Pain Points of Existing Elemental AnalySgER@ K
Technigues and a New Solution NANO

B Site-Specific SIMS
«Resolution limited to ~50 ith high yield

S EDX/EELS — (CAMECANanoSIMS), or
wCan get a high resolution FIB (Ga, He, Ne) with a

time-of-flight SIMS analyzer. But low secondary ion

wlong samplgrep times yields from these beams usually results in poor lateral
w 3D analysis infeasible resolution. Additionally, timef-flight analyzers

wlLowZ elements challenging necessitatdong acquisition times.

These points are addressable by

SIMS:ZERO

A Fewnanometer resolution (slide 4

A High secondary ion yield (slides 6

A Integrated sampleorep and
analysis capability (slid@&s18)
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SIMS:ZERO

Instrument Overview

Cs+ FIB:ZERO (zeroK) and SIMS spectrometer (LIST: Luxembourg Institute of Science and Technot%'r @

on a 600Cseries FIB (FEI
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- FIB online 6/2020
- SIMS online 5/2021
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FIB / SIMS Combination ZEROK

SamplePrep, Nanofabrication / Analysis, Process Control NANO

FIB Mode SIMS Mode LoTIS capabilities

A 2-16keVCs+ beam

A Upto 5nA beam current

A Spotsize<2nm at lowcurrent

A Goodspotsizesven at low beam energy

FIB Mode (SIMS Extraction Optics Retracted)
Milling

SamplePreparation €g Sectioning, Polishing)
Nanofabrication

Gasassisted processesdPlatinum Deposition)
Tilt stage

S| Extraction

To T o T Do

SIMS Mode (SIMExtraction Opticdnserted)
Highest spatial resolution SIMS imaging
A ., ol [ demonstrated
Mass resolutio j30 T T Tt
Mass range up to 30@mu
High secondary ion throughput (~40% simulated)
4-Channel Detector Standar@¢ntinuous~ocal
Plane Detector available)

To To o o P>
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SIMS:ZERO Resolution ZEROK
Tungsten Carbide NANO

512¢512 (512x%512) 12K 5 4—. Q T T C$ h !Qd)

A SIMS:ZERO can provide M B=4.45

higher resolution SIMS sca - 1+ 3.8

: 84%

than any other instrument g ;
A SIMS resolution is a functio

of abundance, yield, and sp )

size - 16% 1 092
A SIMS:ZERO has a focused 1 Alp2s

beam with<3nm spot size,
' VR & A yeSachieve

0. caoy a: P

high yields for many materi VPG p&cta
A In samples with high
abundances, resolution at d 8 = (Y

near the physical limits of Negative lons
SIMS can be achieved (see Working Distance = 51.6mm Date [ 0511212021

] Rl G S ARl A R R L. . Sample | wc (184amuy)
right) Multi_WC_2105121624015_CH1.TIF 272s acquisitiotime.

FOMum) | 2.97um

| A 2.5
Ukv) |16

07/2021 4




SIMS Analysis Example ZEROK
CIGSu(n,G3Se ¢ Rbdoped Summary NANO

A CIGS is a solar cell absorber material

A Rubidium doping increases Window /
conversion efficiency Buffer Stack
A SIMS spectra clearly show all CIGS
elements:
A Cu, In, GaRbin Positive Mode CIGS
A Se, 9n Negative Mode
A Secondary ion imaging channels sho(
distribution of elements in sampleg
Rbdopants concentrated in grain
boundaries Mol
A Secondary electron images provide y
complementary information at high Glass
resolution Substrate

I AR EEENE S . A Section view technique provides

. s ave.
‘ WD x: -2.0260 m mag dwell T S
@ 12.4 um|51.4 mm|y: 10.0782 mm | 12 000 x | 30 ps SIMS:ZERO - LoTIS FIB Superlor SI MS data Werner, et al Scientific

Reportsvolume 10, 7530(2020)
SE Image Cs+, 16keV, 10pA, 51.6mm WD
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CIGEu(n,GgSe ¢ Rbdoped ZERO
Mass Spectrg Positive lons NANO

BScan Pos CIGS 2106231240415.csv
Rb [In

105 3
104 5

A 107 4§
= E

107 3

101

100 120 Start (mT) : 30.000000
Stop (mT) : 700.000000
Delta (mT) : 0.100000
BScan_Pos_CIGS_2106231240415.csv Sampling ate (,ms) : 250.000000
= — — — Waiting time (s) : 0.250000
Cs CsCu CsGa Cs5e? Csin — CH3 2 Period of beam acq: D
1 Pos CH1 : 100.000675
10° 4 Pos CH2 : 200.000262
3 Pos CH3 @ 299.999717
Pos CH4 : 390.000000

10% 4
3 Date 06/23/2021

g 103 - Sample CIGS

S

Aperture Slit 100um

102 3 FOMum) 43

] | (PA) 10
101 3 U (kV) 16

T T T T T T T T T T T T T T T T T T T T T T T T T N T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
140 160 180 200 220 240 260
amu
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CIGKu(n,GaSe ¢ Rbdoped ZEROK
Mass Spectrg Negative lons NANO

BScan Neg CIGS 2106241202174.csv
cl —— CH? 05e

10° § [n ol [F c2| |en

cps

—— T Start (mT) : 30.000000
80 100 Stop (mT) : 700.000000
Delta (mT) : 0.100000
Sampling rate (ms) : 250.000000

BScan Neg CIGS 2106241202174 .csv Waiting time (s): 0250000
10° 4|H ol [F |CN [cCl Se Period of beam acq: 0

] — CH3 Pos CH1 : 100.000675
Pos CH2 : 200.000362
Pos CH3 : 299.999717
Pos CH4 : 390.000000

10% 4

Date 06/24/2021

10° 3 Sample CIGS

cps

Aperture Slit 100um

10° FOMum) 43

| A 10

10! | ‘ U (KV) 16

0 20 40 60 80 100

AL L AL LA L L L L LR L L LA L LA | L L
120 140 160 180 200 22 240 260
amu
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CIGS Cl{,G3Se ¢ Rbdoped ZEROK
Secondary lon Imagé.arge FOV NANO

Rb In is everywhere on surface
(window/buffer stack layer).

Signal variation largely due to
topography

We have milled a crater to see
subsurface structure, e.g. wheRb
is confined to CIGS grain
boundaries (see next slide).

Cs+, 16ke\,,0pA
1ms dwell, 4.5min acquisition time
CIGS_Pos_2107081255037.csv
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CIGS Cl{,G3Se ¢ Rbdoped ZEROK
Secondary lon Imagé&maller FOVCrater NANO

Voclv‘ HFW WD |x -0.6078 mm‘ mag HE dwell |

9426 pm|51.4 mm| y: 6.5701 mm |35 000 x | 30 s SIMS:ZERO - LoTIS FIB

Rubidium dopants are found Indium signal determined primarily Secondary electron image
primarily along grain boundaries by topography not spatial distribution
(NOTE: somewhat deeper than where

Cs+ 16keV, 2.5pA, 51.6mm WD :
1ms dwell, 4.5min acquisition time SIMsmage WaSiCC]UII'Ed)

CIGS_Pos_2107081226114.csv




CIGS CI,G3Se ¢ Rbdoped ZEROK
SE Images NANO

Crater Geometry

Very rough, pointy surface
topography develops while
milling the crater

This kind of topography is
reflected in theSIMS images,
obscuring elemental contrast
(Slide 9)

With proper sample

ol Yo o W, : < sectioning techniques, we

o I e WF VO RN o o A obtain more and better SIMS
e W eS0T @ | el | ——— 2 ym — ; = i
8 5.7 | 51.4 mim| v 65700 mm | 25 000 x| 30 ps}mﬁw J 6 mm| y: -25.25 3 : data (S“des 1_18)

Cs+, 16keV, 10pA, 51.6mm WD
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SIMSCompatible Section View ZEROK
45° Angle Cut Example NANO

View with Sample For many samples, working with a section view is a
Normal to Beam; Ready sensible choice
for SIMS on Section

1. Reveal sulsurface structure

2. Obtain depth profile data without accumulated
topography from uneven sputtering

3. Polish rough samples to isolate elemental from
topographical contrast

4. Build 3D tomographic reconstructions through serial
sectioning/polishing

In SIMS:ZER®amplemust be normal to iolbeam in
SIMS Modesosectionface is cut at 45to sample surface

This sectioning is done in FIB mode. Switching between
FIB and SIMS mode takes about 2 min

0". HFW WD x: 0.3201 mm | mag B | dwell | —— 4 um
4% 12,4 um|51.0 mm|y: 11.4364 mm | 12 000 x | 60 ps SIMS:ZERO - LoTIS FIB
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SIMSCompatible Section View ZEROK
45° Angle Cut Sample Prep Example NANO

View with
Sample Tilted at 45
& Rotated 90

View with Sample
Normal to Beam; Ready
for SIMS on Section

Section Cut with
Sample Tilted at 45

it HEE A £l Lt A AN ¥
HFW WD x: 0.3314 mm v 3pym —— : ‘ \ u HFW WD x: 0.3201 mm | mag B | dwell 4um

#19.95 um|60.7 mm|y: -20.4713 mm | 1: SIMS:ZERO - LoTIS FIB J mm |12 000 x | 60 ps F| 12.4 um|51.0 mm|y: 11.4364 mm | 12 000 x | 60 ps SIMS:ZERO - LoTIS FIB




CIGS Cin,GgSe ¢ Rbdoped
SerialSectionind Imaging / Polishing Woikdow

SE Images

Glass Substrate

Mol 2 e

CIGS Window/
Buffer =

SIMSsection, preparedvith low After SIMS Imaging, section face Section face after cleanup mill. Ready
surface topography, reveals layer developstopography whichobscures for SIMS on next layer

structure (glass, molg1GS, elemental contrast / distribution

Window/Buffer Stack) information

Cs+, 16keV, 10pA, 51.6mm WI
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CIGS CI,G3Se ¢ Rbdoped ZEROK

SectionViewc Positivelons NANO

FOW.5um FOW.5um

FOW.5um

FIBDeposited Platinum Cap

A Rbconfined to grain
boundaries
A Grains are smaller near

the interfaces

Cs+, 16keV, 3.5pA, 51.6mm W
CIGS_Pos_2107161606287.c:
CIGS_Pos_2107161613425.c:




CIGS Cin,GgSe ¢ Rbdoped

SectionViewc Positivelons / Negative lons / SE

‘10.

Positive Mode B Negative Mode SE Image Post SIMS

FOVI.SUm oL ; UV;Ym S”V(;/Ew)wm ;122?313%2 1?090531 35’3! SIMS: ZEI;OmeoTIS FIB
A Ga concentration gradiet A Spherical drops containing Se A Unwanted topography cahe
A Dark spots appear on image develop on CIGS region after cleaned upby polishing irFIB mode
repeated imaging Cs+, 16keV, 3.5pA, 51.6mm

CIGS_Pos_2107161613425.c
CIGS_Neg_2107161719423.c
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CIGS Cl{,G3Se ¢ Rbdoped ZEROK
SectionViewc Negative long Post 29 Polish NANO

£y & ?

| % ; FOV9.5um Sl °°S , *°0 : _ Fowsum B Se .. .5 _
SE Image Post Polish Signal band in CIGS layer  Se is more uniformly
Low topography restored near moly may be sulfur, distributed in CIGS layer;
commonly used in CIGS droplets at moly interface, a
fabrication process; few inclusion near surface
Inclusions near surface Cs+, 16ke\,0pA 51.6mm WD

CIGS_Neg_2107201513310.C
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CIGS Cl(,GaSe ¢ Rbdoped ‘ZER K

SectionView¢ Positivelons¢ Post 3 Polish

Gat BB T

Ga concentration gradierit In concentration gradierit

Cs+, 16ke\,0pA 51.6mm WD
CIGS_Pos_2107201626359.c




CIGS Cl{,G3Se ¢ Rbdoped ZEROK

SectionViewc Positivelons

Apparent width of Rubidium signal between grains

10

24nm FWHM |

Gray“alue

JF Line profile

0 20 40 60 g0 100 120
Distance (nm)

FOV 4.25um*_

Cs+, 16ke\3.5pA 51.6mm WD
CIGS_Pos_2107151409368.c




Continuous Detector
A SIMS:ZERO Option

A SIMS signals for a given elemer
are split into many lines (e.d,
TiOetc..) .

A In discretedetector systems this
leads to a loss of information an
lower SNR.

A With continuous detector
technology we can sample the
entire mass spectrum at once.

A Now we can collect the entire

> \

SS _ | ' Qg‘jﬁ:ﬁl (Top)Photoof SIMSspectrometer(at LIST)
KON~ - ﬂ andthe continuous focal plane detector

| mounted to a vacuunflange.

(Bottom) A480mm micrechannel plate
that spans the focal plane of the
spectrometer.

spectrum as in TOF systems, b it
without painfully long acquisition
times.

07/2021

Data from by a continuousfocal plane detector. Massspectrum (Left) and
surface compositional maps (Righ). The sample under interrogation was
titanium oxidenanoparticleson anindiumphosphidesubstrate
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