
File List Presput || FOrAca

o

Customize

Customize

FHO01 G8 GS

Define
High curent

Hyperion H200
NS5144
Global

detection

Slts and apertures.

Applied group of values

lits and apertures

Applied group of values

Figure 203: Switch between two group of values in "bistable" mode after having clicked twice on the “high current” Preset main
button

- Secondary beam: GREEN.
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Usual values for the secondary beam Presets: SS30int, SS30ext, L3, Oct-45, Oct-90, Octb-45, Octb-90,P4h,
P4b, P1h, P1b, L4, EOS, EOP, EOW, EOW Ref, EOW offset, P2h, P2b Cy, P3h, P3b,LF2, LF3, C2x, C2y, Hex,
$5100int, SS100ext, C3x, C3y, LF4, C4x, C4y, LF5, Q.

Frequently, the secondary beam presets are “monostable”, meaning that by clicking on the preset main
button, the operator applies all the value with no turning back.

- Electron gun (Egun) and Secondary electron detector (SED): BLUE (Cs+ mode only)
Usual values for the Egun: C5x, C5y, LF6, C6x, Céy, LF7, EgunBe.
Usual values for the SED: PM, PM Offset, EgunBe
Commonly, the Egun and SED Presets are “bistable”, meaning, by clicking on the Preset main button, the
operator usually switches between an ON state and OFF state. For example, when the operator wants to
use the Egun or the SED, he just has to click on the Preset main button and when he does not want to use
them, he just has to click again on the button.

- Slits and Diaphragms: PURPLE.
Values: DO Cmd Pos, D1 Cmd Pos, Es Cmd Pos, As Cmd Pos, EnS Cmd Pos

This Preset can be “bistable” or “monostable” depending on the analysis requirements.

5.5.5 Editing a Preset group

Select the EDIT button beside the preset group to edit the groups of values. The following dialog box

appears:
High Curreni

/ Preset group label
p—- . 2.
on FSfRSq . ( modification
PreSput
;................: Preset group
| The 10 preset group R\ He || Hoe definition
:I \ * | petind®
E nplant Di %& Hee
s I Preset group
2 . validation
o plart 1n| | D1-4 H3:
_,*,:_ Valid
Unda
— Preset group
| Preset group edition P — calibration
Calib '/

Figure 204: Preset group

hover the mouse cursor over a preset button to display its last calibration date (Figure 205):

vala
Undo

[ Calib Date: 28.06.2012 13 18

= T

D1-3

Figure 205: display of the last calibration date of a preset (here preset "D1-3")
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If a modification is applied to one of a preset group, the owner preset field in the Main Preset Dialog box
appears with a '*' after the field name (Figure 206):
High Cumrert =

— | [ —

Figure 206: Preset field title displaying a '*' after a modification has been applied to one its the group of values

5.5.5.1 Preset group label modification

Label
To modify a group label, select the button and the preset group to be renamed, then change the
label in the dialog box (Figure 207):
High Current
Button Label H3
| cancel | [ ok |

Figure 207: label editing dialog box

. Cancel .
Select the button to validate the new label or the button to restore previous label.

5.5.5.2 Preset group definition

Define
To define the preset group, select the button. A new dialog box appears (Figure 208):
High Current
Parameters Source List Selected Parameters

|

—
Figure 208: Value selection during a preset construction/modification

Add all . .
Select the button to add all the parameters in the preset list.

. . " - Add -
To add a single parameter, select the parameter in the "Parameter Source" list (left) and select the

button.
Then the added parameter appears in the "Selected" list (right).
To delete a selected parameter in the "Selected" list, select this parameter and press the "Delete" key.

Select the button to close the define dialog box.
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5.5.5.3 Valid: Preset group application

Valid

To validate and apply a preset group, select a preset and press the button. The preset parameters
values are then sent to the instrument and appear simultaneously on the keyboard and the dialog box
disappears. The validated preset replaces the previous one in the preset main dialog box.

5.5.5.4  Calib: Preset group updating

To update a preset group with the current values (as can be read on the keyboard), select a preset and

Calib
press the button. The following dialog appears (Figure 209):

Calib Irnplant Dia

| Ok |[ Annuler l

I —

Figure 209: preset calibration confirmation window

Select the | button, then the preset parameters values are retrieved from the keyboard.

To abort calibration, select the button.

5.5.6 Preset group edition

To edit a preset group and modify each parameter manually, select a preset and press the

button. The following dialog window appears (Figure 210):

-
High Current
Implant Dia
Clx (D -
Cly ]
2 3
[ L
Clix -1
Cly 57 |-‘IE 57
L1 1735
L —

Figure 210: window to edit individually each value in a preset group

Select the parameter to modify in the list on the left side and change the value in the editable text below
the list. To store the new value in the parameter list, select the button.
Select the button to exit the edition mode.
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5.5.7 Saving an ISF File in another name
Select the button to save an ISF file under another name. It opens the ISF saving dialog box (Figure
211):
=: Enregistrer sous T @1
Nom Modifié le Type  *
|| Cs+BkV_SL_28_06_2012.isf 23/06/2014 17:23 FichierL!
|| Cs+Feb2014.isf 17/06/2014 14:37 Fichierl)
| Cs+0kV_NRIMS.isf 06,/06,/2014 17:35 FichierI| =
|| Cs+BkV-CG-october2011.isf 12/03/2012 14:26 Fichierl!
| |120306-test.isf 06/03/201215:21 FichierI!
f || EMHV.isf 20/02/2012 14:05 FichierL!
|| Cs+0kV-CG-July2011.isf 07/10/2011 23:34 FichierI!
Standard | [ Cs-MW-5ep2010.ist 14/07/20111759  Fichier
b -1 7 10/06/2011 1514 FichierI!
rowser | || Cs-April2011.isf 04/04/2011 15:55 FichierL!
|| Cs+MNano.isf 25/01/2011 13:27 Fichierl!
L | O-Nano.isf 15/12/201005:31 Fichierl!
. . Cs-MW-Mav2010.isf 21/09/201015:04 Fichierl: ™
Primary ions ‘ b
f| |tel‘ Nom du fichier : -
Egun
[ .
|| filter
Primary ions Electron Gun |
File Header
User name : [NONE .
Saving date : \ | Flle
Primary ions : [Cs+ Beam energy : (0.00 k' { O bits } | Header
Primary HV : [0.00KV (Obis) Egun HV: [0.00kV (Obis)

Comments

Display

) |

[ Enregistrer Annuler ]

Figure 211: dialog box to save an ISF file under a new name.

The standard browser allows to sort the ISF files by name, by size or by date. Additionally, the Primary ions
field allows to filter the ISF files according to their primary ions (Cs, 02+, O-, Other ions) and the Electron
gun field filters according to the Egun status. The file header content (User name, Primary ions, Beam
energy, Primary HV, Egun HV and Comments) show the header values to be saved. The comment editable
box allow to add a comment in the file.

Select the button to save the selected file or the button to return to the

main menu bar without saving.

5.5.8 Create a new ISF File

Select the button to create an empty ISF file.

5.5.9 Super user mode

Like the SETUP (see below, chapter 5.9), the PRESET program offers a “Super User” mode. Protected by a
password, this mode offers additional options that are meant to be accessible only to experienced users. It
is thus recommended to be careful when sharing this password with NanoSIMS users and collaborators.
And always proceed with caution when changing parameters protected by this “Super User” mode.
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Select the button to activate the super mode and enter the password (Figure 212):

Preset

Password :

Figure 212: password window protecting the "super-user" mode

The following interface appears (Figure 213), showing a new option “customize”:

=i NS0 - Preset - [Cs+8kV_SL_28... [5=20[=m

| load.. || Save || Saveas || MNew |

[ Customize ... l

High Currert

l nia | [l

Figure 213: Preset main window in super-user mode

See the following chapter for how to use the customization option.

Do not forget to leave the SuperUser mode once you are done. To do so, simply click again on “SuperUser”

5.5.10 Preset field customization

The ’ Customize ...

l button allows the edition (add, delete or modify) of the current
Preset fields. See Figure 214: preset field customization window below:

R |
Preset -
Preset field
[ list
Low Cument
detection
GLOBALC= ‘
Ezﬁﬁndary electron ) Add new
Diaph /~ preset
| field
| Preset field
Field Label  High Curent @— name
. Secti Pri -
Preset field e ey | fiold
status Bistable Status PI'eS.et e
| | section
b— — =

Figure 214: preset field customization window

To delete a preset field, select it in the preset field list and press the "delete" key.
To modify a preset field, select it in the preset field list and:

- Change the name in the Field Label edit box,

- Select the Section (Primary, Secondary, Neg),
Check the status Bistable or not (Monostable).
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To add a new preset field, select the position in the preset field list and select the button. The
new preset field is inserted before the selected position.

Select the button to return to the Main Preset dialog (Figure 201).

5.5.11 File list

Select the button to see the list of ISF file loaded for each preset section (Figure 215):

Preset FiIE_Ust‘ @

Primary  : Cs+8kW_SL_28_06_2012
Secondary : Cs+BkV_SL_ 28 06_2012
NEG. : Cs+BkV_SL_28 D6_201:z

Figure 215: Preset file list

Check chapter 5.5.3 above to see how to load presets from distinct ISF files.

5.5.12 Display

Select the button to see the content (=all the saved presets) of the current .isf file:

— -

N30 - Display - [Cs+8kV_SL_28_06_2012.isf]

»

Filename : Cs+8KV_SL_28_06_2012.isf

L

Date : 23.06.2014 17:23
User : NONE

Preset
Primary

High Current

D13 _ D14 H3 Implant Dia HS H6 | HO | HS H

] ] (] ] ] ] ] ]

Figure 216: display window showing all saved presets from an isf file

cox

Select the button the print the display window content.
Select the button to return to the Main Preset dialog box (Figure 201).
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5.6 DefAnalysis

5.6.1

Getting Started

The Def Analysis program allows the user to set all the parameters for an analysis (i.e. define the analysis).
When opening the Def Analysis program, the following window appears (Figure 217):

ﬁ Nano5IMS 50 - DEFANALYSIS | =

S|

Path : | experiencel\RTT-26-11-2018

D:\Cameca ManoSIMS Datal
Present sample name : G520J4

Present sample stage position X : 289

Y 13991
Analysis Type Selection

[ DepthProfie || Line Scan (Stage Control) |
[ Isotopes ] [ Line Scan (Beam Control) ]
[ images | [ image (Sample Stage) |
[ Grain Mode | [ chainedAnaiysis |

Figure 217: Def Analysis, Analysis selection window

Here the user can select the folder (path) where the analysis files will be saved and the type of analysis.
Except for Chained Analysis, all programs show similar settings. When selecting the “Images” mode, for
example, the following window opens (Figure 218):

IMS 50 - DEFANALYSIS - IMAGE - Measurement Conditions - RTT-26-11-2018_13.im lo | s
[ toad. ][ save Saveas.. | New |—| Working Frame Real Time Tracking
Sample D : G520J4 Data included : Yes Working Frame 1 . i e {Vi
Matr D w25 v 2 oy, . Define the pixel resolution
CETTTyTETE [
Total analysis time : 11mn17s
StartCol: 1 StartRow: 1
Meas. number: 100 frime finished : 16:23
Width: 256 Height - 256
Number of frames
Lens preset : None
Sit preset - None
d Gauss
Pre-sputteri e
re-sputeng : (o]  es ] T161 1492776 |ipl (us): 1000 Cufr(s): 6553
Offsel (V). 0.00
Define counting time (by px or by frame)
1 . .
Raster size (um): 100 Define the raster size Peak | Ref
™ Detector List um. | Peak ——=
e Centering N| K | Specessymbol | AWMU Radus Hum. | pd Offset (v)
Comment ™ 8357 248,365
T2 [12¢ 11968 28427
] Print resuts aft i s 19.991 385,694
rint results afler acquisiion
T4 [28si 28.135 asrssa, Select the trolleys
s TS 558678 e
Go Acquistion e e 43419 568,408
Det7  [63Cu 60322 888.978
ES | Electron Scanni
iy

Figure 218: Images Def Analysis window

The main parameters the user needs to define to launch an image acquisition are:
- The working frame resolution (in pixels)
- The number of planes (or frames)
- The raster size (in um)
- The counting (dwell) time (by px or by frame)

- The desired d

etectors
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Once all those parameters are defined, the user is ready to launch an image acquisition. Click on Go
Acquisition to go to the Analysis program (see chapter 5.7).

See the full description below for more details on the various options available in Def Analysis.

5.6.2  Full description of the Def Analysis

5.6.2.1 Different types of analyses

The first window of the Def Analysis file allows the user to select different kind of analysis:

O

Depth profile: allows to record depth profiles of selected elements or isotopes. For details,
see chapter 9.2.6.1.

Isotopes: allows to define and record isotopic and elementary ratios. For details, see
chapter 9.2.6.2

Images: allows to record SIMS and SE images of selected elements, possibly over multiple
cycles (frames). See chapter 9.1.14.

Grain mode: allows to run isotope analyses over selected grains of an image. For details,
see chapter 9.2.6.3.

Line Scan (Stage control): allows to record a lateral isotopic or elemental profile by moving
the stage under the beam. See chapter 9.2.6.4.

Line Scan (Beam control): allows to record a lateral isotopic or elemental profile by
scanning the beam over a line defined within an image. See chapter 9.2.6.5.

Image (Sample Stage): allows to image or pre-implant a large area by recording a mosaic
of images moving the stage between each image. See chapter 9.2.6.6.

Chained Analysis: allows the user to set a series of analyses that will run automatically. See
9.2.6.7.

5.6.2.2  Save a Def Analysis setting

It is possible to create specific settings for an analysis. To create a new one from scratch, click on “new”. To
load an existing configuration, click on “load”. To update a configuration, click on “save”. To save the
settings as a separate file, click on “save as”.

5.6.2.3  Use of presets

By default, the analyses will run with the lenses and slits as last tuned by the user.

It is however possible to call specific lens and slit presets, either for the analysis run or for the pre-
sputtering. To do so, the user must first send the desired preset either to pre-sputtering (Send for PreSput)
or to acquisition (Sent for Acq) in the Preset window (Figure 219).
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Hiqh current

Select the preset

Save
o= and send it to o Fmi Lzbel

presputtering or ==

e — acquisition  j7u | 12200
= |

-1-25050| 3nA-D13 | 100pA
Low current

Figure 219: sending a preset to presputtering and acquisition Def Analysis files

Then, in the Def Analysis window, the user can select the Lens and/or Slit presets, for both acquisition and
pre-sputtering (Figure 220). Note that only the last preset sent can be selected in Def Analysis.
Clicking on “More” allows to read the list of parameters in the preset.

Lens preset: Mone [ | More...
Slit preset : Slits and Apertures [G1]

Figure 220: selection of presets in Def Analysis. Here the preset “G1” has been sent to Acq, allowing the user to select it.

5.6.2.4  Pre-sputtering

It is possible to add a pre-sputtering time before an analysis. It is particularly useful when doing a series of
analysis where one wants the pre-sputtering conditions to be identical. To add a pre-sputtering before
analysis, select “yes” to the Pre-sputtering option. An additional menu then appears (Figure 221). The user
can then choose to have the pre-sputtering at high energy or low energy (more a deposition than a
sputtering), the pre-sputtering time, the raster of the pre-sputtering, as well as specific Lens (high/low
current) and Slit presets (see paragraph on Presets).

Pre-sputtering:[ Mo ]k es | [ High E ” Low E ]

Mb cycles: 0 Time (=) 0.00

Raster zize (pm): 10.0

Lens preset: Mone | More...
Slit preset : Slits and Apertures [G1]

Figure 221: pre-sputtering definition in Def Analysis

5.6.2.5 Different types of frames

The program defines three types of frame (Figure 222) described below.
Units: frames are defined in pixels while sizes are defined in microns.

NanoSIMS 50L users guide_10Aug2020_V1.docx Page 169 sur 410



- The Working Frame: This is used in certain modes (grain mode or RTT) to acquire a first image of a
larger area in which subsequent analyses in smaller areas will be defined. The “Raster size” as noted
in Tuning, as well as in Def Analysis (Figure 223) is the one of the Working Frame.

- The Scanning Frame: This is the area that is actually sputtered by the beam during the analysis. In
most case it is as large as the Working Frame. In case it is not, keep in mind that Raster and pixel
resolution are defined by the Working Frame. The size (in um) of the scanning frame is noted
sometimes as the “Real size”.

- The Blanking Frame or Counting Frame (= electric window or gate): in certain modes, it is possible
to add a counting blanking. In that case, a third frame is defined. The whole Scanning Frame is
sputtered, but the signal is measured only when the primary beam is inside this Blanking Frame.
This can be useful when one wants to reject the signal coming from the edges of the crater during
direct depth profiling or precise isotopic ratios. Note that the detector will always receive secondary
ions (with risk of saturation !) but the signal will not be counted outside the blanking frame. The
“counting size” is then the size of the counting frame.

ditions - RTT-26-11-2018 21.dp

Scanning Mode ; | Mo Viorking Frame
256 % 256
Scanning Frame

Working Frame

Width . 256 = Height : 256 = 202 % 207
Scanning frame Blanking Frame
Start Col: 40 2 StartRow : 37 = 160 x 165
Width : 202 = Height: P07 =
Blanking : IEI
Counting Frame
Start Col: 65 = Start Row : 60 =
Width . 160 = Height : 185 =

Figure 222: display of the three types of frames in Def Analysis

Raster size (ym): 25.0

Real size (ym) : 19.6 Counting size (um) : 10.0

Figure 223: raster size (in um) for each type of frame.
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5.6.2.6 Ratios

In Isotopes, Depth Profile and Grain modes, it is possible to record elementary or isotopic ratios. When in
those modes, click on the “Ratios” button. A new window “isotopic ratios” opens (Figure 224). There, enter
the desired ratios, using the N reference appearing in the Detector list. Note that a N reference is only given
to the selected detector. Therefore, their numbers are distinct from the trolley IDs.

etacior Lt Peak | Ref.
m): 0.0 oot Ao Num. | Peak Baseline
Centering N d Species symbol AM.U. Radius Num. | pd Offset (V)
1 1 12C 11.451 261.206
2 r2 160 16.012 308.873
3 3 180 18.000 327.486
Ras Fra 35.138 457554
frs 52.385 558.678
Analyse 4 6 27AI12 54.224 568.396
Selection
Pet7? 75.337 669.978
—
Isotopic Ratios lihj
1: '3 ;2 2: 1 |7 4 3:[@ |/ 0 4: 0 40
5: 0 ;0 6: 0 ;1 0 7: 0 ;0 8: 0 ;0
9: 0 ;0 10: 0 ;1 0 M"1: 0 ;0 12: 0 /0
13: 0 ;0 14: 0 ;] 0 15: 0 ;0 16: 0 /0
17: 0 ;0 18: 0 ; 0 19: 0 ;1 0 20: 0 ;0

Figure 224: Ratio definition through Def Analysis in Isotopes mode

5.6.2.7 EOS centering

It is possible to add an EOS and P3/Cy centering during the analysis, either every frame (= scanning cycle or
scan) or each n number of frames. This option requires that an automatic EOS centering has been set earlier.

- Open the EOS program in Tuning and launch an EOS scan. Preferentially select the trolley with the
highest signal that will stay high during the whole acquisition. Click on “Apply CL".

- Select “Automatic EOS Centering” and launch another scan. Click on “Apply to Setup” and “Save to
Def Analysis”.

- Open Secondary lon Beam, select “vertical” and launch a P3 scan. Click on “Apply CL".

- Select “Automatic Beam Centering” and launch another scan. Click on “Apply to Setup” and “Save
to Def Analysis”.

- Select “Horizontal and launch a Cy scan. Click on “Apply CL”.

- Select “Automatic Beam Centering” and launch another scan. Click on “Apply to Setup” and “Save
to Def Analysis”.

|II

Now in Def Analysis, under « centering » the options « EOSC » (EOS centering) and « SIBC » (Secondary lon
Beam centering) are now available (Figure 225). Select EOSC, SIBC and EOSC (they appear blue when
selected). It is also possible to define the number of frames between each centering.
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Detector List :i:: ::;"( FoehG Centering S

Centering N d Species symbol AM.U. Radius Num. | pd Offset (V) every (fr): | 9§
™ 16.135 261.206
T2 22561 308.873
™ 25.362 327.486

Trd 160 27Al 43143 427427 =T

s 73811 558678

T 76.401 566.396 define the interval
106.150 669.978

Select EOSC, SIBC and EOSC  sucser seon between each centering

I

Figure 225: optional centering of EOS (EOSC), P3 and CY (SIBC) in Def Analysis

5.6.2.8 HMR Peak centering

It is possible to check the centering of the HMR peak during the analysis, either every frame or each n
number of frames. This option requires that an automatic centering has been set earlier. Open the HMR
program in Tuning and for each detector used:

- Launch an HMR scan. Click on “Apply CL".

- Select “Automatic Peak Centering” and launch another scan. Click on “Apply to Setup”.

Then in Def Analysis, check the box next to the detectors you wish to center during the analysis (Figure
226). A number (Peak Num.) is then associated to the detector. It is possible to use a different detector as
reference to center a detector. In that case, enter the Peak Num. of the reference detector in “Ref. Peak
Num.” This can be useful in case the centering of a given peak might fail (in case of low signal or peak
interference, for instance). In this case the shift is calculated proportionally to the measured shift from the
peak used as a reference: shiftpeak2 = (radiuspeak 2)/(radiuspeak 1) *shiftpeak 1

Itis also possible to specify the interval of frames (= cycles or scans) at which the peak centering is checked.

Peak Centering
every (fr): 10

- Peak | Ref.
Detector List Mum. | Peak Basslne
N Id Species symbol AU Radius Num. | Pd Offset (V)

Tr 16.135 2681.208
Tr2 22.561 308.873
T3 12C2 25.362 327.486 &1 1
Tr4 160 2TAI 43142 427124 2 2
Trs 7381 553678
Tré 75.401 563.396
Detr 106.150 669.978
ES Electron Scanni...

Figure 226: HMR Peak centering option in Def Analysis

5.6.2.9 Automatic PHD adjustment
It is possible to add a PHD centering (re-centering the EM PHDmax by re-adjusting HVem) during the analysis,

either every frame or each n number of frames. This option requires that an automatic PHD centering has
been set earlier. Open the PHD program in Tuning and for each detector used:
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- Launch a PHD scan. Click on “Apply CL".
- Select “Automatic PHD Centering” and launch another scan. Click on “Apply Ref to Setup” and “Save

to Def Analysis”.
- Check that in the Setup program > Centering > PHD, the “Automatic correction” is ON.

Now in Def Analysis, under « centering », the option PHDC (PHD centering) is now available (Figure 227).
Select this option to apply it to the Def Analysis.

Detector List :f:: F?e i:"( aEinG Centering =

Centering N id | Species symbol | AM.U. Radius Num. | pd Offset (V) every (fr):
T 16.135 261.206
73 22.561 308.873
T3 25.362 327.486

(pHnc] |osc] (siec] (Eosc) Tr4  [16027A1 43443 427.427 ] (s8¢

s 73.811 558.678

T 76.401 568.39% define the interval

N Select PHDC Det? 106.150 669.978 between each centering
S — ES Electron Scanni...

Il

Figure 227: optional adjustment of PHD in Def Analysis

5.6.2.1 Baseline correction for isotope analyses

This option is only available for “isotopes” analyses. It allows a correction of the signal from the “baseline”
noise that can occur between masses when the beam is ON. This is distinct from the measurement of the
detector & electronics “background”, which is measured when the beam is OFF.

To measure the baseline on a detector, select the “Baseline” option as shown in Figure 228. The Pd plates
will then deviate the beam so as to measure the baseline next to the peak. A deviation of about 50 V is
advised. Measurement time (Baseline measure) and interval between each measurement (“every”) can also
be adjusted.

Baseline
measure : | 0 every (fr) :
. Peak | Ref. ,j ‘I,
Detector List Num. | Peak Basohie
Centering N d Species symbol AM.U. Radius Num. FpgomseryT
1 [T 1H 1.005 154.487 O 0.000
Tr2 8.020 436.360
Tr3 10.025 487.865
2 (4 [12c 11.995 533.644 O { | 40000 |
TrsS 13.773 5§71.827
3 |Tr6 160 16.083 617.921 O 0.000 |
Det7 19F 19.049 672.493

Figure 228: optional measurement of a detector’s baseline.
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5.7 Analysis

Once all the parameters are defined in Def Analysis, the user click on “Go Acquisition” in the Def Analysis
window. The Analysis window then opens. In image mode it will show the image acquisition (Figure 229),
while in depth profile and isotope modes it will show a profile acquisition (Figure 230) as well as ratio data.
Here are the basics of the Analysis program, a main NanoSIMS application:

- Start Acquisition: Click on Start to launch the acquisition. On the right a live preview of the
acquisition is shown.

- Stop: To interrupt the acquisition and save what has already been analyzed, click on Stop.

- Abort: to interrupt an acquisition without saving the unsaved data, click on Abort.

- Control: Shows the tuning parameters of the analysis, such as primary beam intensity, lenses, slits,
X, Y and Z positions, etc..

- Analytical Parameters: shows all parameters and slit used for the primary and the secondary beam,
as well as the presets.

- Change MC: After an analysis, click on “change MC” to go back to Def Analysis and modify analysis
settings.

- # of planes (=cycles): Shows the number of planes defined in Def Analysis. It is possible to change

the number of planes during an acquisition without interrupting it.
[T - s - acourmon

Analytical
Paramatars

Figure 229: Analysis main window in Image mode

T5] NanoSIMS 50 - ANALYSIS - 1SOTOPES =
soTores

Figure 230: Analysis window in Isotope mode
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Some additional options can appear, depending on the analysis mode or the options selected. Specificities
of the different analysis modes (direct depth profiles, isotopes, grain, line-scans, stage-scan, etc..) are
described in chapter 9.2.6.

Options specific to alternated sample drift correction are described in chapter 9.3.8,

Options linked to hybrid and monocollection modes are described in Expert operations 9.3.6.

5.8 Winlmage and WinCurve
These two buttons allow accessing the two CAMECA SIMS data processing software:

- Winlmage Il allows processing and extracting information from SIMS image stacks. In addition, it
allows exporting line-scans or depth profiles in WinCurve format for specific processing. Finally,
data can be exported to external formats (e.g. Excel, TIFF...)

- WinCurve allows processing SIMS depth profiles and line or band-scans.

- A third CAMECA software, DataExplorer, is a dedicated search engine allowing to filter, pre-
visualize and retrieve very efficiently your (numerous) CAMECA data stored on a hard disk.

- Afourth CAMECA software is EditSpecies.exe, allowing you to modify the chemical element in an
image file, when it is empty or wrong for some reason.

Refer to the separate users’ manuals for these software.

5.9 Setup

5.9.1 Introduction

The Setup file contains all the instrument configuration parameters. For each parameter, this file contains
an identification number and the parameter value. Note that some parameters are editable only in super-
user mode.

Like for the Presets the SETUP program offers a “Super User” mode. Protected by a password, this mode
offers additional options that are meant to be accessible only to experienced users or Cameca engineers
exclusively. It is thus recommended to be careful when sharing this password with NanoSIMS users and
collaborators. And always proceed with caution when changing parameters protected by this “Super User”
mode.

= Be very careful when modifying those parameters. It is recommended not to, unless you are sure of
what you are doing! Contrary to ISF files for presets, there is only ONE setup file and there is no tool to
load/save different Setup files. Any modification to the Setup file will overwrite previous data. It can be
wise, especially when leaving the instruments in the hands of beginners, to save a back-up of the Setup
by making a copy of the Setup folder ( D:\Cameca NanoSIMS Data\setup) and change its name as to not
disturb the program.

= Note that the Setup is compatible with all NanoSIMS instrument and takes into account options and
evolutions that your machine might not have.
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5.9.1.1 Setup browser

The setup window allows the user to view and modify all saved parameters easily. They are arranged in
categories: Holder, Tuning, Keyboard, Hardware, Slit, Diaphragm, Detector, B Field, Directories, Sources.
and Centering.

The common setup user interface looks like Figure 231 below:

-
Setup MANOSIMS 30 -~ o - '
Lﬂbratury Mame : CAMECA User Name : Guidg.l
\\ B Field I Directories R SOUrces |\\ Centering I
Hﬁl\kier | Tuning | Kelboard | HﬂrdWé{\E | Slit | Diapﬁ\(agm | Detector
\\ |

[
Super User Laboratory Categories
Mode Name Tabs User Name
selection
Figure 231: tab display of the Setup program window

Some parameters need super-user mode to be editable. To activate this mode, you have to select the

FM button and enter the password in the dialog box (Figure 232):
il N

Super User Setup

Password : | |

A

Figure 232: password window for the super-user mode of the Setup program

Ask your lab manager (or Cameca staff) for the password.

The super user setup user interface looks like this (Figure 233):
r
Setup MANOSIMS 30 - ] L
7] Setup LR .

= 4

SUPER USER SETTING MODE

Laboratory Mame © CAMECA User Name . Guide
B Field | Directories I Sources I Centering |
Holder I Tuning | Keyboard | Hardware | Slit | Diaphragm | Detector

Figure 233: Setup program window in super-user mode

I"

We advice to always switch back to “normal” mode once you are done with the “super user” mode. Click
again on “Super User” to quit the “super user” mode.

For all the parameters, you can have information (subject, min and max limits, unit) by hovering the mouse
pointer on the graphical item. For example, Figure 234 below shows min and max values for the Standard
sample X position.:
Standard sample W -44DDU| Yoo 0 I: |0
[Standard sample X position [-48000, -40000] (um) |
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Figure 234: additional information displayed when hovering over a parameter.

-

. Appl . . .

To apply your setup parameters, click the | EEY | button. All the parameters are saved in a private file
. ) . Rest

and sent to all connected software. To restore parameters from private file, click the lﬂl button.

Print

To print parameters, select the | | button (Figure 235).

|
“ Restore parameters

App rﬂestn re i‘[int
|

0\
Save and S?‘;\{gp?;d araprqgiers
Apply Progress P
parameters
Figure 235: bottom of the Setup window.
5.9.2 Holder

This tab allows the user to modify the parameters used by the Navigator and Optical Image programs.

- Synoptic Offset (fine adjustment of the current position on the holder graphics) :

- SIMS—CCD Offset: Xand Y offset so that the CCD image and the beam position in SIMS mode match.
(See chapter 9.2.9)

- FCo: coordinates of the stage to read FCo current. For CAMECA engineers only.

- Analysis sample: X, Y, Z coordinates of the center of the sample holder in SIMS mode (should be all
at 0)

- Standard position: not used anymore

Syneptic Offset X: 1000 oo 0

SIMS - CCD Offset  X: -34536 ¥ 188

FCo W 44000 Yoo 1000 Z: 1000
Analysis sample X: 0 oo 0 Z: 0
Standard sample ¥ 44000 o0 Z: 0

- FCo voltage: coaxial lens voltage values applied in FCo mode. For CAMECA engineers only.

- CCD field of view

- Backlash move: movement length for the backlash correction (see chapter 5.3.1.8 for details). For
CAMECA engineers only.

FCo voltage EOW (zamplg): 0
E0S: 0
EOP: 2830

CCD Field of view (pm) : 1100

Backlash Move (pm): 500

- Stage motor speeds (X, Y and Z). For CAMECA engineers only.
- Z um/step conversion (it should be around 1-1.2)
- Option to invert the X and Y moves (usually X is inverted, Y is not)
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- Option to lock the stage during analysis (usually ON)
K" motor
Speed (pmis) ;200

Z motor
Slope (pmistep) 1 1.2 Speed (pm's): 200

polarty [[= ][ -]  Offsetragiss: 12

CCD move
i Invert X Move i [ Invert ¥ Move ]

Lock Holder during Analysis :

5.9.3 Tuning

This page allows the user to modify parameters used by the Tuning software. It contains several groups of
parameters:

5.9.3.1 Active detectors

This group shows the active detectors for Tuning. The choice of available detectors depends on the
NanoSIMS version (50, 50L).

Active detectors : |FCs |L#1 ] L#2 ][ #3285 )88 )l &7 ) 0 |[sE](ac)

5.9.3.2 Trolleys parameters

This group is used to define various parameters for each selected trolley:

- Detection mode (EM or FC). The switch is automatic when switching from one mode to the other
(see chapter 9.2.11)

- Trolley step (</>) and page (<</>>) moves in Tuning. Those can be adjusted at the user’s preference.

- Slope and Offset parameters for step to um conversion. For CAMECA engineers only.

- Reset position for when a motor reset is necessary (see chapter 5.2.10). For CAMECA engineers
only.

- dR/dV conversion coefficient to calibrate the trolleys in mass. For CAMECA engineers only.

Trolley Parameters

Step Move (um) . 9455 Page Move (uym): 119332

Polarity E] Offset radius (mmj: 130

Slope (umistep):  1.182

Reset position (Step) . 310000 dRAV (umV)y o 10.25

5.9.3.3 Trolley Motor Move Speed

This group handles the motor speeds for the trolley movements. This option is only available with the most
recent instruments with the new motorization. For CAMECA engineers only.
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Trolley Motor Move Speed

Low (Stepis). 100 - High (Step/s) . 200 -

5.9.3.4 Changing slit position

This group is used to define the trolley positions for the exit slit change procedure. All those parameters
are defined at the Cameca factory and are for CAMECA engineers only:

- Rest position

- Position of the trolley for slit change procedure

- Low and high parking positions

- Thrust security activation (it should be ON).

Changing Slit Position

Rest position ;1 Thrust security
Changing Slit (step) Low Parking (step) High Parking (step)
Trolley 1: 400000 Trolley 1: 330000

Trolley 2. 385000 Trolley 2. 335000 Trolley 2. 414000
Trolley 3. 380000 Trolley 3. 340000 Trolley 3 415000
Trolley 4 385000 Trolley 4: 345000 Trolley & 418000
Trolley 5: 380000 Trolley 5: 350000 Trolley 5: 420000
Trolley 6 375000 Trolley 6. 422000

5.9.3.5 Changing EM/FC position

This group is used to define the trolley position for the EM/FC switch procedure. For CAMECA engineers
only:

- Trolley position to operate the EM/FC switch

- Low and high parking positions

- Security activation (it should be ON).

Changing EM/FC Position
EMIFC (step)

Low Parking (step)

283500

High Parking (step)

Refer to chapter 9.2.11 for details on the FC/EM switch procedure.

59.4 Centering
This page allows you to modify parameters used for the various functions in the Tuning program.

Note: for certain centering programs, a percentage for the central line computation is asked. Depending on
the parameter, it will be of 10, 50 or 80%. This corresponds to the percentage of the peak height at which
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the peak width is measured. In the Tuning programs, those parameters are referred to as L10, L50, L80 and

are used for automatic centerings. Figure 236 shows the example of the measurement of L80 for the
automatic centering of EOS.

CAMECA/EO0S
SCANNING MODE 07.12.18 15:29)
B : 1980.230
Count Time : 0.540 s / Step Voltage : 10.04 V

File: NoName

CL : -7247.29V]

Dettt4 160 274l

250000

7100 7050

Figure 236: measurement of L80 parameter (=peak width at 80% of the signal max).

5.9.4.1 FCand Background

This group is used to define the waiting time and the counting time for the FCp check (primary ion beam
current in the upper column) before and after an analysis. When relevant, the background noise of the
multicollection FCs is checked at the same time as well :
- Waiting time (for the detectors) before measurement. Recommended values: 2s in EM, 10 s in FC
(in particular for isotope measurements) or when using the e-gun.
- Counting time for measurement. Recommended values: 3s in EM, 10 s in FC (in particular for
isotope measurements) or when using the e-gun.

FC and Background
Watting Time (WT3) before meas (s): 1 Counting Time (WTO0) (s} :

c

5.94.2 Preset Lens

This group is used to define the waiting time (for the detectors) after applying a lens preset. It is
recommended to use a waiting time of 1s in EM and 5s in FC or when using the e-gun.

Preset Lens
Watting Time (AT10) (3): 1

5.9.4.3 All Centering

This group is used to define the waiting time and pre sputtering time before a centering scan. Those
parameters are applied to all centering functions. Recommended values 3s in EM (can be extended to 5s if
using the e-gun and a high intensity primary beam), 10s in FC.
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Centering
Waiting Time (WT1) before (s): 0

Presputtering Time (s} . 0

59.4.4 PHD

This group is used to define the PHD centering parameters for the automatic PHD adjustment:
- Percentage for the center line computation (60% is recommended)
- EMHV to Thr conversion coefficient. It should be at 0.6 V/mV
- Automatic conversion flag. It is recommended to leave it ON.
- The Max voltage reference. 220 mV is recommended, though it can be increased to 250 mV for
high precision isotopic analyses (see chapter 5.2.21).

PHD
Centering (%) : 60

E e E) ) E )
Thr To EMHY coef (Wimv)© 06 Automatic correction [ OFF

Max Ref (mv): 220 EM HW Ref (V). 0

5.9.45 EOS

This group is used to define the EOS centering parameters necessary to the EOS automatic centering
function:
- Percentage for the center line computation (80% is recommended).
- Apparent width of the corresponding graph at x %, which is measured from the EOS scan (see
chapter O for details on how those parameters are used)

- Waiting time after automatic centering. 1s is usually enough.
E0S
Centering (%) : &0 Width (w):  157.338

Waiting Time (WT2) after automatic centering (s): 1

5.9.4.6 Secondarylon Beam

This group is used to define the secondary ion beam centering parameters necessary to the CY and P2/P3
automatic centering functions:

- Relative percentage for the centerline computation (80% is recommended).

- Apparent width and height of the corresponding graph at x % which is measured from the Cy and

P3 scans (see chapter 9.3.3 for details on how those parameters are used).

Dependence coefficient for P3 and P2. (This ratio value that keeps the beam horizontal while varying its
height position in ES through P3, is set by CAMECA engineers. It should be in the range of 0.36-0.4. We
recommend to NOT modify the value determined by CAMECA production or service engineer. This tuning
goes beyond the scope of this users guide.

- Waiting time (for detection) after automatic centering (1s in EM, 5s in FC or when using the e-gun)
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Secondary lon Beam
Centering (%) : &0 Witdh V). 1.348 Height (W) : 1.561

Waiting Time (WT3) after automatic centering (s): 0 dP3/dP2Z m

5947 EOSvsZ

This function is not available.

5.9.4.8 Energy

This group is used to define the EOW automatic centering functions. In this group, only one parameter is
accessible:

- Relative percentage for the center line computation (it should be at 10% of max signal)
Energy

Centering (%) : 10

5.9.49 Automatic Peak Centering

This group is used to define the automatic peak centering parameters:
- Position of the centering in the acquisition (if unchecked, the centering will be before the
acquisition)
- Waiting time after automatic centering

Automatic Peak Centering

Centering After Acquisition

Waiting Time (WTS) after automatic centering (2): 1

5.9.4.10 Baseline

This group is used to define the waiting time before and after measurement of the FC baseline (see chapter
5.6.2 for details). Recommended values: 1s in EM, 3-5s in FC or when using the e-gun:

Baseline
Waiting Time (WT7) before (s): 3 (WTa) after (s): 3

5.9.4.11 IMF-AS (instrumental mass fractionation at AS)

When scanning Cy the secondary ion beam rotates around a center point located between ES and AS.
Hence scanning the beam in ES moves it in AS too. It can be a problem for small AS size. It is possible to
keep the secondary beam centered in the Aperture Slit and centered also in the entrance slit by adding
some compensating voltage to C2y and C2x. (See chapter 9.3.1.3.4)

This group is used to define the IMF-AS mode parameters. When ON (“IMF-AS” button blue), this function

links C2x and C2y to Cy and P3. When you first hit “calib”, it will retrieve the current Cy, P3, C2x and C2y
from the keyboard (saved as Cy*, P3*, C2y* and C2x*) and calculate the coefficients Kcy and Kp3.
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Thus, when later adjusting P3 and Cy, the new C2y and C2x will be calculated as follow:
C2y = C2y*+kCy x (Cy — Cy*)
C2x = C2x* + kP3 x (P3-P3¥)

IMF-AS
Cy*(DAC): O Key: 1 C2y*(DAC): 0

P3* 0 Kp3: 1 C2x* (DAC): 0

5.9.5 Keyboard

This page allows the modification of the parameters used by the Keyboard.

5.9.5.1 Propagation

This group has been now deported to the Tuning window and should not be used from this Setup window.

Sample Voltage Propagation : Egun Propagation :
EOW/ Std: 50833 Propagation -

Egun Hv Std : 52429 L4 Std: 44300

5.9.5.2 Primary Faraday cup

This group is used to define lens and deflector values to deflect the primary beam toward the primary FC
and read the primary beam intensity, in positive and negative mode:
- L1, COx, COy, Clx, Cly and SE FC

FCp
Polarity E L1 Std: 2030
COxStd: 0 CoyStd: 0
SEFC: 208 ClxStd: 1350 ClyStd: -4

L1 (31 200 bits in most recent instruments) and C1 X (-1350 in positive mode, and 1350 in negative mode)
are fixed values, which must not be changes. However, CO X, CO Y and C1 Y should be adjusted every time
the primary column is tuned.

5.9.5.3 Raster

This group is used to define the Raster element values:

- B1, B2 and B3 relative value of the scanning plates.

- Relation between the field of view in microns and in bits.
All those values are calibrated by Cameca engineers upon installation of the instrument and are for CAMECA
engineers only.

Raster

Polarity | * . B1: 2000 B3: 4085
B2 : 3400 B2y . 3200
Field (pum) : 40 Field Dac: 13585 Coef: 10
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5.9.5.4 LF4 dependency

This function is not available.

5.9.5.5 Total lon Current

This group is used to define the values of necessary elements to send the secondary beam into the TIC
detector:

- LF2,LF3,S5100, Cy, C2x and C2y

TiC
LFZ: 0 LF3: 0
Polari -~
ty [:] S5100Int: 0 SS100Ext: O
Cv: 43 CE 0 Cx: ™

5.9.5.6 Hexapole

This group is used to define the Hexapole motorization parameters values:
- Hexvalue
- Xand Y motor speed, for each source
- Xand Y motor position, for each source

Hexapole
“alue (DAC) . 400
X motor  Speed (step/z): 250 Pos (step): 1001
: [gs [ ow |
¥ motor Speed (pstep/s):  S00 Pos (step): &14

5.9.5.7 EOP Compensation

The EOP compensation is a function that allows to automatically adjust C1 X and Y while adjusting EOP’s
focus in order to keep the beam at the same position on the sample. This group is used to define EOP
compensation relationship parameters:

- Dependence coefficient between C1lx and EOP

- Dependence coefficient between Cly and EOP
Those coefficients vary depending on the tuning of the primary and secondary beam. It is thus necessary to
manually determine those coefficient before using this function.

EOP Compensation

oFF polarty [z ( - ]

dC1X/dEOP (bithV): 1

dC1¥/dEDP (bithv) . 1

59.5.8 Low Energy

This group is used to define the Low Energy parameters for pre-implantation (or deposition) at ultra-low
energy.
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- L4, EOS, EOP, EOW values in positive and negative polarity are typically set as follow for a 50eV
impact energy: L4=0, E0S= 0, EOP=37754 to unfocus the beam (for pre-implanting large areas
uniformly ), EOW=50197, i.e. a +50 V offset from the normal value in the opposite polarity).

- Waiting time (typically 15s)

- The offset values permit to center the beam on the high energy analysis analytical position.

Low Energy
Polarity [+ ][ - | L4mAC): 0 EOS (DAC): 0
Watting Time (s}: 15 EOP (DAC): 37754  EOW (DAC): 50197

Offset X (ump: 0 Offset™ (pm): 0

These parameters are defined by Cameca engineers upon installation for 25eV impact energy deposition.
See chapter 9.2.8 for details on how to use and adjust the parameters.

5.9.6 Hardware

This page allows the definition of the Hardware functionalities. Those define your instrument’s options and
should not be altered.

59.6.1 N50type
This group is used to select the NanoSIMS type: standard (NS50) or large (NS50L):
NS0 Type
[ Standard ] f Large 4
5.9.6.2 Accessories

This group is used to define the available accessories on the instrument. The accessories present on your
machine are underlined in blue.

Accessoriss
[ Totallon Current | Large Detector [Motorized Driven Aperture]
[ Sec Elec. Detector | | Vien Fitter | FC1B
[ EectonGun | FCs Plates 7
[ Lled&wienFiter | | Motorized EMFC | | Nanonis |

5.9.6.3

Options

This group is used to define the available options on the instrument:
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Options
Primary Column [ Ol ][ New J

Source | Cesium & Duo 1 [ Cesium ] [ Cesium & O- ]

DuoEP16 Valve [ Manual ] [ Automatic |

Secondary FC [ Standard ] [ Thermoregulated preamplifier ] [ Finnigan ]

FC Object [ Standard J [ Thermoregulated preamplifier ]

5.9.6.4 Motorizations
This group is used to define the available motorizations on the instrument:

U e ) ) @ ) (S

|:| New Motor

5.9.6.5 Exit Slits

This group is used to define the exit slit set on each detector:
Exit Slits

(oo Lo ) (ke

5.9.6.6 Detection

This group is used to define the available detection (EM and/or FC) on each detector, as well as the current
pre-amplifier resistor configuration for FCs (10 or 100 GQ — only for Finnigan FC):

Detection
2w wlw e @ [@]
FC Preamplifier Resistor (GOhms) | 10

5.9.6.7 Double Det4

This group is used to select the double detector 4, for the instruments which have this option (not available
on most recent instruments):

Det 4

[ Standard ] Double

5.9.6.8 New scanning board

This group is used to define the new electronic boards on recent instruments):
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Cards
Mew Scanning Card
[T Fast Hv

5.9.7 Diaphragms

This page allows the definition of the parameters for the different diaphragms. For each diaphragm set (see
below), you can click on the diaphragm position to see its diameters. X and Y motor speeds are also
indicated. Those parameters are for CAMECA engineers only.

For each diaphragm position, its X and Y coordinates are also shown. Those parameters are updated each
time a position is calibrated (“calib”) via the Tuning window (see chapter 5.2.5)

5.9.7.1 Diaphragm Duo

This group was formerly used to define Dduo diameters for each diaphragm position (unavailable on recent
instruments)
‘ ‘ Diaphragms

Mo 234 Diameter (um) : | 500 ‘ ‘

5.9.7.2 Diaphragm DO

This group defines DO X-Y coordinates and diameter for each diaphragm position (0 to 5), and motor speed.

Do : EE] Diameter (um): 200
X motor Speed (stepis) . 250 Pos (step): -144

Y motor Speed (pstepis) . 500 Pos (step): 17281

DO sizes are as follow: DO-1 = 200um, DO-2 = 150um, DO-3 = 100um, DO-4 = 100um, DO-5 = 50um.
Motor speeds are 250 steps/s for X motor and 500 steps/s for Y motor.

5.9.7.3 Diaphragm DCs

This group defines DCs X-Y coordinates and diameter for each diaphragm position (0 to 5), motors speed
and motor step.

DCs: Diameter (um) : 100

X motor  Speed (stepis): 250 Pos (step): -113

Y motor Speed (pstepis) ;. S00 Pos (step): 18307

DCs sizes are: DCs-1 = 200um, DCs-2 = 200um, DCs-3 = 150um, DCs-4 = 100um, DCs-5 = 100um.
Motor speeds are 250 steps/s for X motor and 500 steps/s for Y motor.
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5.9.7.4 Diaphragm D1

This group defines D1 X-Y coordinates and diameter for each diaphragm position (0 to 5), motors speed and
motor step.

D1 : E] Diameter (um) : 150
X motor Speed (step/s): 250 Pos (step): -D9§

Y motor Speed (pstepis): 500 Pos (step): 15885

D1 sizes are as follow: D1-1 = 750um, D1-2 = 300um, D1-3 = 200um, D1-4 = 150um, D1-5 = 100um.
Motor speeds are 250 steps/s for X motor and 500 steps/s for Y motor.

5.9.8 Slits

This page allows the definition of the slit parameters for all slits. For all the slits defined below, slit
dimensions (width and height) are fixed and should not be changed, while the positions are updated each
time a position is calibrated (“calib”) via the Tuning window (see chapter 5.2.5)

5.9.8.1 Entrance Slit

This group is used to define the parameters values for the Entrance slit:

- width and height for each slit position:
Standard slit sizes are as follow: ES-1: W = 30um, H = 180um. ES-2: W = 25um, H = 160um, ES-3: W = 20um,
H = 140pum, ES-4: W = 15um, H = 120pum, ES-5: W = 10um, H = 100pum

- motors speed (250 steps/s for X motor and 500 steps/s for Y motor).

- XandY coordinates for each slit position

Slits

Entrance E]E] Wipm)y: 50 H(pm): 220

X motor Speed (step/s): 250 Pos (step): 272

% motor Speed (pstepz).  S00 Pos (step): 8155

5.9.8.2 Aperture Slit

This group is used to define the parameters values for the Aperture slit:

- width and height for each slit position:
slit sizes are as follow: AS-1: W = 350um, H = 250um. AS-2: W = 200um, H = 200um, AS-3: W = 150um, H =
150um, AS-4: W = 80um, H = 80pm, AS-5: W = 40um, H = 40um

- motors speed (250 steps/s for X motor and 500 psteps/s for Y motor).

- Xand Y coordinates for each slit position

&perture E]E] Wo(um): 350 H {pm}: 250
X motor  Speed (step/s); 250 Pos (step): -1793
: :

 motor Speed (pstep/s): 500 Pos (step): &758
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5.9.8.3 Energy Slit

This group is used to define the parameters for the Energy slit:
- motors speed (250 steps/s for X motor and 500 steps/s for Y motor).
- Xand Y coordinates for each slit position

eneray (1] (J(2)(2 )[4 )(5)(8]

Y motor  Speed (pstepis) S00 Pos (step): 64

W motor  Speed (pstepis) ;.  S00 Fos (step): 8265

5.9.84  Exit Slit

This group is used to define the parameters for the Exit slit for each detector:

- Selection of the slit “slit position”: 1, 2, or 3.

- width and height for each slit position.

- motor speed (400 steps/s) and additional steps (“play”, as calibrated by CAMECA engineers) when
the motor moves in an opposite direction.

- ltalsoindicates the type of exit slit set installed for each detector, as defined in the Hardware page
of the Setup: Normal, Large or XLarge. This needs to match the setting declared in the Hardware
section. By the default, instruments are equipped with the XLarge slit set.

Exit
FCs #4B [ MNormal ][ Large ][ XLarg&]
Pos : 0 W(um): 80356  H(um): 1800

Wotor Speed (step/s): 400

Pos (step): 125000 Play (step) 7000

The table below summarizes the width and height of each slit position for each set (Normal, Large, XLarge).

For older models equipped with a large detector, this group defines its slit dimensions

This page is used to define the parameters for the different detectors.

5.9.9

5.9.9.1

Detectors

Detector

This group is used to define the parameters for the EM and FC:

- Security: you can define a maximum signal beyond which the EM shuts down to protect it. It is
recommended to set this max value to 2 or 3 M ¢/s
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Normal Large Xlarge
position W H position W H position W H
1 50 1600 1 80 1800 1 100 2400
2 20 1600 2 50 1800 2 70 2400
3 10 1600 3 25 1800 3 40 2400
5.9.8.4.1 Large Detector (option)
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- dead time (44ns on the NS), yield and background for EM
- Background and calibration for FC (see chapter (see chapter 9.2.13)

- Pd/ESA conversion coefficient (0.77). See chapter 9.3.3.3 for description.
Detector

Electron Multiplior
Security (c/s): 3000000 Dead Time (ns): 44 Yiel (%) : 100

Background (c/s): 600

Faraday Cup
Background (cfs): 530

[:] Reference Calib : 910000
PIVESA

Coef: 077 PD Reference (V)@ 15.384
oer: N

ESA Ext Reference (W) -1100.427

5.9.9.2 EM/FC Switch Motor

This group is used to define the motor parameters for the EM/FC switch procedure. It defines various
movement speed for the two motors involved in the procedure, as well as the step moves for FC and EMs.
All those values are set by Cameca engineers and should not be changed.

EM/FC Switch Motor

Motor #1 Motor #2

nnnnn

5.9.9.3 Photo multiplier (of the SE detector)

This group is used to define the parameters for the photo multiplier of the SE detector:
- max photomultiplier HV value (in DAC units) and Max count-rate security (respectively set at 60
000 bits and 10 000 000 c/s). If the count rate exceeds the security count, the HV of the photo-
multiplier is turned off.

Photo Multiplior
DAC Max : 3000 Security (c/=) ;10000000

5.9.9.4 Faraday cup

This group is used to define the parameters for FCp and FCo:
- Autorange: when ON, this function allows the FC measurement to automatically select the
measurement scale (10 um, 100 nA, 1 nA) to optimize the reading of the current.
- Range background: for each range of FC preamplifier one can enter a noise threshold, that will be
subtracted to the measurement. So 3 values in positive and 3 values in negative. Those values are
usually determined upon installation and do not need constant adjustment.

Note that the secondary Faraday Cup (FCs) is no longer available.
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Faraday Cup
Primary

Auto Range : | OFF
Polarity E Range background (c/s) : 575

Object
Auto Range
Polarity E Range background (c/g) : 550

Secondary

| ;

5.9.10 BField

There is only one group on this page dedicated to the parameters of the magnetic field.

5.9.10.1 Waiting time computed

This group is used to define the computed waiting time when a jump in the B-field is asked (either by the
operator or the program).
The waiting time (WT) is calculated via the equation:
WT=2%*]|B2-B1|/(B2+B1) * Slope + Offset
With B1 and B2 the two B-field values.
The offset is defined as:
Offset = t0 — Slope*dB0

Parameters should be defined as follow:

NMR Lock : Slope =10 Offset =1 t0=5 dB0=0.4
NMR Unlock:  Slope =10 Offset =1 t0=5 dB0=0.4
Hall : Slope =10 Offset = 10
Waiting Time Computed
EhiRock | NMRUnbck | Hal
Offzet: 1 Slope: 10 dBo: 0.4 to: 5

5.9.11 Directories and Misc

5.9.11.1 Directories

This group is used to define the root directories in which all acquired data will be saved. Sub-directories can
then be created via Def Analysis (see chapter 5.6).

User directory :  D\Cameca NanoSIMS Data

PHD directory :  D:\Cameca ManoSIMS Data Browse
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5.9.11.2 Spy info duration

This group is used to define the number of days information is kept for the SpyEdit software (See chapter
7.5) This is for Cameca personnel only.

Spy info duration (days): 60

5.9.11.3 Numeric format

This group is used to define the numeric format for numeric data saving.

‘ Numeric format : French ‘ ‘

5.9.11.4 Autograin

This group is used to define which software to use for the Autograin function in Grain mode imaging. The
standard mode is the CAMECA one. CIW mode links to a customized version requiring an external
homemade software.

See 5.7 for description of the Analysis program and 9.2.6.3 for details on how to use the Autograin function
in Grain mode imaging.

‘ ‘ Autograin : | CAMECA ChA ‘ ‘

5.9.12 Sources

This page is used to define the parameters settings for the sources.

5.9.12.1 Cesium ion source

This group is used to define the parameters for the Cesium source start and stop procedures:
- Increasing rate for ionizer (0.4 mA/min) and reservoir (0.1 mA/min) for the start procedure.
- Decreasing rate for ionizer (0.5 mA/min) and reservoir (0.1 mA/min) for the stop procedure.
- Waiting time before starting the reservoir during the start procedure (300s) and stopping the
ionizer during the stop procedure (300s).
- Leak current measurement period (60 min)
- Standby ionizer and reservoir values (respectively 1.75 mA and 0 mA)

Cesium
Increasing Rate lonizer (maJdmn} : m Reservoir (m&/mny: 0.1
Decreasing Rate  lonizer (m&/mn): 0.5 Reservoir (majmn) ;0.1
Waiting Time ~ Start Reservoir (s): 300 Stop lonizer (s) . 300

Leak Current Measurement Period (mn}: &0

Standby lonizer (m&): 175 Reservoir (ma): 0

Those are the recommended values for a good use of the Cs source. It is not advised to change them. In
particular, speeding the start or stop procedure would only lead to a premature degradation of the source
and could lead to an unstable primary beam.
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5.9.12.2 RF-plasma ion source

This group is used to define the parameters for the RF-plasma oxygen ion source start and stop:
RF source power supply manufacturer (initially Comdel, now Oregon Physics)
Speed of power increments (both up-ramp and down-ramp must be set at 15s)

Those parameters are determined by Cameca engineers upon installation of the instrument (or source

Refreshing time when reading the parameters in the source window: when starting and during

operations: 0.7s, in standby: 20s.

The ignition voltage (Ignite source HV = 6000V)

The ratio between Extractor HV and Source HV (=4000/8000=0.5)
Source HV rate (1 kV/s) and reflected power limit (100 W)

Set all the parameters for the starting procedure of the RF source:

O

The semi-automatic mode: when checked, the starting procedure requires user

confirmation at each step (see chapter 9.1.2.2 for details on the procedure).

Frequency increment: 0.01 MHz and Frequency target at the end of step 1 (38-39 MHz)
Frequency scan direction for each step (from 39 to 42 MHz), the program will then look for

Frequency resulting in the lowest Reflected power.
Coil value applied (OA from step 1 to 3, 0.5A at step 4, then 1.1A at step 5)
forward power target at each step (step 2: 460W, step 3: 460W, step 4: 580W)
Final reflected power target (usually <10 W, may vary from one source to another)

0-
RF Alimention : Comdel Q..

RF Power Upramp Time (s): 1 Downramp Time (s} : 1

Measure Refresh Time When Starting (s): 0.7 When StandBy (s): 20
Ignite Source HV (V) : 5000

Extractor HV / Source HY Coef: 0.5 Source HV Rate (k\vis): 1

Reflected Power Limit (W) : 50

Auto Start
Frequency Increment (Mhz): 0.01 SemiAutomatic Mode
Step1 Coil Value (&4): 0 Freguency Value (Mhz): 385

Step2 Scan Direction : | DOWN up Forward Power Target (W) : 420
Step3  Scan Direction | | DOWN Forward Power Target (W) : 440
Stepd  Scan Direction : | DOWN

Coil Value (&): 0.5 Forward Power Target (W) : 580
StepS Scan Dirction : [ DOWN
Coil Value (&): 1.6 Reflected Power Target (W) : 10

upgrade) and should not be changed.

5.9.12.3 Electron gun

This group is used to define one parameter of the Egun: The value set when the e-gun emission is turned-
off (see Source window description 5.4 and e-gun tuning 9.3.2 for details). This value is usually of 1700 bits.

EGun

Emiz=ion OFF Heat Value (DAC) . 1700
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5.10 Vacuum

]

The vacuum synoptic program is available on the “Board” by clicking on this button:

read the pressure in the various chambers of the instrument.

5.10.1 Synopticin “Auto” mode

=] |t is the
interface that allows the user to communicate with the vacuum automaton. The vacuum automaton
surveys the pumping system, controls the pumping/venting sequences, valve opening and HV safeties (refer
to chapter 5.10.4). From the vacuum synoptic, the user can monitor the state of the pumps, the valves and

e . -
T NanoSims vacuu
Leg About
Date: 5/15/2017 CONTROLS AUTO -
Press. units: mbar
IP3 T5P
@ G::D—@ 1P1 @IFZ ReadStatus o
— perod) 10
Vessel| E H L 2410 ‘ 1389 LI 3.56-9 VENT/PUMP
Fod : ;1 Y| Eprg UHVIA UHW3A EF10 UHWZ4 SOURCE] .
E2 [ anavyss CENTRAL € OLUMN [—|MULTL COLLECTION
B CHAMEBER EP11 CHAMBER VESSEL -
| AIRLOCK -
Airlock 1.6E-9 FC
Eod
—— 2&E8 UHV3B CHAMEER
UHWV1B #[EP?
= EF17 MULTI -
=%
|
™ y Dq F
EPS EP15S Ll
I TP3 GASLINE
of et of EP7 oW erz oXEPE off EPs stor |
1.8E-4
@_‘ . Valves/pump/Vert pump/Rod
I PH ®  Closed/Cff Vent/Moved
Opened/On/Pump./Parking
Transitory
I BAKING CONTROL #1: An other function running
Duration {h}
OFF ¥
MAIN o I
W] VESSEL
Time Remaining
ANALYSIS
OhiOm
[ mucTi
Delay (h} | I
LAST BAKING 0 +
Date  :SISZ017138:17FM SECOND O Alr pressurs
I \EE;;[‘?;"T e Blectronics
AMALYSIS: ON SAMPLE O
auit

Figure 237: vacuum synoptic in AUTO mode

b Closed or off
Open oron
b Transitory or problem
Turquoise color: “Read Status” (=between updates)
“read status period” (synoptic update interval). Minimum value:
15sec.
i i N T Green color: “reading “
The computer reads the NanoSIMS status (vacuum, valves,
pumps, HV..)
3 modes are selectable:
conmoLs ALTe < AUTO Mode
- The automaton survey is ON
MANUAL Mode
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- Every vacuum component can be switched by
clicking with the mouse on the synoptic.
- A password will be asked: “ims”
RECORDER Mode
- The vacuum evolution is recorded (see the
synoptic “Pressure recorder”)

| VENT/PUMP
SOURCE -
VESSEL -
AIRLOCK -

CHAMBER -

MULTI -

VENT/PUMP switch

Clicking on each selector gives access to 3 possibilities

- Vent

- Pump

- Change status (Only in manual mode)
Green Led:

- Pumping is active
Green/orange blinking:

- Repumping or Venting process is running
Orange Led

- Ventingis done

Change status (only available in manual mode)
- Change the pumping status.
All vacuum states are recorded in a NVRAM

Note: For each action, a confirmation message (OK -
Cancel) is required.

WARNING: for security reasons, in Auto mode only
one process is available at a time e.g. if a load-lock
venting is started no other valve can be actuated.

FC

GASLINE

START/ STOP

FC
- If the instrument has a multi-FCs acquisition
electronics, this option allows to pump the FC
pre-amplifier box (on the top of the
multicollection)
Gasline
- Start: primary pumping of the O; line between
the bottle and the ion source leak valve
- Stop: abort the primary pumping sequence
Only 2 states are available
“Start” green: pumping sequence running
“stop” orange: pumping done

#1: An other function running

The last error message is displayed in this panel.
This panel is always displayed

BAKING CONTROL
Duration (h}
OFF
MAIN g
7| wvEssEL
V] ANALYSIS
MULTI

Time Remaining

OhOm

Delay {h}

LAST BAKING o -
Dat= 2017 1:56:17PM

Duration asked :43h

VESSEL : ON

ANALYSIS : ON

BAKING ON/OFF.

Selection of parts to bake.

BAKING CC

wan (o)

V| VESSEL
V| ANALYSIS
MULTI

Vessel (vessel chamber)
Analysis (analysis chamber)
Multi (multicollection chamber)

All checked chambers will be baked
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LAST BAKING 0 5

. Date  5/5/2017 1SS1TFM
Information about the || soense g
. WESSEL : ON
baki ng AMALYEIS: ON
Duration (h}
.

Time configuration

Time Remaining
OhOm

Delay {h}

Duration: time of baking in hours
Delay: recorded moments before (in h and mn)

| SAFETIES
cs |
PRIM 1
SECOND |
SAMPLE |

Status of Cesium, Primary, Secondary and Sample high
voltage:

Green: High voltage is permitted

Red: High voltage is not permitted (by hardware)

AIRLOCK ROD
REST

Blue

The airlock (or vessel) rod is pulled back in its rest
position: its transfer valve can be actuated

Red

‘E’SSEL mD . . . . oy . .
REST | The airlock (or vessel) rod is not in its rest position: its
transfer valve cannot be actuated
| Bectronics u Electronics ON (green) or OFF (red)
‘ Air pressure ‘l Green: The compressed air is > 4 bars
Red: the compressed air is < 4 bars
| com | The communication is operational
‘ ‘ The sgrvey (= gauge and valve status reading) is
operational
‘ Quit the synoptic display application. The vacuum
automaton keeps running.
i Electrovalves for Nitrogen venting
EP15
t EP4 Electrovalves to pump or vent specific parts of the NS

Linear gate valve
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5.10.2 Synopticin “Manua

The manual mode allows the user to stop/start the pumps and gauges, and open/close the valves. This
mode overrides the vacuum automaton and disables all pressure safeties. It must thus be used with
EXTREME CAUTION and only by experimented users. It is therefore primordial to only use the manual mode
(accessible via the vacuum synoptic) when absolutely necessary and to switch back and stay in Auto mode

the rest of the time.

|II

mode

i NanoSims vacuum - O X
Leg  About
Date: 6/26/2017 CONTROLS MANUF
Press. units: mbar
READ STATUS
1IP3 TSP
@ @_®IP] @IPZ ReadStatus 10 1=
— period (s} =
wa| 38 | [ VENT/PUMP
5 A
Bod s m Ep1g URVIA UHV3A EP'"]\,( UHV24
E g ANALYSIS CENTRAL COLUMN [ |MULIL C OLLECTION
E CHAMBER EP11 CHAMBER ® |vEssEL v
[
x
- e
— | PiET7 | [ UHVES ® [craveen V|
UHV1B EP3
& A
(=g
FC
] 0
T EPs EP1:I§ START STOP
TP3 GASLINE
=4 = START STOP
Dt'_\ EP1 EF£|L EP7 DZ'_\ EP2 DQEPQ Dt'_\ EP4
Vabes pump Vertpunp |
s e |2
X 0SE e ove
AMALYSIS
Opened/On/Pump/Parking d
Transitory W n
PUMPS ‘#1. no more active emoris) AIRLOCK ROD
TP1 |START ~| IP1 |STOP VESSEL ROD
GAUGES VALVES BOARD SAFETIES p—
v v - cs ]
TP3 sTOF IP2 |sTOP UHVIA |on | unviB |on - EPS | Open Close pp—
EP10 | oper | |iCloze | | PRIM B [coun
TP5 START | IP3 |STOP v | [UHV2A |OFF ~| UHVZB [ON ~ _
EP11 | Cpen Close SECOND .
PM |START +~ TSP stor | |UHV3A |OFF  ~ | UHV3B CN ~
SAMPLE ]
EP13 | Open Close
ot

Figure 238: Vacuum synoptic in manual mode

CONTROLS MANUZ .-

Manual control selected

PUMPS
TP1 st8RT +~ | [P1

TP3 |sTOP  ~ | IP2

TP5 START ~ | IP3

PM START ~ TSP

STOP

STOP

STOP

STOP

IP ON: starts the ion pump HV

IP OFF: Stops the ion pump HV

Protection: If the vacuum is too high, the high voltage of the
ion pump is stopped automatically

TP ON: starts the turbomolecular pump
TP OFF: stops the turbomolecular pump

Starts or stops the titanium sublimation pump.

Note: The intensity, the periodicity and the sublimation time
are set directly on the front panel of the Sublimation pump
power supply. Refer to the maintenance chapter 10.5

GAUGES

UHV1A ©N ~ |  UHVIB

UHV2A oFF -~ UHV2B

UHV3A oFF ~| UHV3B

ON

ON

ON

ON: starts the gauge
(will not start until vacuum is below 10 mbar)

OFF: stops the gauge
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BAKING
[] wesseL
[] amavysis

1 muLm

All checked chambers will be baked

VALVES BOARD

EPS  Open Close
EP10  Cpen Close
EP11 | Cpen Close

EP13  Open Close

Close or open the Linear gate valve

SAFETIES

cs ]
PRIM ]
SECOND ]

savpe M O

Vacuum software safeties allowing application of HV on the
different parts of the NanoSIMS.

5.10.3 Pressure recorder

ol |leRecorder
Parametens
Select Gauge
O FEiR
B UHVIA
[J uHvzA
] UHvz2A

Al None

Data

Save Wiew

Max time )

60 o

Refresh (s)

Nb. poirts

LY

Close

Manual scale
configuration

000 1200 oon

({time)

On/0f

v
Cursor (XY) | <21:56:06> / <B E‘l::-'.':- Auin Ymax |578E5

Log or Linear scale

Semifuto

Manual max tmn  [1.09E

Star

Auto, Semi auto or

manual scale
Stop or start

Figure 239: Vacuum pressure recorder
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5.10.4 Safeties

Several safeties are in place to insure a good use of the instrument. Most of these safeties are controlled
by the Auto mode of the Vacuum Automaton. It is therefore primordial to only use the manual mode
(accessible via the vacuum synoptic) when absolutely necessary and to switch back and stay in Auto mode
the rest of the time.

5.10.4.1 High voltage safeties

The high voltages in the primary and secondary columns (lenses, detectors, e-gun) will apply only if:
- Pressure in the source chamber is < 1.10” mbar (Cs mode), < 5.10°> mbar (O mode).
- And pressure in the analysis chamber, the central column and the multicollection chamber is < 10°
® mbar everywhere.

The sample high voltage will apply only if:
- High voltage is applied in the primary and secondary columns.
- And the valve between the analysis chamber and the vessel chamber is closed.

The Cs* source high voltage will apply only if:
- Pressure in the source chamber is < 1.10 mbar.
- And the cooling water is running through the red “physics” circuit (a flowmeter wheel is visible on
the side of the RF source cabinet).
- The leak current from the source is <0.2 mA

High Voltages can also be manually stopped by clicking on “HV” (light off) on the keyboard. This will stop all
HV, except the Cs* source, which is controlled by the Source software window, and the RF source, which is
controlled independently by the RF source chassis.

The RF oxygen source securities are handled independently by the RF source chassis. The RF source will
start only if:

- Pressure in the source chamber is < 5.10° mbar.

- The power supply of the RF source is on and in “enable” position.

- There is no polarity switch in progress.

- Thereis galden in the reservoir.

- The galden flow is sufficient (measured as 1.1 V on analog flowmeter).

- The galden temperature < 55°C.

- The oxygen pressure in > 0.5 bars.

5.10.4.2 Valves safeties

Two valves are constantly monitored by the vacuum Automaton (in AUTO mode only!):

EP11 (between the source and the central column). It will open only if:
- The “source” switch on the airlock valve control box is in “open” position
AND
- Pressure in the source chamber < 1.10-5 mbar (Cs mode), < 5.10-5 mbar (O mode), pressure in the
central column is < 10-6 mbar, and the pumping system is on.
- ORif the pumping system is off, and both the source chamber and central column are vented.

EP10 (between central column and multicollection chamber). It will open only if:
- The “multi” switch on the airlock valve control box in in “open” position
AND
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- Pressure in the central column and in the multicollection is < 10-6 mbar, and the pumping system
inon.

- ORif the pumping system is off and both the central column and the multicollection chamber are
vented.

If any of these conditions are not met, the valve will automatically close, to protect the source, analysis or
multicollection.

The vacuum automaton also controls the opening of the valves between the airlock and the vessel chamber,
and between the vessel chamber and the analysis chamber. Those valves are actioned via the airlock valve
control box:

EP9 (between airlock and vessel chamber). It will open only if:
- The airlock-vessel transfer rod is in parking position.
AND
- valve EP13 (between vessel and analysis chamber) is closed.
AND
- Airlock and vessel chamber are both vented and pumping system is off.
- OR pressure in the airlock is < 5.10-6 mbar and pressure in the vessel chamber is < 1.10-6 mbar,
with the pumping system on.

EP13 (between vessel chamber and analysis chamber). It will open only if:
- The vessel-analysis transfer rod is in parking position.
AND
- valve EP9 (between airlock and vessel chamber) is closed.
AND
- Vessel and analysis chambers are both vented and the pumping system is off.
- OR pressure in the vessel chamber is < 10-7 mbar and pressure in the analysis chamber is < 10-8
mbar.

EP9 and EP13 will close only if the rods are properly in their parking position.

5.10.4.3 Pump safeties

Pumping and venting sequences are handled by the vacuum automaton. However, the pump safeties are
defined directly by the pump controllers. In “protect” mode, the ion pumps will stop if the pressure
increases above 2.10° mbar. Turbo pumps do not have pressure safeties.
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5.11 NMR

5.11.1 Introduction

Working at high mass resolution with small mass line widths, the stability of the magnetic field of the
Mattauch Herzog-like NS50 mass analyzer is crucial. It is first governed by the stability of the current flown
in its coils. Both the power supply and the magnet are water cooled. This is a first crucial reason to require
a stable water chiller.

The B-field is then regulated by a feedback loop made by a Hall probe inserted inside the gap of the magnet,
measuring the B-field and regulating the current power supply (up to 0.35 Tesla). The bandwidth of the Hall
probe is large enough to allow magnetic peak jumps between different magnetic B-fields when working in
monocollection or hybrid modes. But this flexibility limits the ultimate B-field stability.

Hence, a third feedback can be given by an NMR probe, keeping the magnetic field more stable in the long
term than the Hall probe but is much slower and thus does not allow peak jumps. The NMR is used ONLY
in multicollection, on request from the operator. Two NMR probes are inserted inside the gap of the magnet
connected to the same electronic rack. The two probes cover different ranges and switch automatically.
In option one can purchase a third NMR probe called “NMR H/D” with even better stability for the low
magnetic field required for precise hydrogen/deuterium ratios (i.e. when 7™ detector mass less than 23Na).
- Standard NMR Bfield range: 0.09 to 0.26 Tesla (probe 2) and 0.17 to 0.52 (probe 3)
- H/D NMR Bfield range: 0.043 to 0.13 Tesla. (probe 1, optional)

The NMR regulation is particularly useful during hour-long analyses where the magnetic field is otherwise
likely to drift. The following chapter describes the main windows and capabilities of this software.

5.11.2 Reduced Panel Display.

Figure 240 shows the reduced display of the NMR program window. A click on the “NMR” button opens
more controls.

NMR Tool ..  — O

NMR

Server connect Communication
o= ON |

Set Field Error

Figure 240: reduced display of the NMR window

Server connect: Status of the interface connection with the server. This status has to be green in order to
send field commands or to read the Bfield value.
Communication: Status of the Communication line (R$232) controlling the NMR Teslameter.
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1.1022913 Tesla N: NMR Field Reading in Tesla or Gauss

- N: Status of the Teslameter - N= not Locked, S = NMR Signal, W = Wrong reading, L = Locked

(Reading OK).

Polarity Positive: Displays the Instrument Polarity
Regulation OFF: Status of the Regulation Process, if Regulation = OFF the field is under the Hall probe
control only.
NMR UNLOCK (or LOCK): Status of the Teslameter for a New field value. It is Blinking during the field setup,
then turns to LOCK = reading OK ; or UNLOCK = reading not OK. Typically, after a modification of B-field it
will take a few second for the NMR to re-LOCK.
“Set Field Error”: Message from the NMR Interface.

When the NMR program opens, communication with the NMR electronics will be established. The buttons
“Sever connect” and “communication” will then appear “ON” in bright green (Figure 240). If one or both
appear dark green (OFF), quit the NMR program, and restart the NMR electronics via the electronics cabinet
front panel (Figure 241). Click on the black switch to turn off the NMR, wait a few seconds, then click again
to re-start it.

Figure 241: NMR electronics panel

When opening the NMR program, it will also attempt to “lock” the NMR (bottom right corner button).
However, it will automatically unlock when the user changes the magnetic field. If it does not relock by itself
when the user stops adjusting the magnetic field, reset the NMR.

Start the NMR regulation : If Server connect, Communication and NMR lock are all bright green, then you
can launch an NMR regulation to prevent your magnetic field to drift. To launch an NMR regulation, go to
the Tuning window and put the NMR regulation ON (Figure 242). It is advised to check the centering of your
mass peaks via an HMR scan before launching an analysis as the regulation process might have slightly
affected the magnetic field.

Check
Mass (amu) :  11.451 i dM... D0:

: e i m:-;: Detection Mode : [ MutiCotiection ][ Fcp || Fco [ Totaiion current |
,J,TM%Q @D‘“‘“' :;; Int time (s): 0,541 @
E { AS: 2 Magnetic Field (G) :  1668.235 Propagation : E
24982 i
E rews: 000 NIMR regulation —/1l Nun: el =

Sit#1 (ym): 1000 | Change SR... | [ [—

Figure 242: set the NMR regulation via the Tuning window

Note that it is recommended to put the regulation back OFF before changing the magnetic field value.
Otherwise, after a modification of B-field it will take typically a few second for the NMR to re-LOCK.
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5.11.3 Full Control Panel.

Click on the Pink “NMR” button on top of the window to display the full menu. New options appear, which
can be useful for when the NMR is not working properly

NMR Tool ns50 v2.4.2
NMR.

Server connect  Communication

ON oM
11022013 =[]

|sa Field Error

Nmr Field ~

CLEAR TABLE

VALID TABLE

CORRECTION

REGULATION

CYCLING

Parameters

Enable Controls

GRAPH

RESET

auit

Password (terminate with <ENTER>).

All greyed options are for Cameca engineers only and require a password to access them. They are used
to calibrate the NMR. Changing the calibration of the NMR is very risky and it is recommended not to use
those options without a Cameca engineer.

GRAPH: Opens A Graph that displays Field Measurements and Statistics Computation. (see below)

RESET: Reinitialize the Interface. When communication issues appear with the NMR, a simple reset can
sometimes restore the communication and solve the issue.

QUIT: quit the NMR program.

5.11.4 Recording Field values with the Teslameter
It is possible to record the variations of the magnetic field with the Teslameter on (Figure 243). This can be

useful to check the magnet natural drift (record a graph with the regulation OFF), or the proper regulation
of the NMR (record a graph with the regulation ON).
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B3 NMR Tool ns30v2.4.2
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Figure 243: recorder window of the NMR program

Recording Field values with the Teslameter:

Select: GRAPH, Release the PAUSE button, the field value is now recorded and statistics are
computed for all data displayed in the graph.

Starting Regulating the Field with the NMR:

Press ‘Enable Controls’, enter the password (nano50)

Press ‘REGULATION’

The Regulation process starts by setting the Teslameter in order to take an accurate measurement
of the field, then starts the actual regulation process.

This process will take 30 seconds the first time the regulation starts upon a reset, or Interface open.
The next regulation process will take maximum 12seconds.

If the ‘VALID TABLE’ button is pressed the Regulation will be performed on the NMR value stored
in the ‘Hall_Dac/NMR_Field’ Table, If no NMR Field value corresponding to the current Hall DAC is
stored in the Table, a new reading is taken.

To stop the NMR Regulation: Release the ‘REGULATION’ Button.

5.11.5 Restoring NMR communication

When the communication fails between the NMR and the software, it is necessary to reset the NMR:

If the regulation was on, put it off in Tuning.

Quit the NMR software.

Restart the NMR electronics via the electronics cabinet front panel (Figure 241) by clicking on the
black switch.

Wait a few seconds, then click again to re-start the NMR electronics.

Restart the NMR software. Wait for “server connect” and “communication” to turn ON (bright
green)

Put the regulation back ON if you wish to.
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6 NS50L Software: The “TOOL” taskbar

6.1 Param

This program is extremely useful for troubleshooting and localizing a problem with an electronic
component, a leak or a short circuit between cables, feedthroughs or optics.

For each parameter, the program displays (in the Measure column, Figure 244) the voltage measured
directly at the output of the electronic board sending the voltage to the component (lens, deflector, etc...)
and compares them to the programmed voltage (Applied column in Figure 244). A difference (Diff) is then

calculated:

- A difference of 1% is acceptable, due to the inferior precision of the DAC feedback measurement

compared to the command.

- A different > 5% usually indicates a problem in the voltage supply, the inter-connexion, cabling,

plugs, or the component’s failure.

- A difference of 200% indicates a reversed polarity, which often happens during a polarity switch.

To solve this issue, switch again the polarities.
- Note that the coils are not monitored and the difference calculated is meaningless.

To check all voltages are properly working, open the Param program and click on “Update” to launch a scan

of all parameters. Click on “update” again whenever you want to refresh the reading.
If you wish to keep a record, you can save the table in a text format by clicking on “Save”.

gty Param ‘r] | = ihJ
Parameter Id DAC Applied Measure Diff -
Oct-45 -3028 81 11868V
Oct-90 -3027 -80 -13187V
Pdh -3094 13600 -313.354 W -312.018 V -0.4%
Pdb -3095 13600 31335V 312447V 0.0%
Plh -3127 13600 -313.354 V -313815V 01%
Plb -3128 13600 313354V 314091V 0.4% -
= COAXIAL COLUMN [
L4 -3080 44800 -7138.770V -71122197V -0.2%
E0S -3088 43634 -6952.970V -6935.442V -0.3%
EOP -3086 49540 8529.050 V 8631451V 1.2%
EOW -3097 50833 -8000.054 V -7979.168 V -0.3%
EOW Ref -3085 50833 -8000.054 V
EOW Offset -3098 0 0.000 V
PZh -3092 34300 780,298 V 780021V 0.0%
PZb -3083 34300 -790.298 V -TEB.ETOV -0.2%
I Cy -3044 100 14652V I
P3h -3100 15600 -350.436 V -358.330V -0.3%
[ BT _Tm 18600 ELT W ELAY) ELESTRY) nne
] T »
Com) e
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6.2 Point logger

6.2.1 Introduction

Point Logger is a navigation software allowing navigation using an imported image instead of the optical
microscope. This feature can be extremely useful for example to navigate over large distances inside a
holder hole or on a coated sample resulting in low contrast in the optical image. It can facilitate correlative
microscopy between different instruments.

The imported point logger image can be a simple scanned image of the full sample holder placed on a
photocopier machine or a SE/BSE image from an electron microscope, or a fluorescence or other optical
microscopy image.

The Cameca Point logger program accepts external images of JPG format only.

The key point is to use an external image with as low X-Y distortion as possible (a square should be square,
lines must be straight, X-Y axis should be orthogonal). And its pixelization should be high as it will contribute
also to the ultimate precision of the coordinate transfer.

The principle is:

a) to note two sharp details (natural or intentionally made: deposited FIB marks, scratching, writing, etc...)
in the imported image, with large X-Y space between them,

b) move the sample in order to bring these 2 points successively in the SIMS analysis (or CCD optical
microscope) center position and record these two points in the X-Y stage coordinate reference

c) run a routine of transfer of X-Y referential (alignment procedure).

d) the Navigator program will be then able to use the imported image for navigation: when clicking on a
point in the imported image the stage will move to it.

The NS CCD optical microscope image can be used instead of the SIMS image. Just make sure that CCD and
SIMS positions are well aligned (see chapter 9.2.9 on CCD/SIMS adjustment).

Algorithms used for the reference system transfer are given below in chapter 6.2.5.

6.2.2 Getting started

6.2.2.1 Automatic connection to NS50 Holder

Click on “pointlogger” button in order to launch the Point Logger program. It opens the last validated
alignment (unless the alignment file has been moved or deleted meanwhile; in such case a message
indicates that last validated alignment file failed).

An “alignment” means both an imported image and the set of points on which the alighnment is based. If
there is no previous picture nor alignment point, the window appears blank.

6.2.2.2 Loading an external image

On the main toolbar (inner left side of the NS50 pointlogger window), click on the “load image...” button,
then select the external image to load.
The NS50 PointLogger accepts only jpeg format (jpg suffix).
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load
image...

Algnnt

-

Display 3

mouse
Zoom

algnmt

target

pixel
130
1270
holder

config...

e || illion1.im Lin[1..1046]

connect...

Picture loaded

6.2.2.3 Input of two points of alignment

Move the stage to bring the sample to the first point of reference at the center of the SIMS (or optical
microscope) image.

On the main toolbar (inner left side of the NS50 pointlogger window), click on the “Algnnt” mouse mode
button. Then choose the item labeled “Open...“. The dialog box as seen below appears (in case no picture
is loaded, item “Open...“ looks grey and invalidated).

& Edit Alignment Points E]

= dore  Pixeli o 6 yi 72
Point 1 | | @ dok
read IMS {um) = Wilg

Paint 2
o read IMS {um) & g ¥

0 Canicel

\alidation Hmestamp : InDl validated

‘ Load points... l | validate Algnmnt l | Cancel I

Alignment point set dialog box

Input of the first point:
Click on "Edit Point 1" Button. The current sample stage coordinates are then sampled and displayed in um

in the “read IMS” fields.

e done Pl o4 yi 101

Paint 1 | [ @
read IMS {um) %: -g783 i §435

. done Pixel : w102 yi 216

Pantz || @
read IMS (um) 2@ o Vi

Yalidation tirmestarp : Inot validated

Load points... | | Walidate Algrmnt | | Cancel I

Input of the first point
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The user must now indicate with the mouse the corresponding point in the picture matching the current
stage position

A label "P1" between parenthesis is labeled besides the yellow cross-shaped pointer. The small red diode
"done" is now blinking. The user is free to click as many times as necessary before point validation to refine
location. Zooming/de-zooming is available (button on left side of the PL window).

Once the user considers the point to be correct vs the stage position, the user valids the point by clicking
the button "Valid". The LED "done" switches to GREEN.

Input of the second point:

Move the stage to bring the center of the SIMS (or CCD optical microscope) image to the second point of
reference selected on the external image.
The process is identical to those used for the first point input. Use P2, Edit Point 2, Valid.

=3

1
NANOS"IS 50- POINT LOGGER ¥1.156 : hillion1.160 jpg (connected)

load fuliscale : 256 X 268

Image

Algnnt

auit.

Display l

mouse

zo00m

algnmt

target
pixel
92
238

hillion1.im Lin[1..1046] | hillion1.im

holder
16718

Lin[1.1048]

dit

conflg..

server

Ei
Paint 1

dit

e
O
o p )

X 53

#1510

¥ 124

¥ 10490 :

P 92 ¥l 216 Vallg
. Darrard
= .

) 37 ¥ -14337 || Cancel

Ei
connect. Point 2

ot vaidated
[eom—

‘ Load points

Input of the P1 pixel coordinates on imported image

The user will eventually valid the set of two points with the button "Validate Algnmnt". Closing the Edit
Alignment Points dialog box would not cancel the input coordinates.

B! Edit Alignment Points @

Edit done el 48 yi 101
Point 1 9 goto
read IMS {um) 2 _g7a3 i 5435
Edit done ixe B 192 Wi 216
Faint &
read IMS {umn) = o ¥ilo

‘alidation timestamp Inot validated
l | Cancel l

Alignment front panel before final validation

| Load points... ' | Walidate Algrirnt

As soon as alignment has been done, the current STAGE POSITION is periodically sampled and displayed
superimposed over the external image, symbolized by A WHITE CROSS-shaped pointer.
The related coordinates are displayed in the fields labeled "holder" on the left side vertical toolbar.
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= NANOSIMS 50 - POINT LOGGER vi.156 - *hillion1 160.jpa (connected)

‘ load | [iscale - 256 X 288 r——r

image

| Algnnt

222

-56 hillion1.im Lin[1..1046] | hillion1.im Lin[1..1046]
holder

146
pEil

config

server
connect.

The external image with stage position (white cross) superimposed after alignment processed

6.2.2.4  Driving the stage by clicking in the imported image

From that point on, the user can select the “TARGET” mouse mode (left side of PL window) and click in the
imported image to drive the stage:
First, select the TARGET mouse mode by clicking the button "target". Click on a point of interest of the

picture. A GREEN CROSS-shaped pointer appears on the point you clicked. That GREEN CROSS pins the
target. Immediately, the stage begins to move toward the pinned green cross.

NANOSIMS 50 - POINT LOGGER v1.156 : *hillion1.160.jpg (connected) l =i|iEl

Ioad : .
image...

Algnnt -

quit

Display ,E]

mouse
Zo0om

algnmt

target

pixel
162
72

holder
2945

5722

=]
sener || NillionT.im Lin[1..1046]

Defining a target
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6.2.3 Pointlogger in more detail

6.2.3.1 Pointlogger Window

Imported image filename

fullscale view. see displayed on the banner
layout selection Zoom view. see
layout selection
alignment NAT\K(SIMS 50 - POINT LOGGER ¥1.156 - *hillion1.160.jpg (connected) l/ =@
menu load W|fullscale : 256 X 288 ; i

\ image... l
Algnnt ~ e
.|
. — [ o }
Display (layout quit

' )
selection) —_— “
Display v :

zooming -
d mouse zoom Gumbox see
mouse mode A
- zoom zooming mode:

alignment mode

algnmt
; target P1
targetting mode |
ets graphically the target point -
. 54
pixel .
di 59 - ) : E :
coordinates hoiger | hillionT.im Lin[1..1046] micron
stage Al 1000 1910
. 12047
coordinates
config...

server
connect..

Figure 245: Main point logger window

The pointlogger main window is resizable. Size and position on the screen are automatically saved in setup
file and reset at the next launch.

Pixel and stage coordinates:

Current mouse position expressed in pixel and simultaneously in holder coordinates is displayed in frames
on lower part of the toolbar.

Before an alignment is performed or with no connection to the holder, the holder coordinates display is
inactive (field in grey). After an alignment and the holder being connected, the holder coordinates display
are activated.

Pixel coordinate referential: pixel coordinates are given relatively to a referential centered on the lower
left and whose axes are oriented rightwards and upwards. Coordinates are expressed in pixels.
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Stage coordinate referential: stage coordinates are given relatively to holder motorized axes coordinates
and are expressed in micrometers.

6.2.3.2 Load Image

The button "Load Image..." permits to load an external image that will be used to drive the stage

The default path is retrieved from NS50 setup file.

The sole image format is jpeg.

As the loading might last some time in case of high pixelization, a progress bar indicates the completion of
the loading.

The image filename is displayed on the upper banner of the PL window.

6.2.3.3 Display menu

Clicking on popdown button labeled "Display" gives the list of items shown below:
J Display
FullScale
1 window #1
fullscale+zoom #2
fullscale+zoom #3
zoom+fullscale #4

mirrar X
mirror Y
micronbar
preset points

Display popdown button menu

6.2.3.3.1  Four possible window layouts

Pointlogger allows the user to display a fullscale picture and a zoomed view side by side.
layout #1 : 1 window : full view or zoomed view
layout #2 : 1 fullscale + zoom : 1 fullscale view and 1 zoom view side by side.
layout #3 : 1 fullscale + zoom : 1 large fullscale view and 1 small zoomed view.
layout #4 : 1 zoom + fullscale  : 1 small fullscale view and 1 large zoomed view.

The default layout is loaded at pointlogger initialization. To change the default layout, see PointLogger

configuration below.
The picture own scaling is taken unchanged (i.e the picture appearance is not altered due to screen

resolution). In another terms, a pixel keeps its squared shape, even at a high magnification.
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Layout #1 : 1 single view (here : zoomed view) Layout #2 : 1 fullscale view + 1 zoomed view with the same size
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Layout #3 : 1 large fullscale view + 1 small zoom view

Layout #4 : 1 small fullscale view + 1 large zoom view

6.2.3.3.2 Rotation

A rotation may be applied to align the whole picture in respect with the sample holder axis.

The rotation is computed using the algorithms used for conversion (APPENDIX 1 : coordinates conversion
formulae). As a consequence, it requires a point alignment to be performed before (APPENDIX 2 : ROTATION
formula).

To point out the principle of a rotation, select the alignment points so that the 2 points will have an equal
holder value. The rotation rotates the picture so that the 2 points P1 and P2 appear horizontal.
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Figure 246 : rotation

Once a rotation is made, the other functions: mirrorX, mirrorY, zoom can be carried out as for non rotated
picture.

The rotation can be done, whatever the functions done before are. For instance the zoom area is kept
unchanged.

—_— _
NA»\‘(‘SIMSN—POINTLOGGER\A 156 : *hillion1.160.jpg (connected) | dShye ENN‘IOSIMS 50 - POINT LOGGER ¥1.156 : *hillion1.160.jpg (connected) =12k
" load ||| oiiscale 256 X 288 load ||[fullscale 256X 288
Image. image.
Algnnt Algnnt
auit quit
Display ‘i Display ‘i
mouse mouse
algnmt algnmt
target target
ool pixel
206 42
223 47
holder holder
-3365 ||1-29045
22790 \ -16037
config config.
soner senver
connect. connect.
Figure 247 : zoom processed after a rotation Figure 248 : mirrorX processed after a rotation

6.2.3.3.3 mirrorX

Enables picture to be flipped symmetrically to a horizontal axis.

6.2.3.3.4 mirrorY

Enables picture to be flipped symmetrically to a vertical axis.

6.2.3.3.5 micronBar

This function displays the pixel bar if no alignment is done, or the micron bar otherwise. The micron bar

display status is kept in setup to be applied at each program start. The micron bar object can be moved by
drag and drop mouse process.
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Figure 249 : display of a micronbar

6.2.3.3.6

PRESET POINTS are displayed as BLUE CROSSES. They are only displayed on full screen view. The displayed

preset points are those listed under the label « GO TO a position list » of the holder front panel.
15! POINT LOGGER v1.151 : *hillion1.160. jpg - E]@@

Preset Points as BLUE crosses

Algnmnt
v

Display

mouse

I 200m

[t
|

target

pixel
81
168

holder
10789

105

display of preset points

6.2.3.4 Mouse mode selection

mouse
Zoom

algnmt

-target
- A set of 3 buttons are dedicated to mouse assignment.

- abutton labeled "zoom" assigns the mouse to defining a zoomed view.

- a button labeled "algnmt" assigns the mouse to defining the picture coordinates during an
alignment process.

- abutton labeled "target" assigns mouse to defining a target for stage moving.

6.2.3.4.1

This mode allows shaping a gumbox to define a zoom view. Opening a gumbox consists of hitting the left
mouse button, dragging while keeping the left button down and releasing it up.
The zoom factor is labeled on the upper left coin of the zoomed view.

Mouse zooming mode
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Note 1 : except for layout # 1 ("1 single view" ), zooming can be made only on "fullscale" view.

Note 2 : zoomed view is cancelled with function "FullScale" in the "Display" menu.
[ rwvosms 5o PoerT LoGGER vi 188 FHliont 180 pa (comectes) e

Figure 250 : zoom procedure

The white dotted rectangle isolates the zoomed section. If the user selects a section too small, the zooming
procedure is cancelled.

6.2.3.4.2  Mouse Alignment mode

Pointlogger automatically switches to the editing alignment mode whenever Alignment dialog box is shown.
The mouse in editing alignment mode is used to sample the 2 alignment points.

Note: During the alignment process, the user is free to switch to zooming mode to change viewing
conditions.

6.2.3.4.3 Mouse Target mode

In target mode, any mouse click on picture sets off a stage motion. Target mode gets enabled only if
alignment is validated and holder connected. For a detailed description see moving the stage

6.2.3.5 Cross pointers
Overal there are 4 different cross-shaped pointers:

6.2.3.5.1 PRESET Points as BLUE crosses

PRESET POINTS are displayed as BLUE CROSSES. They are only displayed on full screen view. The displayed
preset points are those listed under the label « GO TO a position list » of the holder front panel.

6.2.3.5.2  The 2 alignment point YELLOW cross-pointers

Those YELLOW crosses are labeled "P1" and "P2". During an alignment process, the point under editing
sees its label lead and trailed by parenthesis, for instance "P1" to "(P1)"

6.2.3.5.3  The current STAGE position WHITE cross pointer

Displayed in WHITE, this cross-shaped pointer is displayed as soon as an alignment is validated. This cross-
shaped pointer is not labeled.

6.2.3.5.4  The TARGET GREEN cross pointer

This GREEN temporary cross-shaped pointer appears as soon as the user clicks on a picture point in target
mode. This green target cross-shaped pointer turns to the WHITE current stage position when the stage
reaches the target position.
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6.2.3.5.5

The cross coordinates are expressed in pixel. The coordinates are related to the crossing point of the 2 thin
lines of the cross-shaped pointer. The vertical thin line is always set to the right side of a pixel.

Cross display accuracy

6.2.3.6 Alignment menu
6.2.3.6.1

The user can load an alignment file by calling the item "Open..." from menu "Algnmt ". Alignment files have
a suffix "ref". In case where the current validated alignment has not been previously saved, the user is
prompted to save it before loading.

The image with which the alignment had been processed is loaded as well and the alignment points
displayed.

This new alignment will be saved and reloaded at the next pointlogger start.

Alignment file loading

6.2.3.6.2

One can save an alignment file under current name (Save) or under a new name (save as). The path selected
at the saving will be used further as the default path.

The saved alignment file is becomes the "last alignment file" : at the next pointlogge restart , PointLogger
will load this alignment file.

Saving current alignment

When an alignment has been done but has not been saved yet, an asterix caracter appears ahead of the
filename displayed on the upper window banner.

6.2.3.6.3

Once an external image is loaded, this command is allowed. The user can update the alighment at any
moment. The diode labeled «done» are set on or off depending if the alignment points have been previously
validated or not.

The “Validation timestamp date” field is filled with the last validated alignment date.

Editing the alignment point set

Edit Alignment Points
Edit doce Plzl : A 64 e 72
Point1 | |
e 05 ) A-9948 | V0 9868
Edit dece phel: 192 ¥ 216 Valid
Point2 {1
e W () A 837 ¥+ -14337 | | Cancel
IDG/IJB.“ZMZ 14:22
Vafldalon Imes mp ©
| Load points... ‘ \alidate Agnmnt J | Cancel ‘

Figure 251: dialog box filled with an already validated alignment

6.2.3.6.4

The user can pick alignment points from another alignment file. This can happen when the user has
captured a new picture from the stage and is willing to re-use the alignment points input from a former
picture. The alignment cross-shaped pointers displayed on the picture are updated with the new values.

Loading a set of points from another alignment file

6.2.3.6.5

At any moment, the user can quit the alignment process with button “Close”.

Quitting a point alignment
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However the alighment points are memorized until the user re-opens the alignment dialog box.

6.2.3.7 Point Logger configuration

r Configuration M

holder messaging |

Underlaying messaging configuration for
connection to holder. Set in factory.

T :) . not supposed to be changed
L

holder status polling period ms: j 1500
L

olling period during moving ms: ¢4
polling p g ) : f) 1000

| it et | Last validated alignment file.

. Reset deletes the reference to the file.
% CiDocuments and SettingsiMorgandt

l passecn | Access to that configuration dialog can be
restrained by a password. Blank if no pwd.

pwd (blank if no pwd required) :

| ey | Picture labelling controls the display of

labeling on the upper side of picture views.

picture labeling : (V] \yindow layout : 9 1 fullscale
Window layout used the starting of PL.

memory space allocated per picture : 7
L PR ) 1000000

Tool to simulate conversion from pixel to stage
and vice-versa. Used for checking conversion
formulae.

| compute coordinates... j

save ] close ]

Figure 252 : configuration dialog box

6.2.4 Troubleshooting

If any problem occurs at starting, an efficient way to fix that is to remove the pointlogger setup file, called
“PointLoggerSetup.xml” and installed in camims/data/holder. Pointlogger will rebuild a default setup file
when restarting.

6.2.5 Appendixi: coordinate conversion formula

6.2.5.1 Prerequisites

The camera device main axis is assumed to be orthogonal in consideration with the stage plate.
The referential local to the camera (also named picture referential) should be rotated to be aligned with
the stage main axis.
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The own picture referential named {r0} is centered on the lower left corner of the picture and the axes are
oriented rightwards and upwards.
The optical system applies a magnitude factor which is direction independent.

6.2.5.2 Conversion from external picture ref to sample holder ref

Assuming the constrains listed above, we consider a triangle made up of the 2 alignment points and a free
point with known coordinates in the external picture referential.

It is asserted that the angles inside the triangle are kept unchanged during the transformation (rotation +
translation).

P1 coordinates are noted (m1x, m1ly) in the picture referential and (M1x, M1y) in the holder referential.
P2 coordinates are noted (m2x, m2y) in the picture referential and (M2x, M2y) in theholder referential.
P3 is a point with unknown holder coordinates.

Y3,

P1

Figure 253 : triangle P1P2P3 and its inner angles
The angles a1, a2, a3 can be expressed (in the picture referential) as :
al=ATAN ((m2y-mly)/(m2x-milx))
a2 = ATAN (( m3y—m2y )/ ( m3x—m2x))
a3 =ATAN ((m3y-mly)/(m3x-milx))
As asserted above :
a3 -al keeps unchanged during transformation
a2 - al keeps unchanged during transformation
The angles a1, a2, a3 can be expressed (in the holder referential) as :
ol =ATAN ((M2y-M1y)/(M2x-Milx))
a2 = ATAN ( ( M3y — M2y ) / ( M3x — M2x))
a3 =ATAN ((M3y-M1y)/(M3x-Mix))

To simplify, intermediairy al, named alphal in respect with picture referential and ALPHA1 respect with
holder referential.

We obtain the following equation system :

ATAN ((m3y—m2y )/ (m3x—m2x))—alphal = ATAN (( M3y — M2y )/ ( M3x —M2x)) — ALPHA1

ATAN ((m3y-m1ly)/(m3x-milx ))—alphal = ATAN (( M3y - M1y )/ ( M3x - M1x)) — ALPHA1

We gather terms M3x and M3y in one side :
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TGT (ATAN ((m3y—m2y)/(m3x—m2x))—alphal + ALPHA1) = (M3y—-M2y )/ ( M3x—M2x)
TGT (ATAN ((m3y-mly)/(m3x—milx ))—alphal + ALPHA1)=(M3y-M1ly)/(M3x-M1ilx)

We assert 2 intermediairy variables a and b expressed like :
a=TGT (ATAN ((m3y—mly)/(m3x—-milx ))—alphal + ALPHA1)
b =TGT (ATAN (( m3y—m2y)/(m3x—m2x))—alphal + ALPHA1)

(M3y—-M1y)/(M3x—Mix)

a
b= (M3y-M2y)/(M3x—M2x)

a*(M3x—Milx)= M3y—-Mly
b*(M3x—M2x)= M3y—- M2y

a*(M3x—Milx) —b *(M3x—-M2x)=—M1ly + M2y
M3x *(a—-b) = —Mly+ M2y +a* Mlx—b * M2x

M3x=(Mlx*a- Mly+M2y-M2x*b)/(a-b)
M3y =M3x *a- Mlx * a+M1ly

In the end, M3x and M3y are expressed as :

M3x=(Mlx*a - Mly+M2y-M2x*b)/(a-b)
M3y=M3x*a - Mlx*a+Mly

6.2.5.3 Inverse conversion from holder ref to picture ref
Equations are symmetrical to equations defined above :
m3x =(A*mlx —mly +m2y—B *m2x)/(A-B)
m3y =A*m3x + mly—A* milx

where A and B are expressed as :
A=TGT (ATAN (( M3y —M1y)/( M3x—Mix))— ALPHAL + alphal)
B =TGT (ATAN ( ( M3y — M2y )/ ( M3x — M2x )) — ALPHAL1 + alphal)

6.2.6  Appendix Il: Rotation formula

For the rotation angle, only rotation noted (a + @) is taken,ignoring the following other parameters :

. the homothetical magnitude noted (p3)
. the origin move of pixel referential (O -> P1)
. the origin move of holder referential (P1 -> holder origin)
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Figure 254 : rotation principle
Note that P1 is invariant in consideration with the rotation.
The o angle is computed as:
o = arctangent ( (y2-y1) / (x2-x1))
with : x1,yl pixel coordinates of P1 and x2,y2 pixel coordinates of P2

¢ is computed as:
¢ =arctangent ((Y2-Y1)/(X2-X1))
with : X1,Y1 holder coordinates of P1 and X2,Y2 holder coordinates of P2

6.3 Editor

The editor allows the user to load the full analytical conditions of a previous analysis (Figure 255). It is then
possible to export or print the file.

Grain Mode Image Acquistion
Definition

Filename : D:\Cameca NanoSIMS Data\expenience\RIT-26-11-2016\RTT-26-11-2016_1%.0m
Creation Date : 30.11.18, 11:11
Instrument : Nano14s

Comment :

Manosims : Large

Sample Name : G520)4

Malrix : G52034

Sample stage pesition : X = 303 um ¥ = 14011 pm Z = 4314 pm
Raster size : 10.0119 um

Total Aca. Tir
Cycle number :
Beam blanking : No
Pre-sputtering : No

Measurement Condition

HMR Regulation : OFF
s mode  Multi collction

Working frame.
width : 256 Height : 256
Scanning frame

XLow : 1 XHigh : 256

Yiow : 1 YHigh : 356
Bfield : 1417073 DAC

Q: 380 DAC

LF4 2 25500 DAC

Hex : 325 DAC

Detector  Symbal Rodius Mass Neg plate Pos plate

#1 12¢ 261.206 mm 11451 73 DAC 75 DAC
2 160 308.673 mm 16012 | -1413DAC -1317 DAC
] 2850 408.520 mm 28010 | 1217DAC 1512 DAC
# 27812 568.396 mm 54223 -200DAC 208 DAC

Analytical Parameters

Primary

Souree : Csi
Cs Hv : 8001V / Tonizer : 1.851 mA / Reservoir : 0.291 mA
Egun Hy : -6000 ¥ / Heat : 1700 DAC / Emission : 0.160 mA / Be : 20517 DAC

LDuo: 0y
LL:48452V

Lo:ov
WF : D DAC

quit

Figure 255: Editor window showing all acquisition parameters
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7 NSS50L Software: The “OTHER” taskbar

7.1 Periodic table

The Periodic table (Figure 256) provides information about natural element abundances and interferences
from a Mendeleiev table.

By clicking left on elements, the operator can add elements to the list of “selected elements” or he can
delete them by clicking on the button “delete” in the selection editor.

By clicking right on the elements of the Mendeleiev table, the operator can see the natural isotope
abundance of the element.

PERIODIC TABLE = — 5
Selection |B Elements Interferences ——»
C ==

Ag
Ccd i
Re |

Be Selected elements . C| N| o| F| Ne

P 5 Cl Ar

Bi

z o|
Sc Ti v Cr| Mn| Fe Co Ni Cu| Zn| Ga .
Sn

Sr Y Zr | Nb| Mo| Tc | FRu| Rh| Pd | Ag Cd In

Se Br Kr

Ba Ht | Ta| W | Re | Os Ir Pt| Au| Hg| TI Pb

B =

[l
=]

La| Ce| Pr| Nd| Pm| Sm| Eu| Gd| Tb | Dy | Ho | Er | Tm| ¥b | Lu

Ac | Th Pa u Mp| Pu| Am | Cm| Bk Ct Es | Fm | Md | MNo | Lw

Figure 256: Periodic table window

When clicking on the “interference” button, a window opens, allowing to see all possible mass interference
coming from the selected elements on an ion formula to enter (Figure 257).
Enter the ion chemical formula or a mass number in the “nominal masses” box. The following formats are
allowed (Figure 257):
- Chemical formula without specifying isotopes, with no space between letters. In this case, the
major isotope will be selected. Ex: CN (26.0031 amu)
- Chemical formula with specific isotopes. This time, a space between species is necessary. Ex: 28Si2
14N4 (-111.9662 amu)
- Mass number Ex: 26.
When entering a formula in order to filter through all possible interferences, you can also specify a
minimum mass resolving power (Min MRP) and a minimum species abundance (Min. Abundance). Species
not matching those criteria (e.g. too far in mass or too low in abundance) will not be shown in the results
to make it more readable.
You can also choose to see interferences for all combination of the selected masses (“All masses”) or only
on the “nominal masses” you have entered.
Click “Start” for the list of interferences to appear.
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Interference - x
Selected masses MNominal masses
" 300
Symbol Amu Delete Min MRP
v
H 1.007825 Symbol Aum.u Min Abundance Leb
H 2.014000
12 12.000000 % 25.0000 Toralien =
13C 13.003355 e 26.0031
140 14003074 12C 18 25.0031
15N 15.000108 ® All masses
274l 26,981541
() Nominal masses
Start
SYMBOL Interferences a.m.u Abundance MRP A
9 15N 12C 2H 1K 15.0213 0.0001483 691
10 15N 12C H 15.0235 0.9385550 542
11 274l 15M 12C 27.0001 0.0036157 1453
12 27al 14M 13C 27.0064 0.0109557 1084
13 27al 14M 12C 1H 27.0109 0.9352324 918
14 27al 13C 12C 2H 27.0174 0.0000015 733
15 27al 13C 12C H 27.01%0 0.0108757 720
15 27al 13C H 27.0145 0.0001210 813
17 27al 12C 2H 1H 27.0218 0.0001467 570
18 27al 12C 1H 27.0235 0.9775809 543
19 CM 13C 12C H 26,0112 0.0108774 3208
20 CM 13C 26,0067 0.0001210 7152
21 CM 12C H 26.0140 0.0001457 2330
22 CM 12C 1H 26.0157 0.9778275 2063 w
< >

Figure 257: Interferences window

7.2 Ana2Excel export to Excel format

This export program (Figure 259) allows the user to export a data summary from isotopic data acquisition
files (.stat) into an Excel spreadsheet after a chained analysis. Each .stat acquisition file shows a list of
analysis parameters, as well as the results of the analysis, as the ratios defined before the analysis (see

chapter 9.2.6.2 on isotopic analyses).

Below a header giving the acquisition conditions, the results are shown in four sections (Figure 258),

corresponding respectively to:

- Section 1: results are given with no correction applied for EM detectors and with a simple

correction of the background noise as defined in the Setup for FC detectors.

- Section 2: results are given with yield and dead time corrections applied for EM detectors and with

a simple correction of the background as defined in the Setup for FC detectors.

- Section 3: results are given with yield and dead time corrections applied for EM detectors and with

a correction of the baseline as defined in the Setup for FC detectors.

- Section 4: results are given with yield and dead time corrections applied for EM detectors and with
a correction of the background as measured during the acquisition (average background noise
over 10 seconds before and 10 seconds after the analysis, as set in the SETUP program. See 5.9.4.1).
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CAMECA \ GRAIN MODE - ISOTOPES \ Sample : Sample_#1

29.08.19 20:33

Stage Position : x=-12149 um y=1837 um 2z=2288 um
Raw data file  : D:\Cameca NanoSIMS Data\experience\IsoCeline\IsoCeline_3 mg_12.is
Block number ;10

Meas. per block : 3@
Rejection(sigma) : 2
Slit Preset : Mone
Lens Preset : MNone
Pre Sputtering Time (s) : 499.5.
Raster (um) : 35.8
S1lit Preset : Mone
Lens Preset : None
Scanning On : Frame:91,207-115,231 / Blanking:10@.8% / Raster:3.4um
Tuning Mode: Multicollection
Regulation Mode: NMR
Check every (fr.): 300
Secondary Ion Beam Centering : ON / during Acq : OFF
Width Horizontal(V): 1.168 / Vertical(V): 1.834
E@S Centering : ON / during Acq : OFF
Width(V): 155.892
EOP Offset (V): 0.000

Primary Current before acq : 31514 pA / after acq : 31509 pA
Mass# Species Mass Det. Tc(s) BField Radius Peak# RefPeakd Method
1 2850 27.687 Trd  ©.540 1228.747 551.436 1 1 BOTH SI8C E@SC
2 2954 28.716 Tr5  ©.540 1228.747 561.582 1
3 3051 29.713 Tr6  £.540 1228.747 571.250 1
-~ Section 1 ---- EM & FC with Setup Background ---------------------

Block to block results
Block# Ratio#  Mean 3] N_rej Err_mean(%) Poisson(%)  Khi2

1 2/1 5.882E-082 3.83E-804 2 1.42E-881 1.97E-001  5.2E-801
1 3/1 3.344E-082 4.91E-804 1 2.73E-881 2.37E-001 1.3E+000

2 2/1 5.@69E-8@2 4.37E-004 1 1.60E-001 1.93E-001 6.9E-001
2 3/1  3.331E-8@2 3.90E-004 @ 2.14E-001 2.32E-001  8.5E-001

3 2/1 5.882E-082 5.79E-884 2 2.15E-881 1.96E-001 1.2E+000
3 3/1 3.335E-082 4.94E-804 1 2.75E-881 2.36E-001 1.4E:000

4 2/1 5.968E-002 4.01E-004 1 1.47E-001 1.93E-001 5.8E-001
Figure 258: a *.stat file from an isotope acquisition analysis (partial view).

To export data into Excel:

- Launch Ana2Excel.

- Click on “File and select the .is analysis file you wish to extract, then choose the section you wish to
extract (1, 2, 3 or 4), depending whether you wish to extract data with or without corrections. We
recommend section 4.

- Click on “Extract”. This will create a new .csv file in the same directory where your analysis file is stored.

- Launch the Excel software. In the “Data” menu, click “extract from text/CSV” and select the newly
created file. In the new window, select “Delimited” and click on “next”. Select “semi-colon” and click
on Finish. The resulting excel file should now be correctly formatted.

Section: @old ©#1 ©#2 © #£3

[ French Mum Format

_ i

Figure 259: Ana2Excel program

m
=
ol
[l

*Other options were from previous export versions and do not work. Always use option 4.
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7.3 Virtual Keyboard

This program displays a virtual keyboard (Figure 260), identical to the physical dedicated keyboard and its
three thumbwheels. It can be used locally, replacing the dedicated keyboard, and controlling all
parameters. But mostly it is used for remote control of the NanoSIMS.

In order to change a parameter, the user can:
- Enter directly the numerical value to be sent (and type enter), or
- Use the mouse wheel to modify the value. By moving the mouse wheel, the numerical value will be
changed one bit by one bit. Pressing the CTRL key while moving the mouse wheel will move x10 faster
(by ten bit increments). Pressing Ctrl + Shift buttons will move x100 faster (by 100 bit increments).
Finally activating the “Fast” button on the virtual keyboard will multiply the speed by another factor
X10.
- Oruse the PC keyboard instead of the mouse wheel as:
- Letf/right arrows are used to move X parameter,
- Up/down arrows are used to move Y parameter,
- m/n key are used to move Z parameter,
combining with Ctrl key for x10 ; Ctrl + Shift keys for x100 and Fast for x10 speed.

KeyboardN50 - - > = ) |

QEA%F;N D1X(196.00): 196 D1Y (42603.00): 42603 no action on z

’ HY ] ’ FCp ] ’ La ” P1P4 ” P2P3 ”55].00” EM1 ” ] [ Defl J Coils [ Lens. J ’BFIELD”RASTER”LDUO ”EI'“'ILD ”EMTIC” PM ” LF& ]
[t [ e [ 2 |[ ra |[em2 ] ] [oef2 ][ mnd ] [wobb | Il [ we ][ sceo ]| Il [ ]
L2 J[oos J[ees J[es J[ms [ ] [oem L JE JL Jfees JL )L ]
ENEI NN ET N sl [ J[ [ J[ = [ =]
L3 J{eow [ o7 |[ e J{ams J[ ] [ste L I L Jed (s )L ]

Exit I

Figure 260: Virtual Keyboard

o

ey

(e free) lIl [z
u

l‘z. zns_‘mj_

Mouse speed

(5] (e ) (v ] o J o] o0

e e ]

Figure 261 : example of Virtual keyboard used in a two-screen configuration
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The Virtual keyboard can be used to control the instrument from a nearby control room, with a duplicated
control configuration and two display screens.

The Virtual keyboard is, above all, very useful to control the instrument over the internet in conjunction
with Team Viewer software. Service engineers will often use this Virtual keyboard to tune and check an
instrument and diagnose remotely the origin of a problem.

7.4 SerialServer

This program allows communication between the software and the Hyperion source. Note that when
starting the instrument and programs, the Hyperion electronics must be switched on before starting
SerialServer. When clicking on the SerialServer icon, a small window appears (see Figure 262). To make
sure the RF source is communicating, click on “Show Console”. A second window opens (Figure 263). Make
sure that it reads “RFGen Connection ON”. If not, click on “Reconnect” to check the connection. If the
connection fails, quit the SerialServer program and make sure the RF source electronics is on before
restarting SerialServer.

Figure 262: SerialServer window.

8 | c\program files [(x86)\cameca nanosims-5Mbin\SerialServer.exe

Get Many Ualue for 5 param =
HU Board Uersion = 3
RFGen Connection ON
Dizahle Echo

Figure 263: SerialServer console
If everything is working, you can hide the console by clicking again on “show console”, but do not close or

minimize the SerialServer window (Figure 262). This window must be displayed at all time or the
communication with the source electronics will be interrupted.

7.5 SpyEdit

This program records every command entered by the operator and stores the information for a given
number of days (as set in the Setup, see chapter 5.9.11.2). It can help solving software issues. It is for
Cameca programming purpose only.
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8 Communication between computer and instrument

The real-time unit is the link between the computer and the CAMECA NanoSIMS 50L instrument.
Furthermore, all the signal acquisition, scanning and keyboard values go through this unit.

The communication between the computer and the CAMECA NanoSIMS 50L can be made thank to four
programs:
- The MachServer which is the communication server
- The Real-Time terminal called “Mach.Ter” which is an interaction window where all Real-Time
information are written and can be read
- The Load68 program which allows to download a program establishing the communication
between the computer and the instrument
- The Vacuum terminal called “Vac.Ter” which is an interaction window where all Vacuum
information are written and can be read

Most of the time, the MachServer (8.1), the Real-Time Window program (8.2), the Load68 program (8.3),
the Vacuum Terminal (8.4) are only used to connect the computer to the instrument when starting the
software. Those programs must remain open, but the operator does not normally interact with them while
running analyses.

8.1 MachServer

The MachServer is a program making the communication between the instrument and the PC computer
(Figure 264).

This program must be open when the instrument is running. This black window can be read only. The
operator cannot type instructions inside.

1 IMS - MachServer - o x

P | Utilities >
2 M d Board

o (T Mach.Ter »

3:0
8/9 13 tha
Figure 264: MachServer window

Cameca NanoSIMSSOﬂ A 1

8.2 Mach. Ter (Real Time Terminal)

This program is a terminal window which allows the communication with the Real-Time Unit (RTU) of the
instrument (Figure 265). In this window, the operator can read Real-Time information or write Real-Time
instructions from and to the instrument. Moving motors, writing keyboard values or even changing the
Bfield polarity can be done in this window. However, there is no safety when the operator uses this
window and some mistake could damage the instrument. Good knowledges are needed to control the
instrument through this program and it is usually not recommended.
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(2. COM11:9600baud - PPC/68 Term VT - [m] x

File Edit Setup Control Window Help

15: Get param Measure A
20: Send Message To SUN

21: Bend Message To CLAV

30: Dispatch Message

31: Execute Serial Line Command

ffffffffff [ MAIN MEMU J|om—mm=eaas
-1: Reset

1: Basic control
2: Task control
3: ZBetup Hard

4: Debug

5: Motors

6: Beanning

7: Parameters

G: Sources

9: Keyboard

10: Board state

Figure 265: Real-Time Terminal window

8.3 Load68 program

This program (Figure 266) allows sending necessary information to the instrument to start the RTU.
This program is only used to start the instrument when the electronic has been turned off for any reason
(see 10.1)

€ Machine Load 68 - MPC *

tachine Loading Status

==» Reset the M achine before using Loadbs

Figure 266: Load68 program

Two buttons are available:

- Load ﬂ: When the instrument has been reset, all the information is sent by clicking on
this button. The loading is automatically done.

Cl
- Close 2%l Close the program

8.4 Vacuum terminal

8.4.1 Vacuum terminal window

This program is a terminal which allows to communicate with the vacuum automaton. In this window, the
operator can read vacuum information or write vacuum instructions from or to the instrument. Reading
gauge values, controlling a pump or even switching off the survey can be done in this window. However,
there is no safety when the operator uses this window and some mistake could damage the instrument.
Good knowledge is required to control the vacuum through this program.
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a, COM12:115200baud - Vacuum VT — O X
File Edit Setup Control Window Help

BIF every hours ~
survey 1590000

BIP every hours
BIFP every hours
BIP every hours
BIP ewvery hours
BIFP every hours
BIP every hours
BIP every hours
BIFP every hours
BIP every hours
BIP every hours
il

GENERAL MEMNLI
a: interactivity

d: test vacuum functions
e: test vacuum gauge

Figure 267: Vacuum terminal window

Several menus allowing a control or a simple display of all the automation functions are available from the
RS232 serial link of the microprocessor 68070, through the Vacuum PC window interface or through the
“VacTer” Vacuum Terminal.

Terminal VT mode:

Several menus allowing a manual control of all the functions of the automation are available from the R$232
serial link of the microprocessor 68070 (P631) link 45629330 PORT2, through the PC window interface
vacuum or through the Vacuum Terminal “Vacter”

Synoptic PC mode:

All the statuses are available in the vacuum synoptic through the RS232 serial link of the microprocessor
68070 (P631) link 45629330 PORT1.

All procedures allowing to set the NanoSIMS under vacuum and to control the various parts (valves...) are
available.

8.4.2 Vacuum terminal organisation

8.4.2.1 Vacuum window general menu

The general menu is separated in three parts: interactivity, test vacuum function and test vacuum gauges.

GENERAL MENU

a = “Interactivity” : Access to the « Interactivity menu »
d = “Test vacuum functions” : Access to the « Basic functions »
e = “Test vacuum gauges” : Access to the « Vacuum measurement »

“_n

Type “a” and Return to activate the 'interactivity menu'.
Type “xxxx ” and Return to activate the selected function.
Type “0” and Return go back to the 'general menu'.

8.4.2.2 Interactivity menu

INTERACTIVITY MENU

C: print_on Displays every dialogue 68070/user
d: print_off Deactivation of previous displays

e: print status Pump or Vent status reading

f: chge_stat_source--> PUMP Status Pump of source
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g: chge_stat_source--> VENT

Status Vent of source

h: hours_baking

Baking hours reading

i: chge_stat_vessel--> PUMP

Status Pump of the vessel

j: chge_stat_vessel--> VENT

Status Vent of the vessel

k: chge_stat_ multicollection --> PUMP

Status Pump of the multicollection

I: chge_stat_ multicollection --> VENT

Status Vent of the multicollection

m: print stat selector

keyboard address table

n: chge_stat chamber --> PUMP

Status Pump of the main chamber

o: chge_stat_chamber --> VENT

Status Vent of the main chamber

p: stop_survey

Vacuum survey system desactivation

g: autorisation_survey

Vacuum survey system activation

r: chge_stat_airlock --> PUMP

Status Pump of the airlock

s: chge_stat_ airlock --> VENT

Status Vent of the airlock

v: PROM version

EPROMS Version reading

0: general menu

Return to general menu

8.4.2.3 Basic functions
Function | Closed | Middle position Open
EP10 =1 3 =2
EP13 =4 12 =8
=64 192 =128
EP11 =256 768 =512
Electronic |0 OFF
Electronic |32768 |ON

Function | Full speed | Stop
TP1 0 4
TP3 0 16
TP5 0 64
PM 1

PM Accel 2

8.4.2.4 Vacuum measurement

“_ n

Type “e” and « return » to activate the test ‘vacuum gauges'.
Type “xxxx” and « return » to activate the selected function.
To go back to the 'general menu’, type « 222. »

Function Address Pressure value
(mbar)

TC1A 0 1.33.10°
UHV1A 1 4.10°®

UHV2A 2 9.36.10”7
UHV3A 3 4.107

UHV1B 4 4.10°

UHV2B 5 6.107

UHV3B 6 9.107
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8.5 Connecting the instrument and the PC

If the instrument has been turned off, refer to 10.1.
If the instrument is already turned on but the PC is off, follow this procedure to connect the PC to the
instrument:

- Inthe CAMECA NanoSIMS50 file in the PC desktop

4

A I Utilities 4

) =3 IMSLogger

(T Mach.Ter
48] MachServer

Open the Real-Time (RT) terminal “Mach.Ter”
Open the Vacuum terminal “Vac.Ter”
Open the MachServer
e Open the Board program
The instrument should be connected to the computer and the operator car run an analysis.
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9 NanoSIMS 50L operation
9.1 Basic operation

9.1.1 Sample introduction

A few recommendations:

- all elements going into the instruments need to be manipulated with clean gloves.

- Samples must be dehydrated, tools (screwdrivers, tweezers, ...) must be kept clean (clean with

acetone or alcohol).

- Sample mounting materials (resin for embedding, tapes and adhesives) must be UHV compatible.
Remember that the NanoSIMS works in the mid 10° mbar pressure range, typically 1000 times lower than
electron microscopes !!!

- The NanoSIMS is a near-lens microscope with a high electrical field. Any particle, whisker, cell or

piece of tissue that is not properly fixed can (will!) jump and stick to the immersion lens, resulting
in arcing. This will ultimately require instrument venting, immersion lens cleaning, and baking.

Failure to observe these drastic rules will result in vacuum degradation or internal contamination.
Depending on the severity it can require additional pumping time, additional titanium sublimation, infinite
pumping time, baking, dismounting for cleaning (alcohol, re-polishing, sanding, ...) or part replacement.

Figure 268 and Figure 269 show the introduction system configuration:
Note the three positions A, B, and C for both sample transfer rods.

Vessel Analysis
A B C Chamber Chamber

Vessel transfer rod
T T
1 1

AB c Airlock
Airlock transfer rod /'j\

—

Airlock Door—"

Airlock
Valve Carousel

Figure 268: Schematic of the sample Airlock system

NanoSIMS 50L users guide_10Aug2020_V1.docx Page 231 sur 410



Airlock/Vessel transfer rod

e

Figure 269: Photo of the sample Airlock system

The process described here assumes that a sample is introduced from the outside into the analysis chamber.
However, in many cases samples will remain in the carousel for intermediate storage.

9.1.1.1 Sample mounting

To ensure good analyses, there are a few things to remember regarding the sample:

The overall performance of the NanoSIMS relies on the homogeneity of the electrical extraction field. The
NanoSIMS, with its very short extraction gap, small slit size and high mass resolution, is more sensitive to
sample surface height variations than other Cameca magnetic sector SIMS. Hence, the possibility to add
automated secondary ion beam alignment & focusing routines to maintain good reproducibility.

I . or

4
m yin . i
0.3mm ; Sampleg— potential
cylinder holder

Coaxial optics showing the short working distance

The sample’s surface to be analyzed must be flat and parallel to the sample holder surface, itself
mechanically adjusted to be parallel to the immersion lens surface. The analyzed area must remain at a
constant distance of the EOW immersion lens: 400um (which translates to ~300um between the holder and
EOW).

Strong topography at the surface will impact the sputtering, collection and transmission homogeneities.
When applicable (e.g. in geological samples), it is recommended to polish the sample’s surface to insure its
flatness. Also, insulating samples should be metal-coated when possible.
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Similarly, for extraction field homogeneity:

- oneshould avoid analyzing sample areas less than 1mm away from the 100um-thick sample holder
hole lip.

- Ifthe area of interest is near the edge of a “thick” sample (several 100s um) it is necessary to mount
aside and in contact with the edge another piece of material with the same height.

Sample holder hole Top view Sample holder hole Top view

Another piece of

same height
Analysis area near
the edge: Analysis area near
INHOMOGENEOQUS the edge:
EXTRACTION FIELD ! HOMOGENEOUS
EXTRACTION FIELD !
1] [ ]
Thickness adaptation S N
washer uppor
Sample holder hole Side view Sample holder hole Side view

- TEM grid: it can be either pressed flat on a double-sided UHV compatible sticky tape (e.g.: Cu or C)

or mounted in the special sub-holder for 3 grids.
The sub-holder is mounted in one hole of the

TEM %2 grids can be mounted in @ 10mm diameter
sample holder

sub-holder

TEM sub-holder

3mm hollow cylinder

Half-grid

- If welded at the extremity of a half-TEM grid finger, with the half grid mounted in a special sub-
holder, it must be backed by a flat surface a few hundreds um behind (e.g. a small 3mm metal
cylinder). Lamellas should be welded inside a V-type finger of the half-grid.

—

Fingers of a %2 grid

Zoom on a V-type finger with Y% grid mounted with metallic
lamella welded on it cylinder below (in blue)

- FIB section: can be deposited flat on a Si wafer (with welding at the corners to avoid it jumping
around). If the border of the lamella is the interest, the sample must be thickly coated (e.g: 1-2 um
thick coating if the section is ~1um thick) prior to fibbing, in order to avoid field perturbation at the
edges.
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The surface potential must be well defined and as homogeneous as possible. In case of electrically insulating
samples, the sample should be metal-coated, typically 10-30 nm of gold, platinum or other conductive
species (additional charge compensation can be achieved in negative secondary ions by flooding with low
energy electrons). For trace element analysis one should be careful about the purity of the coating material
to avoid background signal or interference on the peak to detect. In SIMS, re-deposition can happen and in
some cases surface migration, especially with cesium.

The coating must be done PRIOR to mounting the sample in the sample holder. Once the sample mounted,
the user must check with an ohmmeter the good electrical contact (< 1 ohm) between the coating and the
sample holder hole lip.

Lip of the sample holder

~ Sample holder

Sample
embedded in resin *

$9995595%%
$99559555,

704004549054
33423424832

5995955955

Figure 270: cross-section view of a sample embedded inside a ring, mounted in a sample holder.

The ideal sample is a cylindrical sample of the size of the holes (5 mm, 10 mm, 0.5 in or 1 in) with a flat
surface. But in reality, samples come in all sizes and shapes. For this reason, CAMECA offers several sample
accessories allowing to fit the sample to the sample holders. Sample holders are 50 mm wide, with hole
sizes being 5 mm, 10 mm, 0.5 inch and 1 inch, depending on the type of holder. The thickness of the sample
must be of around 5mm maximum.

Geological samples are usually embedded in 1-inch resin disks. The best results are achieved when the
standards and the sample are embedded in the same resin block, positioned close to each other and near
the center of the same hole. The embedding resin must be compatible with UHV and devoid of bubbles
(some must be cured under vacuum). Depending on sample (roughness, shape,..) and subsequent required
steps (e.g. polishing) or the required absence of one specific chemical element (e.g. nitrogen) different
embedding media will be used. We recommend to read scientific articles based on NanoSIMS analyses. One
can download a compilation of such articles from the CAMECA website.

Among the embedding resins commonly used, we can cite without commercial interest: Korapox 439 epoxy,
LR White, LR Gold, EpoCure, EpoxiCure, Varian Torr Seal Low Vapor Pressure Resin. Also used: Wood metal
(In-Bi alloy melting at 78°C).

Alternatively, particles can be pressed into a gold film pressed on a scratched surface (see Cosmochemistry
articles) or pressed on a UHV-compatible sticky tape (e.g. carbon tape or copper tape — such as 3M EMI
Copper Foil Shielding Tape).
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FIB sections should be deposited flat on a conductive substrate (e.g. on a silicon wafer) but one should not
forget to add platinum welding spots at corners to prevent the lamella from jumping during
transport/loading/transfer/analysis!

While smaller samples can be accommodated with the addition of a home-made ring (Figure 271) the
maximum sample diameter possible in the NanoSIMS is 1 inch. Such ring must be as thin as possible
(0.2mm) while still flat and rigid.

Figure 271: examples of rings accommodating unregular shape samples

Below, a sample is first mounted in a sample holder (Figure 272) which is assembled onto a shuttle with
three screws (Figure 273)

Figure 273: complete assembly of a sample holder and a shuttle ready to be introduced

To mount a sample in the sample holder, follow this procedure:
- Put the sample holder upside down and unscrew the copper spring.
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Figure 274: back view of a sample holder with no samples (left) and with four samples (right)

- Place the sample(s) in the appropriate hole(s), so that it comes in contact with the lip (Figure 275). Be
cautious not to bend the lip which is very thin (100um). Potentially, add a 100um-thick ring if the sample
does not fit perfectly to the hole.

Figure 275: sample perfectly flat and in good contact with the holder's lip

- If the sample is too thin, add an extra height element (Figure 276) to facilitate the spring push.

Extra height element Thin sample

Figure 276: Extra height element for thin samples

- Screw the copper strips in order to block the samples (Figure 277).
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Figure 277: all samples are held tight with a copper strip so that they wouldn’t move.

Remark: All the strips need to be tightened even if there is no sample in the hole to avoid losing a strip
or a screw in the chamber!

- Make sure that the sample is perfectly flat and not tilted once mounted in the holder and that the
contact between the sample surface and the holder is secure (no space between the sample surface and
the holder lip).

- Using an ohmmeter check the electrical conductivity between the sample surface and the sample
holder.

- Dust off with compressed air the surface of the sample to make sure there is no dust polluting the sample
surface.

- When the sample holder is ready to be introduced in the Airlock, screw it to the shuttle (Figure 278 )
and pay attention on the flatness of the assembly

e i
ey Spainiid :
Figure 278: shuttle fixation on the sample holder with three screws

The three holes on the side of the shuttle are where the transfer rod grabs the shuttle (Figure 279).
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Holes for the transfer rods

Figure 279: holes made to introduce the transfer rods

9.1.1.2 Sample loading in the Airlock

Make sure the airlock transfer rod is pulled all the way back (position A,

- Figure 268) and the Airlock/storage valve is closed.

- Verify that the inflatable dry nitrogen tank is full. This dry nitrogen (N;) will be blown in the Airlock.
For a good ventilation, it is important to have enough N, during all the process. Using such a balloon
ensures there will be no overpressure. In case of using a bottle, check that the overpressure is not
more than 0.1bar.

Figure 280: The inflatable dry nitrogen tank
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- Vent the Airlock by pressing the ‘Airlock Vent’ button on the Airlock control pad. There is a 30s
delay, during which the venting process can be aborted by pressing ‘Pump’. Wait until the light
stops blinking and the ‘Vent’ light stays ON (yellow means vented) (see Figure 281 and Figure 282).

J
Open/close multicollection valve

[ Open/Close Airlock valve

Open/close source valve

oper
[ valve 1 pump

multicol.source

O vessel

5 g 3 airlock

* @ O ©

Lclosed_! vent L open |
valve vaive

Pump/Vent Airlock

Figure 281: The Airlock control pad
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Figure 282: link between the Airlock control pad buttons and the vacuum synoptic

- Open the Airlock door by unscrewing the three black knobs. Pull out the door until the rods are fully
extended (Figure 283).
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Figure 283: The Airlock door open

Use clean gloves to insert the holder/shuttle assembly into the bracket on the inside of the Airlock
door. Check that the rear finger (Figure 284) can be easily inserted in the shuttle.

Remark: when the Airlock is closed and the shuttle locker down (more details below), this rear
finger (1 in Figure 284) is pushed down and, pushing the stick (2) into the shuttle. Consequently,
when later the rod is pushed by the airlock sample locker to grab the shuttle, the shuttle does not
move.

Figure 284: positioning of the shuttle in the Airlock

After inserting the shuttle into the Airlock bracket, check that the small shaft at the rear can be
freely inserted in the shuttle.

Close the Airlock door and tighten the three knobs (no need to force, the atmospheric pressure will
do the job).

Lock the sample holder/shuttle in place by pulling the outer part of the airlock sample locker up,
turning it, and pushing it down. If it does not go down all the way, the sample is not inserted
correctly.
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locker unlocked

Figure 285: shuttle locker positions.

Locker Unlocked: the sample holder can be moved with the transfer rod.

Locker locked: the sample holder is hold in position by the internal finger: one can connect or disconnect
the rod from it safely.

Wrong position: Danger ! the sample holder might well fall in the load-lock chamber when pushing it with
the rod !!

- Pump the airlock by pressing the ‘Airlock Pump’ button on the Airlock control pad. There is a 30 second
delay. Wait until the light stops blinking and the ‘Pump’ green light stays on (Figure 281).

9.1.1.3 Sample transfer from the Airlock to the Vessel chamber

- The transfer rod handle has two positions (Figure 286):
o The “LOCK” position attaches the shuttle on the rod. Rotating the ring by 60° changes the
arm to the ‘UNLOCK’ mode.
o The “UNLOCK” position release the shuttle. Rotating the ring by -60° changes the arm to
the ‘LOCK” mode.

- Check through the storage vessel chamber viewport that there is an empty position on the carousel.

- Check that the pressure in the airlock is below 5 x 107 mbar, low enough not to contaminate other
samples in the storage vessel.

- Move the Airlock/vessel chamber transfer rod to position B (
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- Figure 268) and attach the shuttle by moving the rod’s ring from “unlock” to “lock” position (Figure
286).

- Open the airlock valve by pressing airlock ‘open valve’ on the airlock control pad (Figure 281). Wait
until the ‘open’ light stays on (yellow).

- Pull the outer part of the airlock shuttle locker up (Figure 285).

- Make sure the carousel is in a correct position.

- Move the Airlock/Vessel chamber transfer rod to position C (

- Figure 268) and release the shuttle by rotating the rod ring to unlock position.

- Move the Airlock/vessel chamber transfer rod back to position A (

- Figure 268).

- Close the Airlock valve by pressing ‘Airlock Close Valve’ on the Airlock control pad (Figure 281). Wait
until the ‘close’ light stays on (green).

9.1.1.4 Sample transfer from the Vessel to the Analysis chamber

- Rotate the carousel to move the sample to the position (upper position) where the Vessel/Analysis

- Lock the shuttle by closing Vessel shuttle locker.
- In order to preserve the analysis chamber vacuum quality, it is better to check that the vessel
pressure is no more than x10 time worse than the analysis pressure level. If the pressure in the
Vessel is over 10 mbar, a security will prevent the valve between vessel and analysis chamber from
opening.
Note: It is always possible to transfer at a higher Vessel pressure by switching the vacuum program to
manual mode (see chapter 0 to force the valves open, but it is not recommended. For studies (such as
hydrogen isotope studies) where a low pressure is critical, it is best to leave the samples to degas in the
storage chamber for at least 12-24 hours, hence, to plan measurement sessions in advance.
- Make sure that there is no sample on the analysis sample stage and that the sample stage is in the
loading position: In the Navigator window, go to Holder menu: Unload = Analysis (Figure 288).
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Figure 288 : Moving the sample to the “unload” position by clicking on “Unload = Analysis”

Move the Vessel/Analysis chamber transfer rod to position B (

Figure 268) and attach the shuttle by moving the ring from “unlock” to “lock” position (Figure 286).
Open the vessel valve by pressing vessel ‘open valve’ on the Airlock control pad (Figure 281). Wait
until the ‘open’ light stays on (yellow).

Pull the Vessel sample locker up to release the sample.

Move the Vessel/Analysis chamber transfer rod to position C (

Figure 268) and release the shuttle by moving the ring from “lock” to “unlock” position (Figure 286).
Move Vessel/Analysis chamber transfer rod back to position A (

Figure 268).

Close the Vessel valve by pressing the vessel ‘close valve’ on the airlock control pad (Figure 281).
Wait until the ‘close’ light stays on.

On the Navigator, click on “Holder” and “Load” (Figure 289).
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Figure 289: Load a sample with the "Navigator" window

Select in the Holder->Load window, the type of sample holder which is introduced in the analysis
chamber (Figure 290). The synoptic will display a schematic of this holder type.
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Figure 290: window allowing to choose the sample holder type introduced in the analysis chamber

9.1.1.5 Unloading samples from the Instrument

The procedure for unloading samples is analogous to the loading procedure described above, only
backwards.

9.1.1.5.1  Sample transfer: from Analysis chamber to Vessel

- Check the vessel vacuum level. It must be less than 10x times the analysis chamber vacuum.

- Inthe Navigator, click on Holder > Unload > Analysis to place the sample holder in transfer position.

- Open the Vessel valve by pressing ‘open valve’ on the airlock control pad. You should hear the valve
open, and the ‘open’ light for the vessel should turn on.

- Move the Vessel/Analysis rod all the way until it reaches the sample (position C). Rotate it to put it
in “lock” position.

- Pull back the rod to position B. On the side of the rod, a little knob should rise and fall as the rod
reaches position B. (Figure 291)

Figure 291: knob on the side of the rod indicating when the rod reaches position B. When the user pulls back the rod, the knob will
rise (left) then fall back into its position (right), indicating the rod is in position B.

- Insert the shuttle locker to prevent the shuttle from moving. If the locker doesn’t fall all the way, it
means the rod, thus the sample, is not in the right position (Figure 292).
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- When the lock is inserted, rotate the rod into ‘unlock’ position and pull it back all the way, to
position A.

- Close the valve between the analysis chamber and the vessel by clicking on ‘close valve’ for the
vessel.

- If you wish to rotate the carousel inside the vessel, pull up the lock that will release the shuttle.

9.1.1.5.2 Sample transfer: from Vessel to Airlock

- If you want to preserve the storage vessel vacuum quality, check that the airlock vacuum is better
than 5 E-7mbar.

- Rotate the carousel so that the sample you want to transfer is in bottom position, facing, vertically
the Airlock/Vessel rod.

- Open the valve between the airlock and the vessel by clicking on the airlock ‘open valve’ button on
the airlock control pad.

- Push the Airlock/Vessel rod all the way until it reaches the sample (position C). Rotate the rod to
put it in “lock” position.

- Pull back the rod to position B. On the side of the rod, a little knob should rise and fall as the rod
reaches position B (Figure 291).

- Insert the airlock shuttle lock to prevent the shuttle from moving and push back the rod all the way
to position A.

- Close the valve between the vessel and the airlock by clicking on ‘airlock close valve’ on the airlock
control pad.

- If you wish to retrieve the shuttle, vent the airlock by clicking on ‘vent’ on the airlock control pad.

- When the airlock is vented, unscrew the door and pull it out gently to retrieve the sample.

9.1.2 Source start-up and shutdown

9.1.2.1 Cs+ primary ion source start

If the instrument is equipped with a Oxygen source:
- Check that the oxygen valve on the RF source is closed or that the Oxygen bottle is closed.
- If Oxygen gas has been introduced in the source during a previous session, pump the gas by clicking
on GASLINE > START in the vacuum synoptic window (Figure 293).
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Figure 293: Launch the pumping of the Oxygen line by clicking on GASLINE > START

Procedure to start the Cesium source:
- The cesium source water cooling must be running and the source vacuum must be below the value

set in the setup (1.10° mbar) otherwise the source will not start.
- In the TUNING window (motorization section), choose a diaphragm D1-2 or D1-3 and remove
(position 0) all other slits and diaphragms such as this configuration (Figure 294):

oo: @0 01 ©2 Oz 04 Os Calib [ centering
DCs: @0 01 D2 O3 04 O35 calie | [ Centering
D: OO0 01 02 @3 O4 O35 calb | [ Centering
Entrance Slit: @0 ()1 (2 O3 04 O)5 calb | [ Centering
Aperture Slit: @0 (1 2 O3 O4 )5 O)BS calb | [ Centering
Energy Slit: @0 (04 ()2 (03 (04 (5 (6 calb | [ Centering
Hex: @ X ()Y ()va calb | [ Centering
Figure 294: slit and diaphragm configuration when starting the Cs source.

Sources

- Inthe “BOARD” select ‘Sources’ and wait for the window to open

- Inthe ‘Sources’ window, the polarity should be positive and ‘Cs’ should be selected

- All three values for Cs (lonizer, Reservoir, and HV) should be at zero (otherwise the Cs source is
already on).

- Click on the Start button (green arrow, Figure 295).

uj>|s

Figure 295: stop and start button for all sources

- A box opens with three values corresponding to the Cs source start-up values: lonizer, Reservoir
and HV (Figure 296). If an ‘isf’ setup file has been loaded earlier, these values are different from
zero. Otherwise, the three values are equal to zero. In any case, it is possible to change the values
before starting the source. Usual values are: lonizer= 1.8mA, Reservoir= 0.2mA and HV=8000V.

Start Cs Target Values &J

lonizer 1.201 mA
Reservoir 1,001 mA
HY 5000| 'l

[ OK ] | Cancel

Figure 296: Window to define the target values during the starting process of the Cs source.

- Once the three parameters are entered, start the Cs source by clicking on “OK".
- In the next pop-up window, enter the number of hours until you want the Cs source to start. This
is useful if you go through this whole routine the evening before you want to use the Cs source.
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You can set a delay, so that everything is up and running by the time you come to the lab in the
morning. If you want to start right now, enter nothing or 0:00 and continue.

- The Cs source should now slowly start. The HV will go to the set value in about one minute. Then
the ionizer current (i.e. the current of electrons bombarding — thus heating — the tungsten source
ionizer) will gradually increase, which will also take one minute. Next comes a waiting time of 10
minutes after which the reservoir current (the current of electrons bombarding — thus heating —
the cesium carbonate reservoir) will be turned on gradually (also 1 minute).

- The lonizer and Reservoir lights on the electronic cabinet should then be ON (green light, Figure

297).

Vacuum Safety
Light Off = OK
Light On = Problem

Figure 297: Front face of the Cesium chassis

- In the TUNING window, select ‘Detection Mode: FCp’. (the light on the FCp button (“CFp”) on the

keyboard should be ON ). You should see the primary beam current slowly increasing.

- Atypical value for the Cs+ beam current measured in FCp is between 30 and 100 nA for HV = 8kV.
A current below 30 nA is considered too low.

- Monitor the source ramping up and stabilization. Typically, the beam reaches a stability good
enough for use after 30 minutes. You can use the “Beam stability” option in the TUNING to monitor
the ramping and stabilization.

It is a good practice to check and note from time to time (every week for example) the ratio of beam
currents FCo/ FCp, for a given primary column configuration (diaphragms, voltages). It should be stable
and any noticeable deviation should be investigated and corrected/compensated: cleaning of the
extractor, increasing of reservoir current,... Depending on usage, typical Cs ionizer lifetime is around 3-
4 months.

9.1.2.2 RF-Plasma primary ion source

Do not start the RF-Plasma source if the Cs* source has been turned off less than 45 minutes before. This
could severely damage the Cs* source as Cs* is very reactive causing oxidation and contamination in the
primary column.
In the BOARD, open the SOURCES window, select the O source. The source polarity is switched
automatically to negative. Starting on software version 4.5, it is also possible to use the instrument in 0*/0,*
mode. In that case, you can select “O,"”. The source polarity will switch automatically to positive.
Note: It is preferable to turn off the high voltage prior to switching polarity. To do so, click on the HV
button on the keyboard to turn the green light off.

In order to use the source the RF chassis must be ON and “enable” (Figure 298). The power supply is then
controlled by CAMECA software.
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Open the “Serial Server” program from the BOARD and click on “Show Console”. A message “RFGen
connection OK” must be written. This means the communication is ok between the source and the
electronics. If this is not the case, click on “reconnect” to reset the connection.

Figure 299: oxygen bottle, located at the rear of the NanoSIMS

Make sure valve EP14 is closed and open the oxygen bottle (Figure 299) to release oxygen in the pipe then
close the bottle. If the source hasn’t been used for over a month, pump away the residual oxygen by clicking
on “start” below “gasline” in the vacuum window (Figure 300). Let the pumping process run.

o FC
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TP3 GASLINE |
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Walves/pump/Vent pump/Fod
Figure 300: Launch the pumping of the Oxygen line by clicking on GASLINE > START

Once it’s done and the valves are closed again, open and close the oxygen bottle again to release a new
dose of oxygen. Note that if you intend to use the O source for a while (> 4 days), it is better to leave it
open. Or even to let the ion source running permanently.

Gradually open counterclockwise the grey knob (the leak valve EP16) on top of the Hyperion source to reach
the vacuum value needed to start the RF source, typically between 2 E-6 mbar and 1 E-5 mbar of oxygen.
The vacuum value can be read directly on the gauge display (cabinet B) or on the vacuum synoptic (however,
be carefully that the Vacuum synoptic only refresh every 30s).

Regularly check the source vacuum value. If it’s too low or too high, the source will not start or will shut off.
Note: some operators always close the leak valve after source usage. They re-adjust completely the leak
valve at each new use. Other operators prefer to leave the leak valve open and close the bottle valve

instead. Then, they just repump the gas line when not using the O source and fill the gas line again at the
next session. But in both cases one will probably have to increase slightly the gas at start, then reduce it
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slightly: the source leak valve flow is varying (increasing) as the source (and valve) temperature is
increasing, until it stabilizes (within ~half an hour).

Check the HVs are ON on the keyboard. | n

From the “BOARD” open the ‘PRESET’ window - (Figure 301).
Note: For more details on Presets definition and use, read chapter 5.5.2.

* N30 - Preset - ] = et S
[ Load ... ” Save ”Sa\reas ” New ]

File: List

Figure 301: Preset window

If no file has been loaded yet or if you want to use a file different from the one already loaded, click on
‘Load’.
Choose the needed “.isf’ file within the list (Figure 302):
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=) |

Figure 302: Preset filtered list which can be selected

Click on OK to open the file.

Open the Wien Filter Preset groups (click on “...” colored key on the right) and select the Wien Filter Preset.
Click on “Valid’ to apply the values. This will send all the Wien Filter settings from this file to the dedicated
keyboard of the NanoSIMS (and thus to the instrument itself).
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Position the Cs/RF-Plasma goniometer switch in the usual O source position (usually around 3.4).
In the TUNING window (motorization section), select DO diaphragm (often DO-2) and D1 diaphragm (D1-2
or D1-3) and remove (position 0) all other slits and diaphragms (Figure 303):

oo 00 01 @2 O3 D4 O5 Coi | [ cCertering |

DCs: @0 O1 02 O3 04 Os Colb | [ Centering |

M: 00 01 02 @3 D4 05 Coir | [ Centering |
Entrance SR: @0 ()1 D2 O3 D4 O5 [ cali | [ Centering |
Aperture SR: @0 (1 (02 (03 (04 05 OBS [ Ceb | [ Cenlering |
@001 02 03 04 Os 06 Calb | [ Centering |

Hex: @X 0¥ Cva Coite | [ Certering |

Figure 303: diaphragm and slit configuration when starting the O- source.

Go to the “SOURCES” window (Figure 304):
Make sure the RF source is “enable” and click on the start button (green arrow inside the O- part).

58 50 - sources [

[ Load J I Save ] [ Save as ] [ New ] Securities status.

oy ([T @] o
Cs 0- EGun
|onizer 00 |ma Power (W) : 0 Forward Power (W) : Emtc Heat 0 DAC
Reservoir 0 |md Frequency (Mhz) 40.680 = Refiected Power (W) : E‘Bh( Emission  0.00 mA
. Y ) o b

Emizsion -m Off
Coil (A) 0.00 Source HV (V) : g
Not available Extractor HV () 0 Available

¢} B o2 | 13 Avaiable H > O

[

Figure 304: Source window in RF-Plasma source mode

A process window pops up.

The source will progressively be turned on, via six successive steps. Coil, power and frequency values will
progressively be applied, as defined in the Setup (chapter 5.9.12.2). Depending on the configuration stored
in the setup the starting can be semi-automatic or automatic.

In automatic mode, the process jumps to the next step once the previous one is successful.
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In semi-automatic mode, the operator has to click the “continue” buttons for the process to continue to
the next step.

NanoSIMS 50 - O- Start Pracess = =5

Step 1
Set Coil to 0.00A

Set Power to B0OW

Set Frequency to 38.600Mhz

Select Enable RF Done

Continue

Figure 305: RF source starting window

At the end of the process, the Source window shows the “Power” (target value) at 800 W. The optimum
Frequency is usually around 40 MHz, the coil value is set at 1.1A. If the source successfully started, the
forward power should be of 800 W, the reflected power should be less than 10 W. You can manually
decrease it by adjusting the Frequency, either on the SOURCE window (Figure 304) or directly on the RF
source chassis. (Figure 298)

Make sure the beam is in the primary FC H (the light on button ‘CFp’ on the keyboard should be on).
Typical values of the FCp current with the RF source on are around 200 nA with DO-2

Monitor the source ramping up and stabilize. In only takes a few minutes for the beam current to reach the
order of 200 nA, though it might take up to 30 min for it to be properly stable. You can use the “Beam
stability” option in the TUNING to monitor the beam increase and stabilization. Adjust the source leak valve
(grey knob) in order to keep the pressure in the source chamber to its optimal value. The ideal value is the
one giving at the same time a stable beam current on the sample and the highest beam density (beam
current in a given spot size) which is approximated by the highest beam current in FCp.

It is a good practice to check and note from time to time (every week for example) the ratio of beam
currents FCO/ FCp, for always the same primary column configuration. It should be stable and noticeable
deviation should be investigated.

For optimization of the primary beam current, all the parameters might need a slight adjustment depending
on the selected ions (O-, 02-, 02+).

9.1.3 Automatic Source Shutdown & Restart

9.1.3.1 Cs+ source Shutdown & Restart

To stop the Cs+ source:

Go to the Sources window and click on the Stop button (red square). A new window opens (Figure 306).
Two choices are available. “Stop” or “Standby”. The “Stop” will totally shutdown the source, meaning the
three values (Reservoir, lonizer and HV) will be set to 0 with an internal timed sequence. The “Standby” will
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set only the reservoir value to 0 and keep the values for the ionizer and the HV, keeping the source
thermalized, degassing but saving the Cs carbonate in the reservoir. It is possible to stop the instrument
HVs (lenses, detectors, etc...) by checking the “Stop HV after” box.

rStcup.f'StadCs [éJ

Stop/Standby Cs

S

Timer Delay (hhemm) : 00:00

Start Cooling Friday, June 13 at 18:30

End Cooling Friday, June 13 at 18:48

Stop HV after

lonizer (mA) . 1.201
Reservoir {mA) : 1.001
HV (V) : 5000

Timer Delay (hh:mm) : 00:00
Start Heating Friday, June 13 at 18:48

End Heating Friday, June 13 at 15:11

Cancel

Figure 306: stop and restart the Cs+ source window

Choose a delay time to stop or standby mode (empty = 0.00 = now) and continue. Then check or uncheck

the box “Restart after cooling” to decide whether you want to restart the source after it cools down.

a. If checked, then enter the number of hours you want until the source starts up again. Don’t forget that
the time needed to cool down the source is not included in the delay.

b. If unchecked, the source will remain off after the shutdown process.

When all is set, click on “OK”. The Cs source should now start the stop procedure: first cooling of reservoir,

then cooling of ionizer and finally HV to zero. The overall sequence will take ~half an hour.

For an optimum long term stability when the source is used over several days, it is recommended to let the
source run permanently and simply switch it to “STAND-BY” mode with the source HV ON when the source
is not in use for intervals of several hours (e.g. nights). In the morning one just needs to raise the reservoir
heating current (possibility to set an auto-start). For longer intervals (e.g. week-ends) one can stop
completely the source and HV.

Wait ~“45min after a Cs+ source “Stop” process before switching the RF-plasma on.

9.1.3.2 RF-Plasma Standby mode

If, for stability reasons, the user wishes to leave the RF source on even though no analyses are running for
a period of time of several hours (typically, overnight), we recommend to put the source in standby mode.
You can do so directly from the front panel of the RF cabinet, or from the source window of the NS50
software.

Standby mode:

1- Lower the power to 600W.

2- Lower the Source HV and Extractor HV (Set to 0).

Note: the order is important. This will ensure a safe mode for the source and maintain the best source
stability when needed.

To restore normal operation:
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1- Restore the HV (8000 V under normal conditions), restore the Extraction voltage (4000 V under normal
conditions),

2- Rise the power to the usual setting

For longer periods of inactivity (weekends or holidays), we recommend to completely stop the RF source
following the procedure below.

9.1.3.3 RF-Plasma source Shutdown, Restart

To stop the RF-Plasma source:

Go to the SOURCES window and click on the Stop button (red square) (Figure 304).

Close the grey leak valve on top of the Hyperion source, and wait for a source vacuum recovery, generally
below 5.107 mbar.

Alternatively, if you do not wish to touch the grey leak valve, close the Oxygen tank and pump the remaining
gas by clicking on GASLINE > START in the VACUUM window.

As most users will simply leave the source on for the entirety of a session, there is no special “auto-start”
procedure. However, it is possible to start the source with an added delay (see 9.1.2.2 on how to start the
source).

9.1.4 Applying Presets

9.1.4.1 Reminder: Setup, ISF, Preset

It is useful to recall the three different notions in the software, to avoid confusion:

The SETUP is a file containing the complete list of instrument parameters. There is only one Setup file
defined for a given instrument. It is thus advised to modify it with particular caution. It is advised not to
modify the SETUP unless by expert authorized users and to keep a back-up file with all original parameter
values.

The ISF (instrument status file) regroups all the presets groups defined for a given mode of operation (i.e.
Cs* mode, O mode or O* mode). Users can save as many independent ISF files as they want, so as to reload
them later.

The “PRESET” file is a smaller file containing a reduced number of specific parameters for a type of
adjustment or tuning (e.g. lens HV value, deflection value, detector HV values...) and belonging to a
complete “ISF” file. The idea is to reload or save a subset of parameter values with a click, in order to ease
the instrument operation.

For example, from one sample to the other the EOS HV value or the Cy deflection value can be different. It
is possible to create a “Preset” file and choose each parameter value to be in this file (see 5.5.5).
Consequently, when the operator sends (applies) such preset files to the instrument, only the short list of
values defined by the operator will be modified.

Each “ISF” file contains several Presets which are groups of a few parameter values.

Each Preset contains 10 possible groups of values which can be sent to the instrument. The operator can
select one group of values to send to the instrument per Preset (Figure 307, Figure 202).
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ISF file

Save as New

File List NS144

= Sen: Send ——
SuperUser Display S5S30int. PN 47200
| PreSput 5S30ext. 41270
L3

High cumrent

Slits and Apertures

S | preset |

Figure 307: "Preset” files configuration

Each Preset is usually dedicated to a given part of the instrument which is identified by a specific color:

- Primary beam (yellow)
Commonly, the primary beam Presets are “bistable”, meaning by clicking on the long rectangular Preset
main button, the operator applies alternatively one of the two groups of values: the standard value
(rectangular button on the bottom left of the Preset window) and the one selected among the nine other
values.
The ACTIVE Group of values appears DARKER within the same color. For example, when the operator
applies a high current to pre-sputter quickly a sample, he can come back to a normal analysis current simply
by clicking again on the button (Figure 203).

Load.. || Save || Saveas || New

Customize ...

High curent

1

- - ‘ ) Applied group of values

Hyperion H200
NS144

Global

detection

Sits and apertures
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o | G | G —— Applied group of values

Low curent.

Figure 308: Switch between two groups of values in "bistable" mode

- Secondary beam (green).
Frequently, the secondary beam Presets are “monostable”, meaning that by clicking on the long
rectangular Preset button, the operator applies all the value with no turning back.

- Electron gun (Egun) and Secondary electron detector (SED) (blue, Cs+ mode only)
Commonly, the Egun and SED Presets are “bistable”, meaning that by clicking on the long rectangular Preset
button, the operator usually switches between an ON state and OFF state. For example, when the operator
wants to use the Egun or the SED, they just have to click on the Preset main button and when they don’t
want to use them, they click again on the button.

- Slits and Diaphragms (purple).
This Preset can be “bistable” or “monostable” depending on the analysis requirements.

9.1.4.2 Cs+ mode

For this basic operation description it is considered that the instrument has been tuned before the analysis
and the Presets are already stored, ready to be used for the analysis. To send this Presets to the instrument,
follow this procedure:

- Check that the HVs are ON on the keyboard E-I (green light ON)

- Click the PRESET icon in the MAIN taskbar. The icon indicator must now be green
- The following window opens (Figure 309):
F

=% N30 - Preset - [] =

~,

| load.. || Save || Saveas || New |

Figure 309: Preset window
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Load an ISF file (see 5.5.1) by selecting the .
dialog box (Figure 310):

button which open the following ISF loading

=i Open [
Name Date modified Type
] Cs+Nanold3.isf 9/11/2017 221 PM  ISF File
| 0-Nanola3.ist 8/0/2017204PM  ISF File
st 4O/01534TPM  ISF File
| Trnplsf O/L1/2017 221 PM  File folder
B 0 i
f
Fie name -
Prmary ions Beciron Gun
Fie Header
Username :
Saving date
Primary ions : | Beam energy : |
Prmary HV - | Equn HV |
Commerts : [Static
Loading setup
Sections Seconday. Sits & Disphragms.
| o |

Figure 310: ISF files selection list

- Possibly using the filters available, select the desired file (Cs*, O or O," depending on your analysis
type, so that the correct preset options will be available) and click on Open. The following window
appears (Figure 311):

T N50 ~ Preset - [Co+ BRV_SL_25... (el m=n{imezeml ||

High Curent

™~
|

Low Curent

[

detection

GLOBAL Cs

‘Secondary eleciron

(N
= -

[

_—
Figure 311: example of a Presets window for Cs* analyses with e-gun preset available.

lay
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GCD (=)
- Inthe NAVIGATOR window, check that the sample stage is in SIMS mode S And
on the TUNING window, click on the multicollection mode (Figure 312).
Always make sure to be in SIMS and Multi collection modes before applying presets, so that all preset values
are properly applied.
Detection More | huti Collection “ Fcp || Foo || Totalion Current | [ Seanning Mode OFF ]
Int time (=) : 1 [ Crit ] Cpz | Raster (pm): 0

Magnetic Figld () | 1559.000

MR | OFF [ Ol I Center Beam [ LE I Beam : [ O I

Figure 312: partial view of the tuning window

Come back to the PRESET window and check that all presets you want to apply are ready to be used (Figure
311). If not, click on the right button of each Preset and select the one you want to launch (Figure 313).
Select the desired preset and click on “Valid”. The preset is immediately applied to the instrument and

keyboard.
High Curren- 1
Send
Send
F Label
F‘reg{)ut For Acq
Click to select
HO Hg H3
p— Define
nplant Di He&
iplant 1n|| D14 H3

——— —— || Vald

|§| o

Edit Calib

High Current

D1-3

Figure 313: window showing all 10 presets for a given category (here: High current)

Go back to the PRESET window and click at least on the Preset “DETECTION” and “GLOBAL”. These files
(secondary beam Presets) are “monostable”, which means all values are sent with no turning back (Figure

314).
| /al |

detection

[

GLOBALCs

I ]

Secondary electron

f — 11 |
Figure 314: partial view of the preset window, showing examples of Detection and Global presets.

It is possible to check on the keyboard that the parameters have well been applied to the instrument by
browsing the buttons (such as EQS, P2P3, Cy, SS100, etc...)

NanoSIMS 50L users guide_10Aug2020_V1.docx Page 257 sur 410



9.1.5 The optical microscope

9.1.5.1 Moving the sample under optical microscope (CCD)

After having introduced the sample and selected the type of sample holder in the Navigator window, the
sample is already in SIMS position with Z=0. Navigation on the sample holder is usually performed in the
optical CCD microscope mode. To position the sample before starting a SIMS analysis:

In the NAVIGATOR window, select the CCD mode. The stage will move automatically to the corresponding

Current Holder Biology
FCo ﬂt’ Sample_#3
CCD position AECD) , 35mm above the SIMS position in the X (vertical) axis.
]
T

pical

- From the “BOARD” launch the “OPTICAL IMAGE” program by clicking the icon %ﬂi. A window
showing a live optical image of the sample opens. The center of the CCD image, marked by a blue
cross, should match the center of the SIMS image (see 9.2.9 on how to set the CCD/SIMS offset).

- Adjust the Z position in order to obtain an image well in-focus. External Z steps of 50 to 100 are
adequate, equivalent to real sample Z steps of 8.5- 17 um.

(N.B: with the mechanical reduction there is a factor 0.17 between external steps and sample
steps).

- The NanoSIMS 50L is designed and adjusted to have the same Z (~ 300 um between the sample
holder surface and EOW immersion lens or 400um between the sample surface and EOW) for a
focused image in CCD and SIMS modes. Thus, if your image is in focus for a Z position in CCD mode,
this Z position will be the same for the SIMS mode. It is the usual method for correct Z-positioning.
Note that if you reach the end of the course on Z and haven’t reached the focus point, your sample
is “too deep”. You must then find a better way to mount it, closer to the sample holder’s level.

- Itis now possible to explore your sample moving the sample holder by clicking onthe Xand Y arrows
using steps that can be adjusted in the editor on the right. (the conversion step/um, usually 1, can
be modified in the Setup>Holder (see chapter 5.9.2)).

- Adjust the X and Y position to center the image on your region of interest (Figure 315).

A

W skep (pm) ;| 900
% X and Y position
¥ skep {pm) ;| 900 5
v
?M%ml Zstep: [50 = Z position

Move the sample toward the immersion lens Move the sample away from the immersion lens

L4

Figure 315: NAVIGATOR window: navigation arrows to move the sample along the X, Y and Z axis.

The sample stage can also be moved in all directions (X, Y and Z) using the thumbwheels of the keyboard
by selecting “sample”.

Once you have centered the area of interest of your sample in the middle of the optical microscope image

FCo

g=7
(on the white cross), you can go back in the SIMS position with: Sﬂ‘mﬁ in the NAVIGATOR

window
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9.1.5.2 Main functions of the Optical Image program

Zoom: You can zoom in and out in the optical image pixels by clicking on the magnifying glass icons on the
right of the menu bar (Figure 316). The number indicates the zooming factor (1= no zoom, 2= x2, 3= x3).
Note that this is a numerical zoom and the more zoomed in you are, the more pixelized your image will be.

[x ep=Ar- 1= 0. B

Figure 316: zoom in and out by clicking on the + or — magnifying glass icons

Save an image: You can capture an image of the sample via the CCD via the “Camera” menu:
File>Save—>Image in the “Optical Image” window (Figure 317).
= For more details about the optical CCD microscope image functions, refer to 5.1

[%] 1

!File View Tools Help

Load

| Save Image
Copy 4 Window
Print »

Print Setup  »
Properties

Figure 317: main menu of the CCD window showing how to capture the image displayed by the CCD camera.

There are three distinct crosses to mark positions in the Optical Image program:
- The beam position (blue cross)
- The working position (white cross)
- The user position (green cross)

Display positions: all crosses can be displayed or hidden by selecting (or de-selecting) them in the menu
“view”.

Edit positions: To edit the position of the blue or the white cross, in the menu Tools, and select “working
position adjustment” (for the white cross) or “beam position adjustment” (for the blue cross). To edit the
position of the green cross, simply click on the CCD image.

Beam position vs. working position: The use of a “beam position” and a “working position” are inherited
from other SIMS, where the “beam position” is the tuning position, used as a reference during session, and
from which the current beam position “working position” should not divert too much. This distinction is
meaningless with NanoSIMS and the user can choose to use either the beam position or the working
position. It is however recommended to keep, for instance, the “beam position” at the center, and use it to
do the CCD/SIMS offset calibration (see chapter 9.2.9 for details), and then adjust the “working position”
to the exact position of the beam when navigating a sample. Both positions should not drift too far apart.
if the working position wanders too far from the center of the image, it is recommended to adjust the
SIMS/CCD offset (see chapter 9.2.9 for details).

Labelling a position and saving an image: It is possible to add labels, which can be sometimes useful to
mark specific features of an image, or distinguish analysis points, before saving an image (Figure 318).

- Inview, make sure “labels” is checked.

- GotoTools > Label Properties.

- Inthe Label list, Select <new label>.

- In Text, type a name.
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- Inthe main camera window, position the green cross (user position) at the proper point.
- Click on “Get User Pos”

- Make sure “visible” is selected.

- You can also choose the label color.

- When allis set, click on “apply”.

- You can then save the image with the labels via File > Save > Window.

5" Camera fol o=
File View Tools Help m 1 E § ﬂ ﬂ 1

=" Image Setup

Labels Propetties | Image Control | Camera Config

label 1
Text |abel 1

X(um) 12621

Y{um) -183.80

[ Getuserpos | [ Reset |

Figure 318: labelling positions in Optical Image

9.1.6 FCp and FCo beam current checking

This step is the same for both Cs* and RF-Plasma sources.
Use an immersion lens diaphragm D1-2 or D1-3 by selecting it in the slit panel on the tuning window:

o G0 1 @2 13 4 05 | calb | | Certering |

To check if the source and the alighment are ok, it is interesting before starting any analysis to check and
write the FCp (Faraday Cup Primary = source current after DO and DCs) and FCo (Faraday Cup Object = final
beam current on the sample). For a given configuration of diaphragms and lenses this ratio should be
roughly stable over time. Otherwise there might be an adjustment to perform on the source conditions or
alignment.

In scanning mode (Scanning Mode ON in Tuning, Figure 319), with a resolution set to 64x64 px
(recommended) the integration time corresponds to the scanning of a complete frame and is fixed to 0.541
s. In fixed mode (Scanning Mode OFF, Figure 320), you can define the integration time for the measurement
of FCo (0.5 s or 1 s is recommended).
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Lo Detection Mode : [ Muti Collection [ FCp }[ FCo ][ Total lon Current ] )
DCs: 0

D1: 2 int time (s): 0.541 Cnt T E

ES: 3

AS: 2 Magnetic Fleld (G) :  1655.235 Propagation : | Sample OFF | [ Equn OFF |

Ens: 0

Hex; i Center Beam E Beam:

Figure 319: integration time to measure FCp and FCo in Scanning Mode ON

Detection Mode : | Muti Collction || FCp || FCo || Totallon Current .'
Crit Raster (um): 0

Magnetic Field (G): | 1558.000

NMR: N [CemerBeam] Ei e | Beam:

Figure 320: The integration time is adjustable when the Scanning Mode is OFF

For FCp (Figure 319):
FCp is a Faraday cup placed in the primary column allowing to measure the primary ion beam current
emitted from the source (after DO and DCs). This value can be read when the primary ion beam is OFF (=
deflected into FCp = blanked).

- Inthe “TUNING” window go in FCp mode through selecting “FCp” key:

Detection Mode - EMurti Collection “( FCp ﬂ FCo “ Total lon Current {

B : FF )
Read the value with the beam OFF = @ m

= NanoSIMS 50 - TUNING o] @ |
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Figure 321: Reading the primary beam current intensity in FCp

For FCo (Figure 322):

FCo is a fixed Faraday cup placed just behind the sample holder allowing to measure the primary ion beam
current arriving on the sample (“object”). It is thus necessary to move the stage to the FCo position and
refocus the beam into the further Faraday cup hole, adjusting EOW, EOS and EOP.
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- Inthe NAVIGATOR window send the sample to the FCo position by selecting the corresponding key:

FC( y& E

- In the Tuning window, the detection mode has been changed to FCo. If not, click on FCo:

Detection Mode - ihﬂurti Collection || FCp ||| Total Ion Currert |

FCo parameters are applied, as defined in the Setup: EOW and EOS are set to zero and EOP is set to 1400
V (for HV source = 8kV) to focus the beam into FCo.

Beam: | OFF N
- Putthe beam ON = ‘ . You can now read the FCo value on the TUNING window.

Note that the Faraday cup has to be put in positive mode (click on + in the FC window in TUNING
fed( -] e ) when using Cs* or O,', and in negative mode (click on - ) when using O or Oy
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Figure 322: Reading the primary beam current intensity in FCo

When done, do not forget to put the detection mode back to Multi-collection in TUNING, and SIMS mode
in the NAVIGATOR.

9.1.7 Diaphragm and slit centering

Because the reproducibility of the motors is not perfect, it is often necessary to check the centering of a
diaphragm or a slit when inserting one. This is easily done manually, by selecting the diaphragm (DO, D1)
or slit (ES, AS, EnS) on the keyboard and adjusting its associated X and Y with the thumbwheels in order to
obtain the highest possible signal on a detector (which can be, depending on the diaphragm or slit in
question, FCp, FCp, the TIC detector or a detector of the multicollection).

It is also possible to use the automated centering functions, available via the Tuning window (Figure 323).
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Tuning Mode : Combined Analysis Magnetic Peak Switching Trolley Peak Switching
po: @0 O1 O2 O3 O4 Os Calib Centering Centering functions
ocs: @0 O1 O2 O3 O4 Os Calib Centering 4
p1: O0 O1 O2 @3 O4 Os Calib Centering fordlaphragms and
Entrance Sit: @0 O1 O2 O3 O4 Os Calib Centering | S| its
Aperture Sit: @0 O1 O2 O3 O4 Os Oss Calib Centering
Energy Sit: @0 O1 O2 O3 O4 Os Os Calib Centering
Hex: @X OY Ova Calib Centering

Figure 323: Partial view of the TUNING window, showing the centering functions for diaphragms and slits.

9.1.7.1 Diaphragm centering

The centering window is the same for all diaphragms (Figure 324). For general information on the
organization of a scanning window, refer to Figure 130.

To center a diaphragm:

1- Select the horizontal motor axis.

2- Select the detector in which you wish to read the signal (FCp or FCo if checking the centering of DO,
FCo if checking D1).

3- Adjust the scanning parameters. For this, check on the keyboard the current value and set the
parameters so that it will be approximatively at the center of the graph. We suggest steps of 500
bits horizontally, and 50 bits vertically.

4- Launch the scan and Apply CL.

5- Repeat the operation with the vertical motor axis.

NanoSIMS 50 - Acq X
File Curve
Dir: D:ACameca NanoSIMS Datalexperience\Princeton Display Unt | Cps Counts A XMin: [0 X Max: | 99 iXD
File Name (.smy) | NoName Save Export —
1 Print LN ¥ Min: |1 Y Max: | 1000 x
== Ve | CAMECA | Diaphragm Move
SCANNING MODE 23.08.1917:43
2 Fc Range : 1nA/IMax:0c/s / L75:0.00 / CL:0.00 File: NoName
DO #0 / Count Time : 1.000s / Step : 1.00uStep
1000
[Focerce omare ||
Manual 10uA 100nA nA
3 Start pos (uStep) [0 ol 220000
| Step (uStep): | 1 ol 5000
Points Number : | 100 2 ] 255
Counting Time : | 1 | 10
Start
Results
1
00 100 200 300 400 500 60.0 700 80.0 300
Close DO Y (uStep)

Figure 324: Diaphragm centering window (here DO)

9.1.7.2 Slit centering

The centering window is the same for all slits (Figure 325). For general information on the organization of
a scanning window, refer to Figure 130.
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To center a slit:

1- Select the horizontal motor axis.

2- Select the detector in which you wish to read the signal (TIC or Multicollection. If selecting
Multicollection, also select a detector).

3- Adjust the scanning parameters. For this, check on the keyboard the current value and set the
parameters so that it will be approximatively at the center of the graph. We suggest steps of 500
bits horizontally, and 50 bits vertically.

4- Launch the scan and Apply CL.

5- Repeat the operation with the vertical motor axis.

NanoSIMS 50 - Acq x
File Curve
Dir: D:\Cameca NanoSIMS Data\experience\Princeton Display Unt Counts XMin: | 57131 X Max : | 57230 4X)
File Name (.smv) | NoName Save Export
i 1 ¥ M 1000 ?
Print LOG | LN ¥ Min Y Max

Acquisition 1 -

‘ —— ‘ .

Motor axis : | Horizontal | Vertical CAMECA/ Slit Move
Detection mode | Total lon Current I SCANNING MODE 23.08.19 17:37

B:1516.000G / R:293.69mm / IMax:-1c/s / L75:0.00 / CL:0.00 File: NoName

Entrance slit #3 / Count Time : 1.000s / Step : 1.00uStep
1000

Detector [#1 | #2 |[# [ |[#5 |26 | &7 2

== Det1

3 Start pos (uStep) | 57131 0 1 220000
Step (uStep) - | 1 o 5000
Points Number 100 2 [ ] 255
Counting Time : | 1 o 10
Start
Results
571400 57160.0 57180.0
Close ES Y (uStep)

Figure 325: Slit centering window (here ES)

9.1.8 TICimage

The total ion current detector is an electron multiplier (like those of the multicollection) working similarly
in pulse counting mode. It detects all, non-mass filtered secondary ions. In order to let the secondary beam
reach this detector going through the energy sector, LF2 and LF3 slits are set to zero, ES and AS must be
removed and of course SS100 is set to zero.

In the following procedure, the instrument is already aligned and tuned. To make a TIC image, proceed as
follow:

e
- Go to SIMS position: /.LEDU (in the NAVIGATOR).

- As an example, choose a diaphragm D1-2 or D1-3 and remove Entrance slit and Aperture slit (select O
position) like in the configuration below:
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Do: @0 01 Q2 Oz 04 0= |  Calb | | Centering |
DCz: @0 D1 D2 O3 04 Os | Calb | | Centering |
Di: @O0 01 Q2 @3 04 0= | Calb | | Centering |
Entrance Slit: @0 (1 (2 O3 (4 (s | Calkb | | Centering |
Sperture Slit: @0 ()1 ()2 (03 (4 (05 (0Bs | Calib | | centering |
Energy Slit: @0 (04 ()2 (3 (04 (s (06 | calbh | | Centering |
Hex: @ % ()Y [)%a | Calib | | centering |

In the TUNING window
a. select the “Total lon Current” (TIC) detection mode:
Dietection Mods - hMurti Collection “ Fop || Feo ﬂ\Tcdal lon Current/P

b. In TUNING, choose a raster size of 50um or 60um.

Beam: | CFF [ Q!.
c. Click on “Beam ON |! or disactivate the keyboard button CFp (no green

light) to turn the beam on.
You now normally have a signal in the Total lon Current signal square in the “TUNING” window:
If the signal is too strong (above 2 000 000 c/s), change the D1 diaphragm to a smaller one (D1-4 or D1-
5).

On the left side of the TUNING window, select the RTI (real time image) button —‘
The following window pops-up:

MNanoSIMS 50 - Real Time Imaging - n ﬁﬂ

Counting time / pixel (us}) : m
| Working Frame

256 = 256
Scanning Frame

1 : 1

255 L 226

‘ Total lon E‘.u Multicollection

Scale [ Lin ][ Log ] Lut [ BAW ][ Temperature M Cameca

Raster (um): 20.01

Left Image TIC  Right Image
Full Scale: 10

aln | [l 4][»

Offset: 0

Average/Sum Average/Sum

Symbol : Total lon curre:
amu. :

Radius :

EM/FC: EM

File name (.im}:  NoName Save Image
Start Stop

Starting ATl Acquisition...

Choose the counting time per pixel (e.g. 50, 80 or 100 ps/pix)

Select the Working and Scanning Frames (e.g. 256 x 256 pixels for both)

Select the “Total lon Current” detection mode

Select the desired Y Scale (e.g. linear) and Look Up table (e.g. black and white).

Select the Raster size (= the field of view), e.g. 50 x 50 um

Click on “Start”: a Real-time TIC image of the sample appears in another window (Figure 326).
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Figure 326: RTl in TIC mode

- The signal intensity will progressively increase with the cesium surface enrichment. You can now
adjust the focus with EOP and correct the astigmatism with the octopoles (45 and 90), in order to
get a sharper image, using the dedicated keyboard.

- You can now travel over the sample moving the stage to localize an area of interest.

9.1.9 Secondary electron detector (SE)

When using positive primary ions (Cs* or O;*) and without NEG e-gun (which is emitting a strong light that
would saturate the photomultiplier), it is possible to record images in Secondary Electron (SE) induced by
primary ions. Extracted together with the negative secondary ions, they are deflected by a magnetic field
toward an electron detector, an ensemble made of a scintillator (Sc) and a photomultiplier (PM), located
on the side of the central column (Figure 327). The same Be coil used for deflecting primary electrons from
the NEG toward the sample is used here to deflect the collected secondary electrons toward the SE
detector. The secondary electrons emitted with a few eV initial energy from the sample at EOW potential
will hit the scintillator, positioned under vacuum and polarized at ground level with an energy of ~EOW eV,
generating light. This light is detected through a viewport and amplified with a photomultiplier positioned
at air side made of a photocathode converting light into electrons and subsequent electron dynodes for
signal amplification. The signal is detected, like for other electron multipliers, counting the pulses above a
discriminator.

<7 | LF7
i Y L3
I
% Oct-45 B1
| / B2 7
L  EoP L4 Buert __Oct-90
= ,
Be P1 P4
— EOW  EOS Bhor
Sample Sc
PM

Figure 327: secondary electron detector option

Contrarily to ion images which show composition contrasts, SE images give mostly indications on the sample
topography (cracks, grains, edges, cells, holes,...) and secondary electron emission. Topographical contrasts
are usually less pronounced in the NS than in a SEM microscope as the collection of secondary electrons is
normal to the sample and based on a huge electrical field removing most shadowing.
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The SE detector can be used in RTI or in image acquisition. It can thus be a useful complementary tool to
localize for example small oxide grains, cracks, etc... or sometime gives nice contrast even from a simple
hole, very useful for drift correction.

9.1.9.1 Basic operation

To use the SE detector, apply the SE presets in the PRESET window (Figure 328) by clicking on “SE OFF” to
turn it to “SE ON”.

| | | —
Detectors
'I_.....___J [

= Apply SE presets -
E_,
| PM detector

&-

Figure 328: Apply SE presets

RTI imaging: Make sure you are in “multicollection” or “TIC” mode in TUNING. Launch the RTI program and
select the “SE” detector. You should now have a secondary electron image.

Image acquisition: it is also possible to acquire an SE image alongside the ion images in an image acquisition.
Simply select “SE” in list of detectors in Def Analysis (Figure 329). The SE image will then be acquired in
parallel of the ion images during the analysis.

Peak | Ref.

Detector List Num. | Peak Baseine
Centering N id Species symbol AMU Radius Num. Pd Offset (V)

Ral 12C 11.451 261.206

Tr2 160 16.012 308.873

= ez B 408.520

Select the SE detector [es7ss

Trg— TS23PF | 558.678

Tré b/ g 54.223 568.396

Dot = Va 75.336 TE9.97%

ES Electron Scanni

Figure 329: select SE detector in Def Analysis

9.1.9.2 Tuning

The SE image is controlled by three parameters: the e-gun coil current, a photomultiplier (PM) voltage and
an offset. Usually, recalling the SE presets (see above) is enough to obtain a good SE image. However, in
certain cases, it might be necessary to adjust those parameters. All three parameters are accessible from
the keyboard:

- the e-gun Be coil (PM > Coils). Note that this is the coil also used by the e-gun. The Be coil current
value will have a different value for the e-gun and for the SE image. Adjust the Be coil to maximize
the image signal intensity.

- The voltage (PM > PM). The PM voltage controls the image brightness through the gain of the
electron multiplier part. You can increase the PM voltage to increase the signal. Never exceed 700
V.
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- The offset (PM > Offset). This parameter controls the contrast of the image by added an electronic
threshold to the signal. Increasing the offset will decrease the signal. An offset of 0 is usually
recommended.

You can save those new settings as a new SE preset in the PM detector group. As mentioned above, the Be
coil is common with the e-gun, so make sure to save the SE settings in the SE presets, as to not change the
e-gun settings (saved in the e-gun presets).

9.1.10 Pre-implantation

9.1.10.1 Background

It is necessary to enrich the sample surface with reactive species (Cs or O) in order to increase the ionization
yield and stabilize the secondary signals to a “steady state” sputtering regime (the transient regime primary
ion dose will differ from species to species due to their electronic affinity in the case of cesium, or work
function in case of oxygen).

Typically, reaching the steady state requires to sputter at least the depth of the implantation range of the
primary projectile in the considered matrix. This can be simulated very easily using freeware such as SRIM
(J.F Ziegler et al.). The ion range also gives a good feeling of the depth resolution that can be achieved,
governed in this range by the atomic mixing introduced by the ion bombardment. In the Figure 330 below
one can see simulations of implantation range of the primary ions in a silicon sample with typical NanoSIMS
conditions (normal incidence, Cs+, O-, 0,*"", Ep 4keV and 16keV)*:

16keV Cs+ (Rp: 16nm) 4keV Cs+ (Rp: 7.6nm) 16keV O (Rp: 42nm) 4keV O (Rp: 13.4nm).
ION RANGES ION RANGES ION RANGES ION RANGES

TonRange = 1604 Skewness IonRange = 764 Skewness = 04771 TonRange = 4244 Skewness  =0,1039 TonRange = 1344 Skewness = 0,3558
Straggle = 41A Kurtosis Straggle = 194 Kurtosis  =3,1100 Straggle = 1894 Kurtosis ~ =2,5433 Straggle = 69A Kurtosis ~ =2.7144

S s
an

i

Layer 1

P P ‘
_| —
E - Target Depth - 1000 04 - Target Depth - 10009 5 ~Target Depth - 10000 4 ~Target Depth - 1000

Figure 330: SRIM simulations of implantation depths at various impact energies for Cs* and O- primary species.
Note that 4keV O will give same result as 8keV 0,*°".
This permits the operator to optimize the analytical conditions depending on depth resolution and transient
regime depth requirements.

In an embedding resin a typical dose required to reach the steady state is around 5.10'° Cs* ions/cm?.

For a field of view (FOV) of 50x50um, one needs 5 E16 * 50 E-4 * 50 E-4 = 1.25 E12 Pl (primary ions). Hence
with | (FCp) = 2pA this will require 1.25 E12 * 1.6 E-19 / 2 E-12 = 100 000 seconds !! This is not practical. It
is then required to pre-implant with a higher primary beam current: for example, with | (FCp) = 1nA this
time will become 100 s, a more acceptable duration in term of throughput. This is described in the two
following chapters

Nevertheless, for very small area analysis or depth profiling, or when it is forbidden to sputter around the
crater, it is possible just to start the analysis without pre-sputtering: with 2x2um at 2pA, the approximative
time for reaching the steady state becomes 100 000 * (2*2) /(50*50) = 160s. After the acquisition one will
take care to avoid the transient regime depth for quantification.
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A special case is the need to analyze the very top surface. On the NS50L there are mostly three directions:

work at a lower impact energy (4 - 16 keV), still compatible with the lateral resolution requirement,
coat the sample so that the sample top surface will be reached pre-implanted. In such case it is
recommended to use a (conductive) coating with similar density as the sample in order to avoid
large sputtering yield variations going through the interface,

deposit primary ions at ultra-low energy (ULE: 10-100eV) without (much) sputtering in order to
enrich the surface before the analysis and thus reduce the transient depth and optimize sensitivity
of the top surface : see chapter 9.2.8 .

9.1.10.2 Simplest pre-implantation using a larger D1 diaphragm

Follow these steps:

Scan the beam on the desired Raster size (it is sometime useful to scan slightly larger than the
desired subsequent image)
Protect the EMs from saturation by putting a Beam Stop (BS) on the Aperture Slit (AS):

Speture Sl @0 (01 ()2 ()3 ()4 u:s [ calb | [ Centering |
Alternatively, you can temporarily increase the value of C4x (200 bits should be enough) to deflect
strongly the secondary beam.
Change the D1 diaphragm to D1-1 (the largest, 750um diameter) and wait for the desired
sputtering. The beam current is proportional to the square of diaphragm diameter. E.g switching
from D1-4 (150um) to D1-2 (300um) will increase the beam current by roughly a factor X4.
When the sputtering is finished, go back to the initial values and slits.

9.1.10.3 Pre-implantation with a high current

To implant faster, it is also possible to increase the primary beam current. Two options are available:

Loading a high current preset:
a. PutaBSonASorincrease C4x to protect the EMs, if necessary.

High Cument

T
b. Click on the High Current Preset button. D

c. Change the D1 diaphragm to D1-1.

d. Start an RTI acquisition in multicollection mode during the sputtering to avoid a pixelized
implantation.

e. When the sputtering is finished, stop the RTI acquisition.

f. Replace D1-1 with the initial diaphragm.

g. Click again on the High Current Preset button to stop the high current sputtering.

h. Remove the AS BS or put C4x back to zero.

Note: During an acquisition, it is possible to load a high current preset automatically just before making an
image with the “DefAnalysis” program: see 9.2.3.3

No preset is ready, and the implantation needs to be done quickly:

a. Inorderto protect the EMs put a BS on AS or, if it is not set in your preset, put a strong C4x
value.

Change the D1 diaphragm to D1-1.

c. Increase the value of L1 to increase the primary beam current. (L1 = 10 000 — 15 000 will
give an FCo current of a few 10 pA. L1 = 24 000 — 25 000 will give you an FCo current of a
few hundreds pA)

d. Start an RTl acquisition during the sputtering to avoid a pixelized image.

e. When the sputtering is finished, stop the RTI acquisition.

f. Replace the D1-1 with the initial diaphragm.

NanoSIMS 50L users guide_10Aug2020_V1.docx Page 269 sur 410



g. Put Ll backtoO.
h. Remove the As or put C4x back to zero.

9.1.11 Multicollection setting

Following the path of this Basic operation chapter you should now have a TIC image and — assuming the
alignment of the spectrometer is fine (= has been previously done by an experienced operator) — the next
step will be to get a multicollection signal:

- Onthe Tuning window, select the Multicollection detection mode:
Detection Mods = Muti muw@“ FCp || FCo || Totallon Currert |

- Now, the Tuning window should have this appearance (Figure 331):
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Figure 331: Tuning window in muticollection mode

Note that in order to record fast scanning images, all trolleys to be used must be in EM mode (upper right
corner of trolley window). The FC detectors have a too long time constant for fast imaging. It is used for
“long” integration dwell-times (seconds, not sub-ms), the signal always coming from the entire scanned
area, without ROl or electronic window as possible with EMs.

Beam: | oFF || (O ‘
- Click on “Beam On” h or deactivate the keyboard button CFp (no green light) to

turn the beam on (= deblank it and let it reach the sample).
- Enter the mass (in AMU) of the element to detect on any trolley, e.g 26.982 for 27Al (Figure 332)
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Trolley 1 (e
100 014

Radius (mm}: <433.072

]

142.000 433.804

Mass (amu}: 27174
Symbal... 274l 26.532

Deflect: 0.000 [ AT ” pm H a.m.u. |

I

-224.882 224582

Focus (\}: 0.000 Pd/Esa Calib ...
Shts#1 (pm) : 90.9 Change Sl ...
Adjust alid Cance

Figure 332: Trolley dialog box here set at the mass 27 to detect 27Al.

- Adjust the B-field with the thumbwheel and the keyboard to have the maximum signal at the top
of the trolley window.

- Do not forget to enter the Symbol (e.g. 27Al) of the desired peak; it will appear in the real time
display and be stored in the image file.

- Note that the magnetic field/trolley position calibration is not perfect, hence the difference
between theorical mass (in the case of 27Al, 26.982 amu) and the actual mass displayed on the
trolley (here 27.174 amu) which depends on the calibration.

- If another mass needs to be acquired at the same time, select the Multicollection Tuning mode in
the tuning window.

Tuning Mode ‘ hiutti Collection ’ Combined Analysis hagnetic Peak Switching Trolley Peak Switching

Remark: In this Multicollection mode, the trolleys are moving when you select a mass, contrary to the
Combined Analysis Tuning Mode where the B-field changes and the trolleys remain at their position.

- Onanothertrolley, enter the mass of the other element to detect (Figure 332). The trolley will move
to the position corresponding to the mass asked by the user.
- Move the trolley with the arrows (Figure 333) to finely adjust the trolley position to the maximum

of the signal.
Radius (mm): 433.073 |
=k 0 G
42.000 A3TE0
Mass (amu}: 27.174

Figure 333: Arrows provided to move the trolley positions

Repeat the maximization for all desired trolleys/masses. Do not forget to enter the Symbol of the desired
peak; it will appear in the real time display and be stored in the image file.
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9.1.12 Manual EM pulse height distribution (PHD) adjustment

Itis advised to previously read the chapter 2.1.4.3.1 explaining the EM and PHD concepts. To check the PHD
on a detector, it is recommended to send a strong signal — of the order of several 100 000 c/s and ideally
around 10° ¢/s. When checking consecutively several detectors, use a major element (classically 28Si-, 28Si,
in Cs* on a Si sample) and change the magnetic field to center the signal on each detector one by one.

In the Tuning window, click on the “PHD” button el The following window opens (Figure 334):
nenssvs 0 -, =

File Curve

Dir: D:\Cameca NanoSIMS Data )
—_— — Show Curve : [ Single ] | Meaned | Xuin: 757 XMax: 4431 L]

File Name (.phd) : NoName_10 save | [ Expont |
I — — -
|Prml| [tos]luw | vun: o VMax: 21474830 ¥
Acquisiton = -~

-~

[oPaD_][ Automatic PrD centering |

Start Voltage :  0.08 i}

50

Voltage Step:  15.02 0 {1
Points Number : 30 1
0

Counting Time:  0.54

Number of scan: 1

Figure 334: PHD window

9.1.12.1 EM HV adjustment

EM age significantly with use. Therefore, this operation needs to be done frequently. At least at the
beginning of each session, and before each analysis in the case of isotope analyses. In must be checked on
each detector one by one.
In the “PHD” window, select the detector number and set the following parameters:
Start voltage: 0
Voltage step: 15
Point number: 30
Counting time: 0.54

e. Number of scans: 1
Click on start and read the “Max value” on the top left of the curve (Figure 334). If this value is higher than
220 mV, decrease the EM HV with the keyboard, if it is lower, increase the EM HV. Make a new scan for
each value of HV until the “Max value” is around 220 + 10 mV.
Note that if doing high precision isotopic ratio analyses, it can be interesting to adjust the EM HV so that
the max value would be around 250 mV. The higher the PHDm.x the stronger the aging effect; but at the
same time at higher voltage the effect of a shift of PHD has less influence on the count rate; 250mV seems
a good practical compromise for highest precision measurements (e.g. below permil level reproducibility).

Qo0 oo
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9.1.12.2 Threshold adjustment

EM thresholds do not change much with time. This operation does not need to be checked as regularly as
the EM HV. However, if a detector is either too noisy and/or not efficient enough, it can be good to check
that the threshold value is correct.

To check the threshold, set the following parameters:

f. Start voltage: 0

g. Voltage step: 5

h. Point number: 30

i. Countingtime: 0.54

j. Number of scans: 3

k. Choose “Meaned” on the top of the window
You obtain a curve like the following one (Figure 335):

Fiie Curve

Dir: DCameca NanoSMS Dat
e Srisameca fanostistata show curve : ) Xun: 256 XMax: 14774 xp
File Name (phd):  NoName_10 [ save | [ Export |

— =

Acauisition

50 ) 2000

N Eil 0 60 0
Close Th (mV)

Figure 335: PHD window with a scan set to adjust the threshold
Select manually the threshold by clicking on the curve and valid it by clicking on the “Apply value” button.
The threshold is usually around 30-40 mV.

9.1.12.3 Optimizing Mass analyzer transmission

For a tuning that will be valid for all masses, it is of course recommended to work with an intense peak. In
order to optimize the mass analyzer transmission at a given mass resolution (mostly defined by the size of
the entrance slit), you first need to introduce such an entrance slit:
- Select an entrance slit, e.g. ES-3:
Entrance Sit a 1 2 @3 4 5 Cality Carfaring |
- This new slit ES-3 will decrease the signal of about 50% compared to ES-0 (no slit).
- In order to compensate for imperfect sample parallelism, working distance, surface potential and
ES slit position, one needs to center the secondary ion beam in the entrance slit (ES) acting on
deflectors P2-P3 and Cy, and to focus it in this slit by acting on EOS. You can do so either manually
or using the Tuning programs.
a. Manually: On the keyboard, press the button EOS and adjust with the thumbwheel the Cy, P2/P3
couple and EOS values in order to maximize the detector signal at the top of the detector window.
b. Via the programs: Scan first EOS followed by Cy then P2/P3 via the programs “EOQS” and “Sec. lon
Beam” respectively. It is usually advised to scan Cy (horizontal), then P2/P3 (vertical), and finish
with EOS again. See chapters 0 and 0 for details on EOS and Secondary lon Beam scans,
respectively)
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- Repeat the operation (Cy, P2/P3, EOS) until it does not increase the signal anymore.

Note: EOS should be between 43 200 and 44 800 bits. If optimizing the transmission leads to EOS value to
far from this range, the sample distance is not optimal. It is then better to readjust Z (via the Navigator) to
keep EOS within the recommended range.

Caution: While using the Sec. lon Beam centering software, which determines the optimum values for Cy,
P2 and P3, the relative ratio P2/P3 has to be properly set. This ratio allows maintaining the secondary ion
beam parallel to the horizontal axis while varying its height in ES changing P2 and P3 in synchronism. This
ratio is very sensitive to the setting of LF2 (Figure 336). As LF2 is generally set to 20000 bits, the relative
ratio P3/P2 must be set to 0.36.

This coefficient is introduced in the Setup chapter 5.9.4.6 Secondary lon Beam. We recommend to NOT
modify the value determined by CAMECA production or service engineer. This tuning goes beyond the
scope of this users guide.

P3/P2 relative ratio vs LF2
0,6
0,5 L 8 — Standard Value :
0.36
o 0,4 B
o
® §
& 03 ]
0
€ 02
0,1
0
17600 18400 19200 20000 20800
LF2 (bits)

Figure 336: P3/P2 ratio variation with LF2.

9.1.13 Optimizing Mass Resolving Power

To simplify extremely, the MRP is mostly governed by the size of the entrance slit (ES), then by the aperture
slit (AS), and then by other secondary factors. It is defined by the sharpness of the sides of the peak, not by
the width of the peak. The width of peak is governed mostly by the size of the exit slit. In order to optimize
the peak shape, and to reveal the peak tails several decades lower in intensity, one needs a large dynamic
range. Thus, one needs to tune on high intensity peaks. For instance, when in Cs* mode, it is best to first
check peak shape on %Si on a Si wafer sample and then repeat the operation for each detector one by one:

- click on the “HMR” button on the left side of the Tuning window |*hn this “HMR”
window, the detector trolley deflection plates Pdyx are scanned before the exit slit, allowing:
a) to record a high mass resolution mass spectrum (HMR) around the mass of interest,
b) to position with a cursor the precise peak position in this spectrum, to use in subsequent image,
profile, isotope acquisitions.
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- Select the detector. The start value, step value,
independently adjustable by user (Figure 337):

number of point

NanoSIMS 50 - Acg

File:
Dir: D:\Cameca NanoSIMS Data\Before-FAT\Si

File Name (.hmrj: MNoName_1 Save

Acquisition

| | Export

EUHMRT™(  Automatic Peak Centering || Ftp
Start Voltage :  -7.47 -200 0 200
Voltage Step:  0.15 o {} 4
Points Number : 60 1 1 256
Counting Time : 0.5 0 10
Number of scan: 1
‘ Start ‘
Results
L10-90 (um): 9.85
L5-95 (um): 13.18

{
(

L50 (um): 47.69

CL (pm): -32.19

Center Line Voltage (V) : -3.15

Close |

| Apply L50 In Setup

Apply CL

and counting time are

Figure 337: HMR window showing the adjustable parameters for a scan.

- When all the scanning parameters are set, click on start to record a High Mass Resolution (HMR)

spectrum for the mass measured by the selected detector (Figure 338).
CAMECA/ HMR spectrum

% 10000

1000

11.01.17 16:00

Figure 338: High Mass Resolution spectrum. The green curve is the last one, the red curve is the previous one, for reference.

- The mass resolving power (MRP), automatically calculated, is written on the top left of the HMR

curve (Figure 338).

- To finely select the position of the peak (= mass line) used for detection in the subsequent
acquisition (isotope, image, profiles...), two options are possible:
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a. Automatic centering: The peak center is automatically calculated at the end of the analysis. A
vertical green line appears. To apply this deflection plate value click on the center line (CL)
button: “Apply CL” L Aee¥cL |

This automatic method is efficient when there is a single peak with no interference because the
software is able to calculate the peak center only for single peaks.

b. Manual centering: click in the middle of the peak, a second vertical line (white) appears
corresponding to the chosen deflection value. To apply this value of deflection plate, click on
the button “Apply Value”

This manual method is used when there are interferences (several unseparated peaks). The
software is not able to detect each peak, therefore the operator needs to select manually the
peaks.

Whatever the method used to select the peak to measure, it is important to remain on the flat top part of
the peak, and not on the edges, as it would result in an unstable signal.

- To improve the MRP, adjust the quadrupole before the magnetic sector by adjusting Q value via
the keyboard. For each detector, there is a Q value that will optimize the MRP (Figure 339). Q may
vary depending on the detector’s position in the multicollection chambers. If Q varies from one
detector to another, find the best compromise: either an average Q that gives similar peak shapes
to all detectors, or a Q that would favor the peaks showing interferences, where it is most critical
to have a good MRP.

MRP

Figure 339: theoretical relation between MRP and Q

- If a higher MRP is needed, put a smaller entrance slit (ES) (which implies a re-adjustment of Cy,
P2/P3 and EOS) or add an aperture slit (AS): in the same conditions of analysis, the two of Figure
340 show two HMR peaks, one with ES-3 (MRP=6301) and the other with ES-4 and AS-3
(MRP=9390).

Of course, adding or red

ucing slits will reduce the transmission for all detectors.

CAMECA/ HMR spectrum

ES-4 and AS-3

! Volts.
Volis Vot

Figure 340: comparison of MRP with different ES-AS combinations
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More advanced peak shaping & positioning is available in expert mode chapter 9.3.1.3.

Notes:

On a multicollection system with an adjustable B-field, several moveable detectors and their electrostatic
deflectors, it is impossible to keep a perfect mass calibration. One cannot simply move a detector to a
theoretical mass and select the good peak to image. It is thus necessary to use standard samples,
preferentially mounted on the same holder as the sample to analyze, in order to easily identify peaks and
center the detector on it. In case of interferences, to make sure the correct peak has been selected, one
can check that the ratios are correct between the different isotopes of a given elements (by varying the B-
field manually or recording a bargraph).

At this stage, it is always very useful or necessary to check the good tuning of the spectrometer. On a
standard sample (ex: a silicon wafer) and using always the same NS50L conditions measure FCp beam
current and check the expected sensitivity (in c¢/s) on a matrix peak (ex: 2Si- with 16 keV Cs*) for the given
mass resolution setting, and the noise around the peak.
For example, on a Si wafer, with a primary beam of Cs* at 16 keV, the 28Si signal is of about

- 625000 c/s per pA of Cs+ with no slit.

- 250000 c/s per pA of Cs+ with ES-3, AS-2 (MRP > 6000)

This test should be performed regularly (e.g. every week) and documented ensuring a follow up of the good

condition of the instrument.

9.1.14 Basicimage acquisition

When the analysis area is set and the instrument is ready for an image acquisition, follow this procedure:

=]

"
- Onthe “Board”, open the “Def Analysis” . and the “Analysis” program sz
- Inthe “Def Analysis” main menu, use “Select” button to select the directory in which you want your
analyses to be saved (this directory will also be used for any other file you might save using other
functions, CCD screenshot, scan, RTl image, etc...).
- Click on the “images” button (Figure 341)
E

B NanoSIMS 50 - DEFANALYSIS (ecloi= e |

Path : | experience\method

D:ACameca ManoSIMS Datal

Present sample name . sample2

Present sample stage position X . 1

Y1
Analysis Type Selection

|  DepthProfle || Line Scan (Stage Control) |

[ lsotopes | | Line Scan (Beam Control) |

[ Images || image (Sample Stage) |

[ Grain Mode i Chained Analysis |

Figure 341: Def Analysis main menu

- The following Image DefAnalysis window opens:

NanoSIMS 50L users guide_10Aug2020_V1.docx Page 277 sur 410



~
NanoSIMS 50 - DEFANALYSIS - IMAGE - Measurement Conditions - method_Lim - E=IEE
[ Loaa.. save | [ savess.. | [ MNew Working Frame
Sample D : sample2 Data inciuded : No Working Frame
Scanning Frame
e Width: 2% = Height: 256 |- 256 % 25
Scanning frame
Total analysis time : 1mn40s - -
Start Col: 1 s StatRow: 1 3
Meas. number 1 Time finished : 15:27 = <
width: 2% - Height: 256 =
l
Lens preset : None B
Siit preset  None. B [More
" Gauss.
Pre-sputterin Yes
pulerng @B sssare Clipx (ps) 1000 Clfr (s): 65536
Offset (V): 0.00
Raster size (um): 10.0 e Peak | Ref
Real size (um) : 10.0 etector List Num. | Peak Baselne
Centering N | 1| Species symbol | AMU Radius Num. | P Offset (v}
Comment T 2209 200212
T2 azi 276.445
T3 6782 350822
[ Print resuts after acquistion
T4 108 9947 424877 @]
TS5 [14C 13.829 500973
@o Acquistion Analyse 6 18.259 575,629
Selection
Detr  |27Al 27.000 700.000 =]

Figure 342: IMAGE "Def Analysis" window

- Fillin the following parameters necessary for the analysis. All these (and many more) will be stored
in the resulting *.im file:

a.

=@

NanoSIMS 50L users guide_10Aug2020_V1.docx

Total analysis time : 1mn40s

Meas number: 1

Meas. number : number of frames (planes) to be acquired (in Images mode,
1 measure = 1 frame, also called cycle in Winlmage software )

Working Frame
Width : 256

Height: 2668 =

Working Frame Maximum accessible frame size (in pixels),

defining the memory allocation size.

Scanning frame
StartCol: 1

StartRow : 1

EREE

Width : 256 Height : 256

Scanning Frame : Size and position of the scanned image, in pixels,
within the working frame. In most cases, working frame = scanning frame.

Raster size (um): 100

Real size (um) : 10.0

The raster size
the beam on the sample.

Comment

: Field of View (FOV), in um= the area physically rastered by

Comment |: very useful for documenting a data inside an
analytical session, for future data analysis.
Print results after acquisition [[rmesssrescusin |; |f checked, the results will be printed after
acquisition.
Ct/px [emws o0 1: the counting time (= dwelltime) per pixel, to be entered in ps
Ct/fr [erw: === |: the counting time per frame (=cycle)
i. Note that Ct/px and Ct/fr are linked. Modifying one will automatically modify the
other and the total acquisition time will be adjusted automatically.
Offset [em=w: 2@ : Fynction not used anymore. Should be left at 0.00 V.

d Gauss
B1 955874

Brield Selection : In Multicollection Tuning mode, only one Bfield value is
available (the current one). This field is used in other modes.

Peak | Ref
Detector List Num. | Peak [ Bassing
N [ d | Speciessymbol | AMU Radius Num. | Pd Offset (V)
Tr1 2209 200212
Tr2 421 276.445
Tr3 6782 350.822
Trd 108 9.947 424877 B
TS [14C 12.829 500.973
T 18.258 575638
Det? |27Al 27.000 700.000 ]

Detector selection : Select the detectors to be used
for the imaging by clicking on their respective “id”. The Species field filled automatically
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from the EM/FC detector panel. Be sure it is filled properly, otherwise it will be tricky to
identify them later on! (see chapter 5.2.2 for details)

I. See advanced and expert operations for additional options such as use of presets (9.2.3.3)
and peak centering (0)

m. Once all necessary DefAnalysis parameters are documented (e.g. 256x256 pixels for both,
1ms/pixel (~1min per cycle), Raster 30x30um, trolleys selected), click on “Go acquisition”

button \m to access the image Acquisition window.

n. The Image acquisition “Analysis” window opens:

- L —
£ NanoSIMS 50 - ANALYSIS - IMAGE ACQUISITION [E=E
IAGE ACQUISTTION o
ST Lin Ymin: 0 Ymax: 100 Black & White -

CAMECA- MAGEACQUISTION  Primary lons : O-
Path : D:\Cameca NanoSIMS Datalexperiencelmethod B Lt o e T T
File name :  metnod_1 Raster size: 10.0 um Image size: 256 “256 Flane:0 Regulation : HALL

SampleD:  sample2 Matrix D :

00
Acg Time : 01mn 40s.

#ofPane: 1

Start
Acaquistion

Stop
Acquistion

Avort
Acquisition

Control

Change HC.

L o
Parameters.

2um

= s Ratio Num
Tefs) 655 2 o Ratio Den

Image display section

Acquisition control section

Figure 343: Analysis window

“Path” shows the disk/directory where the data file will be saved
Path . D:\Cameca NanoSIMS Data\experience\method

. . . i : thod_1
Enter the file name (*.im) for the image to be saved i tames| ot and press enter.

By default, the file name is the name of the directory, with a number increment.

You can document your image with a sample and a matrix comment (by default, the information
displayed are taken from the Navigator. See chapter 5.3.2 :

Sample ID . sample2 Matrix D :

The acquisition time is indicated #ca. Time: 01mn 40s | 3s calculated from the frame acqg. time defined
in DefAnalysis and the number of planes (= cycles) defined just below.

The total number of planes is indicated: 77"

during the acquisition, to shorten or extend the analysis.

Start
. X . L. Acquisition
When everything is set, click on “Start Acquisition”

At the end of the analysis, the image will be stored under an *.im file. Such files can be opened with
the Winlmage program.

Note: opening it in Winlmage and just re-saving it as is will create a new *.im_rpc file in which the
data are re-organized for smaller file size and much faster future opening.

If need be, this can be changed, even

During the analysis, the operator can:

Select the temporary image display parameters in this section:
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Shokainzos [Lloa J[ tn | Ymin: 0 ¥ max: 100 Black & White =
- Stop or abort the acquisition by clicking on the “Stop Acquisition” or “Abort Acquisition”:

Stop
Acquisition

I

Abort
\ﬂ/ “Stop”, will stop the acquisition, including the last plane (=cycle) partially acquired.
“Abort” will save the acquisition without the last partially acquired plane (=cycle). If the acquisition
is aborted before the first plane is completed, the analysis will not be saved at all.

- View the analysis parameters by clicking on “Control” -

Analytical
Parameters

- View the instrument configuration

Once the acquisition is done, you can:
a. Launch the same acquisition again by clicking on “Start” once again.

Change MC

b. go back to the Def Analysis window (Figure 342) by clicking on Change MC if you
wish to change any acquisition parameter for the next analysis.
c. Change the type of analysis by clicking on Change MC to go back to Def Analysis, then click

Analyse
Selection

on Analysis Selection to go back to the list of analysis types.

9.1.15 Real time imaging (RTI) in Multicollection

When the peaks are selected and tuned, a live SIMS image (RTI) can be started.

Note 1: the sample field of view (FOV) as viewed by the analyzer is firstly limited by the diameter of
diaphragm D1 (near which an image of the sample is formed), following the equation FOV = 0.6 * diameter
of D1. A secondary ion image using a larger primary beam raster will show the black edges of the selected
D1 on the circumference of the scanning.

Note 2: if an entrance slit ES is used,it is necessary that the dynamic transfer (B2) is well tuned and the
secondary beam waist right in the middle of ES and AS. This latter part is obtained with a sample surface at
the good Z-position in order to be able to use a fairly constant EOS value.

If the dynamic tranfer is not well tuned and/or EOS far from its normal value, the image might be cut on
the two vertical sides for fields of view over ~45um when using small entrance slit.

To obtain a live RTl image:

- On the left side of the Tuning window, select the RTI button m‘
- The following window pops-up (Figure 344):
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ManoSIMS 50 - Real Time Imaging [

Counting time / pixel (us): 100

Working Frame

Width : 256 = Height: 256 =
Scanning Frame
Start Col: 1 Start Rowr : 1

Width : 256 = Height: 256 =

Detection mode ‘ Total lon Current ‘( Multicollection j
omecor (] (2 (3] () () Lo ()

Scale Lin ‘ Log | Lut [ BaW ” Temperature ” Cameca |
[

Raster (um): 1 U|

Left Image DET1 Right Image DET2
Full Scale: 10 = Full Scale: 10 =

Offset: 0 5 Offset: 0 =

Symbol : Symbal :
am.u.: 38232 amu.: 41303

Radius : 513.680 Radius : 533918
EW/FC: EM EWIFC: FC

I I

File name (.im}:  NoName Save Image
Start Stop

Close

Figure 344: RTI window. This time ”multi-co/lectién” detection mc;de is selected

- Enter the counting time per pixel (e.g. between 50 and 100 ps)

- Select the Working and Scanning Frame pixelization. The working frame is the total number of pixels
available. The scanning frame defines the number and position of pixels physically scanned by the
beam during this acquisition. For this Basic operation let’s select 256x256 for both.

- “Multicollection” detection mode (Figure 344) is automatically selected.

- Select the detectors you want to activate (2 maximum)

- Select the field of view needed (raster size or FOV, in um).

- Click on “Start”, a real-time SIMS image of your sample appears in a second window

NanoSIMS 50 - Real Time Imageng Dizpley (=5
]
E
{
2
DET4 Symbol : am.u. 27940 Radius : 425344 EMJFC: e DETE Symbol : amu.: 52227 Radius : 863 562 EMJFC: ev
|
‘ o)
4
| S
|

Figure 345: RTl acquisition window in multicollection mode with detectors 4 and 6 selected
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You can now:
- Move the stage to adjust the image position.
- Adjust the focus with EOP and correct the astigmatism with the octopoles 45 and 90.
If the sample was not pre-implanted it will take several scans before the ion signal starts to increase and
reach a steady state.
- Change the image to display in large, by dragging one of the eight thumbnails at the bottom toward
one of the two larger images.
- Usethe buttons available to adjust the image display: color scale, Lin-Log scale, Rej and Sat (manual
or autoscale).
- Use “Save Image" button to save a graphical copy of the screen in a .im format which can be opened
in Winlmage.

Important Notes:

Real Time Imaging only offers a live imaging (for tuning, area selection, pre-implantation control, ...) and
while you can save a “screenshot” of the live image, you must go through the image acquisition programs
(Def. Analysis and Analysis, see next paragraph) to record a proper analysis.

In RTI, when the counting time is set to 50 ps/px, with a Full Scale (scale maximum) set at 100 counts per
pixel, the image appearing mainly red means that you are saturating your EM detectors and should reduce
the signal to avoid early aging of the EM: 100 counts per 50ys is equivalent to a count rate of 100/ 5 E-5 =
2 E6 ¢/s.

9.2 Advanced operation

9.2.1 Tuning Check

Assuming the instrument had previously been tuned, you do not need to manually re-tune everything. This
paragraph details the procedures to check routinely the good alignment of the instrument at the beginning
of a session, assuming no maintenance operation has been performed.

Note that it is always easier to first check the alignment and the proper functioning of the instrument always
on the same known standard, such as a Si grid, or any flat, conductive sample that can give strong signal
and some sort of image features.

9.2.1.1 Switching Sources

If switching sources (and polarity):

- Shut down the High Voltage (HV) on the keyboard.

- Inthe source window: Select the primary beam species you intend to use (Cs*, O,*, 07/05’), and wait
for the polarity to switch.

- When switching from O to Cs, make sure DO is in position 0. Make sure the Oxygen tank is tightly
closed and do a gasline purge (In the Vacuum window —> Gasline - Start; wait for the end of the
procedure).

- Put the HV back on.

- Inthe Preset window, load an .isf file corresponding to your settings.

- In SIMS mode (Navigator) and Multicollection mode (Tuning), send the presets to the keyboards by
selecting the correct presets and click on “valid”. Do this for:

a. Global
b. High current
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c. Detectors
d. Wien Filter (in Oxygen)
- Inthe Tuning window:
a. Click on Hex X and Y as well as D1 to recall the correct positions associated with the new
polarity
b. Press enter in the Magnetic Field box to recall the correct value.
- Ifin Oxygen, insert a DO diaphragm (usually DO -2 or 3)
- Move the source goniometer to the correct position previously noted (Cs or O) and adjust it if
necessary to maximize the FCp current.

9.2.1.2 Primary beam alignment

- In CCD mode, adjust Z so that the sample surface appears as focused as possible.

- In SIMS mode on the Navigator and Multicollection mode in Tuning, select a preset in the Preset
window and send it to the keyboard by clicking on “Valid”.

- When using the RF source: In FCp (beam OFF), adjust slightly ( a few bits) the Wien Filter voltage to
optimize the signal (on the keyboard: WF - CWF)

- Goto FCo mode in the Navigator and adjust the centering of D1 (via D1 X and D1Y on the keyboard)
to optimize the signal in FCo. Centering can also be done via the “centering” function of D1 (see
chapter 5.2.5) though it is just as easy and faster to do it manually.

9.2.1.3 Secondary beam alignment

- If some slits are inserted (ES, AS, EnS) put them all back to position O.

- Go back to SIMS mode and select TIC mode in the Tuning window. Adjust EOS, Cy and P2/P3 to
optimize the TIC signal. Do it several times if necessary.

- Select the Multicollection mode in the Tuning window and adjust the Magnetic field so that a major
mass matches with the position of a given detector. For instance, select 2Si" in Cs*/0," or ¥Al* in O

- Insert an entrance slit (usually ES-3) and adjust ES X and Y to optimize the signal on the detector. If
the position has changed, click on “calib” in the Tuning window.

- Re-adjust EOS, Cy, P2/P3

- Insert an aperture slit (usually AS-2) and adjust AS X and Y to optimize the signal on the detector. If
the position has changed, click on “calib” in the Tuning window.

- Open the RTI program and select a detector with a good signal. On the scanning image, adjust EOP,
Oct-45 and Oct-90 to sharpen the image. Use a fast enough scan so that the image would refresh
quickly (typically 50-60 us/px). However, if the signal is low, find the best compromise between
clarity of features and scan speed.

Note: adjustment of EQOS, Cy and P2/P3 can be done manually via the keyboard by adjusting those
parameters to maximize the signal in the detectors, or via the EOS and Secondary lon Beam functions in
TUNING (see chapters 5.2.18, 5.2.19 and 9.1.12.3)

9.2.1.4 Multi-collection

Move the detectors to their positions. Then, on each detector to be used:
- Check the PHD for all used EMs (see chapters 5.2.21 and 9.1.12 for details).
It is recommended to use a major element, giving a strong signal (0.5 to 1.10° ¢/s). If the signal is too
low, you can double or triple the number of scans to obtain a total of 10° ¢/s (ex: if the signal is of
300 000 c/s, do 3 scans) and average them by selecting “meaned” in the PHD window (see chapter
9.1.12).
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- Record an HMR spectrum and center the peak of interest (either by adjusting the trolley position
or the deflection plate voltage (Pd).

- Adjust Q to maximize the MRP (see chapter 9.1.13 above). If the optimum value for Q is different
from one detector to another, optimize the MRP for the detector where it is likely to be the most
critical, i.e. where there might be mass interferences.

- If a higher MRP is required, an energy slit can be added. The energy slit can be used between EnS-
0 (wide opened, no energy filtering) up to position EnS-6, depending on the aim (MRP increase,
reduction of molecular interference, etc...), though most of the time EnS-1 (cutting 10% of the
signal) is enough. See chapter 9.2.2 below for details on Energy filtering.

- Do a C4 X scan (Tools > parameters: C4 X) selecting all detectors used to check their centering in
height. Find a C4X position that falls on the peak flat top for all detectors.

NanoSIMS 50 - Acg et

File Curve

Dir: D:\Cameca NanoSIMS Data\experience\experience\SEM Display Untt |m‘ XMin: -498 XMax: 1983 {X’
File Name (tis) NoName —

Frint m LN ¥ Min: 0.1 ¥ Max: 10000000 ¥

Acquisition o ‘—' N
Farameter | C4x - CAMECA /| Tools

Detection mode | Totallon Current | Mulicollection ] NN VIO 19.11.191

— L File: No
i oeesor faad (2] [ Gl (5] (o] (o 2] ;
Faraday Cup [ Wone ][ PrimaryFC || ObectFc | sV 3 L50:8.54V / Det#d L50:6.32V

8V / Det#6 L50:6.00V / Det#7 L50:5.69V /

Start voltage (V) -4.98 -300 {} 300
Voltage step (W) 0.88 0 I 10
Points Number: 29 2 {1 255

Counting Time - 0.541 10 10

10000 5

‘ Start ‘ 2 .
& 1000

10047
Results
1047

1
Selected Value (V) : 7.47
CL(V): MiA 0.1

Close

Figure 346: positioning of C4X.

- At this stage, it can be good to check that the transmission of the instrument is good by assessing
the sensitivity (in c/s/pA) on a peak of a known standard sample (ex: Si grid) for a given
configuration. For example, with 16keV Cs+ in pure Si, with no ES, no AS, the 28Si signal should be
around 625 000 c/s/pA. With a MRP > 6000 (ES-3, AS-2), the %Si signal should be around 250 000
c/s/pA. Whatever the reference used, it is good to check at the beginning of a new session that this
reference signal remain reproducible. It is a good idea to always add this standard in the sample
holder.

9.2.2 Energy filtering

9.2.2.1 Energy filtering background

Dynamic SIMS is characterized by a variable energy dispersion which depends on secondary ion species. It
is recommended to read scientific literature (e.g. Stevie FA, Secondary lon Mass Spectrometry — Applications
for Depth Profiling and Surface Characterization, (Momentum Press, LLC, New York, 2016). Generally,
molecular ions (e.g. Si»053’) will have a narrow energy distribution of a few eV, starting at zero relative to
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the sample HV. In contrast, atomic ions (e.g Si-) have a much larger distribution, reaching several hundreds
of eV.

Resolving mass interferences can be done by improving the mass resolving power (MRP), hence, at first
level selecting small entrance slits. Although this method is optimized on the NS50L, reducing the entrance
slit size will ultimately reduce the mass analyzer transmission.

Another route (which can be complementary to using small slits) is to cut the lower part of the energy
bandwidth in order to attenuate the molecular species interfering on atomic species of interest. This is a
classical method for rare earth element analysis.

On the opposite cutting the higher part of the energy spectrum will also reduce chromatic aberrations and
help improving the MRP while reducing the atomic signal moderately.

Note that if the sample is charging (usually positively), especially if non homogeneously, its surface potential
will vary, and so will the energy of the secondary ions. Consequently, using a small energy slit can be
problematic with a higher sensitivity to varying charging effects (laterally over the surface or in depth at
interfaces). Hence it is recommended on the NS to start analysis of insulators without energy slit.

It is possible to store seven settings for the energy slit (EnS-x) that can be then recalled by a single click in
the slit & diaphragm control panel of Tuning. See below in 9.2.2.2 how to memorize the desired settings.

9.2.2.2 Calibrating Energy Slit setup values

The energy slit (EnS) can be used to either increase the mass resolving power (MRP) or reduce the
interference of low energy molecular ions on monoatomic ions.

To set up the energy slit and improve the MRP, follow the procedure below:

- With the beam ON on a conductive sample (e.g. doped silicon), mass spectrometer well-tuned, with
a good and stable signal on a detector, start with the energy slit wide open: EnS Y > 6 000 and EnS
W > 20 000. The zero position for both is on the optical axis.

- Decrease Y value (= move the whole EnS slit (both sides together) toward larger radius or energy;
see red arrow on the schematic below) until you reach the point where you start cutting the signal.

- Decrease W value (= close EnS by only moving the exterior side of the slits, see green arrow in the
schematic) until the signal has decreased of about 10 %. This will cut the high energy ions that are
introducing chromatic aberrations.
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Energy dispersion of the secondary ion beam

low energy high energy

A- EnS wide open

B- Adjust EnS position (Y)

C- Close EnS (W)

Figure 347: adjustment of the energy slit (EnS)

In Setup - Slit - Energy - [1], enter the Y and W values. Now in Tuning, EnS-1 will correspond to a 10%
cut of the signal.

You can repeat steps B and C for EnS-2 by cutting the signal 20% with W. Then, in Setup - Slit - Energy -
[2], enter the Y and W values. Now in Tuning, EnS-2 will correspond to a 20% cut of the signal. You can
repeat the same procedure for all Energy slit slots, though the signal is rarely cut beyond 20%.

Cutting high energy ions will improve the MRP by reduction chromatic aberrations.

For applications requiring cutting low energy ions (for instance, reducing an interference from organic or
molecular ions), simply move Y (step B) a little further to slightly cut the signal on the low energy side of

the spectrum.

Be careful that for insulating samples, especially with non-homogeneous conductivity, if the energy slit is
too small or not well centered, it might introduce sensitivity variations!

9.2.3 High beam current and high lateral resolution settings

It is possible to increase or decrease the primary beam intensity at the object (read on FCo) independently
of the source settings. The primary parameter must always be D1 diaphragm selection.

But in order to optimize the primary beam density and vary the beam current on the sample, L1 can also
be used. See chapter 2.1.1.2.3 for detailed explanation.

NanoSIMS 50L users guide_10Aug2020_V1.docx Page 286 sur 410



It is possible to SAVE those settings as “high current” or “low current” presets. This can be useful for tuning
purpose, to easily and rapidly switch between different current settings or to define pre-sputtering
conditions different from the analysis conditions.

9.2.3.1 Using L1 for High beam current

To increase the current, increase L1. If the primary beam has been tuned properly, you should be able to
increase L1 up to 27 000 bits (4300 V) and reach about 3 nA (Figure 348). It will also increase the spot size.

3500 10000 3
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2500 ] E

2000
i 100 4

FCo (pA)
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1500 ]

1000 7 10

500 ]

0 4 . . T T . . .
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L1 (bits) L1 (bits)

> > >

Figure 348: Evolution of FCo with the increase of L1, on a linear scale (left) and LOG scale (right), with D1-3 and FCp = 50 nA.
In RTI mode, adjust C1 X and C1 Y so that the image remains in the same position when L1 = 0 and with a
high value of L1.
Note that if the current (in FCo) is 3 times higher with a given L1 than with L1 = 0, the secondary signal
should be 3 times higher as well.
Select a new preset slot in “high current” and hit “calib” to SAVE the L1 and C1 values in a new preset.

Note: increasing L1 will induce a deformation of the beam, making images inhomogeneous (especially for
images of more than 10 um raster the crater bottom with start to become not flat for hundreds of pA).
When making images at current over 100 pA, it can be better to use a combination of L1 and LO, increasing
both moderately. This is to be done with caution by an experimented user. Make sure to check in RTI that
the image is homogeneous. Readjust C1 X-Y and CO X-Y if necessary. For more details on the effects of L1
and LO on the beam, see chapter 2.1.1.2.3.

9.2.3.2 Using L1 for High lateral resolution

To increase the spatial resolution (=reduce spot size) L1 can be used to demagnify more the source size (at
the cost of a lower beam current). To do so, L1 has to be increased until the beam current peaks and starts
decreasing again. Typically to reach a resolution around 50 nm, L1 should be around 8500 V, associated
with a D1-4 or D1-5 diaphragm to limit aberrations.

Similar to high current settings, adjust C1 X and C1 Y so that the image remains in the same position
between different L1 settings (doesn’t move laterally).

Select a new preset slot in “low current” and hit “calib” to SAVE the L1 and C1 values in a new preset.

9.2.3.3 Use of Presets in Analysis Definition

Whether in “high” or “low” current, once a preset is saved (“calib”), it can be sent to the pre-sputtering or
analysis condition files. To do so, select the preset, then click either on “Send For PreSput” or “Send For
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Acq” (Figure 349). Note that this step is mandatory to make those conditions available for analysis and only
one preset can be sent to each category (one preset for pre-sputtering and one preset for the analysis).

= NS0 - Preset - [Cs+Nan.. — X High current
Load ... Save as New
File List
SuperUser Display
High cumrent
2o 1 2 3
Define
Low cument
e -1-25000 5 6
Global
R N
Detectors Vet
R N— . Zeo e
E-gun
R | Edt Calib
PM detector
| |
Slits and Apertures
I |

Figure 349: High current presets
If the user then wishes to use those presets during analysis, in the Def. Analysis window, check the “lens
preset” and/or the “slit preset” boxes. If the user wishes to do a pre-sputtering prior to the acquisition,
select “yes”. The pre-sputtering menu appears below. Select similarly the lens and slit presets if you wish
to use any (Figure 350). Note that if no preset is selected, the analyses will be run under the instrument’s
current conditions.
The “more” button shows you the list of parameters under the selected preset.

}‘ Analysis conditions

Lens preset : High current [L1=27000]
Siit preset : None O |'more -
id Gauss
Pre-sputtering: | No Yes High E Low E
MB1 1250011 Cip:

Nb cycles : | 0 Time (s) :
Raster size (uym) :

‘ Pre-sputtering conditions o

Lens preset : High current [L1-25000] More...
Sit preset : None [ | wore

Raster size (uym) :

Real size (um) : 25.0

Centering N
Figure 350: DefAnalysis : select presets for the acquisition and the pre-sputtering

9.2.4 Slit preset

For both Analysis and pre-sputtering conditions, it is also possible to define particular slit and diaphragm
presets in case the user wishes to use different diaphragms or slits for pre-sputtering and for the analysis.
The setting is the same as for the use of lenses presets: First in Presets, send the desired presets to pre-
sputtering and to acquisition (Figure 351). Then in Def Analysis, send select those presets if you wish to
you use it (Figure 352). See chapter 5.6.2.3 for more details on how to send presets to Def Analysis.
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Figure 351: sending "Slits and Apertures" preset to Def Analysis

Analysis conditions ——
Lens preset : High current [Zero] 1 | More...
ISR preset : Slits and Apertures [GO0] [ | More... |

1
Pre-sputtering

Nb cycleszE Time (s) : conditions
Raster size (ym) :

Lens preset : None O | More..
| Sit preset : Slits and Apertures [G1] 4 More... I

Raster size (uym) :

Real size (ym): 9.7

Pre-sputtering: | No || Yes |

Comment : [ ]

Figure 352: Def Analysis: adding a slit preset to the analysis conditions and to the pre-sputtering conditions.

9.25 NMR

9.2.5.1 Use of NMR in static multicollection mode

The magnetic field is regulated with a Hall probe sensing the B-field and sending a feedback signal to the
electromagnet coil current power supply. This system also allows magnetic peak jumping and for long
analyses at very high mass resolution the stability of the B-field can be not good enough to keep the peaks
stable enough. In order to improve the B-field stability, NMR probes are positioned “in” the magnet. Such
NMR regulation loop is more stable but has a longer response time (it is good for static multicollection
mode but does not allow fast peak jumping). Each NMR probe has a range of B-field over which it can work.
For example, a separate NMR probe (named H/D) is proposed as an option to regulate lowest B-field for
hydrogen. The switch between NMR probes is done automatically by the NMR cabinet and is transparent
for the user.

To activate the NMR probes:
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- Open the NMR program by clicking on the button RMH || 51 the “Board”
- Wait for the end of the NMR connection and locking process (the “NMR locked” button should turn
from dark green to bright green, Figure 353). It can take a minute.

NMR Tool ns50 v2.4,2/5=1|

‘ Server connect  Communication

o] —on—

poosssea = | |

Set Field : NMR Locked

Figure 353: NMR reduced window, showing the NMR locked

- Inthe Tuning window, click on the NMR regulation ON

o Magnetic Field (G} :  2041.229

0
NMR: | OFF

- Wait for the regulation process (the Regulation button will turn from dark green to bright green,
Figure 354)

.

NMR Tool ns50 v2.4.

Server connect Communication

=oe—
02044550 Ji=se ]|

—— QON-———

Figure 34: NMR reduced window with the Regulation ON
Note: when the operator wants to change the magnetic field with the keyboard and/or the thumbwheels,
it is better to turn off the NMR regulation. Deactivate it temporarily by clicking on NMR Regulation OFF in

the Tuning Control panel (Figure 124), and reactivate it when the B-field is set by clicking on NMR regulation
ON.

9.2.6 Other multicollection acquisition modes

From the first DefAnalysis window, it is possible to select different acquisition modes (Figure 355).
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[ NanoSIMS 50 - DEFANALYSIS [ T

Path : | experience\CD-01
D:\Cameca NanoSIMS Datal

Prezent sample name : Al Si

Present sample stage position X : 876

Yo -14382
Analysis Type Selection
[ Depthprofie | [ Line Scan (Stage Control) ]
[ Isotopes ] [ Line Scan (Beam Control) ]
[ Images ] [ Image (Sample Stage) ]
[ GranMode ||  ChainedAnalsis |

Figure 355: First DefAnalysis window, allowing the user to choose the mode of data acquisition

For all modes (except Chained Analysis) a similar window will open. See Basic Image acquisition 9.1.14 for
the basic settings required for all analyses. There are also some optional settings that are common to all
those modes:

- For the use of presets see chapters 5.6.2.3,9.2.3.3and 9.2.4

- To define pre-sputtering conditions, see chapter 5.6.2.4

- To define the different scanning frames, see chapter 5.6.2.5.

- For Real Time Tracking (live alternated drift correction option) see 9.3.8.

There are also options in DefAnalysis that are specific to certain modes. They are described below:

9.2.6.1 (direct) Depth Profile

[ NanoSIMS 50 - DEFANALYSIS Lacaef e S
Path : | experience\CD-01

D:\Cameca NanoSIMS Data\

Present sample name : Al Si

Present sample stage position X : 876
Y : -14392

Analysis Type Selection

I Depth Profile )| Line Scan (Stage Control)

isotopes Line Scan (Beam Control)
Images [ image (Sample Stage)
Grain Mode. ([ chained Analysis

Figure 356: DEFANALYSIS: selection of Depth profile

Depth Profile allows the user to record the signal intensity on selected detector as a function of depth. It is
a conventional ion microprobe direct depth profile, without storage of image and post-reconstruction.

The user can define the duration of the analysis and the number of cycles (Figure 357). In this mode, the
scanning mode is optional (but generally used to generate a flat crater bottom). If the scanning mode is not
selected, the beam will be fixed and the analyzed area will be equal to the size of the beam. If the scanning
mode is selected, the scanning frame will govern the physical beam scanning.

The tails of the primary beam leaching the crater edges will limit the dynamic range of a depth profiles.
Hence direct depth profiles are always recorded with an electronic gate (called here Blanking) that will avoid
crater edge contribution. It will be adjusted before the acquisition for the whole profile. Before setting the
profile conditions, leaving the beam erode the sample in fixed position (without scan) on an homogeneous
sample for a while, then dezooming and imaging the induced hole will reveal the beam tails (“moustaches”)
caused by a wrong adjustment of EOP and stigmator, aperture aberrations with large D1 diaphragm, other
aberrations...). Typically, the crater size will be adjusted no less than X10 larger than the observed beam
shape. And the electronic gate may be 10% in area or 30% in width.
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5 NanoSIMS 50 - DEFANALYSIS - DEPTH PROFILE - Measurement Conditions - CD-01_13.dp

Load... | Save | Save as... | New -
' Scanning Mode : | No

Sample D : Al Si Data included : No AoTkmgFrame

Matrix D : Width: 256 % Height: 256
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Cyclenb: S0 Width : 256 = Height: 256

Blanking Yes

Lens preset : None
Figure 357: specificity of the Depth Profile acquisition mode

When everything is set, click on “Go Acquisition”. The Analysis window opens (Figure 358). Click on “Start
Acquisition”. The Analysis window shows a preview of the data during acquisition.

If necessary, you can modify the number of cycles (# of Meas.) during the acquisition to shorten or extend
the analysis.

DEPTH PROFILE
| Show Curve --Cm”“5 ‘—Cps | AutoScale | Kmin: 0 K max: 182 <K=
Print
Lo Lin _
Path : D:\Cameca NanoSIMS Data\experience\CD-01 |—| ¥omin: 1 N omax: 10000000 |<Y=

File name : \

Sample D AISi Matrix ID : CAMECA | DEPTH PROFILE

Acq. Time : 03mn 02s Scanning / Frame:1,1-128 lanking: 100 3.19 16:48
#0ofMeas.: 10

Start
Acquisition

Stop
Acquisition

Abort
Acquisition

10000

Analytical

Parameters Eheaocic

‘ Control ‘

— 1 T *~ T * T ~ T ~ T * T * T T T
0 20 40 80 a0 100 120 180
Time [5]

Figure 358: Analysis window in Depth Profile mode

The other Analysis buttons have been already described:

- Control: Shows the tuning parameters of the analysis, such as primary beam intensity, lenses, slits,
X, Y and Z positions, etc..

- Analytical Parameters: shows all parameters and slit used for the primary and the secondary beam,
as well as the presets.

- Change MC: After an analysis, click on “change MC” to go back to Def Analysis and modify analysis
settings.

Once the analysis is done, data can then be saved in a .dp file for data processing with WinCurve Cameca
software.

Advantages of direct depth profiling: such depth profile is directly visible during the acquisition without

the need of reconstructing it afterward. It will be stored in a very small size file. The conditions are easily
reproducible. No time is spent for defining ROls and reconstruction. When there is no contrast in the FOV,
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it is the fastest and most convenient method. For very small FOV e.g. below 5x5um, alternated real-time
drift correction (RTT) can be added when necessary (see chapter 9.3.8).

Disavantages of direct profiling: no replay or repositioning of the electronic gate is possible as opposed to
an image stack where one can process the image stack after the acquisition: correct for sample drift (when
there is some contrast in the FOV), finely position multiple ROIs of any shape for profile replay, post-
acquisition.

9.2.6.2 Isotopes
'm NenoSIMS 50 - DEFANALYSIS sl e |

Path : | experience\CD-01
D:\Cameca NanoSIMS Data\

Present sample name : Al Si
Present sample stage position X : 876
Y : -14392

Analysis Type Selection

[ Depth Profie Line Scan (Stage Control) ]

II Isotopes Line Scan (Beam Control) ]

‘ Images Image (Sample Stage) J

[t Grain Mode ][ Chained Analysis

Figure 359: DEFANALYSIS: selection of Isotopes

The Isotope mode allows the user to measure isotopic or elemental ratios on defined areas. In order to
evaluate variations and stability within the analysis, the data are grouped in internal blocks of scanning
cycles. A final table of results gives the main statistical information among and between the blocks.

Click on the “Ratios” button and define in the “Isotope Ratios” table the ratios by entering detector numbers
corresponding to the isotopes or elements available in the Detector List at the bottom right of the window
(Figure 360). When done, close the window by click on the red cross.

Note that at this level some optional automatic routines are often added to refine the isotopic analysis
conditions (automatic EOS focus and beam centering in the entrance slit; automatic peak centering in the
exit slit, , automatic PHD adjust; baseline Pd offset). All these routines must be first tuned then sent to
DEFANALYIS before they can be selected here. They are described in the expert operation chapters Erreur !
Source du renvoi introuvable., 9.3.3).

Define then the number of blocks and the number of measurements per block, as well as the (optional)
rejection condition.

Note on rejection conditions: at the end of the analysis, the mean and the standard deviation (o) of each
ratio is calculated. Setting the rejection conditions, for instance at 2 o, means that if the value measured at
a given cycle deviates from the mean more than 2 g, it will be rejected and the mean recalculated.

Select the scanning mode (yes/no). If yes, define the usual parameters (Working and scanning frames,
dimensions, and if an electronic gate (“blanking”) must be used to remove crater edges. The raster sizes in

um of the working, scanning and blanking frames are noted respectively as “raster size”, “real size” and
“counting size” (Figure 360).

Enter the acquisition time as:
- Acount per point (Ct/pt) if no scanning mode
- A count per frame (Ct/fr) or count per pixel (Ct/px) if the scanning mode is on. Only the scanning
frame will be taken into account in the calculation of the total analysis time ( = time/px * px/
scanning frame * nb of frames).
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Figure 360: Isotopes acquisition mode

When everything is set, click on “Go Acquisition”. The Analysis window opens (Figure 361).

Click on “Start Acquisition”.

The Analysis window shows a preview of the data during acquisition (table of results and evolution of the
detector signal over the measurement number).

Once the analysis is done, the table of results data are stored in a file with *.is_txt extension. The data can
be imported and processed through Excel via the “import text/csv’ module.
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Figure 361: Final Analysis window in Isotopes mode

9.2.6.3 Grain Mode

. .
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Figure 362: DEFANALYSIS: Grain mode selection

This is the mode often used for cosmochemistry with many tiny grains or particles fixed on the sample
surface (e.g. pressed in a gold foil). The principle is to record a Reference image containing the grains then

chain the analyses of all selected individual particles or areas in this image.

There are two different types of acquisition in grain mode depending on their output:

- an IMAGE acquisition around each grain. These small image files of *.im extension will be

reprocessed with Winlmage software, or

- an ISOTOPIC RATIO acquisition ending in a numerical result table file of *.is extension with cycles

and blocks. Typically this is exported to Excel or other program for further processing.

To use this mode, proceed as follow:
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- Select the Grain mode.

- When selecting this mode from Def Analysis, the Def Analysis window will appear as a usual “Image”
mode window (Figure 363), allowing the acquisition of a single frame image acquisition (“Meas.
number” is fixed = 1) in order to image the general area where the user will then select the grains.
Define all parameters as you would define a regular image acquisition.

- 5
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Figure 363: first step of the Grain mode

- Click on “Go Acquisition”. The Analysis window opens.

- Click on “Start Acquisition” and let the program acquire the reference image.
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Figure 364: Analysis window in Grain mode.

- Click on “Go Isotopes” or “Go Image” (to select the output file type), depending on the type of
analysis you wish to acquire (Figure 364). You are then redirected to a specific Def Analysis window
corresponding to your choice (Figure 365). Define analysis parameters like for a regular Isotope or
Image analysis. In “isotopes” mode, do not forget to define the isotope ratios.

The specificity of the grain mode is that you have an option to select an area with the scanned image. You
have four selection modes available:
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o Graphic: define a rectangular ROl manually with the mouse within the re image. You can
repeat the operation as many times as you want between analyses, using the same
rectangle or drawing a new one.

o Semi Graphic: Define a rectangle size (dX and DY, in px) following the equation: (2 dX+1)(2
dY+1) in Def Analysis, then position a rectangular ROl with the mouse in Analysis. You can
reposition the rectangle as many times as you want between analyses.

o Auto Grain: detects grain positions following specified criteria and proposes successive
acquisitions on rectangular ROls of size adjusted to the grains.

o Spec: for CAMECA engineers: twelve pre-defined neighbor square ROIs in a square for
testing local isotopic reproducibility during acceptance tests

Each mode is described below.

easurement Conditions - RTT-26-11-2018_28 mg_Ll.is

[ Lood. J [ Save ] [ Save gs.. J [ New (3 Mode: | No l.lme:[GfﬂFhlﬁ] Semi Graphic \Auto Grun] Spec

Sample ID : Wafer Data included : No
Matrix D

Scanning frame = (2 DeltaX + 1)(2 DeltaY + 1)

DetaX: S . )
Detay: b 12 Grain mode + isotopes

Total analysis time : 31s
Block number : 10 Meas. number : 100

Meas. per block: 10
Rejection at (sigma) : 2

YSIS - GRAIN MODE IMAGING IMAGE - Measurement Conditions - RTT-26-11-2018_21_mg_l.im

[ Load.. J [ Save ] [ Save as.. ] [ New Mode;[.Gupmc“mrlﬁumtirm-][ Spec ]

Sample ID : Wafer Data included : Yes
Matrix D

Scanning frame = (2 DeltaX + 1)(2 DeltaY + 1)
DetaX: S
DetaY: S

Total analysis time : 19s
Meas. number : 1 Time finished : 15:50

Grain mode + image

Figure 365: Scanning mode options in the Def Analysis window in Grain mode.

9.2.6.3.1  Graphic

The Graphic mode permits to repeat analyses on any rectangular ROls manually and successively
defined with the mouse within the ref image.

- Define the image/isotopes analysis conditions as usual then click on “go acquisition”. There is no
specific option to the Graphic mode. Go directly to Analysis

[ Load ] [ Save ] [ Save.ss I [ plew I Scanning Mode Mode - [ Graphic =,|[Sem| Grapnlc][ Auto Grain ]
Sample ID : U std Data included : No
hatrix ID

Block number : 5 Meas. number : 50
Meas. per block: 10

Rejection at (sigma): 2

Figure 366: Graphic mode in Grain Mode Def Analysis.

- In Analysis, draw the rectangle of the desired analysis area with the mouse and click “valid” in the
small pop-up window (Figure 367) then “start acquisition” in the main window. Depending whether
you are in isotope or image mode, you will obtain an isotope or image file.
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CAMECA - GRAIN MODE  Primary lons : Cs+
Filename : SK Hynix NAND_11.im - Date : 18.06.19 - Time : 17:43
Raster size : 25.0 um  Image size : 256 * 256 Regulation : HALL

Trs28si.

Tr4 160

Te(s): 655 p 54

Te(s) 655
Spot Selection
I
Xlow : 200 Xhigh : 241
I
Yiow: 110 Y high : 147

Figure 367: Analysis window in Grain Mode/Graphic. Manually draw the analysis area.

Only one zone can be drawn at a time. To analyze a second grain, after the first acquisition is over, in the
Analysis window click on “show spot” to display the reference image showing the already acquired spots
(Figure 368). Draw a new zone and click on “Start Acquisition”. Acquisition for this new spot will then start.

Gl [N
: :
; B o] () ) GadCes) (zed) (L] v w (o)
Palh - DiCanuca HanoSAS Daltiespertence m - Display the reference image
File name : SEM2_21_mg_3 Ra: - 40. : "
Sample D: test Matrix D : =
3 i)
st [ stop l | Abort l
T .
‘ Previously acquired spots 2
Analytical A o % s =
Parameters. AR 3 $ % E: =
Te(s) : 25 B 13 Te(s): 25 B 22

Figure 368: acquire successive spots via the Graphic grain mode

9.2.6.3.2  Semi Graphic

The Semi Graphic permits repeating analyses on the same rectangular ROl manually and successively
positioned with the mouse within the ref image,
- Define the size of the selection area (Figure 369).
Delta X and Delta Y are the half-length of the rectangle sides in pixels.

Load... ] [ Save ] [ Save as.. ] [ New ] MDde;[Grapnic]W[AmDGrah [Spec]
Sample ID : U std Data included : Yes
Matrix ID

Scanning frame = (2 DettaX + 1)(2 Deltay + 1)
DetaX: P5
Deta: 20

Total analysis time : 215
Meas. number: 1 Time finished : 17:37

EE{ED

Figure 369: Semi-Graphic option in Grain Mode Def Analysis

- Define the image/isotopes analysis conditions as usual, then click on “go to acquisition”.
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- the Analysis window looks as shown in Figure 370. A pop-up window shows the grain coordinates.
Click on the image to position the grain then click on “valid”. If you wish to change the selection
position, drag it with the mouse, or click on “remove” and select again on the image.

- Once the selection area is ok, click on “valid” in the pop-up window and then “start acquisition” in
the main window. Depending whether you are in isotope or image mode, you will obtain an isotope

[] NanoSIMS 50 - ANALYS
GRAN MODE cnow Corve R
AutoScale Log Zoom Ymin: 0 Ymax: 100 Cameca =
IS0TOPES
5 Show Spat CAMECA - GRAIN MODE Primary lons : Cs+
- W“\FI—I Figname RTT-26-11-2018_29.im - Date : 07.12.18 - Time : 16:15

-26-11-2018_28_mg_1| Raster size 1 20.0 um Image size - 128% 128 Regulation : HALL

Matrec D - #w .
i w &
= E

E‘} D

5
Change MC || Change MC Tr312c2 & Tr4 160 27A1
Isotopes image Te(s): 01 B o Te(s) : 0.4 B 535

Spot Selection

Acq. Time : 315
#of leas.: 100

Start
Acquistion

Stop
Acquisition

Abort
Acquisition

Xlow : 54 Xhigh : €5
Yiow: 37  high : 48

Remove|

Figure 370: Analysis window after scanning mode “Semi-Graphic” in Grain mode.

Only one zone can be drawn at a time. To analyze a second grain, after the first acquisition is over, in the
Analysis window click on “show spot” to display the reference image showing the already acquired spots
(Figure 368). Draw a new zone and click on “Start Acquisition”. Acquisition for this new spot will then start.

9.2.6.3.3  Auto-grain

The Auto Grain mode detects grain positions following specified criteria and offers successive acquisitions
on rectangular ROIs of rectangular ROIs of size adjusted to the grains.

Two different Autograin search algorithms buttons are available: Cameca and CIW (a customized version
requiring additional software not available in the standard NanoSIMS software). The selection is done in
the setup menu (See chapter 5.9.11.4). But for all users but two, the Autograin mode to select is the
CAMECA one.

- Define the image/isotopes analysis conditions as usual, then click on “go to analysis”
- In the pop-up window, define the conditions of the “auto-grain” selection. Several options are
available (Figure 371):
- First select the type of search within the image: by pixels or by Pins
o Pixel: the search will look at all the pixels individually matching the criteria defined below.
The pixels will be grouped into grains of all sizes
o Pins: in this mode, a fixed grain size (of 16x16px, 25x25px or 32x32 px) is first defined and
when an area is matching the criteria, it will apply the grain size to it.
- Second, select the image type used for the search:
o Threshold: Select an ion, and define an intensity range (in cps/px), by entering a low and a
high threshold on the pixel intensity.
o or Ratio: define a ratio between two ions (e.g. 180/160), then define a lower (>) or upper
(<) limit.
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- It is possible to define successively different criteria and combine them to your search selection
(e.g. 160 > 500 counts and 28Si > 2000 counts, or 30Si/28Si > 0.2 and 30Si > 500 counts ).

For this, define your criteria then use Add Criteria, Modify Criteria and Delete Criteria.

i Autegrain Definition

——

- — e L e L

| Autograin Definition

Threshoid on 160 v Threshoid Ratio 160 v | S -
o Low threshold : 110 = High thresheld 500 2
Min Area: 4 = Max Arez : 200 = I Min Area: 4 = Max Area: 200 = [
[ addciteia | [ Modify Criteria | [ Delete Criteria = [ acdcriteria | [ Modify Criteria | | Delete Criteria L

Threshold on 160 in [110;500] Thresheld on 160 in [110;500]

»;

Figure 371: Options of the grain selection in Auto-grain mode. By pixel intensity thresholds (left) or by signal ratios (right)

- You can also limit the grain size range via “min area” and “max area” (in pixels) (Note that the area
cannot be smaller than 16 px).

- When all conditions are set, click on “Search”. A new pop-up window opens, listing all areas
matching your conditions (Figure 372).

- You can review the grains and select/deselect the grains you wish to analyze/skip. When a grain is
selected the area appears with a red cross on the image.

- Click on “Start Acquisition” to launch the chained analysis of all selected grains. A separate .is file
will be created for each grain

st | |

ﬂ Autegrain Definition

E T
(Csee] ) o w0 -

Low threshold : 110

stop | | avort |

High threshold 500 - n
i Spot Selection

Min Area: 4 = Max Area: 200 = ] B = =
17 25 = =
[ Add Criteria l [ Modify Criteria l [ Delete Criteria = = |5

Threshold on 160 in [110;500] id Size #01intens %02 Intens

[ #1 8 0 0

£ #2 4 0 0

[ #s 5 0 0

[ %4 5 0 0

#5 132 9322 2046

# 16 614 345

O # 7 0 0

D = ¢ ! !

#9 [ 143 54

£ #10 7 0 0

Figure 372: Auto-grain mode: List of grains matching the criteria and selection for analysis.

9.2.6.3.4

This mode has been designed to run isotope specification tests on the instrument. It automatically selects
12 areas in a cross pattern (Figure 373). The size of the squares will be a tenth of the raster size (i.e. for a
raster size of 40 um, the squares will be of = 4 um). This can be useful in isotope mode to check the stability
and reproducibility of the instrument.

Spec
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Figure 373: Grain mode: Analysis window in "Isotopes" and "Spec" modes

9.2.6.4 Line Scan (Stage scan)

[ NanoSIMS 50 - DEFANALYSIS lacsasle=.slie S

Path ! | experienceiCD-01

D:\Cameca NanoSMS Data\
Present sample name - AlS|
Present sampie stage postion X - 876
Y -14392

Analysis Type Selection
{7&1095;7 | Line Scan (Beam Control) |
( images [ image (Sampie Stage) |
[ GranMode |  ChanedAnayss |

Figure 374: DEFANALYSIS: Line-scan by Stage scan, selection

This mode allows the user to make a lateral isotopic profile moving the stage step by step.
It is usually used for lines exceeding the dimension of images (e.g. > 40-50um) or/and when long acquisition
time/pixel is needed for statistical reasons and where the recording of a full image would take too long.

In this mode, the starting point must be set beforehand in CCD mode. Then in SIMS mode, when opening

the “Line Scan (stage Control)” mode, (Figure 375), the user can define the number of steps and the distance
in X and Y between steps.

The scanning mode is optional. However, even if the scanning mode is selected, no image will be recorded.
Once the analysis is done, the table of results data are stored in a file with *.is_txt extension. The data can
be imported and processed through Excel via the “import text/csv” module.
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E NanoSIMS 50 - DEFANALYSIS - LINESCAN - Measurement Conditions - CD-01_13.s
I——

Load... Save Save as... New
[ ] [ ] [ ] [ Scanning Mode :
Sample ID : Al Si Data included : No Working Frame
Matric I : Width - 256 = Height: 256 =
Scanning frame
Total analysis time : 1Th45mn o o
) ) StartCol: 1 = Start Row : 1 =
X step (microns) : 10 Y step (microns): 10
Width : 256 = Height: 256 (=
Number of steps : 100

Figure 375: DefAnalysis options in Line Scan (Stage scan) mode

9.2.6.5 Line Scan (Beam scan)

.
NanoSIMS 50 - DEFANALYSIS (sl

Patn ceico.01
D:\Cameca NanoSIMS Data\
Present sample name : Al Si
Present sample stage position X : 876
Y -14392

Analysis Type Selection
Depth Profie Line Scan (Stage Control)
r—
[ mges ]| image (sampesiage) |
(

[ Grankode |

Chained Analysis ]

For small line scans, it is also possible to move the beam electrostatically.

- Click on “Line Scan (Beam Control)”. Def Analysis opens an “Image” window, allowing the user to
first acquire an image of the area.

(5] NanoSIMS 50 - ANALYSIS - BEAM CONTROL o] & =
BEAM CONTROL Sh moy pR—
Q0. Prt | tn Zoom | Yma: 0 Ymax: 65 Cameca -
MAGE y
. CAMECA - BEAM CONTROL _ Primary lons - Cs+
ot "
Path : DACameca NanoSMS Datalexperiencelexperience\SE Pitoe 512 2in Dole £ 0812 19 Toee 1141
Fiename : SEM2.25 Raster size 120.0 um imoge size : 256 * 256 Reguistion : HALL
Semple D : test Matrk © -
.t
start Stop Abort
Acquistion Acquistion Acqustion
s
GoLineScan o
Analytical .
Parameters Shanee Ne
4um
Tt 12¢ 12 2160 2
Spot Selection Te(s): 655 <] s Tels) - 655 8 21
Xstart: B§ |5 VYstart: 42 O
Xend: 146 2] Yend: &
]
Number of step: 121
Line scan length (um) : 9.47
"
Vaid 5
4um
Tra 2881 Pz 75 1602 R
To(s) : 655 s o Te(s) : 65.5 8 1

Figure 376: DEFANALYSIS: drawing the line prior a linescan (beam control)

Once the image is acquired, draw a line by clicking and dragging the cursor over the image (Figure
376). You can adjust the position of the line by modifying its coordinates via the “spot selection”
window.

Enter the number of steps, depending on beam size, (optional) raster size and desired pixelization.
- Then click on “Valid” and “Go LineScan”.
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- A new Def Analysis window opens, allowing you to set the parameters for the line scan analysis
(Figure 377). You can define the number of cycles over the line scan (cycle number). You can also
choose to do the line scan

o with the scanning mode off.
o With the scanning mode on. In this case you can define the size of the scanning frame with

Delta X and Y following the equation: scanning frame = (2*DeltaX + 1)(2*DeltaY +1)
HA ManoSIMS 50 - DEFANALYSIS - BEAM COMNTROL LINESCAMN - Measurement Conditions - SEM 2_25 1.l

| Load... | | Save | | Save as... | | New | Seriri I.|ude:|v|
Sample ID : test Data included : No
Matric ID

Scanning frame = (2 DeltaX + 1)(2 Deltay” + 1)

Total anatysis time : 10mnS0s
DettaX: 10

Detay: 20
122 Cycle number: 5

Figure 377: options of the Def Analysis in linescan mode

- When everything is set, “Go Acquisition” and in Analysis “Start Acquisition.”

File name : SEM 2_25_bc_1

] NanoSIMS 50 - ANALYSIS - BEAM CONTROL =R Ecn ==
BEAN CONTROL
— ‘Shuw Curve ([Count= ] [_ces_| [ AutoScak | Xmn: 0 Xmax: 10808  |<X=
] Print -
Show Spot ) = =
Path : D:\Cameca NanoSIMS Data\experiencele i |L| ' min ;1000 W omax: 10000000 | <Y

Sample ID:  test Matrix ID : CAMECA/BEAM CONTROL

3/ Nb cych

Start Stop Abort

Acqguisition Acguisition Acguisition
Go Image
Control Analytical
Parameters
I 10000
Change MC Change MC

Image Linescan

1000

an 2.0 4.0 ED

Distance [microns]

Figure 378: analysis during a linescan acquisition

- The table of results data are stored in a file with *.is_txt extension. The data can be imported and
processed through Excel via the “import text/csv” module.

- When the analysis is over, the program shows the option “go image” to acquire a second image of
the area in the exact same conditions as the original image. This can be useful to record an image
of the scanned area.
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9.2.6.6 Images (Stage Raster)

)
) NonoSIMS 50 - DEFANALYSIS leczussfiee o

Path : | experience\CD-
D:\Cameca NanoSIMS Data\

Present sample name : Al Si
Present sample stage position X : 876
Y -14392
Analysis Type Selection

Depth Profie | [, Line Scan (Stage Control) ]

Isotopes | [ Line Scan (Beam Control)

(
{
i
[ Images |§  image (Sample Stage)

Grain Mode Chained Analysis

Figure 379: DEFANALYSIS: Stage Raster selection

|”

The NanoSIMS is limited by design to “small” FOVs, i.e. 50x50um. When the user wishes to map a very large
area (e.g. a few hundreds microns width) keeping high spatial resolution, it is possible to record a mosaic
of small images using Chained Analysis (see chapter 9.2.6.7) and stitch them together with Winlmage
software.

Instead this Stage Raster imaging mode is more intended for fast screening of very large areas (up to several
mm) at more modest lateral resolution and high current.

Another typical use can be a large area pre-implantation, before a navigation searching for interesting
areas at smaller scale.

Let’s take a numerical example:

Cs+/ 100pA / 0.7um spot. Recording a 128 x 128 (mechanical) pixel image over 500x500um is possible. But
the pixel (=step) size being 500/128 = 3.9um, and the spot size being 0.7 um the image will be
underpixelated (a series of holes with untouched sample in between). One can then add in such case a (fast)
electrostatic scanning of say 8x8um raster size of 16x16 pixels to be sure not to miss sample area.

See Figure 380 for the definition of parameters:

The user first defines the width and height of the whole image (in microns) and the number of stage steps
(mechanical pixels) to cover the whole field.

The (electrostatic) scanning mode is optional (recommended for large areas as explained above).

The Ct/pt (s) parameter to fill next is the requested time spent per mechanical pixel or step. The total
acquisition time is calculated depending on the number of pixels. A mechanical stage movement can not
be as fast as an electrical beam deflection; hence times are usually in the range of seconds. This leads rapidly
to Total analysis time reaching hours.

The dwelltime/pixel of the electrostatic image is automatically adjusted depending on the number of
selected pixels of the scanning frame. Only on cycle (= frame) is available.

For each position of the stage, the program will sum all signals from the electrostatic image (if any) to

generate one pixel of the stage scan image. The data is finally saved as a regular *.im image file, to be
opened in Winlmage.
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Figure 380: Def Analysis_options for the Image with sample raster mode

Note: Once saved the parameters can be quickly recalled and this Stage Raster program can also be used
for unattended reactive ion pre-implantation over large areas in preparation for images.

If the sample is then maintained under UHV, the subsequent image acquisitions on small selected FOVs
inside this large area will require limited or no pre-implantation before acquisition.

9.2.6.7 Chained Analysis
[ NanoSIMS 50 - DEFANALYSIS [E=pE———)

Path : | experience\CD-01
D:\Cameca NanoSIMS Data\

Present sample name : Al Si
Present sample stage position X : 876
Y -14392
Analysis Type Selection

[ Depthprofie | [Line Scan (Stage Control) ]

1 isotopes J L Line Scan (Beam Control) ]
( Images | [ image (Sample Stage)

Grain Mode Chained Analysis

Figure 381: DEFANALYSIS: Chained Analysis selection

The Chained Analysis program allows the user to schedule a series of analyses or actions and launch the
sequence to run automatically.
The main concept to remember is that it is necessary to run and save first an analysis that will then serve
as a “Reference” (containing the conditions and eventual presets) for the chained analysis. In the case of a
chain that would mix different types of analyses or different settings, it is then necessary to run and save a
reference analysis for each. Note that this automation is restricted to:

- same ion source & polarity,

- same ion source voltage (the program is not able to apply different source conditions),

- Using recent Reference files that can be reloaded without conflict (e.g. presets deleted or ion optic

alignments retuned after a service).

Once the reference analysis(ses) are obtained, go to “Chained Analysis”. The following window opens
(Figure 382):
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Figure 382: Chained Analysis window

To launch a chained analysis follow the steps below that are indicate on Figure 382:

1- Load the Reference analysis file (.im, .dp or .is)

2- Give a name to your chained sequence. Each analysis will be incremented as name_1, name_2,
etc...

3- Select and document the Stage Move (see below for details on each options)

4- Enter the number of times the analysis/sequence will be repeated.

5- If you want to add a different series (from a different reference file or with a different stage move),
select “add” to add a second line to the chain and follow the same procedure as before.

6- Save the chain (a .cha file will be saved in the root directory)

7- Click “Start” to launch the acquisition. The Analysis window will open, and the chain will
automatically launch. You can interrupt the chain by clicking on “Stop” or “Abort”.

Stage Move types:
1- The stage doesn’t move. All analyses will be recorded at the same stage position.
2- "/ The stage will move in line, by a step (in microns) defined by the user

3- “snake”. The user defines the number of horizontal steps (Y), the step length (dY, in um), the

number of vertical steps (X) and the step length (dX, in um). During the sequence, the stage will
first move horizontally by the number of Y steps defined, then move vertically by the number of X
steps defined, and finally move back horizontally by the number of Y steps. The stage makes a final
vertical move (without analysis) as to be in position for the next “snake”.

Practical example 1: a horizontal mosaic of 8 images (4x2) of 50x50um can be recorded by programing ONE

snake: 3 horizontal Y moves of 40um step (to keep an overlap of 10um), and one vertical X move of 40um

before coming back.

Practical example 2: a square mosaic of 4x4 images can be recorded by setting the number of snake “Nb” =

2. Each snake being composed of 3 horizontal Y moves and 1 vertical X move.

4- “square”. The user defines the number of horizontal steps, the step length (dY, in um), the
number of vertical steps (X) and the step length (dX, in um). During the sequence, the stage moves
horizontally then vertically, horizontally in the opposite direction, and then vertically to close the
square

5- The stage will move in line, by a step (in um) defined by the user, then back in reverse to the
point of origin.

6- The stage will simply move without acquisition (this move can be useful when chaining
different motives).
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7- @ Folder: clicking on this icon will open a new window allowing the user to select positions saved
in the Navigator. To add a position, select it and click on “add”. Move the chosen positions up and
down to rearrange the order of analysis.

E (Param is not used)

8_
Note that in order to save definition time it is possible to loop a chain by clicking on “chain all” and indicating
the number of times one wishes to repeat the chain. E.g. for a set of 3 small area depth profiles performed,
to be repeated at four locations (= test pads), one can just program two lines (the description of the three
acquisitions and the stage movement) and repeat this four times with “Chain all” function.

9.2.7 Point logger navigation (using an imported sample image)

Point Logger is a navigation software allowing navigation using a large field imported *.jpg format image
(e.g. SEM, optical, fluorescence, photocopier image of the holder,...) instead of the optical microscope or
SIMS images. This feature can be extremely useful for example to navigate over large distances inside a
holder hole or on an image of the sample before metal coating resulting in low contrast in the optical image.
It can facilitate correlative microscopy between different instruments.

See the software description in chapter 6.2 containing all details on the use of Point Logger.

9.2.8 Ultra-low energy (ULE) pre-implantation/deposition
Note: earlier instruments did not have this capability that requires software and electronics updates.

In SIMS, surface enrichment of reactive species (cesium or oxygen) is necessary prior to the real useful
measurement, in order to maximize the secondary ionization yield of elements. Most of the time it is
performed with a first phase of pre-implantation in one of the following ways:

a) by using the current analysis conditions (it can be too slow, especially for large fields of view);

b) by increasing the beam current through the selection of a larger D1 diaphragm;

c) by combining this with an increased L1 value in order to further increase the beam current.
The possible inconvenience is that this implantation process will in parallel sputter a given volume of
sample, which can be a problem for top surface analysis (few nm), very thin/limited samples, fragile or
charging samples. This is not always an issue, as in some soft materials surface, atoms can be pushed/mixed
to be ejected some nm deeper with better yield. Or when using a coating, the sample surface is reached
when it is already mixed/enriched through the coating. In addition, this interface can still be smooth,
especially if the coating has similar density as the sample.

But for uncoated ultra-thin layers or ultra-small features it is possible to use the alternative of ultra-low
impact energy pre-implantation or rather pre-deposition mode: by polarizing the sample very close to the
source voltage in a quasi-mirror mode and energizing lenses appropriately , Cs* or O* primary ions will
reach the sample with an impact energy equal to the difference between ion source and sample voltages.

Below a threshold energy (50-100eV depending on ions and sample), sputtering stops and there is a
deposition of primary species on the surface governed by the local sticking coefficient. However, note that
this mode does not allow analysis during it. It is only aimed at surface enrichment before an analysis at
higher energy that will benefit of a reduced transient regime.

The primary ion beam size at a few tens eV energy is enlarged to several microns so this pre-
implantation/pre-deposition is restrained mostly to “large” craters of a few tens microns.
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9.2.8.1 Switching to ULE using the Setup settings

To switch to this ULE pre-implant mode, select the option “LE” (low energy) in the Tuning window and put
the beam on. The primary beam impact energy will be reduced from e.g 16 000 eV to e.g.100 eV by
switching the polarity of the sample HV (EOW) to +7900 volt (for + 8000v on the source). Other lens
potentials will be adjusted as illustrated in Figure 383.

The incoming primary beam ions will be deposited “delicately” on the sample, without sputtering much of
the surface. The sputter threshold varies depending on materials but is usually in the range 50-100eV, so
the deposition or implantation energy will be adapted depending on the type of samples typically between
a few tens eV to a few hundreds eV. The sticking coefficient will also vary from species to species.

Typical pre-implantation time is of 15-20 min at 2 pA for a FOV of 30-40 um.

Potentials of lens electrodes in Analysis mode (16keV impact En.)
-8kV -8 +85 7.1 7.1kV +8 kV

+7.9kV +7.9 +6.5 -5kV +8 kV
Potentials of lens electrodes in Pre-lmplant mode (here 100eV impact Energy)

Figure 383 Example of different voltages applied to the optics in 16keV ANALYSIS (=HE) and 100eV (=LE) pre-implant modes.

Once the pre-implantation is done, click on “HE” (high energy) to restore the sample and other lens voltages
for analysis mode.

Multi Collection Combined Analysis Magnetic Peak Switching Trolley Peak Switching

D(;s.o ; z Detection Mode : = Multi Collection FCp FCo Total lon Current Scanning Mode ON
D1: 3 Int time (s): 0.541 Cnt Raster (um' * | 3.99
ES: 3
e Magnetic Field (G) : | 1229.553 Propagation : Sampk\ Egun OFF \

Ens: 0
e NMR: OFF Center Beam @E Beam: 0N

Figure 384: Low Energy option in the Tuning window

It is also possible to program such a ultra-low energy pre-implantation as part of the “pre-sputtering”,
before an analysis. To do so, simply select the pre-sputtering option in Def Analysis and within, select “low
E” (Figure 385)
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Lens preset : None \ O | More
Siit preset : None [ | More ,
: e id Gal
Pre-sputtering: | No [ Yes | I High E I Low E
. B1 12
Nbcycles:| 0 | Time(s): | 0.00 |
Raster size (ym) : {4,0
Lens preset: None O
Sitt preset : None O | More
Raster size (ym) : | 4.0 Pre-sputtering parameters
Real size (ym) : 4.0

Figure 385: Def Analysis : High Energy or Ultra Low Energy pre-sputtering option

Itis important to note that the raster is affected by the lowering of impact energy. When using the LE mode,
the actual raster size is no longer matching the raster value entered in TUNING. You must thus enter a raster
value larger than the desired raster size following the empirical law:

rastersize = 2 x rasterryuning + 2.9

Thus, if you want to implant a zone of 15x15 um, you must enter a raster of 33 um.

9.2.8.2 Adjusting the ULE parameters

When the option is available on your instrument, Cameca engineers have set a ULE preset (in the SETUP)
for a deposition at 25 eV.

If you wish to change the ULE parameters, follow the procedure described below. NOTE that this requires
an habilitation to electricity and must only be performed by users with this electric knowledge.

To proceed, it is recommended to use a Si wafer for Cs* and a Al/Cu sample for O". Before starting, the
procedure, save two high current presets with D1-3 and high L1, for a current around 200 and 500 pA. They
will be used later.

In the SETUP > Keyboard > Low Energy (Figure 386: Low Energy parameters from the SETUP), click on “ON”
to activate the option and put L4 and EOS at 36000 bits.

Low Energy
Polarity [+ ][ - | L4mAC): 0 EOS (DAC): 0
Watting Time (s}: 15 EOP (DAC): 37754  EOW (DAC): 50197
Offget X (ump: 0 Offset (um): 0

Figure 386: Low Energy parameters from the SETUP

In the Tuning window, click on “LE” to activate the ULE. This will switch the polarity of EOW.

Adjusting EOW:
With the keyboard, adjust EOW to 50833 bits. This is the theoretical value for a EOW at -8000V (with the Cs*

source at +8000V) or at +8000 V (with the O source at -8000V). In those conditions, the source and EOW
cancel each other out.
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However, the exact voltage may vary by a few volts. You thus need to measure the exact voltage applied
on the source and EOW. On the instrument, use a high voltage probe to precisely measure the voltage at
the source and on EOW (Figure 387).

Figure 387: measuring the HV on the Cs source (A), the RF source (B) and EOW lens (C)
To apply a 25 eV acceleration to the deposition, apply the following equation:
EOWULE =50833 x ( |HVmeasured, source | -25 ) / ( |HVmeasured, EOW | )

This equation can be generalized to any voltage (X):
EOWULE =50833 x ( | HVmeasured, source I -X ) / ( | HVmeasured, EOW | )

Enter the new EOWuy.e value in the EOW (DAC) field in the Setup (Keyboard > Low Energy). Make sure you
are in the right polarity (‘+ if in Cs*, ‘= if in O"). Click on Apply.

Adjusting EOP:
Here, the goal is to reduce the size of the probe.

- Inthe SETUP > Keyboard > Low Energy, enter 33 000 in the EOP (DAC) field, and click on Apply.

- In TUNING, select “LE” and put the scanning mode OFF.

- Apply the high current preset previously saved.

- On your sample, go to a clean area and put the beam ON. Wait for about 60 seconds in order to
obtain a clear mark of the beam on the sample (Note: in Oxygen, it might be necessary to wait
longer in order to obtain a clear mark of the beam on the sample).

- Turn the beam OFF and go back to HE (= high energy, normal imaging conditions)

- Switch to a low current preset, put the raster to 120 um, and the scanning mode ON.

- Open RTI to see the image. A small circle should appear, showing the mark of the beam in LE
obtained above.

- Note the approximate size of the LE beam.

- Change EOP (with steps of 1000) in SETUP > Keyboard > Low Energy, Apply.

- Go to a clean zone on your sample and repeat the procedure until you obtain the EOP value that
gives the smallest beam (Figure 388).
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EOP = 35000 EOP = 34000 EOP = 32000

Figure 388: Influence of EOP on the beam size

Adjusting the beam position:
Once all lenses parameters are adjusted and applied in the Setup > Keyboard > Low Energy, you can adjust
the X and Y offsets, so that the beam position will remain the same in high energy and low energy:

- Inthe SETUP > Keyboard > Low Energy, enter offset values (start with a few bits) in the Offset X and
Offset Y fields. Apply

- In TUNING, select “LE” and put the scanning mode OFF.

- Apply the high current preset previously saved.

- On your sample, go to a clean area and put the beam ON. Wait for about 60 seconds in order to
obtain a clear mark of the beam on the sample (Note: in Oxygen, it might be necessary to wait
longer in order to obtain a clear mark of the beam on the sample).

- Turn the beam OFF and go back to HE (= high energy, normal imaging conditions)

- Switch to a low current preset, put the raster to 120 um, and the scanning mode ON.

- Open RTI to see the image. A small circle should appear, showing the mark of the beam in LE
obtained above.

- Note the position of the LE beam.

- Adjust Offset X and Offset Y in SETUP > Keyboard > Low Energy, Apply.

- Go to a clean zone on your sample and repeat the procedure until you obtain the beam mark
appears at the center of the image.

9.2.9 Adjusting the CCD/SIMS offset

The (0,0) X,Y position of the NanoSIMS stage read in the Navigator is defined by the mass spectrometer
axis. There are ~40mm between the CCD position and the SIMS position. In order to switch accurately
between the CCD and the SIMS positions (keeping the same sample detail at the center of the FOV in both
cases), the user must store in the SETUP the exact X and Y distances (offsets) between the two positions.
Once this is performed, the (X,Y) coordinates of a small detail on the sample read in the Navigator appear
the same in CCD mode and in SIMS mode, despite the fact that in reality the stage has been moved by the
X-Y offset between the two positions.

To adjust precisely the (X,Y) CCD/SIMS offset value, use the following procedure. This should be re-adjusted
at least at each stage dismounting (e.g. immersion lens cleaning):

STEP 0: Before adjusting the offset, make sure the beam position (blue cross) is selected in OPTICAL IMAGE

and at the center of the window. If not:
- To show the blue cross: in the menu “view”, select “beam position.”
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- To position the blue cross at the center of the field of view, in the menu “tools”, click on “beam
position adjust”, then click at the center of the CCD field of view. This will position the blue cross at
the center.

STEP 1: In the NAVIGATOR, select the SIMS mode. In TUNING, choose either the TIC or multi-collection
mode, and open the RTI. Find a noticeable feature that will also be easy to find in CCD (such as the edge of
a grain or sample) and move it with the sample stage to the center of the RTI window (blue cross = beam
position). Note the X and Y coordinates as noted in the NAVIGATOR (Xsims, Ysims).

STEP 2: In the NAVIGATOR, select now the CCD mode and find your previously selected feature. Move the
stage so as to place it in the center of the CCD image (blue cross). Note the X and Y coordinates (Xccp, Ycen).

STEP 3: In SETUP - Holder, (chapter 5.9.2) note the previously saved X and Y offsets (Xoid offset, Yold offset)-
Calculate the new offset values:

Xnew offset = Xold offset — (XSIMS - XCCD)

YnNew offset = Yold offset — (YSIMS - YCCD)

Enter those new values in the X and Y offsets in SETUP - Holder and Apply.

Switching now between SIMS and optical microscope should be accurate within the mechanical
construction specification (for a new stage, within +/- 5um @ 1 sigma over more than ten movements)

9.2.10 Adjusting the Magnetic Field calibration

Because of the hysteresis of the magnet, the calibration between the magnetic field and masses changes
with time and mass jumps. It is independent for each detector and can be readjusted following the
procedure below for each detector:

1. Adjust the magnetic field to maximize the signal of a known peak (the middle of the flat top if there
is one) on the chosen detector. It is recommended to use a known and easy standard so that there
wouldn’t be any ambiguity when identifying the peak. For example, use a Si grid and set your
detector on Si.

2. Inthe detector panel (Figure 389), click on Adjust.

3. In the “Mass” box of the detector, type in the theoretical mass value of the isotope (27.977 for
285i).

4. Click on Valid.
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Trolley 2 [em] Fc

s ()

<<|| < I > ||>»

485.907 509.860

Mass (amu) : | 27.892 dM...

Deﬂect: pm a.m.u.
|

-224.982 224.982

Focus (V) : | 0.000 Pd/Esa Calib ...

Slit#1 (um) : 94.2 Change Siit

Adjust Valid Cance

Figure 389: detector panel useful to calibrate the Magnetic field for a given detector.

This feature can be very useful to help identify peaks on an unknown sample (by measuring the mass
difference with a known peak for example), however it needs to be used with caution, as a wrong calibration
will set the whole table off for this detector, making it even more difficult to identify peaks!

9.2.11 Automated Switch of detector (EM/ FC)

To switch a detector from EM to FC on one of the six mobile trolleys on a NS50L equipped with this
automation (and the 7FC option), proceed as follow:
1- In TUNING, on the detector window (Figure 390) click on FC.

Trolley 2 A | em [FC T]uueys A EM Trolley 4 [E]Fe

LZ/J 3229 0

Radius (mm): | 420.000 Radius (mm) : | 448,991 | Radius (mm) : | 555642

< < ] > 1= M=<ll< ] > 1>l [FEIE

405647 444104 425904 550.217 455.315 L S0
Mass (amu): | 16.083 du... Mass (amu) : du... Mass (amu): | 28.148 dM...
Symbol 285 27877 Symbol. 24,000 symbol.. || 28Si 27977
Deflect: m | amu. Deflect: pm | amu. Defiect : [ -12.381 ym | amu.
1 1 1
-224.982 224982 -224.982 224982 -224.982 224982
Focus (V) : | 0.000 Focus (V) : | 0.000 Focus (V) : | 0.000 ] Pd/Esa Calib ...
Slit#1 (um) : 942 Change St ... Slit#1 (pm) : 100.0 Change Sit .. Slit#1 (um) : 95.9 Change Sit ...
Adjust Valid Cance Adjust Valid Cance Adjust Valid Cancel

Figure 390: EM/FC button in the detector window of the TUN/NG
A new window pops-up (Figure 391, left).

2- Click on “Start”. All necessary trolleys will automatically move to a parking position (either high or
low, depending on which trolley is being switched) to free the way so that the selected trolley can
move to its EM/FC exchange position. Parking and Exchange positions have all been defined in
factory and are recorded in the SETUP. They should not be changed.

3- Whenalltrolleys have stopped moving, click on “continue”. The trolley will be switched to FC mode.
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4- When all motors have stopped moving, click on “continue”. All trolleys will move back to their initial
position.

5- When all trolleys have stopped moving, click on “Quit”. In the SETUP > Tuning, check that the
detector has been switched to “FC” mode. You should also now see in TUNING a baseline of noise
on the detector (a few thousands cps), even though the beam is off (see chapter 9.2.13 on how to
adjust the baseline).

6- You can now repeat the procedure for the next detector you wish to switch.

) Setup NANOSIMS 50 - X
SUPER USER SETTING MODE
Laboratory Name : | CAMECA User Name : [ Nanot149
8 Fieid Directories. Sources Centering

2 Holder Tuning Keyboard Hardware Skt Diaphragm Detector

| Start | Active detectors | |FCs [#1 |[#2|[#2 |[#a |[#s |38 |[#7 ] 0 [se ][]

Trolley Parameters

Step 1 Fos (¢ |[#2] o a4 (248 (45|88 | 97 |10 EW
Move trolley 6 to parking position. Done Step Move (ym) : [ 1.2062 Page Move (ym) : | 100!
Move trolley S to parking position. Done poacty [+ ][ -] ofrsetradius (mm: [ 130
; ; Shope (umistep) : [ 1.2062
Move troliey 4 to parking position... Done ope hmstep
Reset postion (Step) : | 305000 dRIaV (umiV) - [ 1025
Move trolley 3 to parking position. Done P i (b
Trolley Motor Move Speed
Low (Stepis) : [ 100 o|  Hign (steprs) - 00 v
Move trolley 2 to changing EM/FC position... Done Changing S Posiion
Continue Abort Rest posttion : | 0 \ Thrust securty : | OFF
3 Changing Sit (step) Low Parking (step) High Parking (step)
oo Step 2 Trotey 1: [ 401000 | Trolley 1: [ 310000
| Trolley 2 Iagrnoo J Troley 2 [ 320000 Trolley 2 | 422000
Trolley 3: [ 291000 | Trolley 3: | 330000 Troley 3: | 423000
Continue Abort
4 Troley 4 : [ 387000 | Trolley 4 : [ 340000 Troley 4 : [ 424000
= Trolley s : [ 382000 | Trolley 5 - [ 350000 Troley 5 - [ 425000
T ep
Troley 6 : [ 377000 | Trolley 6 : | 426000
Changing EM/FC Position
‘ EurFC (step) securty: [ OFF
Trolley 1: | 422700 Low Parking (step) High Parking (step)
Troley2: [ 418000 | Troliey 1: [ 310000 Troley 2 [ 425080
‘ Trolley 3: 413000 | Trotey2: [ 320000 | Troley 3: [ 425300 |
5 Trolley 4 I 408400 ‘ Trolley 3 [ 330000 Trolley & : [ 425610
) Troley S : [ 403400 | Troley 4 | 340000 Troley 5 : | 425890
| Trolley & | 398900 ‘ Trolley 5 : [ 350000 Trolley & : | 426100

%] Changing EM/FC Positions s

Figure 391: Left: EM-FC switching window. Right: SETUP window (Tuning tab) showing the EM/FC exchange and parking positions
and the configuration of the detector (here, Trolley 2 is in FC mode).

To switch back from FC to EM, follow the exact same procedure reversely. Check in the Setup at the end
that the detectors are well back in EM mode.

In Setup - Centering, adjust the waiting times (WT)

- For Ems: WT9 = 2s, WTO = 3s, WT1 = 3s (5s when using the e-gun at high current)
- For FCs: WT9 = 10s, WTO = 10s, WT1 = 10s

9.2.12 Switching the FC pre-amplifier resistor (1 E10 /1 E11 ohm)

Faraday Cup pre-amplifier boards are equipped with two resistors of different values:
- A10¥Qresistor, suited for secondary ion current up to 1000 pA (=1E-9/1.6 E-19 = 6.25 E9 ¢/s),
- A10MQresistor, suited for secondary ion current up to 100 pA (=1E-10/1.6 E-19 = 6.25 E8 ¢/s).

Depending on the signal measured, it is thus necessary to use one or the other. The 10 Q one is better

suited for small signals but will saturate at 100 pA. Thus, when measuring a signal above 100 pA, it is
necessary to switch to a 10°Q resistor. While both resistors are present on the board, the switch must be
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done manually. The Multicollection FC electronics is located in the thermostated cylindric box above the

multicollection chamber (Figure 392).

To access the FC pre-amplifier board, remove the chamber cap, the foam and unscrew the metallic plate
(Figure 392). Note that while the lower part of the chamber is under vacuum, this upper part is not. Thus,

no venting/pumping procedure is needed for this operation.
Figure 393 shows a schematic and a photo of the FC pre-amplifier board. The labels FC1 to FC7 correspond

to the FC of detectors 1 to 7. FC8 is not used.

N=
)=
A=

| test test test
,“ 10 10" [
I'B B [ 1B Rl
[ 15 16 1|
B I'B L,J B
3 14 calib calib 2
2 P4

i

34 R23

@
e ouT

-
; ) P2 ONT
T A W——, 7 P

Figure 393: schematic and picture of the FC pre-amp/ifie board.
Each FC has an independent circuit, where a jumper can be switched between two positions to connect
either the 10'°Q or the 10 Q resistor. Figure 394 shows the 2 positions of the jumper, which connects two

of three pins on the board. For all FC circuits, the positions are as follow:
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- To use the 10°Q resistor, put the jumper in outer position (the jumper connects the outer pin with
the center pin).

- Touse the 101 Q resistor, put the jumper in inner position (the jumper connects the center pin with
the inner pin).

Important note: it is crucial not touching the boards with the hands or dirty gloves/tools, and above all avoid
touching the high resistors. Any grease or other contaminant can introduce electrical conductivity change
and lead to poor electrometer performance !!!

- »

center of-the board

(1011Q)
board

d. o

edge of the board
(101°Q)

\/

Figure 394: (left) zoom on the jumper of FC1. Here the jumper is in inner position, covering the center and the inner pins. The outer
pin is visible. FC1 is thus in 101 Q mode. (right) schematic of the FC1 jumper position.

Each time a switch is done, it is necessary to put it in the SETUP. In the detection section of the Hardware
tab (Figure 395), select the FC you have switched and then select the correct resistor values. Do not forget
to click on Apply to validate the change.

Detection
[#1 ] %2 [ & | 2 | # | # | & [em | [ Fc ]
1 R FC Preamplifier Resistor (GOhms) | 10
.
"~ Select the FC detector Cards .
I Mard Double 2 [ Naws '-‘.r‘nm.\ /Card
“7 Select the correct resistor :|
10 Gohms =101°Q
100 Gohms =1011Q
3
—
Apply Print

Figure 395: SETUP > hardware > Detection. Select the resistor value of the FC pre-amplifier

9.2.13 Faraday Cup calibration and background adjustment.

9.2.13.1 FC Gain Calibration

When switching from EM to FC or when switching the FC pre-amplifier resistor or typically once a week, it
is necessary to do a FC gain calibration to make sure the FC are working properly. The principle is to switch
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successively a calibrated electronic voltage source (0V, 9V, -9V and 0V) on the different preamplifiers,
measure the various responses and calibrate them numerically in order to get a uniform gain and offset.

The procedure is computerized, via the FC Calib function in TUNING:
1. Open the “FC Calib” program (Figure 396).
2. Select the FC you are using.
3. Set waiting time and counting time both at 10 seconds and click on START.
4. Letthe program run. When it’s done, “FC-cal” must be close to 1 (+0.02) for all checked FC.
5. If everything is in order, click on “Send to Setup”.
6. Close the program.

NanoSIMS 50 - Finnigan FC Calibration NanoSIMS 50 - Finnigan FC Calibration
SCANNNG MODE SCANNNG MODE
Watting Time (s) : | 2 Counting Time (s): | 2 | Watting Time (s): | 2 Counting Time (s) : | B |
ov £ Y ov FC-Cal ov £ Y ov FC-Cal
FC1 | [Ref| [ 000000¢ [ 300000X | 100000X | 000000 [ 000000000¢ Fc1 | [Ret] [ 2323 [ ooesss [ soar30 | 2433 [ os92620
Ref| [ 000000¢ | 200000 | 0000 | 000000 [ %000000000¢ Ref | 1949 [ ootess [ sss0ss | 1862 [ ossrazs
Ref| [ 3000000C | J00000X | 00000K |  X00000GK [ 3000000000¢ Ret| [ 1816 [eoss2 [ soteer | 1952 0.990605
Ref| [ 000000 [ 000000¢ [ 00000x [ 3000000¢ [ 3000000000 Ret| [ 2114 [e022s6 [ esmeor [ 219 0.987774
Ref| [ 000000 [ x000000¢ [ 00000 [ x000000¢ [ 3000000000¢ Ref| [ 2081 [ s24s [ 2885 EE 0.098967
Ref| [ 300000 [ 00000C | 00000C | 3000000K [ 3000000000¢ Ret| [ 2899 [ s2970 [ ozsn [ 3066 0.098690
Fc7 | [Ret| [ 000000 [ ooccoxx [ ooocook [ 3000000¢ [~ 000000000¢ Fc7 | [Ret| | 2285 [ o3 [ stea7 [ 2390 0.099093
Start 1 bort Start Apply To Setup
Print Close Print Close

Figure 396: FC calibration program before (left) and after (right) calibration.

9.2.13.2 Background adjustment

A Faraday Cup and its pre-amplifier always show a background noise, usually around 3000 count per
seconds on the NS50L. This background current must be measured precisely for each detector set in FC
mode, stored in a Set-up file and subtracted to each subsequent secondary ion current measurement. It is
critical for maintaining best reproducibility over long term especially for low FC signals. This is checked
everyday or for the purists before every series of high precision measurements (e.g. during the pre-
sputtering, with the spectrometer blanked).

This should be done in both polarities (positive and negative secondary ions).

To adjust the FC background level,
1. open the “Beam Stab” program
select all necessary FC detectors and put the display units in cps
with the beam OFF, let it run for about 5 minutes
Stop the acquisition and select each detector one by one to read the average signal
In the SETUP, enter the background signal in c/s for each FC detector and click on “Apply”
(Figure 397).
In Tuning, put the signal reading in A and check that it’s at O pA (+0.05).
Typically, when starting a high precision session in FC one should always check the background level to be
zero on all used FCs.

ukhown
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Figure 397: adjust the FC background in the SETUP
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9.3 Expert operation

9.3.1 Primary and secondary Beam tuning

It is better to tune the instrument first on a standard sample such as a Si grid (when the primary beam is
positive) or Al grid (when the secondary is negative). While it does not matter for the primary beam tuning,
it will be useful to tune the secondary and multicollection.

9.3.1.1 Primary beam tuning

9.3.1.1.1  Cs+ beam tuning

Start the Cs* source with lonizer and Reservoir values used the last time (HV = 8000 V), and wait 30
to 45 min for it to stabilize. The primary column should be as follow: D0-0, LO=0,COX=0,C0Y =
0,L1=0,C1X=0,C1Y=0,D1=1.

In FCp mode (beam OFF), adjust the gonio on the source block to optimize the intensity of the
primary currentin FCp (it should be around 1.1 mm). You should obtain the same intensity as during
the previous run (50 nA is recommended).

Switch to FCo mode in the Navigator and the Tuning window. Put the beam ON and a raster of 10
pm. Select diaphragm D1-3. On the keyboard, select L1 and Def 2 to display L1, C1 X and C1Y. Start
with11=0,C1X=0andC1Y=0.

Increase progressively L1. FCo should increase. When FCo starts decreasing again, adjust C1 X and
C1Y to maximize the current in FCo. Continue to increase L1 and readjusting C1 X-Y until you reach
L1 =27 000. FCo should be around 10 nA.

Put C1 X back to 0 and readjust the gonio to maximize the current intensity in FCo.

To make sure the primary beam is properly aligned, vary L1 from 0 to 27 000. It should increase
continuously.

9.3.1.1.2  RF-Plasma beam tuning

In FCp mode, adjust the gonio to maximize the intensity of the primary current in FCp.

On the keyboard, select LDuo. It shows LDuo, CDuo X and CDuo Y. Adjust CDuo X and CDuo Y to
improve the current. Do not touch LDuo.

In the Tuning window, insert a DO diaphragme (D0-1) and via the keyboard (D0) adjust DO X and DO
Y back and forth until you reach the maximum current. In Tuning, click on “calib” to memorize the
position of DO-1 (DO X and Y will be sent to the Setup file)

If necessary, you may check the centering of the Wien Filter. Check on the keyboard that the WF
Coil is set at 26200 (= 2 amperes). In the tuning window, check that you are in FCp mode. Then open
the Wien Filter window. Set the scan as: Start = -40, step = 0.3, number of points = 130. Let the
range in “auto”, put the scan in “log” and press START.

With a gas bottle of pure oxygen you should see 3 peaks, as shown on Figure 398. From left to right:
0, 0,, Os. Center the cursor on the desired peak — usually O" and O;* (by default the program will
center on the most intense, thus O).

Using pure oxygen, O" and O* will be the most intense. The relative height of O, and Os varies
depending on source (duoplasmatron or RF-plasma), polarity and on cesium contamination.

In most case O is used for ultimate resolution due to the higher source brightness but O, and O5°
can be interesting for reducing charge, improving depth resolution and sputtering yield, and
ionization for some elements.
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O." is preferred as positive ion due to a high source brightness, better sputtering and depth
resolution compared to O%, and a higher ionization for some elements.

CAMECA  Wien Filter spectrum
Mo 08.10.18 10:44
File: NoName_2

MRP : 0.9

-

Figure 398: scan of the Wien Filter in both negative (left) and positive (right) modes.

6- Switch to FCo mode in the Navigator and Tuning windows.
Note: In the FC reading in the Tuning window, make sure the selected polarity (+/-) for FCo is the
same as the primary beam. Put the beam ON and apply a raster of 10 um. Insert the diaphragm D1-
3.

7- Adjust DO-1 X and Y as well as CDuo X and Y to optimize the intensity of the primary current in FCo.
Save the Wien Filter preset.

8- Put the beam OFF and switch to SIMS mode in the Navigator.

9.3.1.2 Co-axial lens tuning

1- Adjust sample Z: Open the “Optical Image” window. In the Navigator window, go to CCD mode and
visually adjust Z (steps of 50 or 100) to get the most focused image of the sample on the optical
image. When it’s done, go back to SIMS mode.

2- In the Tuning window, select the TIC tuning mode. This puts lenses LF2 and LF3, as well as sector
SS100 to zero. Make sure ES and AS are all open (= 0). Select diaphragm D1-3, put the scanning
mode ON, with a raster of 10 um. Put the beam ON. On the keyboard, select EOS, and adjust Cy,
P2/P3 and EOS (in this order) to maximize the TIC signal. Select LF2 and adjust C2 X and Y.

3- Click on RTI and start a real time image. Choose a large raster so that you can see the edges of the
D1 diaphragm: if using D1-1, select a raster of 250 um. For D1-2, a raster of 200 um. D1-3, raster
120 um. D1-4, raster 80 um. D1-5, raster 60 um. From the keyboard, adjust D1 X and Y to center D1
in the image. For each diaphragm size, when the image is centered, save the D1 X and Y positions
by clicking on “calib” in the tuning window. The X and Y positions associated with each D1 size will
be saved in the Setup file.

4- Check the centering of SS30. Select SS30 - SS30 Y and adjust SS30 Y so that in RTI mode, when
adjusting Oct-45 (EOP - Oct-45), the image doesn’t move vertically. The SS30 value should be
around 41500 bits.

5- Readjust EOS to maximize the signal and proceed to adjust EOP. In RTI, choose a raster of 20x20
um and adjust EOP, oct-90 and oct-45 (EOP - EOP, oct-90, oct-45) to sharpen the image and correct
from distortion. Try to keep Oct-90 < £ 200 bits and Oct-45 < + 150 bits.
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9.3.1.3 Secondary beam tuning

9.3.1.3.1 Secondary tuning in TIC mode

1- Put the beam on and implant an area of 20x20 um. Then put back the raster to 10x10 um
2- Centering on the horizontal plane (LF3) by adjusting Cy and C2 Y:
a. Tuning - Tools - Parameters > C2Y
i. Starting voltage: -50 V
ii. Voltage steps: 2.5
iii. 50 points
b. Do a series of scans for LF3 =0 and LF3 = 28 960 varying Cy. Note the AC2Y between LF3 =
0 and LF3 =28960 until you find a Cy value where AC2Y < 20 bits. Set C2Y to an intermediary
value and save the settings in the Setup file (Setup - keyboard - TIC. Apply) as well as in
the Global Preset file (Valid).
3- Centering on the vertical plane (LF2) by adjusting P2, P3 and C2 X (Figure 399):
a. Tuning - Tools - Parameters - C2 X
i. Starting voltage: -50 V
ii. Voltage steps: 2.5
iii. 50 points
b. Do a series of scans for LF2 = 0 and LF2 = 20 000 varying P2 and P3. Adjust P2 and P3 until
you find a configuration where C2 X < #50 and AC2X < +20. Set C2 X to an intermediary
value and save the settings in the Setup file (Setup = keyboard - TIC. Apply) as well as in
the Global Preset file (Valid).
4- Switch to Multicollection mode in the Tuning window and adjust Cy, C2 X and C2 Y to the new
values. Send those values in the preset (Preset - Global = Calib). Save the .isf Master File.

Centering LF2 Centering LF3
200 350
B /.
100 - 300 .
_ 250 . |
[4] -_ ~
: ° \ £ 200 ./ -
& 100 N —e—C2x-LF2=0 3 150 | [~e—cariFe0
% \\.\ —m— C2x-LF2=1250 £ 100 ! —m— C2y-LF3=1810
g 200 & A—Delta 8 5 A DeltaC2y
o o
b
& -300 ,\ § 0 &
50
-400
\. -100 S
-500 -150 |
31200 32000 32800 33600 180 200 220 240
P2 (bits) Cy (bits)

Figure 399: Centering of the beam in LF2 (left) and LF3 (right) in order to minimize aberrations along the secondary ion beam
path. Optimum Cy is 210 bits with C2y set at 250 bits.

5- Centering of the Entrance Slit. Go back to TIC mode and manually adjust LF2 and LF3 to their
multicollection values: LF2 = 20 000 and LF3 = 28960. Insert Entrance slit ES-3 and adjust ES X and
ES Y to maximize the TIC signal. Adjust EOS to maximize the TIC signal, and readjust ESY and ES Y.
Calib ES-3.

6- Take out ES-3, and put LF2 and LF3 back to zero. Start RTl and make a TIC image. Adjust EOP, Oct-
90 and Oct-45 until the image is perfect.

Here, it can be necessary to check the dynamic transfer tuning, especially if the mass spectrometer has to
be used at high mass resolving power and if EOS has been largely modified:
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Adjust the dynamic transfer. Do a 80x80 um raster in order to pre-implant the sample, then reduce
it to 50x50 um. Insert ES-3. The image must be homogeneous. Adjust B2 X and Y if necessary.

9.3.1.3.2  Secondary tuning in multicollection mode

Switch to multicollection mode. With a Si grid in the analysis chamber, put ?Si on a detector.
Implant a large area (25x25 um) then switch to 10x10 um. Insert D1-3.
Optimizing the transmission. Insert ES-3 and adjust ES X and ES Y to maximize the signal on the
detector. Select Calib ES-3.
Do a series of HMR and adjust Q to obtain the highest MRP possible. Adjust the HMR window
settings to center the peak.
Adjustment of the Hexapole. In the Tuning window, go to Hex = centering
a. Start with horizontal.
i. Starting voltage: -5000 V
ii. Voltage steps: 500
iii. 15 points
> Apply value and Apply Setup.
b. Start with horizontal.
I. Starting voltage: -5000 V
Il. Voltage steps: 100
Il. 15 points
> Apply value and Apply Setup.
c. DAC
I. Starting voltage: 250
Il. Voltage steps: 25
l1l. 10 points
> Apply value and Apply Setup.
Do a new HMR. The MRP should be better.
Adjustment of the Aperture Slit. Insert ES-3 and AS-2. Adjust AS X and AS Y to maximize the signal
on the detector.
Control of the beam height by scanning C4 X
a. Tuning - Tools - Parameters - C4 X in LOG scale
i. Starting voltage: -27
ii. Voltage steps: 0.3
iii. 50 points
b. Adjust C3 X (LF5 - Def 3 - C3 X) as to obtain a peak as symmetrical as possible when scan

ing C4 X : case (b) in the Figure 400 below.
(@) (b) (©
I I I

v

Céx Céx C4x
Figure 400: peak shape when tuning C3 X while scanning C4 X.

¢. Tuning - Tools - Parameters - C4 X in LIN
i. Starting voltage: -27
ii. Voltage steps: 0.3
iii. 50 points
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d. Adjust LF5 as to obtain peak edges as sharp (vertical) as possible.
e. Re-do ascanin Log to check the symmetry. Re-adjust C3X if necessary. Apply CL for C4 X.
Do another HMR scan and re-adjust Q if necessary.
Adjustment of LF4. Here we are looking for the LF4 value that gives the smallest ACL in an HMR
scan when adding an offset of + 5V to EOW. For each value of LF4, do a scan with an EOW offset of
-5V and another scan with an EOW offset of +5 V (EOW - offset = 32 bits = 5V). Adjust LF4 for the

smallest ACL. When done, do not forget to put the EOW offset back to zero.

Center line vs EOW offset

- | —e—LF4 = 28320
| — =—LF4 = 27360
| ! ‘ LF4 = 26400
i LF4 = 25440
— LF4 = 24480
0\_‘\
-64 -32 0 32 64
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Figure 401: left: variation of peak position (HMR scan central line) with the EOW offset, depending of the value of LF4. Right: slope
of EOW variation with LF4 value. The optimum LF4 value is for peak that does not move with EOW (EOW slope = 0).

10-

Redo an HMR scan and Apply CL.

11- Adjustment of SS100. Here we are centering the beam in LF4 and the quadrupole, Q. We only

adjust SS100 ext.

a. First, we look for the SS100 ext value that gives the smallest ACL in an HMR scan when
adding an offset of +1000 to LF4. Note that you may need to readjust the magnetic field to
keep the signal on LF4. Restore LF4 to its original value.

b. Then we do the same with Q. We look for the SS100 ext values that gives the smallest ACL

in an HMR scan when adding an offset of £ 5 to Q.

c. Set SS100 to an intermediary value between the best value for LF4 and the best value for

Q. Readjust the magnetic field.
d. Readjust Q to optimize the MRP.

9.3.1.3.3  Reduction of mass fractionation at entrance slit ES using

B-field coils

To check that the B-field coils are properly set, you must have several masses set on several detectors, with
a good signal (> a few hundreds counts) and spread over a large mass range on the multicollection: e.g. 12C,
160, 28Si, 28Si3, 197Au-, etc... Go to “Secondary lon Beam” (TUNING > Sec. lon Beam), select all used
detectors and scan Cy (horizontal) and P3 (Vertical) in Log scale (Figure 402). The central line (CL) for all
masses must be close (within 0.1 V). If certain masses have a CL significantly different from the others, you
must adjust the horizontal and vertical B-field coils (Bf-hor and Bf-vert, respectively).
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Figure 402: scan of Cy in Log scale and on multiple detectors to check the adjustment of the B-field coils.

On the keyboard: PM > Def-2 > X= Bf-hor, Y = Bf-vert

For each value of Bf-hor and Bf-vert

- doaCyscan

- note the CL value for each detector selected. Ex: CL(T1, hor), CL(T3, hor), CL(T6, hor)

- calculate the interval ACL(hor) between the two most extreme CL(hor) values

- doaP3scan

- note the CL value for each detector selected. Ex: CL(T1, vert), CL(T3, vert), CL(T6, vert)

- calculate the interval ACL(vert) between the two most extreme CL(vert) values

- adjust Bf-hor and Bf-vert so as to reduce ACL(hor) and ACL(vert). both ACL must be <+ 0.1V

It is advised to check the mass fractionation reduction every time you are setting a new multicollection
configuration, in particular is the detectors are widely spread across the multicollection chamber and for
hydrogen.

It is also recommended to check the mass fractionation when moving significantly on the sample holder
(from one hole to another), as the optimum Bf-vert and Bf-hor might vary slightly.

Note: if the Bf-vert and Bf-hor have been significantly modified, it will probably be necessary to readjust
the Be-coil values for both the e-gun (see chapter 9.3.2.2) and the SE detection (see chapter 9.1.9.2)

9.3.1.3.4 IMF-AS: reduction of mass fractionation for smallest
aperture slit AS

When scanning Cy, the secondary ion beam rotates around a center point located between ES and AS. Thus,
scanning the beam in ES moves it in AS too. This can induce a problem of instrumental mass fractionation
with AS of smallest size. It is possible to keep the secondary beam centered in the Aperture Slit and centered
also in the entrance slit by adding some compensating voltage to C2y and C2x.
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Once you have optimized the secondary beam alignment by following the steps described in chapter
9.3.1.3.1 above, turn on the IMF-AS option via the SETUP (Setup > Detector > IMF-AS, “IMF-AS” must be
blue) (Figure 403)

IMF-AS

Cy*(DAC): O Key: 1 C2y*(DAC): O

IMF-AS Calib
P3*: 0 Kp3: 1 C2x* (DAC): 0 [ Caib |

Figure 403: IMF-AS option from the Setup (Detector > IMF-AS)

When ON, this function links C2x and C2y to Cy and P3. When you first hit “calib”, it will retrieve the current
Cy, P3, C2x and C2y from the keyboard (saved as Cy*, P3*, C2y* and C2x*) and calculate the coefficients
Kcy and Kp3.
Thus, when later adjusting P3 and Cy, the new C2y and C2x will be calculated as follow, so as to keep the
beam centered in AS:

C2y = C2y*+kCy x (Cy — Cy*)

C2x = C2x* + kP3 x (P3-P3¥)

9.3.2 Normal incidence electron flood gun (NEG) for charge
compensation

9.3.2.1 Use of the e-gun

It is not necessary to re-tune the e-gun before every use. Most of the time, the user will only need to start
the e-gun and adjust slightly e-gun Heat, HV and coil (eGunBe).
The starting process is manual:

- Inthe Preset window, click on the E-gun preset to turn it ON.

- Inthe Navigator window, go to FCo mode.

- Inthe Tuning window, put the FC reading in negative mode.

- Inthe Source window (Figure 404), put the emission ON.

- Put Heat =500 DAC, Emission = 2.00 mA, HV =-1000 V.

- Increase progressively the Heat to 1500, 1800 up to 2000 DAC and the HV from —1000 to —8000 V

by increments of 1000 V.
- Atthat stage, FCo should start reading a current (up to 1 pA with D1-2)
- Decrease the emission to 0.14 mA
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Then you can adjust the e-gun to optimize the charge compensation:

- Turn the emission OFF before switching to SIMS mode in the navigator window, and to multi-
collection mode in the Tuning window. If you haven’t done so previously, move to your insolated
sample. Put a species with a strong signal on one detector (for instance *20).

- Put the emission back ON, and adjust the HV by steps of + 10 V so as to optimize the signal on your
detector. In necessary, adjust also the Heat of about + 20

- Finally adjust the e-gun coil (LF6 - Coils > egun Be)

Note that you might need to readjust EOS and C4 X after you’ve turned on the e-gun.

Important: always turn OFF the emission of the e-gun (in the Source window) when you move your sample
or switch between FCo/SIMS/CCD modes.

To achieve ultimate reproducibility (such as low tenth permil with FC) on strong insulator, it is wise to let
the e-gun thermally stabilize and degas for several hours. It is thus recommended to start the e-gun half a
day prior to analyses or the night before. Start the e-gun following the above procedure, then turn OFF the
Emission. Similarly, the e-gun can be kept warm between measurements with the emission set to OFF, it
will reduce the filament current to a preset value (1700 DAC).

9.3.2.2 Tuning of the e-gun

It is recommended to tune the e-gun using a quartz sample coated with gold or platinum.
When you need to readjust the e-gun, follow the procedure below:
- Switch to TIC mode (in the Tuning window) and put the beam ON with a raster of 10x10 um.
- Select D1-2 and make sure it is centered.
- Turn on the e-gun following the procedure above. At the end of the procedure, you should have
Heat = 2500, emission = 0.14 mA and HV = -8000 V
- In the Navigator, go to FCo mode and in the Tuning window, select negative polarity to read the
electron current.
- In LF6 = Coils = egun Be, adjust the coil (e-gun Be) as to find the maximum current intensity. It
should be around 24700 bits.
- Adjust LF6 to maximize the current.
- Adjust C5 X and Y to maximize the current.
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- Readjust the coil (e-gun Be), LF6 and C5 XY.

- Select and increase LF7. The current will decrease, then increase again. Find the maximum

- Adjust C6 X and Y and readjust e-gun Be.

- Repeat the procedure: LF6, C5 X-Y, LF6, C5 X-Y, LF7, C6 X-Y, LF7, C6 X-Y. Until FCo reads 10 000 nA
with D1-0 (don’t forget to put D1-2 back when doing the adjustment). At the end, LF6 should be
around 21 300 bits.

- Save the new parameter values into an e-gun preset (PRESET window, see chapter 0 ), so that you
can you can later recall those parameters (note that e-gun Be coil is also used by the SE detector
with a different value than for the e-gun, saved in the SE PRESET).

- Back in TIC or multicollection mode and beam ON, sputter away the sample coating on a 80x80 um
raster, then reduce the raster to 50x50 um. Adjust alternatively the HV and heat of the e-gun to
maximize the signal. The signal must be stable.

Important: always turn OFF the emission of the e-gun (in the Source window) when you move your sample
or switch between FCo/SIMS/CCD modes.

9.3.2.3 Stopping the e-gun

To stop the e-gun, turn the emission OFF, then click on the red icon to stop the e-gun.

9.3.3 Automatic routines for high precision analyses

For certain high precision/high reproducibility analyses (isotopic ratios, profilometry, near mass
interference, etc...), the stability of the secondary beam is primordial. Therefore, it is necessary to include
centering checks before launching or/and during the analyses. It can also be necessary to set an automatic
PHD adjustment to keep a constant EM response throughout the analysis.
Such software tuning routines can be:

- individually launched (manual),

- saved in the setup (automatic) and added to DEFANALYSIS (see chapter 9.3.3.5 below) to be used

automatically in the coming analysis or the many analyses to be launched in a chained analysis.

All the routines described below can be executed either in EM or FC (with the exception of the Pd/ESA
centering, which is specific to EM detectors).

9.3.3.1 Automatic centering of the sec. beam in the entrance slit

Prior to defining the analysis, set up the three secondary centering routines on EQOS, Cy and P3, and Pd/ESA
coupling. All these routines must be set in the same conditions as the analysis (current intensity, ES, AS,
etc...) This is necessary because the automatic centering algorithm uses the peak width (parameter L50 or
L80) to find its center. So before an analysis using these routines is launched it is necessary to run them
once for the routines to get a first reference point.

a. Open the EOS program in TUNING to run a first EOS scan to determine proper ranges and
parameters:

b. step 1 (in Figure 405): preferentially select the trolley with the highest signal,
step 2: launch an EOS scan
step 3: click on “Apply L50 to Setup”. This sends the current EOS curve width (L80,
despite “L50” label on the button...)) to the SETUP.
step 4: Click on “Apply CL”.
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CAMECA/EOS

Figure 405: EOS centering

Note: although called” EQS centering” it is not really a centering in the entrance slit but more a focusing of
the beam waist at the ES level, thus letting a maximum portion of the beam going through.

c. Activate the automated EOS centering for the upcoming acquisition by selecting
“Automatic EOS Centering” (step 5 in Figure 406). Now that the program has the
reference CL and EOS curve width (L80) it can “reproduce” the centering automatically as
follow:
step 6: launch another EOS scan by pressing on Start,
step 7: click on Apply CL
step 8: click on “Save to Def Analysis”.

Figure 406: automatic EQOS centering

d. Open the Secondary lon Beam (SIB) program from TUNING to run a first Cy scan to
determine proper ranges and parameters:
step 1 (in Figure 407): Select “Horizontal” and
step 2: launch a Cy scan.
step 3: click on “Apply L50 to Setup”.
step 4: Click on “Apply CL”.
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Figure 407: Cy centering (Secondary lon Beam - horizontal)

e. Step 5 of Figure 408: Activate the automated Auto beam centering with Cy for the
upcoming acquisition by selecting “Automatic Beam Centering”
step 6: launch another Cy scan by clicking on Start.
step 7: Click on “Apply CL”,
step 8: “Save to Def Analysis”.
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Figure 408: automatic Cy centering

f. Click on SIB (Figure 409) to run a first P3 scan to determine proper ranges and parameters:
select “vertical” and launch a P3 scan. Click on “Apply L50 to Setup” and “Apply CL”.
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Figure 409: P3 centering (Secondary lon Beam — vertical)

g. Activate the automated Auto beam centering with P3 for the upcoming acquisition by
selecting “Automatic Beam Centering” and launch another P3 scan (Figure 410). Click on
“Apply CL” and “Save to Def Analysis”.
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Figure 410: automatic P3 centering

9.3.3.2 Automatic centering of the sec. beam in the exit slit

In case of close mass interferences, very narrow or not flat-top peak (with small exit slit), fluctuating lab
temperature or other reasons, the stability/reproducibility of the measurement can be limited due to mass
spectrum line instability. It is then crucial to monitor the peak position regularly and adjust it if necessary.
This can be performed automatically by this routine.

Note that to make sure that this automatic peak centering works correctly, it is recommended to set it on
a single intense peak (case 1), showing no interference during the whole measurement (it could change for
example during a depth profile). You then can use this “clean” intense peak as a reference to adjust the
centering of more difficult peaks (e.g. mass interferences or low signal). Indeed, each detector can be
programmed in DEFANALYSIS without an automatic peak centering, re-centered on itself (in which case,
you must use the automatic centering routine below), or re-centered using one reference peak from
another trolley (then no automatic peak centering is necessary on this peak).

If there are no single peaks, it is also possible to do an automatic peak centering using one flank of the peak
(case 2).

See chapter 5.6.2.8 in DEFANALYSIS and chapter 9.3.3.5 below for adding a reference peak.

Case 1 (isolated peak):
a. Referto Figure 411:
Step 1: Launch an HMR scan,
Step 2: Click on “Apply L50 to Setup” to send the current peak width to the Setup,
Step 3: “Apply CL”. The line to measure is positioned at the center of the peak.
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Figure 411: HMR centering with a single peak

b. New options appear (see Figure 412).
Step 4: Select “Automatic Peak Centering”,
Step 5: select “Both” (if the peak is symmetrical without interference or shoulder from
near peak that could vary during the acquisitions to come),
step 6: launch another scan.
step 7: Click again on “Apply CL".
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Figure 412: HMR automatic peak centering with a single peak

Once this is programmed, the acquisition will pause regularly, record the intensities of the same 5-points,
deduce the new center peak position (in volt), correct accordingly the peak position by re-adjusting Pd
voltages and re-start the acquisition. The signal will thus be measured from the same position of the peak
even if the peak has drifted for any reason. The information will be stored in the acquisition file.

One can realize why a high intensity peak (= high signal to noise) is required: a low intensity peak with low
S/N will create a very poor positioning as in the steep sides a variation in intensity will result in incertitude
in X positioning.

Case 2 (one flank of a group of peaks) :
a. Step 1: Launch an HMR scan (refer to Figure 413),
Step 2: Click on “Apply L50 to Setup” to send the current peak width to the Setup,
step 3: Position the cursor at the desired peak position and press “Apply Value”.
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Figure 413: HMR centering with peak interference

b. New options appear (see Figure 414). Select “Automatic Peak Centering”,
Step 5: select “Left only” or “Right only”.
step 6: launch another scan.
step 7: Click again on “Apply CL".

NanoSIMS 50 Acq

File

Dir: DiCameca Manosims Dalslexperencelspecifcaiions . e
Xdods Unt; | Vot || Mass | Micron] XMin: 298 xumax: [378 =)

-
Print 06 | vin: [01 v ax: [ 100000 i
-~

CAMECA / HMR spectrum

Fie Name: (nemr)- | Noliame_10 Save Export

Detectar =
HUR ‘Automatic Peak Centerng

150 (um) - 9634
CL(um): 2628

Center Line Votage (V) 18.17

Cose

Figure 414: HMR automatic peak centering with peak interference

Once this programmed, the acquisition will pause regularly, record the intensities of the same 3points,
deduce the 50% position of the selected peak flank, calculate the drift compared to the original flank,
correct accordingly the peak position by re-adjusting Pd voltages and re-start the acquisition: the signal will
be measured from the same position of the peak even if the peak has drifted for any reason. The
information will be stored in the acquisition file.

9.3.3.3 Pd /ESA automatic coupling for high precision analyses

As the secondary beam hits an EM at a given position of the first electrode, the aging of the EM is not
uniform spatially and the most hit point of the EM will age faster, making the response of the EM dependent
of the position where the beam hit the first electrode. This can become inconvenient for high precision
analyses, as readjusting the deflection plates to keep the peak centered in the exit slit will induce a slight
shift of the beam on the dynode. To prevent this, it is possible to compensate this shift via the external ESA
plate of the detector. The empiric correlation for the correction is Pd/ESA = 0.77.
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- First, adjust the Pd deflector by doing an HMR scan for all used detectors.
- Then, activate this option: turn it ON in the SETUP (Setup > Detector > PD/ESA, Figure 415)

PD/ESA

PD Reference (V): 15.384
oA Coef: 077

ESAExt Reference (V): -1100.427

Figure 415: Pd/ESA option in SETUP > Detector

- Inthe TUNING window, click on “Pd/ESA calib” to save the Pd and ESA values into the SETUP (Figure
416). From now on, Pd and ESA values will compensate so that the beam will always hit the EM at
the same position.

Trolley 2 FC

0

<< < I > ||»>

Radius (mm): | 497.873

485.907 509.860
Mass (amu) : | 27.892 dM...

Symbol.. 28si 27.977
Deflect: | -1.758 pm a.m.u.

1

-224.982 [ 22998
Focus (V) : | 0.000 Pd/Esa Calib ...
Slit#1 (ym) : 94.2 Change Sit ...

Adjust

Figure 416: "Pd/ESA Calib" in the Tuning Window

- If you wish not to use this option, simply turn it OFF in the SETUP. Pd and ESA will then change
independently.

9.3.3.4 PHD automatic adjustment

PHD adjustment is primordial for isotopic analyses (see 2.1.4.3.1 and 9.1.12) When an EM receives a high
signal (> 500 000 cps), it can age fast enough during an analysis that it will degrade the stability required for
high precision measurement. It can therefore be necessary to set an automatic adjustment of the EM HV
to counter the aging of the EM during the analysis.

The principle of this routine is to pause the acquisition at regular interval, record an EM pulse height
distribution (PHD), extract the PHDmax value (in mV), re-adjust the EM HV in order to reset PHDmax always
to the same value, re-start the acquisition. Set the automatic PHD adjustment:

a- Open the PHD program in TUNING,
Step 1 of Figure 417: choose the detector,
step 2: launch a PHD scan.
Adjust the EM HV if necessary (see 9.1.12 for details)
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Start
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Export
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100000
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T
-
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—Detitd

b- When the EM HV is correct,
step 3 of Figure 418: select “automatic PHD centering”,
step 4: launch another scan.
step 5: Click on “Apply Ref to Setup”

Figure 417: PHD scan

NancSIMS 50 - 3

Dir : D/\Cameca NanoSMS Data

Fie Hame (phd) : NoName_é

Acquistion

Detector

Max ref (mv): 240.05
EMHV ref (V) : 1850.95

Ciose

Save

Export

5

Apply Ref fo Setup

Curve
X Min
¥ Min

Print

CAMECA
/ PdMin : 21.68V / PdMax

07.12.18 15:05

File: NoName_4

9.3.35

Once all necessary automatic centering routines have been set, it is now possible to include them to the

analysis via Def Analysis.

seenin9.2.6.2

Figure 418: Automatic PHD adjustment

select the acquisition mode.
Set all parameters as usual. If in “isotopes” mode, do not forget to define your isotopic ratios as

Set the automatic routines you wish to include in your analysis:
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a. EOS/Secondary lon Beam centering: under “centering”, select EOSC, SIBC and EOSC (it is
always better to re-do an EOS scan at the end) and define the number of frames between
each centering (Figure 419).

Detector List :ﬁ: :e E;i'( SR Centering .

Centering N [ K [ Species symbol [ AM.U. Radius Num. | PdOffset (V) every (fr): |
™ 16.135 261.206
T2 22561 308.873
T 25.362 327.488

EOSC T4 160 27A1 43143 427421 (S8

N Trs 7381 558.678

T 76.401 563,396 define the interval

106150 [6eas7s between each centering

Select EOSC, SIBC and EOSC * ¢ecion scanni. M

Figure 419: add EOS and SIB centering to an analysis

b. Peak centering: Select the masses for which you wish to do a peak centering and their
reference peak, if necessary (Figure 419).

define the interval [ Peakcenterng
. - every (fr): 10
between each centering ™™ I
Peak | Ref.
Detector List Num. | Pesk [ Bassine
N ] Species symbol AMU Radus Num. Pd Offset (V)

™ 16.135 261.206

™ 22561 308873

™ 12z 25.362 327.486 cIR8 K I Set the reference peak

Trd 160 27AI 43442 427424 vi2] 2 \

™S 7381 558678 __,

6 76.401 568.396

Det? 106.150 669.¢

Select all detectors you wish to center |

Figure 420: add a peak centering to the analysis

c. PHD adjustment (EM only): under “centering”, select “PHDC” and define the number of
frames between each centering (Figure 421).

Peak | Ref.
Detector List Num. | Peak ek Centering . q
Centering N | 1 [ Speciessymbol | AMU. Radius Num. | Pd Offset (V) overy (fr): |
™ 16.135 261.206
™ 22561 308873
™3 25362 327.486 \
Tra (160 27A1 43443 427.427 (s8¢
s 7381 558678
~ T 76.401 %6539 define the interval
Select PHDC Det? 106.150 669.978 between each centering

ES Electron Scanni.

I
Figure 421: add automatic PHD adjustment to the analysis

4- Go to Analysis and launch the analysis.

9.3.4 High precision isotopic ratios with Faraday Cups

Using electron multipliers and making use of all available routines (automated alignment and focusing, EM
aging correction, peak recentering, etc...), it is possible to achieve sub-permil isotopic ratio reproducibility
on major elements on the NanoSIMS. Nevertheless some limitations remain (QSA effect, statistics,
instabilities...).

It is possible to get isotopic ratio reproducibility in the low tenth permil range by switching to FCs and, if
necessary, using higher beam currents (up to nA range). In order to achieve this, many aspects must be
controlled:

- The sample must be perfectly flat and well-polished.
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- The sample must be mounted parallel to the sample holder surface, and with a good sample-holder
contact for a good diffusion of the charges.

- EOS must not vary much between spots.

- sample and standards should be as close to the center of the mount as possible and be coated with
the same recent metal-coating.

- Standards must be homogeneous at the NanoSIMS scale! Standards working well with techniques
using mm area might not be sufficient for nanoscale analysis.

- Use of charge compensation (e-Gun) for insulated samples.

- Optimizing the vacuum to reduce the contribution of hydrides.

- Optimizing the tuning to obtain sufficient MRP and sufficient flatness of peak top (reducing
variation of signal in case of any line shift).

- Use of the automated centering routines to optimize the reproducibility of data over time.

- Use of the NMR to avoid magnet drift over time.

- Keeping a low background noise and adjustment of its correction (for FCs),

- ion source stability,

- sufficient pre-implantation,

- temperatures of the laboratory, and the cooling water should remain as stable as possible to avoid
drifts. It is crucial that the average room temperature is stabilized using a mild continuous flow of
fresh air and not sudden alternations of freezing air blowing directly on the instrument! Refer to
lab requirements. Cooling water temperature variations are killing factors for magnet and source
stabilities.

It is recommended to start on easy samples (e.g. pure silicon) and then practice by reproducing the
acceptance tests made by Cameca engineers during installation. A detailed procedure is given in chapter
9.3.9.

Reminder on the statistical aspect:

If the signal received by a detector exceeds 10° counts per second, it is advised to switch from electron
multiplier to Faraday cups. For a high-count rate (several 10° cps), FCs offer the advantage of a better
reproducibility than EMs. However, this implies certain limitations that the user must keep in mind:

= Faraday cups’ response time is slower than EMs. Therefore, it is not possible to make images with
FC or set an electronic gate. Only isotopic ratios and depth profiles (without electronic gate) are
possible.

= On the NS50L, the background noise of a FC with a 10! ohm resistance is given as 5 x10%¢ A,
measured over 5s. Noise, count rate and integration time will determine the incertitude for short
term measurements (long term baseline drift must be controlled also): the basic rules applies: | =
n*q/t e.gthe equivalent count rate of the FC background noise is: n=5x10/1.6 x10° =3 100
c¢/s. This noise will be reduced when integrated over a longer time t instead of 5s, following
sqrt(t/5).

Examples:
- Case 1: with 5 x10° ¢/s over 80s, the relative incertitude will be: [3100/ sqrt(80/5)] / (5 x10°) = 1.5 x10°
3=1.5 permil. Itis poorer than with EM as above.
- Case 2: with 1 x107 ¢/s (not possible with EM) over 80s, the incertitude will be: 0.75 x10™* = 0.07 permil,
which is much better than with EM (other factors will limit the overall isotopic reproducibility to a few
tenth permil on the NS50L).

9.3.5 Data Acquisition in Magnetic Peak Switching mode

The practical design of the NanoSIMS 50L multicollection implies two main constraints:
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1- The ratio between the highest mass (7th detector) and the lowest mass (1rst trolley) Mmax/Mmin
must be under 22. E.g. from H up to 22 AMU or '°B up to 220AMU).
One classical limitation in cell biology can be parallel detection of 2D/*H, 3C/**C and *N/*N plus 3!P and
325, If Mmax is 32 amu then Mmin is 32/22= 1.45 precluding H detection. One solution can be to change
the protocol to adapt to the constraint, e.g. measuring instead: 12C, 13C, *2C*H, 3C*H, 2C**N, ?C™N, 3!P and
325 if the sample is full of carbon (resin-embedded section).

2- The minimum mass interval between two adjacent trolleys, defined mostly by the physical width
of the EMs, is defined by: intervalnin (AMU) = Integer (Mmax/59) +1.
Hence if for instance Mmax (on 7th detector) is *®Fe, one can position the 5th and 6th detectors on *®Fe and
>’Fe (one mass unit interval). However if one wants to measure uranium isotopes (?*U, 23U, 23U, 238y,
235160, 238160, 238Y16Q,), here intervalmin = Integer (254/59) +1 = 5 AMU!
In this case, magnetic peak switching can be a solution: use one single detector and with the magnet
jumping from B-field to B-field as in a monocollection SIMS instrument.

Note 1: in some cases, monocollection with one single EM can be a positive point (no risk of variation of
gain between detectors). The information of each element will not come from the exact same volume but
this can be acceptable if the analyzed volume is large and homogeneous and you program many cycles
interlacing the various element measurements.

Example: zircon dating: one EM, B1:203.5 amu (background), B2: 2**Pb, B3: 2°Pb, B4: 2°7Ph.

Note 2: when there are only a few ions to follow, monocollection can be a good option, but when there
are a few tens ions it can become too long and a strategy of hybrid collection (Combined Analysis) can be
more advantageous (see chapter 9.3.6)

To program a Magnetic Peak Switching analysis, follow the steps indicated on Figure 422:
1- Select the mode “Magnetic Peak Switching” in the Tuning window and choose the desired detector.
2- Adjust the magnetic field to center an element’s signal on the selected detector. In HMR, do a
manual peak centering then an automatic peak centering. Apply CL.
3- InTuning, in the detector’s window, click on “Save to Def Analysis” to save the magnetic field value.
4- Repeat 2- and 3- for each mass you wish to add to your analysis. All the magnetic field values are
stored in the “Def Analysis File”.
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Figuré:4n22-: Selection of the “Magnetic Peak Switching” mode in Tuning.

Before launching an analysis, it is necessary to stabilize the magnetic field, by cycling it repeatedly between

the saved masses:

1-

Open the Def Analysis File and click on “Cycling B Fields” (Figure 423). Let it cycle for say 20 min
(this can be optimized case by case depending on the B-field interval to jump and the peak
shape/mass resolution)
The magnetic field will likely have shifted. Readjust the value of the magnetic field for each mass,
re-do a HMR and an automatic peak centering, then save the new values to the Def Analysis File
(see above). Erase the previous values by clicking on “delete mass”.
Do another cycling for around 20 min.

Once the field is stable enough, adjust the centering more finely by adjusting the deflection
(“Deflect” value in the detector’s window in Tuning).
Cycle one more time for around 20 minutes

If the magnetic field cycles properly between masses, go to Def Analysis.

MNanoSIMS50 Tuning - Defanalysis File

| Magnetic Peak Switching File Content

EOW Offset (V) : 0.000

Detector: 2 Q (DAC) : -369
LF4 (DAC) : 24500
HEX (DAC) : -350
B Field Species Symbol Mass Int Radius - Plate + Plate
1887.424 27.02 27 354852 kT -38
1920.343 27872 28 354852 kT -38

[ Apply Mass | [ Delete Mass | [ Delete Al |

[ Pt | [ Load. | [ saveas. | Close

Figure 423: Def Analysis File in "Magnetic Peak Switching" mode
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In Magnetic Peak Switching mode, each magnetic field values appears in the Def Analysis window (Figure
424). Select the desired B field values and set all other parameters as usual (see options in “Multi-collection”
mode). Then start the acquisition. Note that it is recommended to start the acquisition quickly after the

cycling as to not let the magnetic field drift again.
I NanoSIMS 50 - DEFANALYSTS - IMAGE - Measurement Conditions - ASU-Jan-2019_85.m - = A B

Load, ([ save | [[saveass.. ] [ New | g N Real Time Tracking

Yes |

Sample D : AlSi Data included : No Working Frame
Matrix D Width: 256 |+ Height: 256 &

Scanning frame
Total analysis time : 2mn36s z
StartCol: 1 5 StatRow: 1
Cycle number: 1 Time finished : 16:37
Width: 256 G Height: 256

Beam blanking - (Lo [ Yes |

Lens preset : None

Sit preset : None
( L Gauss A
Pre- it Ye
-sputei : (] (oo P61 1887.42¢ £l cpx(p): 1000 Cutr(s): 6553
B2 1919613 offset(fy: 0.0
VB 1920343 ¥

wt ) 2 V] Computed

Raster size (ym) : 5.0 = Peak | Ref.
f Real size (ym) : 5.0 oucim Num. | Peak Baseine
Centering N [ | [ Speciessymbol | AMU Radus Num. | Pd Offset (V)

Comment T2 27.021 354.652

Print results after acquisition

| Anaiyse
Selection

Go Acquistion
J

Figure 424: Def Analysis window in Magnetic Peak Switching mode

Note: all automatic options (HVmulti drift corr, EOS auto, Pd/ESA,... others) are available in magnetic peak
Switching mode like in the Multicollection mode. They appear in the menu if one launches an automatic
centering.

9.3.6 Data acquisition in Combined Analysis modes

9.3.6.1 Combined Analysis 1: multicollection with several B-fields

As the name implies, the “Combined Analysis” mode combines Multi-collection and Magnetic Peak
Switching modes.

In this example, the trolleys do not move. Several multicollection settings (each using its own B-field) can
be defined using some of these fixed detectors (a same detector can be part of several multicollection
settings). The acquisition will interlace cycles as: B1 with MC1; B2 with MC2, Bn with MCn, back to B1 with
MC(C1, ...etc.

Before starting programing such a combined mode, it is important to test numerically the physical
possibilities, given the mass range and mass interval constraints. For this, one can use the tool Mass Table

Edition described in chapter 5.2.9.

Example of combined analysis taken from literature for zircon U-Pb dating (from Hu at al., 2016):

Magnetic EM2 EM3 EM4 EM5 EM6 EM7
field

B1 203.5amu

B2 285i21603 204Pb QOZFZZSSiz

B3 89y1e0 206Pb 238U 238y1e0 238y16Q,
B4 %7r150 207Pb
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To program a Combined analysis, select the mode “combined analysis” in the Tuning window (Figure 425).

Tuning Mode : [ Colegtion ] Combined Analysis [ Magngstic Peak Switching [ Troley Peak Switching ]

o oo (caman ] e | 7 oo
D1: 3 Wit time (s):  0.541 [ cat Raster (um):  10.01

ES: 0

AS: 0 Magnetic Field (G):  1269.057 Propagation : | Sample OFF J | Egun OFF |

Ens: 0 4 -

= s, () o T e e ] oo ] o)

Communication tme cul

Figure 425: Selection of the tuning mode “combined analysis”

Position the trolleys used for the first value of the magnetic field (first multicollection setting).

For each trolley used, click on “Save to Def Analysis”.

Switch the magnetic field to a different value so that the other masse(s) you wish to analyze can be
measured by some (other or same) detectors.

For each detector used, click again on “Save to Def Analysis” to save the new magnetic field value
for the second configuration.

Repeat 3- and 4- for as many magnetic field values as necessary.
MNaneSIMS50 Tuning - Defanalysis File

Combined Analysis File Content

snt LalslTs EOW Offset (V) © 0.000

1768 840 Delete B Field Q (DALC) : -373
028270

LF4 (DAC) : 22882

3034.871
HEX (DAC) : -350
Det Species Symbol Mass Int Radius - Plate + Plate
® 5 2340 231667 232 647224 -0 an
@ [:] 238U 233.018 239 B57.412 257 -258
J 7 238U 160 253848 254 677.4597 -3 3

(') = Trolley position is different from current

[ Print ] [ Load... ] [Saveﬁks...]

Figure 426: Def Analysis file in Combined Analysis mode.

Now the Def Analysis file contains info on all necessary detectors for each magnetic field value (Figure 426).
Once all magnetic field configurations are set, start cycling the magnetic field, similarly as for the Peak
Switching mode:

1-

Open the Def Analysis File and click on “Cycling B Fields (Figure 426). Let it cycle for say 20 min
(depending on B-field jump and peak shape/mass resolution).

The magnetic field will likely have shifted. Readjust the value of the magnetic field for each mass
and save the new values to the Def Analysis File (see above). Erase the previous values by clicking
on “delete mass”.

Do another cycling for say 20 min.

If the field is stable enough, do not touch it. This time, adjust the centering more finely by adjusting
the Pd deflection (“Deflect” value in the detector’s window in Tuning)

Cycle one more time for say 20 minutes

If the magnetic field cycles properly between masses, go to Def Analysis.
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Figure 427: Def Analysis window in Combined Analysis mode

In Def Analysis (Figure 427), select the desired B-field value (B1, B2, etc...) and for each magnetic field value,
select the associated detectors by clicking on “id”. Then set all other parameters as usual (see options in
“Multi-collection” mode). Finally, start the acquisition. Note that it is recommended to start the acquisition

quickly after the cycling as to not let the magnetic field drift again.

9.3.6.2 Combined Analysis 2: one B-field, trolleys moving / Trolley
peak switching

It is also possible to do a combined analysis with alternating positions of the trolleys. This can also be done
via “Trolley peak switching”. The setup procedure is pretty similar to the one above.

In Combined Analysis mode:

1- Position the trolleys according to the first set of positions needed.

2- For each trolley used, click on “Save to Def Analysis”.

3- Move the necessary trolleys to their next position.

4- For each of these trolleys, click again on “Save to Def Analysis” to save the new positions for the

second configuration.
5- Repeat 3- and 4- for as many trolley positions as necessary.

In Def Analysis, select the associated detectors. Then set all other parameters as usual (see options in
“Multi-collection” mode) and start the acquisition.

Note: the trolley reproducibility is not sufficient to ensure a perfect peak centering especially at high radius
and high MRP. Hence it is mandatory to activate the peak centering option.

9.3.6.3 Combined analysis 3: one B-field, electrostatic peak jump on
exit slit

You can also use the combined analysis mode to adjust the Pd deflector value at the exit slit of a trolley.
This can be useful when one wishes to record several peaks at a same mass, for instance to clarify a mass
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interference. An example of such setting in cell biology is taken from C. Guillermier et al (2014), allowing
detection of nine ions with seven detectors:

scan EM1 EM?2 EM3 EM4 EM5 EM6 EM7 m:aa:LiJ(:ed
15N/14N
1 160 180 12C2H 12C14N | 12C15N 31pP 32S 518/0/16?3nd
13C/12C
2 160 180 12C2H 12C14N | 13C14N 31pP 32S 318/0/1630nd
D/H
3 160 180 12C2H 12C2D 13C14N 31pP 32S 18/0/?12?3

To set this up, proceed as follow:
In Combined Analysis mode:

1- On all detectors used, do an HMR to adjust the exit slit deflector on the right peak.

2- For each trolley used, click on “Save to Def Analysis”.

3- For the trolleys with multiple peaks, do another HMR to adjust the exit slit deflector on the next
peak.

4- For each of these trolleys, click again on “Save to Def Analysis” to save the new deflection value for
the second configuration.

5- Repeat 3- and 4- for as many peaks as necessary.

In Def Analysis, select the desired configurations (B1, B2, etc...) and for each, select the associated
detectors. Then set all other parameters as usual (see options in “Multi-collection” mode) and start the
acquisition.

9.3.7 Analysis at low energy

For the best spatial resolution, the impact energy is usually of 16 keV (8 keV on the primary beam + 8 keV
on the secondary beam). For a better depth resolution, it is possible to reduce the impact energy of the
primary beam by reducing the source voltage. Due to the geometry of the instrument (opposite polarities),
this will also lower the voltage of the secondary beam. On the NanoSIMS 50 & NanoSIMS 50L, starting on
software version 4.5, this impact energy can be reduced down to 4 keV (2+2). Reducing the impact energy
will improve the depth resolution through a reduction of the atomic mixing depth (roughly in square root
law: reducing Ep by 4 will improve mixing depth by 2). However, this will degrade the spatial resolution due
to many factors: a lower brightness of the ion source, a larger contribution of chromatic aberrations,
degraded transmission and mass resolution, as well as a reduced ion-electron conversion on the first EM
dynode. In addition, beams at lower energy (primary ions, secondary ions and electron flood gun) are more
sensitive to magnetic spurious and external fields.

This impact energy change on the NanoSIMS requires four steps:

1) modify the source HV and heating conditions,

2) set the PROPAGATION mode ON then modify EOW (=sample) voltage: this will adjust accordingly most
HV, voltages and coil currents,

3) set PROPAGATION mode OFF,

4) Update or check the independent parameters not sensitive to the PROPAGATION mode: B-field/mass
correspondence, Raster size and EM HV/PHD
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9.3.7.1 In Cesium

The Cs source should be on, the instrument tuned.

Note the values for lonizer, Reservoir and HV (8000 V). Note FCp as a reference (typically 30 to 50
nA for lonizer=1.75 mA, Reservoir=0.12 mA). Note also EOW, the B-field on the magnetic sector
and the masses on the detectors. Note the raster size. If needed save the current presets

Decreasing the Impact energy:

Decrease the source HV by steps of 2000 V and at each step, adjust the lonizer heating current
(emitted from the filament and bombarding the ionizer cap) value in order to keep the Cs+ beam
current in FCp constant. Wait a few minutes after each increase of the lonizer to give time to the
source to stabilize. The principle is to keep both electron bombardment heating power HV x |
constant.

Lower the source HV down to the desired value (ie. down to 2000 V if you want a total impact
energy of 4 keV).

Note 1: down to 4000V, increasing the ionizer heating current should allow to keep the same primary beam
intensity, but it is not as efficient below. For reference, at 2000 V, the lonizer heating current should be
around 6.5 mA.

Note 2: as explained in chapter 2.1.1.1.3 the heating power is more sensitive on the reservoir than on the

ionizer, so the optimum reservoir emission current might need re-adjustment around this “theoretica

III

constant power value. There is a balance to find: a too low reservoir heating will reduce the beam current;
a too high reservoir heating will reduce the beam current too but also reduce the source lifetime through
increased consumption of cesium atoms.

In Tuning, press the Sample propagation button to turn it from off to ON.

DEO‘ z Detection Mode : [ Hulti Collection ” FCp H FCo l Total lon Current Scanning Mode ON
o

D1: 2 Int time (s) : 0.541 | cnt Raster (um): 10.01
ES: 3 )

AS: 2 Magnetic Field (G) : 1668.235

Ens: 0

Hexz NMR : ON

Communication time out

Adjust the value of EOW (= sample voltage = half of impact energy) following a simple proportion
law: if you want to decrease the high voltage by a factor of 2 (from 16 to 8 keV), divide EOW by 2.
All lens and deflector values in the NanoSIMS primary and secondary optics and spectrometer will
automatically adjust by applying the same factor, while coils will adjust following a square root law.
Put the Sample propagation back OFF

The magnetic field of the magnetic sector analyser does not automatically readjust. You must do
so manually. To readjust the Magnetic field, select B-field on the keyboard and decrease the B-field
value as to display to correct masses on the detectors.

The raster does not adjust automatically either. Do not forget to adjust the raster size in Tuning.

It is then necessary to

do a PHD scan and adjust (generally increase at lower energy) the HV of all EM used. Check the
thresholds (they should not move much)

Do an HMR scan to check the centering of the beam in the exit slit and adjust the deflection plate
voltage, as at lower energy, this parameter is more sensitive.

When everything is set, it is possible to save all the new parameter values in new presets (in Global,
Detection, low current, etc...) to be recalled when using low energy.

To increase the impact energy, follow the exact same but reversed procedure:
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- If needed, save the low energy settings in new Global and Detection presets before going back to
high impact energy.

- Put the Sample propagation ON.

- Set EOW to the desired value.

- Turn off the Sample propagation.

- Re- Adjust the Magnetic field.

- Re-Adjust the Raster.

- Re-adjust the EM HVs.

- Put back the corresponding values for the source: proceed by energy steps waiting a few minutes
for stabilization, decreasing first both source heating currents, then increasing the source HV.

9.3.7.2 In Oxygen

Starting point: the instrument must be tuned at high energy with the RF-plasma source ON. Note the source
parameter values. Note FCp as a reference. Note EOW, the B-field on the magnetic sector and the masses
on the detectors. Note the raster size. If needed save the current presets.

Decreasing the Impact energy:
- Inthe Source window, decrease the source HV down to the desired value (for instance from 8000
V to 2000 V) and reduce the extractor HV by the same factor (from 4000 V to 1000 V if dividing the
HV by a factor of 4). Note: this factor might need fine tuning in order to optimize the O- beam
current in FCp.
- InTuning, put the Sample propagation ON.

020:2 Detection Mode : [MumCallecuon ” FCp H FCo “ Total lon Current Scanning Mode ON
s
D1: 2 inttime (s):  0.541 cat Raster (ym):  10.01
ES: 3 -
AS: 2 Magnetic Field (G) : 1668.235 Propagation : Sample OFF gun OFF
Ens: 0
ur: [LoFe ][ on . : [Lore ]
. (o] on el ) oo [ o)

Communication time out

- Adjust the value of EOW (= sample voltage = half of impact energy) following a simple proportion
law: if you want to decrease the high voltage by a factor of 2 (from 16 to 8 keV), divide EOW by 2.
All lens and deflector values in the NanoSIMS primary and secondary optics and spectrometer will
automatically adjust by applying the same factor, while coils will adjust following a square root law.

- Put the Sample propagation back OFF.

- The magnetic field of the magnetic sector analyzer does not automatically readjust. You must do
so manually. To readjust the Magnetic field, select B-field on the keyboard and decrease the B-field
value as to display to correct masses on the detectors.

- The raster does not adjust automatically either. Do not forget to adjust the raster size in Tuning.

It is then necessary to
- do a PHD scan and adjust (generally increase when reducing E) the HV of all EM used. Check the
thresholds (they should not move much).
- Do an HMR scan to check the centering of the beam in the exit slit and adjust the deflection plate
voltage, as at lower energy, this parameter is more sensitive.

When everything is set, it is possible to save all the new parameter values in new presets (in Global,
Detection, low current, etc...) to be recalled when using low energy.

To increase the impact energy, follow the exact same but reversed procedure:
- If needed, save the low energy settings in new Global and Detection presets before going back to
high impact energy.
- Put the Sample propagation ON.
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- Set EOW to the desired value.

- Turn off the Sample propagation.

- Re- Adjust the Magnetic field.

- Re-Adjust the Raster.

- Re-adjust the EM HVs.

- Put back the normal Source and Extraction HV values on the RF-plasma source. Wait a few minutes
for stabilization.

9.3.7.3 Low impact energy with the charge compensation e-gun

Tuning of the e-gun for low energy analyses can be done either before or after the rest of the instrument
has been tuned for low energy, though it is easier to do it before.

Starting point: the e-gun must be ON in regular conditions. With diaphragm D1-2, one should read = 1 uA
in FCo (negative polarity).

To decrease the e-gun energy:
- In Tuning, put the propagation of the e-gun ON, with the “HV tuning” option unchecked (Figure
428: e-gun HV Tuning option unchecked in TUNING.

- Change step by step the e-gun HV in the Source window (-6000 V, -4000 V, -2000 V).

- At each step, ajust by iterations:
a. The e-gun Be coil (Keyboard: PM > Coils > e-gun Be)
b. C5X-Y (Keyboard: LF6 > C5 X, Y) and C6 X-Y (Keyboard: LF7 > C6 X, Y)

to keep the electron current in FCo constant.

Muti Collection

Do: 1
OCe: 0 Detection Mode : | Mulli Collection | FCp FCo Scanning Mode ON
D1: 3 Int time (s): 0.541 Cnt Cps Raster (pm): | 119.98
ES: 0 ; -
o Magnetic Fiekl (G) - | 1000.000 | Propagation:  Sameie [PFF [JEGun KV Tuning
Ens: 0

e [orr | o — - o | o
Hex - E LE Beam: | O ]

Communscation time out

Figure 428: e-gun HV Tuning option unchecked in TUNING

Note: If the instrument is already tuned for low energy analyses, the L4 value will be decreased, and the
reading of FCo will not be possible. You must then temporarily readjust L4 proportionally when decreasing
the e-gun HV step by step, starting from 44 800 at -8000 V, 33 600 at -6000 V, 22 400 at -4000 V, etc...

Once the e-gun has been tuned to the desired low energy (for instance -2000 V), check “HV tuning” to refine
the tuning of the e-gun (see chapter 9.3.2 on e-gun tuning) without affecting the other parameters.

To increase the e-gun energy, follow the exact same but reversed procedure:
- With the e-gun propagation ON in Tuning and HV tuning unchecked,
- Increase the e-gun HV
- Readjust C5 X-Y and C6 X-Y

When done with the e-gun at low energy, put the e-gun propagation OFF.
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9.3.8 RTT: alternated real time tracking (sample drift correction)

9.3.8.1 Introduction

Due to several parameters (including room temperature variations inducing dilatation-contraction of the
instrument, spurious magnetic or voltage instabilities, or sample charging), the relative position of the ion
beam on the sample can vary over time. This is a particular concern for long analyses (several hours) at high
magnification (raster < 5 um). This drift can be a limitation when one wants to merge successive cycles of
an image or when one wants to reconstruct a depth profile from a very small ROI.
To counter this issue, two strategies are available:

- Post-analysis drift correction:
Using Winlmage |l software, it is possible to correct this drift, provided there are some sharp structure or
contrast in the FOV.

- Real Time Tracking (RTT):
In cases where there is no contrasted detail in the images, or for direct depth profiling (no image recorded)
of very small FOV (ex: 2x2um), it is better to correct the drift in quasi real-time, during the stack acquisition.
This is the purpose of this quasi real-time drift correction function.

9.3.8.2 Alternated RTT Principle

A sharp feature must be available outside (near) the FOV of the image or profile to record. One first SIMS
or SE image of this feature is recorded before the start of acquisition. Then at regular time intervals, the
software will pause the image acquisition, go and re-image this detail, determine the drift (number of pixels
in X and Y) comparing with original detail image (using the selected algorithm from Winimage ll), shift
inversely the beam position by this amount, and restart the image acquisition.

If there is no sharp contrasted detail around the FOV of the image, one must create one prior the acquisition
(ex: a point (hole without scanning) or a small, sharp and deep square (e.g. < 1x1um) sputtered crater).

9.3.8.3 RTT Implementation

Inside a larger Working Frame, the user must define two areas: the Analysis area and the Reference area.
The reference area will image a characteristic feature on the sample that will allow to monitor the drift
during the analysis and apply a correction to the analysis area.

To use the RTT option, select “yes” (top right corner of the Def Analysis window). New options appear
(Figure 429).

Note that in the case of the RTT, the Working Frame and the Scanning Frame will be of different sizes. The
analyzed area (the image to record) is the Scanning Frame smaller than and inside the Working Frame. The
working frame will determine the pixelization of the two sub-images inside. This is important to consider
when defining Raster and Pixel size of the Working Frame in order to keep adequate pixel number and size
in the two smaller images.

1- With “Image Ref Definition” not selected (i.e. grey, see figure Figure 429: RTT in Def Analysis
below), set all necessary parameters as usual. In particular, define the raster size and pixel size of
the Working Frame, as well as the dwell time for the analysis area (Scanning Frame). You can also
adjust the Scanning Frame size and position within the Working Frame but it will be resizable &
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repositionable precisely a few steps later after the acquisition of the working frame image. The
analysis scan frame can be rectangular.

RTT-26-11-2018_12.im e ﬁ

Real Time Tracking

Working Frame

Width: 512 5 Height : 512 Image Ref Definition

_ Not selected

Scanning frame Working Frame : 512x512 m

- Scanning Frame : 106,26
StartCol: 168 [ StartRow : 406 277x185

Width: 271 = Height: 81

Raster (ym): 10.0

Ctipix (ps): 100
Define scanning frame [ ] mageRefon: 285+
of the analysis area il ©

optional N .
( P ) ) Cufr(s): 6585 _ Counting time Ofanal\/S|S area

(ot remerro F_—
Trset (V). 0.00

.
F

Figure 429: RTT in Def Analysis; Definition of the working and the scanning frames

With “Image Ref Definition” selected (i.e. blue, see
Figure 430: RTT in Def Analysis; definition of the reference image

2- below), you can adjust the parameters for the reference image (= the drift correction image). Make
sure the Working Frame raster and pixel sizes match the ones of the analysis area. Define the dwell
time for the reference image, the detector (SIMS or SE) for the drift correction program to use to
compare images, and the intervals at which the acquisition pauses to record a reference image (i.e.
every 10 analysis images). You can also adjust the Scanning Frame size (this time it is the reference
image) but it will be resizable & repositionable precisely a few steps later after the acquisition of
the working frame image. The reference scan frame can be rectangular. In the screen copy below
it is large; in reality one will try to minimize this ref image size to minimize the time taken by the
drift correction process, mostly for minimizing recontamination of the analysis crater by residual
gas (e.g. for hydrogen analyses).

RTT-26-11-2018_12im [
—— crking Frace Real Time Tracking
Working Frame s12x512 ) Yo ‘
width: 512 % Height: 512 o ' g [ image Ref Defmton__o | Selected
Scanning frame SRS TTANE ST 20TZ "
StartCol: 106 |3/  StatRow: 26 5 e
Width: 277 5 Height: 185 . 3 =
Counting time of e
y . Clipix (us): 100
f' ) § reference image [ Reference
Define scanning frame ’ D ™ mass/detector
of the reference image ]
(Opt|ona| ) Ctfr(s): 6585
— Tr— Frequency of reference

image acquisition

Figure 430: RTT in Def Analysis; definition of the reference image

3- Go to Analysis.
First acquire an image of the whole working frame by clicking Start Acq Def Zone.
When the acquisition is done, a new window appears, allowing you to optimize the analysis area
as well as the reference image (Figure 431).
It also shows the drift area within the reference image, which is the pixel area used by the
program to run the drift correction routine between cycles (Algo 1 Refl or Algo 2 Ref N-1, refer to
Winlmage program).
Each of these 3 areas can be adjusted. To do so, select the area you wish to change, and click on
“remove” to erase the existing area. Then, with the mouse, draw the desired area. When
satisfied, click on “valid” to save the new area. When all three areas are good, click on “close”.

NanoSIMS 50L users guide_10Aug2020_V1.docx Page 347 sur 410



IMAGE ACQUISITION B -_—
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‘ Figure 431: RTT : how to modify the Analysis area, the Ref area and the drift correction area before launching an analysis
4- Launch the analysis by clicking on “Start Acquisition” in the main Analysis window.

At the end of the acquisition there will be three files stored:
- the (multiple)-SI-SE analysis image stack (virus.im) with n cycles,
- the “largest” working frame (virus_rtt_1.im) with always one cycle, and one Sl or SE.
- the reference image (virus_rtt_2.im) with less cycles than n, and one Sl or SE.

It is sometimes useful to check the ref image to understand a problem of drift correction. Otherwise it can
often be discarded as well as the working frame one.

9.3.8.4 Practical use

The Figure 431 displays a typical example requiring the use of a RTT: one wishes to record a long direct
depth profile on a crater of only a couple um in size. And there is quasi no contrast or detail on the surface:
it would be impossible to do a drift correction after the acquisition !

The strategy is then here to start by creating a sharp detail by sputtering a small crater deep enough of

1.5X1.5um with sharp edges and contrast. It is visible as a black square in the 160 image. This will be used
as the detail to track during the RTT.

It could also be a simple spot on the sample, leaving the beam without scanning for a while; it would be
faster to generate but possibly less effective for drift detection (to be tested).

A red square around the small crater is the reference scanning frame, of several um width.
The depth profile crater will be positioned elsewhere within the Working frame.
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As SIMS is destructive the most delicate part is to optimize the size and pixelization of the reference
scanning frame around the detail to track:

The acquisition of the ref scan should be as fast as possible in order to avoid recontamination of
the real analysis crater by residual gas during the tracking process,

the sputtering of this ref image should not be so strong that it destroys or smoothes the detail or
changes its contrast (e.g. during a multi-layer depth profile the black square on light background
should not turn white over black).

But not too fast in order to get a good signal to noise required for proper drift detection routine
(note that SE image can also be used, which can give good S/N),

And the pixelization must be high enough to allow for proper drift detection: typically, pixel size =
one third of the beam size. And this might limit the maximum size of the working frame. For
example (it is not mandatory but to fix ideas) a beam size of 100nm will define a pixel size of 33nm,
so with 1000x1000pixel for the working frame will give its max size as 33x33um.

9.3.9 Annex: internal procedure of isotopic tests at NS50 installation

The present chapter concludes in some way the Expert operation chapter. It is a condensed, internal
procedure allowing an “expert” operator to achieve the advanced isotopic specifications demonstrated at
the end of all NS50L installation. Such tests require an instrument perfectly tuned, good samples (Si and
quartz) and an understanding of all advanced instrumental and analytical aspects (primary and
spectrometer tuning, multicollection, charge compensation, EM and FC detector tuning, statistics, etc...)
and software.

It is a good internal test for expert operators wanting to check their mastering of the instrument as well as
a test of the instrument shape since the installation.

Note : All analyses are made in 64x64 px, 132 us/frame (or 0,54 s/fr).

Tuning :

9.3.9.1 EM on Si wafer.

Source Cs* = 50 nA. D1-3, ES-3, AS-2. L1=0.

Adjust HV of used EMs for PHD max around 260 mV.

Tune the NanoSIMS to have the 3 Silicon isotopes (%Si, 2°Si, 3°Si) on 3 detectors and adjust the
primary beam intensity to obtain =350 000 c/s on 28Si and 12 000 c/s on 3°Si.

Put the NMR regulation ON.

Check that the mass fractionation is properly corrected by doing Cy and P3 centering with all 3
trolleys selected. CL for the 3 masses should be close. If not, B-field coils must be adjusted.

Determine the pre-sputtering time for a series of analyses in a single crater : Beam Stab - beam ON. Put
the beam OFF for 10 seconds and ON again. Note the delay (t) before the signal stabilizes

Beam ON (FCp OFF) /

Beam OFF (FCp ON)

In Beam Stab

»
>

<4
t ‘[ Presputtering time ]
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Determine the length of an analysis (number of cycles necessary): the statistical noise or dispersion must
always be neglectable compared to the reproducibility spec to demonstrate !
For sufficient statistics, if we accumulate 2 x10° counts on the minor isotope 3°Si, this will give a S/N
~(1/sqrt(N) = 7 E-4 = 0.7permil, a statistical fluctuation (just) low enough to demonstrate permil
reproducibility.
Example : If we measure 1,5.10% ¢/s on 3°Si, to reach 2.10° cumulated counts will require
2.108/1,5.10% = 133 sec. We must them run an analysis of 133 sec. A cycle being set to 0.54 sec.,
the analysis must be of at least 270 cycles (for example 10 blocks of 27 cycles).

Launch an « isotopes » analysis, of 10x15 cycles (or more, as necessary) with a 4x4 um raster, and including
pre-sputtering as determined above. Do not forget to define the ratios (ratio 1: 2°Si/?%Si, ratio 2: 3°Si/?Si).
This analysis will be used a reference for the following chained analyses :

A-1-10 times the reference analysis in a single crater. Sigma (standard deviation) on 3°Si/?%Si must be <
1.25 %o (0.125 %).

For the next analyses, automatic EOS, SIB and Peak Centering are also necessary:

Centering the beam in the entrance slit

Tuning - EOS

Select the %8Si detector

Start.

Write down L80.00 (= ES width).

Setup - Centering, check EOS width. If the new value is significantly different, Apply L50.
Apply CL. Save to Def Analysis.

Select Automatic EOS Centering

Start.

Apply CL. Save to Def Analysis.

Centering the beam at spectrometer « entrance ».
Tuning - Sec. lon Beam

Horizontal (Cy)
Voltage step=0.15V
Start.
Apply L50 if necessary
Apply CL. Save to Def Analysis.
Select Automatic Beam Centering
Start.
Apply CL. Save to Def Analysis.
Go back to SIB

Vertical (P3)
Voltage step=0.3 V
Start.
Apply L50 if necessary
Apply CL. Save to Def Analysis.
Select Automatic Beam Centering
Start.
Apply CL. Save to Def Analysis.
If necessary, add a Peak Centering :
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Automatic Peak Centering
Tuning—-> HMR
Select the %Si detector. Start — Apply CL
Select Automatic Peak Centering
Start.
Apply L50
Apply CL. Save to Def Analysis.

You also need to determine a new pre-sputtering time for crater-to-crater analyses: Beam Stab - beam
ON. Then put the beam OFF and from the Navigator, move the stage of about 20 um. Put the beam back
ON and wait for the signal to stabilize : Signal in the old crater

A 4

Signal in new crater <

after stage move, t
Beam OFF, FCp ON Time of pre-sputtering ]

Beam ON, FCp OFF

Do a new reference analysis. This time, in Def Analysis, add EOSC, SIBC, EOSC and select « peak
centering » for the used detectors. Use 28Si as the centering reference for the others. Do not forget to add
the new pre-sputtering time.

A-2 — This test checks the reproducibility in « beam deflection » mode. To run this test of 12 analyses, use
the « Grain Mode » analysis type and « Spec », where the test is pre-defined. Set the analysis as follow:
256x256 px, raster 35 um, 0,54 ct/fr. Go to Acquisition and launch the analysis. The program will acquire a
first (empty) image of 35x35 pum that we do not care about. Then click on « Go to Isotopes ». This is where
you define the test parameters : Add the pre-sputtering time, the EOS, SIB, EOS centering, and the peak
centering. Here sigma (standard deviation) on 3°Si/?8Si must be < 1.4 %o (0.14 %).

A-3 — This test checks the reproducibility when moving the stage by doing a series of 16 analyses over a 8
mm square. On the 1 inch Si wafer, move the stage from the Navigator so that the starting coordinates
are around: X =-8000, Y = -4000.
In chained analysis, use the reference analysis, choose movement option #3 and set the moves as
follow:
X=-2670 x1 Nb=2
Y=2670 x3
Sigma (standard deviation) on 3°Si/?8Si must be < 1.4 %o (0.14 %).

A-4 —The last test is a series of 12 analyses on 5 different samples on a sample holder of the Geology
type. First you need to define manually the coordinates as follow : 2 analyses on sample 1, 2 analyses on
sample 2, 2 analyses on sample 3, 2 analyses on sample 4, 2 analyses on sample 5 and 2 analyses on
sample 1 again. Sigma (standard deviation) on 3°Si/?8Si must be < 1.65 %o (0.165 %).
Here, Z might significantly vary from one sample to another, making the automatic centering on EOS
difficult. If necessary, determine the correct Z for each point by doing as follow:

- Pick a reference point (for instance on sample 1), check Z and do a EOS centering. Note the EOS

centering CL value.
- Move to the next sample. Keep the same EOS value and adjust Z as to maximize the signal.
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- Note Z and and repeat the operation for all the analysis points. For each point, Edit its coordinates
with the new Z value.

9.3.9.2 Faraday Cups on Si wafer

Tuning :

- Source Cs* = 50 nA. ES-3, AS-2.

- Switch to FC, with 10! Q pre-amplifiers on the 3 detectors.

- Tune the NanoSIMS to have the 3 Silicon isotopes (22Si, 2°Si, 3°Si) on 3 detectors and adjust the
primary beam intensity to obtain =25 pA on ?8Si and 0,7 pA on 3Si (Ex : D1-2 with L1 = 25000 or D-
3 with L1 = 26600)

- Calibrate the FC background.

- Put the NMR regulation ON.

Set the EOQS/SIB automatic centering as well as the Peak centering (see above).

Determine the crater-to-crater pre-sputtering (see above).

Do an « isotopes » analysis of 10x15 cycles, with a raster of 10x10 um. Add EOS, SIB, EOS centering, Peak
Centering and pre-sputtering. This analysis will be used a reference for the following chained analyses :

B-1 — 10 times the reference analysis in 10 different craters 20 um apart. In chained analyses, choose
move option 2:
dY =30 um Nb =10
Sigma (standard deviation) on 3°Si/?2Si must be < 0.45 %o (0.045 %).

B-2 — A series of 16 analyses over a 8 mm square (see test A-3). On the 1 inch Si wafer, move the stage
from the Navigator so that the starting coordinates are around: X = -8000, Y = -4000.
In chained analysis, use the reference analysis, choose movement option #3 and set the moves as
follow:
X=-2670 x1 Nb=2
Y=2670 x3
Sigma (standard deviation) on 3°Si/?8Si must be < 0.6 %o (0.06 %).

B-3 — A series of 12 analyses on 5 different samples on a sample holder of the Geology type (see test A-4).
Sigma (standard deviation) on 3°Si/%Si must be < 0.08 %.
For each series, make sure the FC background remains stable (small o on the background signal).

9.3.9.3 Faraday Cups on Quartz

Tuning :

- The e-gun must have been started the day before to degas and stabilize. You will tune it properly
the next day.

- Source Cs* = 50 nA. ES-3, AS-2.

- 10 Q pre-amplifier on 0, and 10 Q pre-amplifier on 0 (change the °0 pre-amplifier and do
not forget to do a FC Calib)

- Tune the instrument to have 0 and 0 on 2 FC detectors and adjust the primary beam intensity
to obtain *250-350 pA on °0 and 0,5-0,7 pA on *80. Ex : D1-1, L1 = 26800.

- Note : for high currents you might need to re-adjust the secondary beam tuning. Check ES and AS
positions, and LF3, LF4, C3X and C4X centering.

- Carefully tune the e-gun as you need a very stable signal at high current.

- Put the NMR regulation ON.
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Set the EOQS/SIB automatic centering as well as the Peak centering (see above).

Determine the crater-to-crater pre-sputtering (see above).

Do an « isotopes » analysis of 10x15 cycles, with a raster of 10x10 um. Add EOS, SIB, EOS centering, Peak
Centering and pre-sputtering. This analysis will be used a reference for the following chained analyses :

C-1 - 10 times the reference analysis in 10 different craters 20 um apart. In chained analyses, choose
move option 2:
dY =30 um Nb =10
Sigma (standard deviation) on 0/**0 must be < 0.8 %o (0.08 %).

C-2 — A series of 16 analyses over a 8 mm square (see test A-3). On the 1 inch Si wafer, move the stage
from the Navigator so that the starting coordinates are around: X = -8000, Y = -4000.
In chained analysis, use the reference analysis, choose movement option #3 and set the moves as
follow:
X=-2670 x1 Nb=2
Y=2670 x3
Sigma (standard deviation) on 0/1°0 must be < 1 %o (0.10 %).

Notes :

Switch from EM to FC (or FC to EM)
1- Click on FC/EM in the Tuning window for all trolleys you want to switch (for instance trolley 1, 2
and 3) and follow the procedure for each of them.
2- In Setup - Tuning, check that the trolleys are now noted as FC.
3- In Setup - Centering, adjust the waiting times (WT)
- For EMs: WT9 = 2s, WTO = 3s, WT1 = 3s (5s when using the e-gun at high current)
- For FCs: WT9 = 10s, WTO =10s, WT1 = 10s
4- Do a FC Calib for the 3 detectors.

Change a FC pre-amplifier
1- Open the cylindrical box containing the pre-amplifier boards and manually switch the jumper of
the pre-amplifier.
2- Setup - Hardware ->Detection
Select the detector whose pre-amplifier you just switched and change the resistor info:
FC pre-amplifier resistor : 10 for 10%° Q (for very high currents)
100 for 10* Q
3- Tuning -FC Calib
Waiting time : 5s
Counting time : 5s
Select all used detectors
Start

Extract isotope data from a chained analysis
1- Launch Ana2Excel
2- Click on “file” and select a file from the chain you wish to extract data from.
3- Select ‘section’ 4 and click on “extract”. This will create a .csv file containing data from all the files
from the chain. Sélectionner la ‘section’ 4, et cliquer sur “extract”.
4- In Excel, click on “extract from text/CSV and select the newly created csv file. Select “delimited”,
then, depending on your Excel version:
a. click“semi-colon”, then “finish”.
b. click on “load”.
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The Excel file thus created is a summary file containing data from each analysis of the chain. At the
bottom right, average, standard deviation and standard error (in %o) are calculated.

Notes on pre-sputtering
To gain time, it is possible to do the pre-sputtering by creating a High Current preset file for pre-
sputtering :

- Increase L1 and adjust C1 X-Y so that the image doesn’t move beam pre-sputtering conditions and

analysis conditions.

- Save (Calib) those values in a new High Current preset.

- Also save (Calib) a preset with the normal analysis conditions.

- Send both presets to Def Analysis (« send for pre-sputt » and « send for acq » respectively).

- In Def Analysis, select those presets when setting the analysis.

9.4 Remote control through the internet

Remote access is currently possible via Team Viewers software. This allows the user to take control of the
two computer screens of the instrument, and thus do everything that is accessible via the instrument’s
computer.

Of course, the laboratory firewall must be deactivated to grant the access to the instrument’s PC from the
outside. And real-time tuning will require a good network bandwidth.

This solution allows:

- Tuning

- Running analyses (limited to a single sample holder as exchange is manual)

- Monitoring the state of the instrument (sources, vacuum, etc...)

- Retrieving and processing data
This functionality is daily used by Cameca service team to diagnose, or tune customer’s instruments.
It is also very practical to follow or check from time to time long chained acquisitions, from another
location or room.
The keyboard located on cabinet A is replaced by a virtual keyboard accessible via the keyboard program
in the “other” taskbar of the Board (see chapter 7.3).

The local dedicated three-roller pad is replaced by the use of the user’s keyboard arrows, keys and mouse.
In order to change a parameter, the user can:

- Whether enter directly the numerical value to be sent (and type enter), or

- Use the mouse wheel to modify the value. By scrolling the mouse wheel, the numerical value will
be changed one bit by one bit.
If the operator presses the CTRL key while scrolling the mouse wheel, the value will be changed x10
faster: ten by ten bits.
Pressing Ctrl + Shift keys will change parameters x100 faster (100 by 100 bits).
The “Fast” button is equivalent to the “x10” of the physical keyboard, thus when “on” (blue) while
scrolling the mouse wheel, whatever the key combination the speed will be accelerated by x10.

- Or use the PC keyboard instead of the mouse wheel as:
- Letf/right arrows are used to move X parameter,
- Up/down arrows are used to move Y parameter,
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As illustrated above the control of the two instrument screens can be performed on a PC equipped with a
single screen. A tab in the Team Viewer program is available to toggle between the two screens.

Alternately, the use of a remote PC with two large screens is more comfortable. This can be configured in
the “View” menu of Teamviewer.

However, one must keep in mind that there are instrumental limitations that prevent certain operation to
be done remotely:

- Sample transfer from vessel to analysis chamber is manual. Therefore, it is not possible to change
sample remotely.

- Itis only possible to restart the NMR on site.

- Most electronics chassis need to be turn on/off on site. The electronics cannot be turned off
remotely (for baking of analysis chamber and vessel for instance)
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- The Oxygen source cannot be completely operated remotely (Open/Close the Oxygen bottle,
adjust the leak valve).
- The goniometer cannot be adjusted remotely, so it is not possible to switch between sources.
- The Tisublimator controller is only accessible on site.
Hence the presence of a local operator is still required for these operations.

In addition, it is always good to be able to listen to the instrument, to hear motor movements (when it
starts, when it stops), or to identify unusual noises like a turbopump whistling, etc. This diagnosis-by-ear
is not possible remotely or require a separate communication software aside (e.g. a separate laptop
inside the lab running Teams or other).

10 NanoSIMS 50L Maintenance

10.1 Stop and start of the instrument

For many reasons, the operator may have to switch off the instrument completely (for example, laboratory
electrical maintenance) or just the real-time electronics (for example, baking).

10.1.1 Partial Stop of the Electronics and Restart

This chapter details the procedure to turn off the electronics. When the electronics is off, only the main
functions are left on, such as the vacuum automation, the pumps, etc... while the Real Time Unit, the low
and high voltages are turned off.

10.1.1.1 Stop

To stop the CAMECA NanoSIMS 50L electronic, follow this procedure:
- Place your sample in “Unload mode” and, if needed, remove it (see 9.1.1.5)
- Turn off the source (see 9.1.3) Cs+ or RF-Plasma, as well as the e-Gun if it was used (see 9.3.2.3.

- On the keyboard, Turn the HV off (green light off) n
- Put the Magnetic Field to 0 in Tuning, and switch the Bfield chassis and the motorization chassis off
via the two switches on the front face of the Cabinet B (Figure 433)
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Figure 433: front face of electronics cabinet B

- On the front face of the cabinet A, turn the key to its “OFF” position (Figure 434). All electronics,
including the RF source cabinet, will be turned off.

Figure 434: front face of electronics cabinet A

10.1.1.2 Re-start after a partial stop

To restart the CAMECA NanoSIMS 50L electronics, follow this procedure:
- Inthe Cameca NanoSIMS50 menu on the PC desktop (Figure 435):
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Utilities »
Board
IMSLogger
Load68
Mach.Ter
MachServer
Vac.Ter

Figure 435: Cameca software are accessible from the Windows taskbar
a. Open the Real-Time terminal Mach.Ter (see Figure 265)
b. Open the Load68 program (see Figure 266)
c. Onthe front face of the cabinet A, turn the key in its “ON” position (Figure 434)

- Switch on the Bfield chassis and the motorization chassis on the front face of the Cabinet B (Figure
433)

- Onthe RT-terminal you should have a message similar to the following:

[ COM11:9600baud - Real = |
File Edit Setup Control Window Help
VA S A S S A A A S A A -
i _/ Y A A
_;".l ror o7 _;'Inl PR _;'Inl _;'I.l _".l; r ;_".l _;'Inl _'I.I_;'If
P R Sy v - - i - —

System Boot W2.5/0
Copyright 2000-2004 by ECRIN Systems

Press ESC to stop or CR to start autoboot.....
ECMon= GO FC400100 (H

ICAMEC& Boot 2010 V2.0
Type enter for menu (before 3s to disable network)
Met: Initialization started (vw5.3)
Met: DevName = RT_110.2
Met: MAC address (1) -» 00:20:15:55:0b:a8
Met: MAC address (2) -» 00:20:15:55:0b:a9
Met: MAC address (3) -» 00:20:15:55:0b:aa
Met: Local IP 192.168.110.2

e 55.0.0.0
Met: InitializaNon done
Boot serwver read

- The last message of the dialog box must be “Boot server ready”.

- Onthe Load68 program, click on load Load (see 8.3)

- Wait for the download until the message “Host disconnected” appears
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(2. COM11:9600baud - Real T = | =

File Edit Setup Control Window Help

RtPar_ In1tDetectDrPlate : END

RTPAR : RtPar_GetWeight : Unavailable parameter : Aborted.
RTPAR : RtPar_GetwWeight: Unknown Id : Aborted.

RTPAR : RtPar_GetWeight : Unavailable parameter : Aborted.
RTPAR : RtPar_GetwWeight: Unknown Id : Aborted.

RTPAR : RtPar_SetValue: param_set (-3075) err=2 : Aborted.
RTPAR : RtPar_SetValue: param_set (-307&) err=2 : Aborted.
RTPAR : RtPar_SetValue: param_set (-3077) err=Z : Aborted.

o mm mm ey - T «  CDDND 4 o4 o - 2C 7 PN PR =2 = =t =
[INFO] : -» Host disconnected iﬁr
-» lance task accept

_server_send_data] : ERROR octets_snd = -257, err = Oxfrifteft

[INFO] : -=» Host disconnected

-=» lance_task_accept

Info : Erreur afficheur=3

CLANSO : ClaM50_SetControlLed : Unknown typ : Aborted.
[INFO] : -» Host connected

[INFO] : Socket Mo =1
[INFO] : Host address = OwC0ABGEDL
CINFO] : Port number = 50546

-» task_accept_attend_autorization

Utilities »
Board
IMSLogger
Load68
Mach.Ter

Vac.Ter
3:0
8/9

Cameca NanoSIMSSOﬂ A I

- Leave this window activated. Minimize this window but do not close it (otherwise, the
communication will be lost)

- Turn on the HV on the keyboard u
- Inthe “Cameca NanoSIMS50” file, open the “Board” program
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A MachServer

T

- Inthe “Board”, open the “Setup”
- Onthe bottom right of the “Setup” window, wait for a green loading bar

Restor% fff f

- In TUNING, open Motor Reset/Setup and click on “Init communication with motor” to reestablish
the communication with the motors.

The instrument is ready to use.

10.1.1.3 Real Time Electronics Reset

In some situations, the operator must restart the RT electronics without all the electronics stopping
procedure (see 10.1.1.1). This operation can be useful for instance when the operator wants to restart the
RT electronic without turning off the source.

To reset the CAMECA NanoSIMS 50L Real-Time, follow the procedure:

- Turn OFF the HV on the keyboard
- Press the reset button on cabinet A front side onge=——,

- On the RT-terminal you should have a message similar to the following, with the last message of
the dialog box being: “Boot server ready”.
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[ COM11:9600baud - Real = |5

File Edit Setup Control Window Help

VA A S SV A A A S A A A
-/ _/ v v ey A R
A S T e

- A —,"'l —,"'l 4 A A

IV SV SV Y SV A AV A o AV A .

System Boot V2.5,/0
Copyright 2000-2004 by ECRIN Systems

Press ESC to stop or CR to start autoboot.....
ECMon= GO FC400100

CAMECA Boot 2010 V2.0

Type enter for menu (before 3s to disable network)
Met: Initialization started (vw5.3)

Met: DevName = RT_110.2

Met: MAC address (1) -» 00:20:15:55:0b:a8
Met: MAC address (2) -» 00:20:15:55:0b:a9
Met: MAC address (3) -» 00:20:15:55:0b:aa
'Ne‘t: Local IP 192.168.110.2

Met: Net mask 255.0.0.0

Met: Initialization done

Boot serwver ready

- Close the current MachServer program

- Onthe Load68 program, click on load Load (see 8.3)

- Wait for the download until the message “Host disconnected” appears
(2. COM11:9600baud - Real =nrc

File Edit Setup Control Window Help

RtPar_ In1tDetectDrP13te : END
RTPAR RtPar_GetwWeight : Unawvailable parameter : Aborted.
RTPAR : RtPar _GetWeight: Unknown Id : Aborted.
RTPAR : RtPar_GetWeight : Unavailable parameter : Aborted.
|RTPAR : RtPar_GetWeight: Unknown Id : Aborted.
RTPAR : RtPar_SetValue: param_set (-3075) err=2 : Aborted.
RTPAR : RtPar_s5setValue: param_set (-3078) err= 2 : Aborted.

- / - _ Ahortad
-257, err = Oufffffeff

TINFO] : -» Host d15cnnnected
b= lance_task_accept

Info : Erreur afficheur=3
ICLANSO @ ClaNs0_setControlLed : Unknown typ : Aborted.
[INFO] : -=» Host connected
INFO] : Socket Mo =1
INFO] : Host address = OxCOASGEDL
LINFO] : Port number = 50546
E—} task_accept_attend_autorisation

- Onthe “Cameca NanoSIMS50” file, open the MachServer program
(

Utilities »
" |sd] Board

- Ablack window is open (see 8.1), the message “OK, Machine Connected” must be written
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B IMS - MachServer - a x

Leave this window activated. Minimize this window but do not close it (otherwise, the
communication will be lost).

Turn on the HV on the keyboard u
e

“Board” and “Setup” Se | should be open (if not, open them)
On the bottom right of the “Setup” window, wait for a green loading bar

Apply | Restore

10.1.2 Complete stop/start of the NS50L

Contrary to the partial stop, where the main functions stay on, during a complete stop everything is stopped
(including pumps, automaton, etc...). This procedure is necessary, for instance, when the lab is closed for a
long period of time, or if a power cut is scheduled.

Note that these instructions below are to stop the instrument. Some elements, such as the air compressor,
the water chiller or the UPS are completely independent from the instrument.

10.1.2.1 Complete stop

For a complete stop of the instrument, follow this procedure:

Stop the ion source, wait for the end of the process.

Stop the electron flood gun (NEG).

If the Oxygen source was in use, make sure the Oxygen bottle is closed, then pump the remaining
oxygen gas of the oxygen source by click on “gasline start” in the Vacuum synoptic window.

Turn off the HV on the keyboard

Put the magnetic field to zero in the Tuning window and turn off the magnet chassis (Figure 436).
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Figure 436: switch of the magnet chassis on cabinet B

If you need to stop the pumping system (for instance, a power cut that will stop the pumping system, or
for a long stop), you must vent the part of the instrument pumped by the turbo pumps. This will stop the
turbo pumps as well as fill the instrument with nitrogen. This will limit the amount of atmospheric air (and
thus moisture) that could leak into the instrument in the absence of pumping. lon pumps are controlled by
the automaton and will be turned on when the equipment is turned off (see below).

To stop the turbo pumps:

Make sure the dry nitrogen tank or bottle is filled and connected.

Starting point: the system is in normal operation (all turbos and primary pump are running, all
gauges are on). Main connecting valves are closed (EP9, EP10, EP11 and EP13) as well as venting
valves (EP3, EP5, EP6, EP7, EP14, EP15, EP17).

Using Vent/Pump switches on the vacuum synoptic (see chapter 5.10) vent the source, the
multicollection and the airlock, to stop the turbo pumps and the primary pump. During the
sequence, the vacuum gauges UHV1B, UHV2A, UHV2B will turn off. This may take a few minutes.
Make sure all presets are saved and close all the programs. Turn the computer OFF.

On cabinet B, turn OFF the NMR and the motor chassis (Figure 437):
vl

| 1
Figure 437: top of cabinet B, with the motor chassis and the NMR

On cabinet A, turn the Equipment OFF by pressing the red button. Then turn the key to the “OFF”
position (Figure 438). Everything should now be shut down (including ion pumps, Ti sublimation
and RF source cabinet). You should hear the turbo pumps slowing down and stop. You can now
unplug the main supply cable of the instrument.

NanoSIMS 50L users guide_10Aug2020_V1.docx Page 363 sur 410



If you do not need to stop the pumping system (for instance, a temporary lab closure):

On cabinet A, only tun the key to the “OFF” position. All the electronics should now be shut down (including
the Ti sublimation and the RF source cabinet) but the “equipment” will remain ON, thus keeping all turbo
and ion pumps on.

Figure 439: main supply cable plug

- In case of a global power cut of the lab requiring everything to be shut down, do not forget to stop
the air compressor, the water chiller and the UPS as well. In this case, it is better to close all the
monovalves.

10.1.2.2 Complete Start

This procedure is applicable whether the stop of the instrument was voluntary following the procedure
above, or the result of a power failure.

To completely start the instrument (instrument being totally off, vented and unplugged), follow this
procedure:
- Plug the main supply cable of the instrument
- On cabinet A, switch ON the Equipment by pressing the green button “Equipment ON”, turn the
key to the ON position, and press the “RESET” button of the electronics.

- Turn the PC computer on and open the programs via the NanoSIMS 50 menu from the Windows
task bar:
a. First open VacTer. Position the cursor in the VacTer window and press Enter.
b. Open Mach.Ter
c. Open Load68
d. Open MachServer
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On cabinet B, turn the motor chassis, the NMR and the magnetic field chassis back ON.

Turn the compressor ON.

Launch the “Board” program. Inside it, launch the Vacuum program to get the vacuum automaton
to start pumping the instrument. Everything should be automatic. Let the automaton follow its
programmed procedure.

You can now put the HV ON.

Via Board, open the Serial Server to connect the Oxygen source. Click on “show console” to make
sure the connection is ok (if not, click on “reconnect”)

In TUNING, open Motor Reset/Setup and click on “Init communication with motor” to reestablish
the communication with the motors.

When the vacuum is restored in all the parts of the instrument, you can start the source and start
working. However, it will take some time for all elements to stabilize (pumping system, source heat,
magnet, etc...).

After a long venting of the instrument, the vacuum will take hours to improve. To restore an optimum
vacuum, which is particularly critical for light element analyses, one might need to bake the system, degas
the titanium filaments and the BA gauges.

Even after a short period of venting, it is recommended not to start high precision analyses right after a
complete stop and start but to wait a few hours. This time however can be used to tune the instrument. In
particular one can:

slowly degas the electron multipliers by raising them up to a few M c¢/s then recheck all PHDs,
slowly restart the cesium source and let it degas/pump down before setting it to full power. It could
generate contamination on the extractor and lead to a re-opening for cleaning it.

Let degas the NEG as it warms up.

Turn up the immersion lens voltage carefully as some debris might fly around during a venting or
pumping. Never force on HVs. It might create arcing marks on insulators leading to a re-opening for
sanding them. Arcs between electrodes and ground can be detected for example when the pressure
rises as HV are raised (without beam on). Raising HVs slowly to burn a dust or reversing the polarity
might cure some insulation problems.

Reset/Init the motors via the Motor Reset/Setup program (see chapter 5.2.10) and the Navigator
program (see chapter 5.3.1.9).

10.1.3 Emergency Stop with EMO and restart

The instrument is equipped with an emergency off (EMO) button. Note that if you can safely shutdown the
instrument following the procedure above, it is always recommended to do a normal shutdown. However,
sometimes a quick stop of all voltage is required, such as fire or a water leak that may cause short circuits.

NanoSIMS 50L users guide_10Aug2020_V1.docx Page 365 sur 410



In case an emergency stop of the instrument is necessary, press the red EMO button. This shuts down all
power supplies to the instrument including the RF source cabinet (i.e. a complete shutdown).

After an EMO shutdown, you need to unlock the EMO button to be able to start the instrument. To do so,
turn the button clockwise. Then follow the regular starting procedure for a “complete start”, as described
in chapter 10.1.2.2.

10.1.4 General lab power failure and restart

In case of a general power failure at the lab, and in the absence of a UPS, the instrument will shut down.
The air compressor will fail as well, causing all the valves to close to preserve vacuum inside the instrument,
except for the valves between airlock and the vessel chamber and between the vessel chamber and the
analysis chamber (see chapter 2.3.3).

If the lab is equipped with a UPS, it will provide power to the instrument for 45 to 60 min. In case the lab
power failure is expected to last, it is recommended to take advantage of this extra time to shut down the
instrument properly, following the “complete stop” procedure above.

Whether or not the instrument has been shut down properly or not, once the power is back up, the
instrument will not restart by itself. You must follow the “complete start” procedure above to restart the
instrument.

10.1.5 Restoring vacuum after a long instrument down time

When the down time of the instrument is relatively short (a few hours to a couple days), the vacuum inside
the instrument will be preserved enough to allow the vacuum automaton to restart the pumping system
following the automatic procedure (see “complete start” procedure above). However, after a long down
time, the vacuum might have degraded too much and when launching the vacuum automaton, the pumps
will stop. In this case, it is required to start the pumps manually.
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From the vacuum synoptics:

- Open the valves between the different chambers (EP9, EP13, EP11 and EP10).

- Switch the vacuum synoptics controls to manual mode in the vacuum synoptics.

- Start the primary pump (PM) until the vacuum reaches around 1.10* mbar at the TC1A gauge.

- Then, you can start the turbo pumps (TP1, TP3 and TP5). The pump icons on the synoptic will blink,
indicating the pumps are starting.

- Once they stop blinking and stay green, you can try and turn on the UVH gauges. If the vacuum is
not good enough, they will turn back off. Keep trying until they are all on.

- Once the vacuum reaches 1.10* mbar on the UHV gauges, you can turn on the ion pumps.

- On Cabinet A, check the ion pump voltages. As the pumps start, it should increase from 1000V to
7000 V. If it does not, stop the pumps and wait for a better vacuum.

- One the ion pumps reach 6500 V, switch on the “protect” mode in the vacuum synoptics. This will
allow for the vacuum automaton to turn off the ion pumps if the vacuum degrades.

- Once the vacuum is restored in the instrument, it is recommended to switch the vacuum synoptics
controls back to “auto”.

- In the vacuum synoptic, click on “FC Start” to pump the pre-amplifier chamber above the multi-
collection

10.2 Opening the storage chamber

In case of a sample dropped or stuck in the storage chamber, it can be necessary to open it. However, keep
in mind that it is a delicate operation and it requires a lifting crane to support the detached airlock+rods
part.

- Turn off the HV from the keyboard.

- Vent the “vessel” chamber from the vacuum synoptic.

- Vent the airlock.
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- Secure the airlock+rods part with straps attached to the crane. Be careful that the weight should
not be supported by the transfer rods, as they are fragile.
- Unscrew the valve cotrol box and the temperature sensor from the

- p~ . —_—
: / 5 P JRaRSY, B
) z ) * .

the airlock.

- Unplug the pumping tube, the power supply and the nitrogen feed from the airlock pump (but leave
the pump in place).

- Unscrew the left side vessel flange supporting the load-lock and the vessel-analysis rod.

- With the help of the crane, slowly move the airlock+turbo+rods part away from the vessel chamber.

- Retrieve your sample. Either put it into place on the carousel or take it out.

- Replace the copper gasket with a new one.

- Carefully reposition the airlock+rods part so that the vessel flange adjusts right against the vessel
chamber. Adjust the crane if necessary. It is important for the flange to be at the right height and
parallel to the vessel chamber.

- Screw back the flange by tightening them progressively, and alternatively on one side then the
other, in order to progressively press the gasket as homogeneously as possible. This will insure the
best airtightness possible.

- Re-plug the pumping tube, the power supply and the nitrogen feed to the airlock pump.

- From the vacuum synoptic, launch the pumping procedure (vessel>pump) and wait for the end of
the process.

- Re-attach the airlock valve control box and the temperature sensor.

- If necessary, bake the vessel chamber (see chapter 10.6.2.1) to restore an optimum vacuum. Make
sure there is no sample left in the vessel before baking.

- Put the HV back on.
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10.3 Opening the analysis chamber

If a sample is stuck or has dropped in the analysis chamber and cannot be removed by the “unload”
procedure, it might be necessary to open the analysis chamber. The procedure is described below. Going
further and dismounting the stage or the immersion lens are not described as they should preferably be
performed by trained service engineers.

- If possible, put the stage in FCo mode (it will move the stage upward, freeing space in the lower
part of the chamber)

- Stop the HV on the keyboard.

- Vent the analysis chamber via the vacuum synoptic (referred as “chamber”) and wait for the end
of the process.

- Unscrew and remove the red cap protecting the FCo cable

j

- Disconnect the cables attached to the front of the analysis chamber: P270 (FCo), P485 (FCo
repeller).

- Unscrew the front flange. Hold it against the chamber so as to not let it fall. Put clean gloves on and

carefully remove the front flange of the analysis chamber.

- With gloves, retrieve your sample. Be careful, as much as possible, not to touch the sample stage
and the different wires and springs inside the chamber.

- When done, replace the copper gasket with a new (unused) one and carefully put back the flange
into place. Make sure the gasket is properly inserted in its groove.

- Screw all the screws by tightening them progressively, and alternatively on one side then the other,
in order to progressively press the gasket as homogeneously as possible. This will insure the best
airtightness possible.

- From the vacuum synoptic, launch the pumping procedure (chamber>pump) and wait for the end
of the process.

- If necessary, bake the analysis chamber (see chapter 10.6.2.1) to restore an optimum vacuum.

- Put the HV back on.
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10.4 Opening the multicollection for ExS exchange and EM/FC
selection on detector #7

For all detectors, the EM/FC or exit slits changes are automated except for the detector 7 which is fixed. To
change the EM/FC or the exit slit of the detector 7, the operator needs to open the multicollection.

10.4.1 Venting the multicollection

- Onthe keyboard, switch of the HVs E] (green light OFF)

- Switch OFF the motorization unit on the front face of the cabinet B

- Fill the dry nitrogen tank or ballon
- Onthe vacuum synoptic window, vent the multicollection only.
- Check the nitrogen volume in the tank during the ventilation and fill it if necessary

10.4.2 Multicollection opening

- Remove the motor cover on the front face by unscrewing the three screws on the front face off the
multicollection
I
1

- Remove all the cables on the flange
- Remove the Faraday Cup thermostatic cover
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- Remove the vacuum tube and the cables
- Unscrew the four small bolts fixing the Faraday cup unit to the multicollection chamber and remove
the Faraday unit

- Unscrew the bolts of the Faraday Cup unit flange and remove it slowly
- Inside, unscrew the ceramic from the chamber and release it slowly in the chamber. A screw
screwed in the middle of the ceramic is helpful to do this operation.

- Unscrew the multicollection flange (the Figure 441 shows the bolts which needs to be
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- unscrewed) from the chamber and leave only one “security” bolt screwed on the top of the flange
- Fix the multicollection table on the chamber by screwing it at the backside of the front face and

check the stability (Figure 440) i

Table fixation screw

MINCO 1502
HR5504R200L12A

Figure 441: Multicollection out of its chamber

Remark: Pull the chamber cautiously and make sure you do not feel any resistance. There could be an
element which has not been unscrewed.

10.4.2.1 EM/FC switch for Detector 7

The detector 7 is held on the trolley which is the closest to the multicollection flange (high radius). To
change the EM/FC position, follow this procedure:
- Prepare the dedicated tool:

|-

- ticthe EM and FC position marks on the detector (Figure 442)
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EM position

Centre of the detector entrance

FC position

Figure 442: EM/FC Trolley

- On the top of the detector, notice the EM/FC switch screw head (Figure 443)

q IF

Figure 443: EM/FC manual switch for the trolley#7
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Move the detector position with the tool by screwing or unscrewing (Figure 444: EM/FC switch tool
use for the trolley 7

Toward FC position

A
Figure 444: EM/FC switch tool use for the trolley 7

Align the center of the detector entrance with the EM or FC mark (Figure 442).

10.4.2.2 Exit Slit switch for Detector 7

To change the exit slit at the entrance of the detector, lift the brass stick up or lower it (Figure 445).

Figure 445: Exit slit manual change for the trolley 7

When moving the brass stick, you can feel notches. Each notch corresponds to an exit slit. Stick in the upper
position: the biggest exit slit is used. Slit in the lower position: the smallest exit slit is used.
Reminder of the standard slit sizes on the NS50L:

100 um X 2400 um (lowest position), 70 um X 2400 um and 40 um X 2400 um (upper position).
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10.4.3 Re-pumping the multicollection chamber

To restore the vacuum in te multi-collection chamber, on the vacuum synoptic, select “multicollection” and
“pump”. Wait for the process to stop.

It is also necessary to repump the pre-amplifier chamber: on the vacuum synoptic, under “FC”, click on
“Start” to launch the pumping. Once done, it is recommended to do a “FC Calib” (In Tuning > FC Calib, see
chapter 5.2.11 for details)

If the multicollection chamber stayed opened too long, a baking might be necessary to get a vacuum in the
10° mbar range : refer to chapter 10.6.2.2 for the baking procedure.

Note that it is recommended not to start high precision analyses right away after a multicollection venting,
as the instrument usually take a couple hours to stabilize. However, this time can be used to tune the
instrument, degas the EMs by raising progressively the count rate and recheck their PHDs, etc...

10.5 Titanium Sublimation

10.5.1 The Titanium Sublimation Pump controller

The Titanium Sublimation Pump (TSP) is operated via the vacuum synoptic and via a controller, located on
Cabinet 1 (Figure 447). The Ti sublimator is generally used as a complement to ion pumping for reaching
UHV. It is used more frequently at high pressures to help obtaining a good vacuum and is then less
frequently used at lower pressures. The sublimation intervals can be defined on the controller.

The TSP is equipped with three Titanium filaments located inside the ion pump below the analysis chamber.
A current will periodically go through the selected filament in order to heat it and sublimate Ti onto the
walls of the ion pump. Fresh Ti being very reactive, it will form chemical compounds and thus fixate
molecules (mostly H,O, CO, CO, and O3) improving the analysis chamber’s vacuum without rejecting
anything outside.
Each filament is consumed progressively until it is time to switch to the next. A degassing procedure is
necessary before first use of the filaments (see below.)
A typical sublimation sequence happens as follow:

- afirst degassing (increase of pressure),

- apumping period (decrease of pressure)

- then a re-increase of pressure (degassing all around due to the heat). It is time to stop the

sublimation.

This process typically last less than a minute. The Ti layer will now pump until it is fully reacted (this can last
several days under a P < 5.101° mbar, requiring a less frequent sublimation).

From the vacuum synoptic, the user can turn ON or OFF the sublimation routine (Figure 446). Note that this
can only be done in Manual mode and must therefore be handled with caution by an experienced user.
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Figure 446: Stop or Start the TSP from the vacuum synopic

The TPS controller allows the user (Figure 447):
- to control the settings of the automatic sublimation routine (periodicity, duration and intensity)
- select one of the three filaments available and display the state of the filaments.
- Launch/stop manually a sublimation.

Figure 447: Titanium Sublimation Pump controller

To adjust the settings of the automatic routine:
- Click on “Set”. The ID of the filament currently selected will appear on the TSP controller screen

|

- Click on the up/down arrows to select the parameter to adjust. There are three parameters
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a. SUBL. PERIOD: interval between two sublimations. When the high vacuum is established, a
period of 32 hours is recommended.
b. SUBL. CURRENT: current intensity during the sublimation. Usually set at 42 A.
c. SUBL. TIME: duration of a sublimation. Set at 1 min.
- Toselect the parameter to adjust click on “Set”. You will notice that the arrow symbol on the screen
moves from the right side of the first line, to the left side of the second line, indicating the value of

the selected parameter can now be adjusted.
ET = : - = —_—

- Then click on the up/down arrows to adjust the parameter.
- Click on set to validate the change and go back to the upper menu.

Note that the “Mode” should always be set in “Manual”. This Automatic/ Manual mode option of the TSP
controller is distinct from what we call automatic routine and manual sublimation. The Manual mode means
that the TPS controller is controlled by the Vacuum automaton (in particular, it will prevent sublimation
during analyses). In Automatic Mode, everything is controlled by the TPS controller and it will not allow the
vacuum automaton overrides.

Filaments: The controller also shows the state of the 3 filaments in the TSP:
- LED ON: selected filament.
- LED OFF: filament not selected
- LED blinking: broken filament. Needs replacement.

For a good use of the filaments, it is recommended to regularly switch the selected filament (every month
or so), as unused filaments are getting clogged by the other filament’s regular Ti sublimation. Each filament
will last several months. Replacement of the filament set (see below) will be necessary every year or so.

10.5.2 Maintaining an optimum vacuum, manual sublimation

To maintain an optimum vacuum in the analysis chamber, it is recommended to use the Titanium
Sublimation Pump (TSP). When the vacuum is established (< .10° mbar in the analysis chamber), the
sublimation is set to trigger every 32 hours and lasts one minute. If for any reason, the vacuum in the
analysis chamber is not optimum, it is possible to do a manual sublimation. Usually, a single sublimation is
enough to improve the vacuum.

This manual sublimation can be useful in particular when introducing a degassing sample in the analysis
chamber (sample not perfectly dried, or embedded in not-cured resin) or when an optimum vacuum is
required (analysis of atmospheric elements).

To manually start a sublimation, go to the TSP controller, located on Cabinet 1, and click on “Sublimation

On-Off”. Use the arrows to display “Start ? Yes” on the controller screen and click on “set” again to confirm.
You can always click on “Sublimation On-Off” to interrupt the sublimation.
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10.5.3 Restoring the vacuum

After a maintenance operation requiring to open the instrument, or a power failure that degraded the
vacuum in the instrument, it can be useful to adjust the sublimation program to set a more frequent
sublimation. If the pressure in the analysis chamber is between 10°® mbar and 5.10° mbar, it is
recommended to set the sublimation between two-hour and several hours interval, until a good vacuum is
restored in the analysis chamber (< .10 mbar). Then a sublimation every 32 hours should be enough to
keep a good vacuum in the chamber

10.5.4 Changing the filaments

Three filaments are attached to the TSP cartridge but only one is used at a time, when one fails the next
one starts automatically. When all the filaments are broken, it is necessary to change them.
CAUTION 1: Titanium flakes are flammable and may spontaneously ignite when exposed to air. Do not clean
flakes with a vacuum cleaner or leave the flakes in contact with any flammable materials. Flakes should be
stored in a metal container until they can be disposed of.
CAUTION 2: Titanium flakes easily fly around during venting or re-pumping. They can relocalize near a HV
feedthrough or polarized electrode, inducing electrical arcs. Hence a slow venting with a low nitrogen flow
is always recommended.
- Turn off the HV on the keyboard. Vent the Analysis Chamber through the Vacuum Synoptic window.
- From the back of Cabinet A, switch off the TSP controller via the main power button located at the
back (Figure 448):

Figure 448: back of the TSP controller

- Remove the NanoSIMS black cover panel (Figure 449, A) in order to see underneath the Analysis
chamber ion pump (B) and unplug the TSP cartridge supply cable.

Figure 449: unmounting the TSP cartridge

- Unscrew the cartridge nuts and bolts (Figure 449, C, then D). Hold the cartridge during this process
in order to avoid the cartridge flange falling down.
- Lower the cartridge very carefully until it is completely removed (Figure 450).
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Figure 450: Ti filament cartridge

Loosen the golden screws (Figure 451, A) with the 8-32 Allen key provided in the Agilent kit and use
the special Spline key and loosen the screws that pinch the filaments (B).

Figure 451: Unscrewing the Ti filaments from the cartridge

Remove the filaments and replace them by new ones. Re-tightens the golden screws. Be careful
that the three filaments are spaced properly and do not touch.

Use a new copper gasket CF35 and put it on the cartridge feedthrough.

Carefully insert the cartridge into the ion pump and orientate it in order to get the TSP power cable
oriented as you want.

Tighten the nuts and bolts.

Pump inside the Analysis chamber

Plug the TSP power cable back into the connector.

10.5.5 Degassing a new set of filaments

Once the new set of filaments is in place, it is necessary to degas them before their first use. To degas the
filaments, follow the procedure below:

Select filament 1
Set the sublimation settings as follow:
a. Sublimation period: 30 min
b. Sublimation time: 1 min
c. Sublimation current: 30 A
Click on Sublimation On-Off and start a sublimation
Check the pressure in the analysis chamber (gauge UVH1A). When the pressure increases beyond
2.10° mbar, stop the sublimation (click on sublimation On-Off), and let it decrease.
When the pressure is below 107 mbar, start a new sublimation.
Repeat this process until it is possible to run a full sublimation (1 min) while keeping the pressure
below 2.10°.
When this is done, repeat the process for filaments 2 and 3.
Once all 3 filaments have been degassed at 30 A, put the sublimation current at 35 A and repeat
the degassing process for all three filaments at 35 A.
Then repeat the operation for all three filaments at a current of 40 A
And finally, repeat the operation for all three filaments at a current of 45 A.
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When the degassing process has been achieved for the three filaments, put back normal settings (32
hours period, 1 min sublimation time, 42 A)

10.6 Instrument baking

10.6.1 Introduction

The NanoSIMS is an instrument working under high vacuum. The analysis chamber vacuum must be kept
as low as possible for obvious sample contamination reasons (especially for H, C, N, O analysis and all
hydride, carbide, oxide, nitride peaks creating mass interference and risks of detection limit degradation).
After a proper baking allowing the degassing of the vessel and other internal surfaces, the continuous ion
pumping and regular titanium sublimation pumping should maintain the vacuum below 5 E-10 mbar level
in the analysis chamber.

But vacuum can be degraded easily, e.g. (and not limited to!):
- if the user introduces degassing samples (non-UHV-compatible embedding resin, polymers-
lubricant-oils, hydrated samples, porous samples),
- if the user touches the sample holder or samples with skin or dirty gloves/tools,
- if the user does not respect transfer vacuum thresholds,
- ifthere is a leak or degassing part left inside or a Viton gasket is used,
- After opening the analysis chamber for maintenance (e.g. cleaning of the immersion lens).

In such cases a baking is necessary in order to restore real UHV (after solving the problem if any).
Without sample inside and without ion sources off the NanoSIMS should stay typically under 5 E -10 mbars.
Applying baking, degassing and Ti sublimation, and introducing only degassed, clean sample holders from
a low vacuum storage chamber it is possible to stay in the low E-10 or enter the E-11 mbar range.

For baking, the CAMECA NanoSIMS 50L is equipped with heater bands and heating resistors which can be
independently activated, to bake certain parts of the instrument: (1) the vessel storage chamber, (2) the
analysis chamber and the central column, and (3) the multicollection. This operation can improve the
vacuum in the instrument and is often necessary when parts of the instruments have been vented.

10.6.2 Preparation

Before starting baking, the electronics must be turned off, unless only the multicollection chamber is being
baked.

10.6.2.1 Baking the vessel, analysis and central chambers

Baking of the main parts of the instrument for 12 hours is mandatory after every maintenance that required
to open the instrument. It is also recommended to bake the instrument for a few hours if the vacuum does
not seem to go down to expected value (around 5.101° mbar in the analysis chamber when empty). If the
instrument has been left opened for over a day, it might be useful to do a 48 hour baking in order to restore
optimum vacuum conditions (< 5.10"2° mbar). Make sure there is no sample inside the vessel or the analysis
chamber during the baking of these parts.

The load-lock is not bakeable.

- Stop the electronic as described in 10.1.1.1
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- Inthe vacuum synoptic window, in the baking options, check ANALYSIS (analysis chamber + central
column) and/or VESSEL (vessel chamber) and/or MULTI (multicollection) accordingly (Figure 452):

BAKING CONTROL
Duration (h}
MAIN |OFF
e
V| VESSEL
Time Remaining
ANALYSIS
OhOm
[ MuLm
Delay {h}
LAST BAKING o s

Date SWH2017 1:38:1TPM
Duration zsked :42h
VESEEL:ON

ANALYSIS : ON

Figure 452: bottom left part of the Vacuum synopic

- Select a baking time in “Duration” and, a start delay if needed in the “Delay”.
- Start the baking by selecting ON in the MAIN list box

10.6.2.2 Baking the multicollection chamber only

Baking of the multicollection chamber for a dozen hours is mandatory after any maintenance that required
opening the multicollection chamber.

A good vacuum in the multicollection will reduce ion scattering and contribute to a low background noise.
As seen before carbon contamination on the last dynode of EMs is a degrading factor to pulse counting
stability. Hence maintaining the multicollection vacuum below 10 mbar is important.

[™
- Switch off the HVs on the keyboard. -

- In the vacuum synoptic window, in the baking options, check the MULTI box and uncheck the
ANALYSIS and VESSEL boxes:

BAKING CONTROL
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= a
VESSEL
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Figure 453: baking control section of the Vacuum synoptic.

- Select a baking time in “Duration” and add a delay if necessary.
- Start the baking by selecting ON in the MAIN list box
Note: for more information on the baking control, refer to 5.10.1

10.6.3 Restarting the instrument after baking

10.6.3.1 After baking the vessel, analysis and central chambers

- Let the instrument cool down approximately 12 hours after the end of the baking.
- Turn ON the electronic —see 10.1.1.2

- Put the HV back on and apply the Presets to activate the HV in the instrument (see 9.1.4)
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The instrument is now ready to be used.
Note that it is recommended not to start high precision analyses right away, as the instrument usually take
a couple hours to stabilize. However, this time can be used to tune the instrument.

10.6.3.2 After baking the multicollection only

- Let the instrument cool down approximately 12 hours after the end of the baking.
- Inthe Vacuum window, check that all the safeties are ON (green)

FRIM

O
SECOND O
O

SAMPLE

Switch the HVs ON u (green light is on) on the keyboard.

Apply the Presets to send back the HV values to the instrument (see 9.1.4)

The instrument is now ready to be used.

Note that it is recommended not to start high precision analyses right away, as the instrument usually
take a couple hours to stabilize. However, this time can be used to tune the instrument, degas the EMs
by raising progressively the count rate and recheck their PHDs, etc...

10.7 Cs+ Source

10.7.1 Source trouble-shooting

Low current: If the current read in FCp is too low but stable, start by gently increase the reservoir by 0.05
mA increments. The current should increase. Wait a few minutes between increments to let the source
stabilize. If the reservoir value reaches 0.5 mA and the current is still too low, it is time to replace the Cs
carbonate.

Unstable current: If the current is unstable, it is possible that some Cs deposit is obstructing the source.

It is possible to try to clean it without opening the instrument. To do so, put the Cs source in Standby mode
(see chapter 5.4.2) overnight, with HV ON. This will put the Reservoir heating to zero, while keeping the
lonizer heated and extracting the Cs+ ions.

High leak current (and unstable current): the extractor has probably been contaminated by too much
cesium deposition, due to poor vacuum conditions or a repeated switch between O and Cs sources, causing
the formation of some Cs hydroxide or other compounds. When the positive source HV is applied to extract
Cs+ ions from the source, it can extract electrons emitted from the Cs-coated extractor edges or particles
toward the source which can be seen as a (false) ion emission current. Often it is necessary to open and
clean the extractor.

Such problem can also occur when heating the reservoir too much without heating the ionizer enough:
cesium is then evaporated but not ionized. Similarly, it can happen also when running the source without
polarizing it with HV (= without extracting the Cs ions).

Finally, this can happen when heating too fast a newly-mounted ionizer: a burst of degassing could coat the
extractor.
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No heating current (reservoir or ionizer): A filament in the source may have broken. Heat or incorrect
mounting of a filament may have cause it to deform, causing to touch the source body.
To test this, stop the source. Let it cool. Disconnect cables and test with an ohmmeter:

- the good isolation between each filament pin of the feedthrough and the source body. See Figure 454:
source filament feedthrough.: pins 1 and 2 are connected to the ionizer filament. Pins 3 and 4 are connected
to the reservoir filament.

It should be several M Q. If it shows 0 Q, the filament is in contact with the source body.

- the continuity of each filament. The resistance should be a few Q. If it is at zero, there is a short-circuit,
the filament is touching the source body. If it shows an infinite resistance, the filament is broken.

Note that if the ohmmeter doesn’t show anomalies but there is still current in the source, then the problem

probably comes from the source chassis (possibly a broken fuse).
; = - ». -

— —

Figure 454: source filament feedthrough.

10.7.2 Source disassembly

10.7.2.1 Removal of Wien Filter and Cs+ source from the chamber

When a maintenance is needed on the Cs+ source, it is important to turn it off and wait for 45 minutes
before venting it. Then, follow this procedure:
- Turn off the HV via the keyboard.
- On the vacuum synoptic window, vent the source only, by clicking on “source” in the menu on the
right, and select “vent” (Figure 455)
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Figure 455: vacuum synoptic window

Put the magnetic field to a low value (200 gauss or below)
Close the water circuit for the physical part (Figure 456 and cooling circuit of figure 2.3.6)

Close the water valve
to the physical part

Figure 456: valve for the water circuit.

Purge the water remaining in the pipes via the purge valve on the fluid panel at the rear end of the
instrument (Figure 457).

Figure 457: water purge valves

Disconnect the Cs source water circuit from the rest of the water circuit by connecting the two water
plastic tubes from the Cs source together and the two tubes from the rest of the instrument together.
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Figure 459: Source chamber side panel. All cables have been disconnected and it can now be unscrewed and removed

Turn the gonio clockwise till the end (position 1.0)

Unscrew and remove the Wien filter (Figure 458 (b,c)).

Move the source to its exit position by turning the gonio anti-clockwise till the 3.0 mark.
- Remove the Cs+ assembly by unscrewing it.
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CAUTION: Always use clean gloves/tools to touch inner parts ! Rapidly cover opened flanges with clean
aluminum paper to limit entrance of dust, particles or moisture.

10.7.2.2 Cs+ source cage disassembly

To access the extractor, the filaments avnd the Cs+ source, position thg source like on Figure 460:

Figure 460: Cesium source block, detached from the primary column

The Cs+ source is included in a cage we need to separate it from the rest of the mechanism:
- Remove the HV ceramic locker by unscrewing the two screws: Figure 461a).
- Unscrew the central HV screw and release the HV ceramic: Figure 461b)

Figure 461: unscrewing the HV the ceramics
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- Remove ionizer & reservoir current cable locker by unscrewing the two screw: Figure 462a.
- Remove ionizer & reservoir current ceramic screws, remove carefully the ceramlc Flgure 462b.

Figure 462: unscrewing the ionizer and reservoir current ceramics.

- Unscrew the five fixation screws on the top of the cage.

Figure463: fixation screws on top of the Cs source cage

- Unscrew the four fixation screws under the cage (Figure 464).

i

{/

did

F/gure 464 bottom of the fixation cage
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- Remove the cage from the rest of the mechanism (Figure 465).

Figure 465: cage separated from the rest of the source mechanism .

CAUTION: Always use clean gloves/tools to touch inner parts ! Rapidly cover opened flanges with clean
aluminum paper to limit entrance of dust, particles or moisture. Do not touch ceramics with metallic tools
with the risk of creating leakage paths. Cleaning ceramics can be done by sanding them, followed by
alcool/acetone cleaning and drying.

10.7.3 Extractor cleaning
When the primary Cs+ beam is not stable or the image shows vibration, it is most of time because the

extractor is dirty. The operator can clean it easily by following this procedure:
- Unscrew the three fixation screws and remove the extractor.

2y

Figure 466: separation of the extractor for cleaning

- Clean the extractor with alcohol and a clean tissue.
- Place the source cage on its support.
- Position the extractor without screwing it (Figure 467 a).
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Figure 467: centering of the extractor on the Cs source

- Place the centering microscope on the top of the rest (Figure 467, b).

- By looking on the lens, focus the hole of the Cs+ ionizer.

- Use the three screws to center the black-cross (visible in the microscope optic) on the hole of the
ionizer).

- Screw the three fixation screws strongly.

- The extractor is now centered.

10.7.4 Cs+ Source replacement

After some time using the Cs* source (typically 3-4 months), the primary current becomes too low and
cannot be restored by increasing the reservoir current. The source then probably needs to be replaced.
Note that it can be useful to place the new source for a night or more in the airlock to help it degas in the
vacuum, prior to this operation. This will shorten the degassing procedure later.

To replace the Cs* source, follow the procedure below:

- Remove the Cs+ cage (see 10.7.2.2)
- Unscrew and remove the extractor

- Turn the source upside-down with caution and unscrew the five fixation-screw on the top of the
cage
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- Separate the source support and the cylinder of the cage and put the source back to its upward
position.

- Release the heating separator ring by unscrewing the screw (screw 1) on the side and pull out the
separator

screw
Heating separator

- Unscrew the Cs+ source (screw 2) and remove it

screw

- Put the new Cs+ source in without tightening the screw.

- Place the positioning tool allowing to give the good distance to the source. Carefully turn the source
upside-down and ensure the top of the ionizer is touching the top of the gauge tool. Tighten the
screw (screw 2) to old the source in place.
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- Put the source back in its upward position and remove the gauge tool.
- Put back the heating separator plate and screw it, but not too much.

screw
Heating separator

- If changing the filaments, see chapter 10.7.6. Otherwise, continue below:

- Attach the source’s cage to the source’s body and place the source cage on its support.
- Position the extractor without screwing it (Figure 467 a).

- Place the centering microscope on the top of the rest (Figure 467, b).
- By looking through the lens, adjust the focus on the hole of the Cs+ ionizer.
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Use the three screws to center the black-cross (visible in the microscope optic) on the hole of the
ionizer).

Screw the three fixation screws strongly.

The extractor is now centered.

10.7.5 Cs+ outgassing and restarting

Note that in order to help the outgassing of a new source, it can be useful to put the new source in the
airlock for a night, with the airlock light at 75%, before installing it and proceeding to the following
sequence.

10.7.5.1 Outgassing of a new source

After remounting the source and once the vacuum has been restored in the Source chamber, it is important
to properly outgas the source before use:

You must be in “Cs” mode in the Source window, and the goniometer must be set in Cs position.
Put the HV ON on the keyboard so that you can read FCp.

In the vacuum synoptic put the control in “manual” mode (this will temporarily disable the security
in order not to stop the source during the degassing process).

Open the vacuum recorder to monitor the vacuum in the source chamber (display UVH2B).

In the Source window, put the source HV at 500 V.

Increase the ionizer current up to 0.1 mA. Pressure in the source chamber will increase. Wait for it
to stabilize and decrease again.

Progressively increase the ionizer current by steps of 0.1 mA until you reach 1.6 mA while keeping
an eye on the pressure in the source chamber. If the pressure reaches 1.10” mbar, wait until the
pressure decreases again before incrementing the ionizer current.

Decrease the ionizer current to 1.0 mA and wait for the pressure to go down to 1.10® mbar.
Increase the source HV by increments of 1000 V up to 8000 V while keeping an eye on the pressure
in the source chamber. If the pressure reaches 1.10° mbar, wait until the pressure decreases again
before incrementing the HV.

Once at 8000 V, wait for the pressure to decrease to 1.10°® mbar, then increase the ionizer current
to 1.7 mA.

Put the reservoir current at 0.05 mA, and wait for the pressure in the source chamber to stabilize.
Once the pressure starts going down (and it well below 10 mbar), put back the controls in auto
mode in the vacuum synoptic so as to put back all the securities.

If necessary, increase the reservoir current by steps of 0.05 mA to reach your usual working primary
beam current in FCp (usually around 50 nA).

10.7.5.2 Starting the source after a maintenance

After outgassing a new source, or after a source maintenance that did not require a change of the source,
it is recommended to start the source manually and gently the first time.

The starting pressure, with the source OFF, should be < 10°® mbar. Always keep an eye on the pressure, it
should not exceed 10 mbar. If the pressure increases too quickly, wait or go back to the previous step.

In the source window, put the HV at 4000 V.

Increase the ionizer emission current by increments of 0.2 mA until you reach 1.6 mA.
Increase the HV to 8000 V.

Increase the reservoir by increments of 0.01 up to 0.05 mA.
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- Check FCp, you should start seeing current. Adjust the gonio to optimize the current in FCp, if
necessary.

- Increase the ionizer emission current to 1.7 mA.
- Increase the reservoir step by step until you reach the desired FCp current (usually around 50 nA)

10.7.6 Cs source filaments replacement
One filament heats the ionizer by electron bombardment and a second one heats the reservoir. Because

filaments are heated and cooled often, they can sublimate, recrystallize, break or deform and need to be
changed about once or twice a year.

Follow the instructions as described in chapter 10.7.2 . to dismount the source, then proceed as follow:

10.7.6.1 lonizer filament replacement

- Remove the Cs+ cage (see 10.7.2.2)
- Unscrew and remove the extractor

- Turn the source upside-down with caution and unscrew the five fixation-screw on the top of the
cage

- Separate the source support and the cylinder of the cage and put the source back to its upward
position.

- Loosen the screws holding the ionizer filament and cautiously remove the filament. Be careful when
handling the filament, as after a long use, filaments become thin and brittle.
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lonizer filament

lonizer filament screws

If you are only replacing the lonizer filament, follow the instructions below. If you need to replace
also/only the reservoir filament, see the next chapter.

Prepare the new filament by folding the two tips with this configuration

Position the filament like showed in the following picture, perfectly centered around the ionizer.
Once centered, very slightly push the filament away from the extractor, so that when heated the
filament does not come in contact with the extractor. The source being vertical, the filament has a

tendency to move down with time.

OFF
CENTERED

correct wrong wrong

TOO LARGE

Tonizer

Delicately tighten the two filament connections while making sure the filament doesn’t move.

lonizer filament

lonizer filament screws

- Assemble the source support and the cylinder of the cage
Page 394 sur 410



- Put the extractor back and realign it (see chapter 10.7.3)

- Follow the instructions from chapter 10.7.2 in reverse order to reassemble the source and put it
back on the instrument.

10.7.6.2 Reservoir filament replacement

The reservoir filament rarely breaks on its own, this operation is rather infrequent. If the reservoir filament
needs to be replaced, disassemble the source up to the point described in the previous chapter.

After you have unmounted the source and removed the ionizer filament (note: a used ionizer filament
might break during this step so be sure to have a new one available just in case).

- Release the heating separator ring by unscrewing the screw (screw 1) on the side and pull out the
separator

screw
Heating separator

- Then, unscrew and remove the separation plate between the ionizer and the reservoir
»

—— v
?
B
o~

- Loosen the screws holding the filament and remove the filament.

Reservoir filament screws

Reservoir filament

- Prepare the new filament by folding the two tips with this configuration
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Position the filament like showed in the following picture, perfectly centered around the ionizer.
Once centered, very slightly push the filament away from the intermediate shield, so that when
heated the filament does not come in contact with it. The source being vertical, the filament has a
tendency to move down with time.

SHORT-

GOOD WRONG

WRONG

TOO TIGH

Reservoir

Delicately tighten the two filament connections while making sure the filament doesn’t move.

Put back and screw the separation plate, as well as the heating separator ring

Put back the ionizer filament as detailed in chapter 0

Assemble the source support and the cylinder of the cage

Put the extractor back and realign it (see chapter 10.7.3)

Follow the instructions from chapter 10.7.2 in reverse order to reassemble the source and put it
back on the instrument.

10.7.6.3 Degassing the source after a filament replacement

After remounting the source with a new filament, similarly to when changing source, you must degas it.
Follow the procedure described in 10.7.5. If you changed a filament (or both) but did not change the
ionizer, you can shorten the advised waiting time, as long as the pressure remains under 10° mbar.

10.7.7 Considerations during re-assembly of the source

When reassembling the source, there are two main points that require caution:

The half-moon ceramic must be put in place correctly and lugs on the half-moon ceramic must
neither touch one another, nor should they touch the inox cooling system surrounding the ceramic.
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- When putting back the HV ceramic, you must not push it too far. The picture below shows the right
position of the ceramic.

10.8 RF-plasma oxygen ion source

The RF-plasma has replaced the duoplasmatron source due to a higher brightness, better long term stability
and minimum maintenance/cleaning.

10.8.1 Coolant and cooling system

The RF source is cooled via a separate cooling circuit filled with galden. The galden circuit is a closed system
and is cooled by the water circuit through the RF source chassis (see chapter 2.3.6). Always use the specific
galden referred by Cameca and NEVER put water inside the galden circuit. The galden amount in the circuit
is constant. It is important to keep the right quantity of galden in the circuit, as galden will expend when
heated by the operating source, and then retract when the source cools off after being shut down. Too
much galden might thus cause an overflow of galden, while a low level of galden might cause an insufficient
cooling of the source, and then damage it.

Regularly check the galden level. When the source is off and cold, the galden level in the source reservoir
should be mid-height of the glass (Figure 469).
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Galden level =

—
Figure 469: gladden level in the RF source reservoir, when the source is off and cool.

10.8.2 Source disassembly/cleaning

The user should not, at any time, try to dismantle the RF source. In case of malfunction, it is advised to
request an intervention from Cameca engineers. In addition, it is recommended to have the RF source
serviced by Oregon Physics after about 2500 hours of use.

10.8.3 Galden circuit proper connection

It is primordial that the galden flows correctly in the circuit connecting the source and the cooling water.
Figure 470 shows the proper connection of the galden suppy tubes to the source at one end and to the heat
exchange unit at the other end. The cool galden comes out of the cooling system (located in the RF source
cabinet) via the “source out” port. The tube, labelled by a blue tape, connects to the RF source body at the
bottom. The galden warmed by the source comes out of the source body via the port on the side at the top
of the source body. The tube, labelled by a red tape, connects to the heat exchange unit via the “source in”
port.
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MUST BE MOUNTED

Asove o heat exchange unit
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HEAT EXCHANGE UNI

COOLANT IN FROM
HEAT EXCHANGE UNI

Figure 470: connection of the galden cooling circuit to the RF source body.

10.9 Replacing a turbo pump

10.9.1 Replacing the airlock Agilent V84 turbo pump (TP1)

- Vent the airlock and wait for the end of the venting process,
- Unscrew the cooling plate at the bottom of the turbo pump. You do not need to stop the cooling
circuit.

- Disconnect the venting line (yellow tubing)
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- Disconnect the rough pumping line by unscrewing the gasket clamp. Leave the gasket on the bellow
tube and cover it with an aluminum foil

- Disconnect the turbo pump control cable

- Separate the pump from the instrument by removing the four clamps holding it. Cover the gasket
with aluminum to keep it clean.

- Remove the dry nitrogen venting line inlet connection (nylon gasket) from the old pump and place
it on the new pump. If it’s damaged, replace it with a new one. Carefully tighten it to avoid leaks.
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- Remove the grid from inside the old pump and place it in the new pump. Be carefully that the grid
should not touch or rest on the rotor blade.

- Place the gasket on top of the new turbo pump. Add a small amount of vacuum grease (Apiezon)
on the rubber part of the gasket if it is too dry.

- Install the pump on the instrument and hold it with the clamps. Be aware of the positions of the
different inlets and position the pump accordingly. Tighten the clamps.

- Attach the control cable

- Attach the bellow and its gasket clamp to the pump. Add a small amount of vacuum grease
(Apiezon) on the rubber part of the gasket if it is too dry.

- Reconnect the dry nitrogen venting line (yellow tubing)

- Screw the cooling plate into place.

- To establish communication with TP1, go to the vacuum synoptic and select the manual control
mode. Start TP1. Wait 5 seconds and Stop TP1. Click on “read status” to refresh the window and

make sure TP1 appears stopped (orange cross)
- Put the synoptic back to automatic mode and launch the pumping of the airlock.

10.9.2 Replacing the Source chamber Agilent V84 turbo pump (TP5)
- Vent the source chamber via the vacuum synoptic and wait for the end of the venting process.

- Dismount the source turbo pump from the elbow by unscrewing the clamps. Cover the gasket and
top of the pump with aluminum foil.
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- Unscrew the cooling plate at the bottom of the turbo pump. You do not need to stop the cooling
circuit.

- Disconnect the venting line (yellow tubing)

- Disconnect the rough pumping line by unscrewing the gasket clamp. Leave the gasket on the bellow
tube and cover it with an aluminum foil

- Disconnect the turbo pump control cable

NanoSIMS 50L users guide_10Aug2020_V1.docx Page 402 sur 410



Remove the dry nitrogen venting line inlet connection (nylon gasket) from the old pump and place
it on the new pump. If it’s damaged, replace it with a new one. Carefully tighten it to avoid leaks.

Remove the grid from inside the old pump and place it in the new pump. Be carefully that the grid
should not touch or rest on the rotor blade.

Place the gasket on top of the new turbo pump. Add a small amount of vacuum grease (Apiezon)
on the the rubber part of the gasket if it is too dry.

Install the the pump on the instrument and hold it with the clamps. Be aware of the positions of
the different inlets and position the pump accordingly. Thighten the clamps.

Attach the control cable

Attach the bellow and its gasket clamp to the pump. Add a small amount of vacuum grease
(Apiezon) on the rubber part of the gasket if it is too dry.

Connect the dry N2 venting line (yellow tubing)

Screw the cooling plate into place.

To establish communication with TP5, go to the vacuum synoptic and select the manual control
mode. Start TP5. Wait 5 seconds and Stop TP5. Click on “read status” to refresh the window and

make sure TP5 appears stopped (orange cross)
Put the synoptic back to automatic mode and launch the pumping of the source.

10.9.3 Replacing the multicollection Agilent TV551 turbo pump

Vent the source chamber via the vacuum synoptic and wait for the end of the venting process.
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For this pump, you need to interrupt the water circuit. You must then put the magnetic field value
to 0 in the Tuning window and switch off the magnetic field chassis:

Stop the water circulation by closing the taps.
Disconnect the water tubes (green) from the turbo pump. To do so: push the tube to disconnect
into the connector, hold the ring toward the connector and pull the tube.

Remove the venting line (below). Unscrew the clamp and put an aluminum foil on it to protect it
from dust.

Venting line below

Gasket to disconnect

EP15 valve

Disconnect the rough pumping line by unscrewing the gasket clamp. Keep the gasket attached to
the below and cover it with aluminum.
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- Disconnect the turbo pump controller cable
- Remove the pump from the dampener by unscrewing the bolts and nuts.

- Unscrew the venting inlet and the rubber or nylon gasket and install it on the new pump. Replace
the gasket if it appears damaged. Carefully tighten the inlet to avoid leaks.

- Remove the grid from inside the old pump and place it in the new pump. Be carefully that the grid
should not touch or rest on the rotor blade.

- Remove the cooling kit from the old pump and place it on the new one. Unscrew the screws and
don’t forget to transfer the seal.
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Put a new copper gasket on top of the new turbo pump and install the pump on the damper. Be
aware of the positions of the different inlets and position the pump accordingly. Tighten the bolts
and nuts.

Plug in the controller cable.

Attach the rough pumping below and gasket with the gasket clamp. Add a small amount of vacuum
grease (Apiezon) on the rubber part of the gasket if it is too dry.

Re-connect the dry N2 venting line. Add a small amount of vacuum grease (Apiezon) if the rubber
part of the gasket is too dry.

Reconnect the water tubes and open the taps.

To establish communication with TP3, go to the vacuum synoptic and select the manual control
mode. Start TP3. Wait 5 seconds and Stop TP3. Click on “read status” to refresh the window and

make sure TP3 appears stopped (orange cross)
Put the synoptic back to automatic mode and launch the pumping of the multicollection.

10.10 Changing a UHV gauge filament

It is necessary to change a UHV gauge when

its controller displays the following errors:
e EO4 (short cut on the filament)
e EOS5 (filament cut)
e EOG6 (grid grounded)
When the pressure reading is wrong and/or unstable (and a leak has been ruled out).

To change a gauge filament, proceed as follow:

Vent the chamber whose gauge is faulty, and wait for the end of the venting process
Uncrew the UHV cable connecting the gauge. Be advised that the gauge feedthrough and housing
may be hot.

Unscrew the six nuts on the rim of the gauge feedthrough.
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Figure 471: UHV gauge flange external view

There are five feedthroughs:

The central one is connected to the ion collector (attracting all positively ionized molecules within
the volume defined by the grid).

The three close to each others, are connected to the two filaments (the middle pin being common
to both). They are generating electrons to ionize the residual gas within the grid space.

The isolated one on the opposite side is connected to the grid (accelerating the electrons emitted

by the filament toward the ionization space defined by the grid).

Put clean gloves and carefully remove the gauge from the instrument. Place it on the table. Be
careful not to break the pins or the gauge, they are fragile.

Cover the opening of the instrument with an aluminum foil to prevent dust.

Unscrew the 2 screws on each of the 3 feet of the filament kit and gently pull out the filament kit
with the broken filament.

Tighten the screws and make sure that the filaments do not touch the gate.
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- Replace the copper gasket with a new one and put the gauge back on the instrument.
- Be mindful of the orientation: To have the gauge cable coming from under the gauge, put the three
filament pins on the right side, as shown on the picture below.

e

f you want the orientation of the gauge
cable to the bottom. the three pins on the
feedthrough are on the right-hand side.

- Screw the gauge
- Plug the cable back
- Launch the pumping of the chamber via the vacuum synoptic and wait for the end of the process.

NanoSIMS 50L users guide_10Aug2020_V1.docx Page 408 sur 410



10.11 Tuning the pneumatic antivibration system

If you notice vibrations on your images (in RTI mode, for instance), it might be caused by the vibration of
the instrument that is not properly suspended.
To check the good suspension of the instrument,

- Try to move it by pushing against the instrument body (on the analysis chamber for instance), with
two fingers. You should feel the instrument move (slightly).

- Check the four feet of the instrument. None of them should reach neither the bottom stop not the
upper stop. If it has reached the upper stop, decrease the foot’s air pressure via the manometer
under the instrument. If it has reached the bottom stop, increase the foot’s pressure. Every time
you adjust the pressure on one foot, check that the other feet are not touching a stop either, as
adjusting the pressure on one foot will re-equilibrate the entire instrument.

It is recommended to have the “level” about one centimeter above the bottom stop, each foot pressure

independently adjusted with about 5 bars of pressure on most feet and more (~5-6 bars) on the right-side
feet, supporting the magnet.
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