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Overview BRUKER

* XTrace setup and key features
®* Basics: Layer thickness measurements with XRF
* Method editor

* Application examples + Live measurements

°* Summary




Layer Thickness Analysis with micro-
XRF/SEM an
L

Key Features

Micro-XRF source attachment to an SEM
works in conjunction with the (existing)
Bruker EDS detector

Element range from Na to U

Focussing polycapillary X-ray optics
enables a spot size of (standard) 35 pum
(smaller optics with a spot size of 15 um
available as well)

Integrated user interface ESPRIT 2.x for
Quantax EDS/micro-XRF ...

Method editor for fast layer method
setup is linked to ESPRIT

Allows the quantification of layer systems i
measured either in point mode or
extracted from line scans or X-ray maps




Layer Thickness Analysis with micro-
XRF/SEM RORE
Example for instrument setup

Schematic of setup in a SEM for XRF with
EDS detector




Layer Thickness Analysis <)
Differences In layer thickness analysis BRUKER
between SEM - XRF (>

XRF XRF SEM:

1. Sample require cross sectioned and sample
preparation can be time consuming

2. Sample must be cut for cross sectioned
observation and hence, it will be destroyed

3. Sufficient SEM resolution required to
makes thin layer visible

SEM cross section

view XRF:

1. Fast and non- destructive method for
measuring film thickness without any
sample preparation

2. Additionally, the composition of the layer
can be determined at the same time

3. Large numbers of samples or areas can be
measured quickly

09.06.2017 6



Layer Thickness Analysis with micro-
XRF/SEM an
L

Introduction

Excitation

* Large information depth of X-ray
excitation allows coating analysis

e Signal from base material and covered
layers can be detected

* X-rays are attenuated in characteristic
ways on their path through matter

Intensity ratios of observed elemental
lines were used for calculation of the
respective layer thicknesses

* Generally, layers up to thickness of 40
um can be analyzed (3- 4 layers)

* Several quantification models for layer
systems available which works easily
even standard-less
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rel. intensity

Physical Principles of Layer thickness
analysis BRUKER
Generation / Attenuation of XRF

For a single layer on top of a base material:

* Emission signal originating from coating increases with
coating thickness up to the respective bulk intensity

 Emission from base material is attenuated stronger for
thicker coatings, until it fades into the background

* Coating thickness can be calculated from absorption of
base material, emission from coating, or a combination |
of both

1.0
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X-ray transmission image of the
Lambert-Beer-Law hand of W.C. Roentgen’s wife.
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Physical Principles of Layer thickness <)
analysis BRUKER

Comparison of Layer Stacks

Comparison of stacks shows: _—

 Attenuation of signal from Ni
buried elements
* Increased signal strength from
cpsfev

top layers for thicker layers 500-

5 um Au on 4 pum Nion Cu

« Even th_ough_Ni reaches o 0.5 um Au on 4 pm Ni on Cu
saturation thickness at about .,
25 pm, underneath 5 pm of ; Cu

gold the Ni intensity is reduced **]
to about 2 %

100

 The overall thickness of
stacked layers is limited to
about 40 um, depending on
elements and matrix density




Layer Thickness Analysis with micro-
XRF/SEM an
Thickness Range for Element Emission (O

Approximate accessible thickness range for individual layers of one element

For analysis by
XRF emission:

Ti’_ Cr =R — L b The h|gher the
K-lines
photon energy
Ni, Cu, Zn — the thicker the
K-lines N films that can
be analyzed

Au, Pb I
L-lines I e The lower the
Rh, Pd, Ag photon energy
K’-Iin’es e — | the r-nf_)re
sensitive the
Sn e methOd iS for
K-lines thinner layers

1 nm 10 nm 100 nm 1pm 10 pm 100 pm



Layer Thickness Analysis with micro-
XRF/SEM B(l:aK(E?R
Requirements (O

Requirements for layer analysis on the SEM:

1. Knowledge about the layer system is necessary (layer
seguence)

2. Layer calculation is based on pure element spectra
intensity - stable EDS + XRF conditions

3. For every layer a separate signal is required - the same
element shouldn’t be in different layers (or at least
different X-ray series of this element should be available
for analysis

4. Tilt = 0, changing the Tilt angle will influence the TOA
which isn”t considered in XMethod
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Coating Thickness Analysis on SEM with
X-ray fluorescence BRUKER
XMethod

« Method creation

 For many physical different
structured samples such as bulks,
coatings, light matrices

* Method optimization

* By editing several details on the
lines to investigate or the structure
of the sample in the methods

* For bulk methods calibration ranges o
can be set :

<1 KR KRT KR KBS

zzzzzz

* Method calibration
- Methods can applied based on ' | = B Fa

fundamental parameter approach
without any standard -

e Standards can be utilized to
enhance the precision or in order to
build fully empirical calibrations

BEEREEE]
EEESI}
EREEREE
H
BEZEEE:
FERELE

.......

!

r—
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XMethod
Method Setup

METHOD EDITOR
ZnNi_Fe
Structure Normation Calibrati Spectrum
Layer parameters Structure
Method data Name Layer Chemical elements
Type Unit um (2) I
e [ | mcdthimess m
Spectrum decomvolution Calc. mode
Standard spectrum deconvol |~
Normalize sample/standard
Comment Targetvalue (%)  [100.00
Density
© efaut :
o vser
Measurement parameters Use tolerances? Frzm
" Fe
e R Low thickness .50 =

« Easy to use method editor oo [oroe 1| "G —

Target value 4.60 —

Atmosphere

with all major settings on one | ... :
screen o el Vs e s alw

lca |sc

Element overview

=

Element Z Mainline Startconc.

N K Ti | V | |Mn|Fe |co | Ni |cu|2n |Ga |Ge | As | Se | Br Kk 7n 30 KA 90.00

mooth spectra [ Rb [sr | ¥ | zr |nb |mo| Tc [Ru |Rh |Pd|ag | cd | 1n |sn sb|Te| I [xe Ni 28 KA 10.00
Cs|Ba |La [HF | Ta| W Re Os|Ir | Pt |Au|Hg | T1 |Pb | Bi |Pa At |Rn

Calibration coefficients. = Ele

 Multiple users to allow onl e €. o oo 0 0 o = o
u p u y o T Pa| U |jip] P m) | B F] =) Fm| Md o | e

9.384236783E-1

-4.538298302E-1

accredited people to change
methods o




XMethod
Method Setup

Layer parameters
Name

Compound

o
m
=
i

Start thickness

Unit pm (2)

I3!

Fixed thickness

Calc. mode Emission

=

Normalize sample/standard
Target value (%) 100.00
Density

® Default

« Starting values (to
accelerate computation) as
well as tolerances for results
can be entered

=]
B
U

 User
Use tolerances?

Low thickness

il

High thickness

e
o

ey
o
=

Target value




XMethod
Method Setup

ELEMENT PROPERTIES EDITOR

*Zn

Parameters

Element type

Show element in results Sub line

SEREITE Lne  Energy(keV) Use Used lines

Unit KA 8.637 KALKA2

KB KB1,KB2,KB3,KB5
Calculation mode

Use for thickness calculation
Threshold

Use tolerances?

Low cancentration _
High concentration
Target value 90.00

[N I




XMethod C>)
Method Setup ( ><)

BAETHOD ENTOR AVAILABLE SAMPLES — %
Au_bondpads Select callbration samples from the list
Descrlption ™ Type Subtype
Structure Narmation
Layer parameters. Structure e '“m-ca" I iyt
Method data Hame Au layar Layer Chemical ehements s M1860 ¢ layer
Dasenption Compaumnc
A brondgade Startthikkness | 0,000
Tupe Unit i3}
i z Fined thickness
Spactrum decomolution Cak. made Fmission
Standard spectrum decanval =
Mormaize samale/standard ]
Comment Target value (%] 100,00 Tayer
Density
 Defaul 13,36
z Rl layer
User 0,00 L
Measurement parametess 7 Use tolerances? base
Cu
i 0 Lo thickniss 0,20
0t valug =0
Eollimator from [0202 020 |- Targ 9 - -
High thickness 0,500 =
ame phare air
Element overview
Current fua o
Memsure time fs |20 tia |y - i o o LAt Lo Bement I Mainine Startcon
% Calsc Ti| ¥ |or pn|Fe Gl M (Cu) 20 |Ga Ge As Se o |0 2 oA 100,30
smcothspestre [ #5) 5| | B 1 0 Te R W5 M Ag €4 B0 (5 b [Te 1 3 = = ey
Cs/BajLa 1| Ta|W e |Os I Pt jAuHa| T P B Po At jAn x i e
= E Numbar of samplas : 2 . =
Ce P hid P 5m|Eu a7 Dy Mo | B T b Lu aul itel |G = ]
™ ea| U i B | fn | vid] & Naensimed — it
[ armonroacs
At Bordpchs
i~ =M Calbrcticn et
Calilr et samshes
Methe i I S T I T~

- Calibration is automated to a ==
great extent e

s

* Optional choice of polynomial ——— | :
degrees, calibration ranges, or — 3 | o —
individual parameters to be

added, weighted, or excluded

« Methods available via hot keys o




Application examples




Layer Thickness Analysis with micro-

XRF/SEM

Example |: SnPb/Cu Solder bump

Pb is a restricted material in consumer

electronic devices

But still used in some areas of medical
(implants) or defense sector when
reliability and durability are absolutely

essential.

Sn91,6Pb
| 82um

16U31

Certified SnPb standard

SnPb (8.2 pm)

09.06.2017

Example for solder bumps

cps/eV

201
18 |
16 |

14|

12|
10'
1 Cu P Cu Pb 5

a
2
ol | Aoah Al A L 1

5 10 15 20 25
Energy [keV]

XRF spectra of the certified standard, 60 sec
measurement time
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Layer Thickness Analysis with micro-
XRF/SEM B(I:aggn
Example |: SnPb/Cu Solder bump (O

MNormalized mass concentration [%]
Substrate  Layerl

Spectrum Cu[%] Thickn. [pm]}Sn [%] Pb [%]

SnPb_Cu 107 100.00 8.78] 91.48 B.52
SnPb_Cu 108 100.00 8.88] 91.83 B.17
SnPb_Cu 109 100.00 8.91) 91.38 8.02

> SnPb_Cu 110 100.00 8.82] 91.98 B.02
SnPb_Cu 111 100.00 8.71) 91.88 E8.12

SnPb Cu 112 100.00 8.75) 91.87 8.13

Mean value 100.00 8.81) 91.74 8.26

Std dev. 0.00 0.07 024 0.24

Std dev. rel. [%] 0.00 0.85 0.260 2.94

$nPb_Cu 11 T Conf. interval 0.00 0.03 0.10 0.10

Ch0 MAG:27x HV:5k¥ WD:12 mm Px:6.09 pm

Measurement points on SnPb standard , 60 sec
acquisition time (real time)

Standardless quantification for the SnPb

coating gives sufficient results but can Sgg’;frﬁb
be improved by using standards! 1 eust

09.06.2017



Layer Thickness Analysis with micro-
XRF/SEM an
Example Il: Galvanized Metal Sheet (O

e Consists of a layer structure of
NiZn/Fe (Fe = substrate)

e Zn is used for corrosion and fire
protection

« Ni protects the material against
mechanical wear

e Our (unknown) sample:

NiZn/Fe
4.6 ym /1

Fe Zn Ni

ﬁ' Base Sat. Sat.

o

iZn/Fe NiZn/Fe NiZn/Fe NiZn/Fe
50um 13,3um 20,6 um 4,8 ym
.1 % 18,5 %

Examples for NiZn alloys

NiZn (4.6 um)

Certified Nizn/Fe standard

09.06.2017
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Layer Thickness Analysis with micro-

XRF/SEM G
oS

Example Il: Galvanized Metal Sheet

=3
11

Step 1: Build a layer method in XMethod

METHOD EDITOR 2
.LIJ. ZnNi Fe FP
o 1 . N al I le th e | l Ieth Od Structure Normation Calibration
[u] Layer parameters Structure
Method data Name layer Layer Chemical elements
~
Description Compound -
EEQ ZNiTLeRLE Start thickness 0.00
— T .
IVDE Unit um (2) -
l: aver Fixed thickness O
| Spectrum deconvolution Cale. mode Absorption |+ -
Bayes deconvolution = 3 D f I t t
Normaize same/standard . perine layer structure
Comment Target value (%) 100.00
Density
!_ ® Default 3.65 laverl
! 2 user 0.00 e 2
Measurement parameters -
[ Use tolerances?
HY /v 50 - =z Fe
o v
K ) Collimator / mm |35 um LENS | =
Atmosphere Wacuum M :
P 600 = .
Tl L Element overview
H He
Measure time /s | 20 Li [Be B|c|n|o|F |ne
bisl M Gl ST = ]| ] Element Z Mainline Start conc.
K |Ca|Sc|Ti |V |Cr|Mn|Fe|Co N |Cu|Zn|Ga|Ge | As|Se | Br |Kr Zn 30 KA 90,00 9%
Rb|Sr| ¥ | Zr |Nb|Mo|Tc |Ru|Rh|Pd |Ag Cd In |Sn|Sh|Te| I |xe
Change parameters g __ 10.00

Cs Ba | La |Hf |Ta|W |Re |Os|Ir |Pt Au Hg| Tl |Pb|Bi Po|At|Rn

:i FrRa|Ac| ca|pr [nd |Pm|sm|Eu|Gd | To Dy [Ho | Er [Tm|vb |Lu 4. Save the MethOd

Th!Pa!U [Np |Pu|Am|Cm|Bk |Cf |Es |Fm|Md |Ma | Lr

2. Define measurement (XADF) for further use
conditions

09.06.2017




Coating Thickness Analysis (<)
Example Il: Galvanized Metal Sheet ( <)

Step 2: Acquire spectra in ESPRIT (Object mode)

Mormalized mass concentration [%]

Substrate| Layerl
Spectrum Fe[%] [Thickn. [pm] En [%] Ni [%]
TB.5px 100.00 3.37 18591 14.09
T7.5p% 100.00 3.34 | 85.83 14.17
T8.5px 100.00 3.23185.79 14.21
> 79.5p% 100.00 3.29 | 85.83 14.17
80.5px 100.00 3.20| 85.60 14.40
81.5px 100.00 3.34 | 85.81 14.19
82.5px 100.00 3.36 | 85.92 14.08
83.5p% 100.00 3.36 | 85.82 14.18
WA e 84.5px 100.00 3.50 |85.99 14.01
B85.5p% 100.00 3.35 | 85.97 14.03
86.5px 100.00 3.31 | 85.88 14.12
87.5p% 100.00 3.24 |1 85.74 14.26
Layerthickness Ni % In% Mean value 100.00 3.32 | 85.84 14.16
R Std dev. 0.00 0.08 0.11 011
given 46pm 110%  8830% stddev.rel. [%]  0.00 237 012 076
Layer FP standard-free 3.32um 14,16% 85,84% Conf. interval 0.00 0.02 0.03 0.03

For this sample the standard- free FP is not accurate enough due to the secondary
fluorescence effect (Zn excites Ni which overweight's the Ni concentration) -
thickness calculation is based on the Zn intensity since Zn is the main element -
Method must be calibrated with standards!!

09.06.2017



Layer Thickness Analysis with micro-

XRF/SEM BRUKER
Example Il: Galvanized Metal Sheet (O

Step 4: Measuring appropriated standards (with
same layer structure)

METHOD EDITOR
ZnNi_Fe ept 4 &
Calibration samples
Method d:
Layer base layert
Descngtion Parameter base dfpm} n[%] Ni[X}
m_ B Sat, 6 pm 4,8 ym 20l No.  Samghe w. st e std e s s
6.8 % 18,5 % e 9 1330020EA_ONILS_1- = . 1350 LE 8190 1510 1815
Iv 5 150007 nE8_INi11_8 1 - 15.00 9,88 480 8594 110 1406
il 206002183 _INI16 8- 1= - 20.60 1289 820 7. 1680 2086
veio Spectrum deconvohtion 0= - a0 343 B850 8582 1010 1808
ARDOZNE1_SNIIE, 1= - a.80 357 8150 TRl 1850 2289
Comment
Measurement parameters
Lo
IFimatee [
Deviation (a) L) a0z 02
mosphere
)
k) 5 & o
R o [ | | == i =M 23 layerl ()
nnnnnnnnn T T
Samgle 2 100,00 %
term Lirget ushn 00
o
Calbration curve ot 1596
use offset AN
))))) 62 ket e et e
30150748 Orter of pofynam 2 0788
T
58T
s
i a. 1R

Start FP calculation

After clicking “start FP calculation” button, the chart will be updated with the FP
results. The calculated FP values will be plotted against the given values of the

selected standards (thickness or concentration).
Given values differs to the measured values - Calibration required!
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Layer Thickness Analysis with micro-
XRF/SEM an
Example Il: Galvanized Metal Sheet (O

Step 4: Calibrate the method

METHOD EDITOR
ZnNi_Fe_test_except_4_6

libi Spect:
Calibration samples
Method data
Layer base layerl
Description Parameter base d{pm) Zn(%) Ni(%)
ZnNi_Fe_test except 4 6 No. Sample W. std calib. Std calib. Std calib. Std calib.
Type 9 13300Zn84_9ONi15_1-Fe 15 = 13.30 1317 84.90 85.36 15.10 14.64
| 5 15000Zng8 2Ni1l 8-Fe 156 = 15.00 15.07 88.20 88.27 11.80 11.73
ayen 20600Zn83_2Ni16_8-Fe 1= - 20.60 20. 8320  83.28 80
Spectrum deconvolution a [ — = 4.60 .64 83.90 11.10 63
Bayes deconvol o B 7 4800Zn81_5Ni18 5-Fe 1= == 4.80 85 8150 8290  18.50
Commen it
Measurement paramet:
Ik 50
llimator / mi =)
evi (o) 011 85 85
osphere
£/ uh [« ] ]
FP cal |=.
e y’ Falib. layert (pm)
coefficients e
S librati .
i 2

After clicking the Calibration button, the chart will be updated with the calibrated
results. The results should be much closer to the blue line now. Method can be
saved afterwards as standard based XADF method.

09.06.2017



Layer Thickness Analysis with micro-

XRF/SEM

Example Il: Galvanized Metal Sheet

Step 5: Quantify standard-based method

Mormalized mass concentration [%]

Substratel Layerl
Spectrum Fe [%] [Thickn. [pm]Zn [%] Ni[%]
76.5pX 100.00 4.56] 89.37 10.63
77.5px 100.00 4.51] 89.27 10.73
78.5px 100.00 4.36] 89.22| 10.78
79.5px 100.00 4.44)] 89.28 10.72
80.5px 100.00 4.31] 89.05 10.95
81.5px 100.00 4.52| 89.26 10.74
82.5px 100.00 4.54] 89.36 10.64
83.5px 100.00 4.54] 89.27 10.73
84.5px 100.00 4.74] 89.45 10.55
85.5px 100.00 4.53] 89.41 10.59 X R A
86.5px 100.00 a.47| 89.32 10.68 .
87.5px 100.00 4.36] 89.16 10.84
Mean value 100.00 4.49| 89.28 10.72
std dev. 0.00 011 011 0.11
std dev. rel. [%] 0.00 254 012 1.03
Conf. interval 0.00 0.03 0.03 0.03
Layer thickness Ni % Zn %
given 4.6 um 11,10% 88,90%
Layer FP standard-free 3.32 um 14,16% 85,84%
calibrated with standards 4.49 um 10,72% 89,28%
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Layer Thickness Analysis with micro-
XRF/SEM an
Example I11: Au/Ni/Cu contact (O

e Popular layer system which is
used for contacts In micro-
electronics

e For Higher- quality contacts
also Pd is embedded as
separate layer

e For cost reasons the precious.
metal coating are very thin
and Ni is used as a diffusion
barrier ;

12 1

Spectra of an Au-Ni/Cu layer system, acquisition time:
60 s
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Coating Thickness Analysis
Example I11: Au/Ni/Cu contact

Normalized mass concentration [%]

Substrate| Layerl Layer 2
Spectrum Cu [%] [Thickn. [prmn] Ni [%]|Thickn. [nm] au [%]
AufNifCu 88 100.00 3.66 L00.00 112,14 100.00
AufNifCu 89 100.00 3.71 L0000 111.43)100.00
AufNifCu 50 100.00 3.660 L00.00 114.56 |100.00
AufNifCu 9l 10:0.00 3.78 L0000 112.43)100.00
AufNifCcu92 100.00 3.81 L00.00 110.46 |100.00
AufNifCu 93 10:0.00 3.69 L00.00 104.50 | 100.00
AufNifCus4a 100.00 3.80 L0O0.00 109.37100.00
AufNifCu 95 10:0.00 3.73 L0000 101.50 | 100.00
AufNifCu 96 100.00 3.72 L0000 113.71)100.00
AufNifCu 97 10:0.00 3.78 L0000 102,39 |100.00
j Mean value 100.00 3.73 L00.00 109.25 |100.00
B ot , std dev. 0.00 0.06 0.00 474  0.00
Std dev. rel. [%] 0.00 1.52 0.00 434  0.00
Conf. interval 0.00 0.02 0.00 1.50 0.00

AuNIICu 9
Ch0 MAG:27x HV:5kV WD:12mm Px:6.09 ym
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Layer Thickness Analysis with micro-
XRF/SEM an
Example IV: Al/SI layer (O

Both samples mounted on graphite sample
holder

Original sample 1: SEM image of a fracture i

Ch0 MAG:75x (HV:10kV "WD:12 mm Px:1.72pm
edge of layer Al (bright) and substrate Si ]
SE image of the sample 1

e Both samples were mounted on a graphite samples holder to avoid
any influences coming from the sample holder due to the higher
iInformation depth of X-rays

e Both samples have the same dimensions 1.5 mm x 670 um
e The thickness of the layer is — 2 um for sample 1

09.06.2017




Layer Thickness Analysis with micro-
XRF/SEM an
Example IV: Al/Si layer - Sample | (O

: "“‘31 S ] Intensity profile of the = [Sisi
i il - extracted EDS line scan “V‘““‘“"FW"M’\Wﬁﬂ*’f‘%‘“ﬂw‘*’”ﬁw"**"a:I.M‘W‘-"'“J“w%hw by
= i r
cho Al [si|
T : %
EDS Map of sample 1 with extracted line o e
!
sean Mormalized mass concentration [%] B T T:a #
Substrate  Layerl - Amenct N nAT oA AR RN ATAA AT
Spectrum Si[%] Thickn. [pm] Al [%4]
Al-Si1 100.00 2.51/100.00
Al-Si 2 100.00 2.47 100.00
Al-5i 3 100.00 2.43100.00
Al-Si4 100.00 2.41(100.00
Al-Si 5 100.00 3.46 100.00 Coating thickness results sample 1 (um)
Al-Si 6 100.00 2.45/100.00 mp
Al-Si 7 100.00 2.44(100.00 35
Al-Si B 100.00 2.43 100.00 240 \—’/%_’_\
Al-Si 9 100.00 2.41/100.00 -
Al-Si 10 100.00 2.44 100.00 13;
Al-5i11 100.00 2.41 100.00 “L
Al-Si12 100.00 2.37(100.00 lo
Al-Si 13 100.00 2.30 100.00 10
Mean value 100.00 2.43/100.00 : ! : o E :
Std dev. 0.00 0.05 0.00
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Layer Thickness Analysis with micro-
XRF/SEM B(I:l?ligﬂ
Example IV: Al/Si layer - sample 2 (O

EDS Map of sample 2 in
false color mode

XRF line-scan 75
points, Acquisition
time: 30 sec / point

Al-Si B
MAG: 75x HV: 10kV WD: 122mm

09.06.2017



<)
BRUOKER
(>

Example V: Analysis of solar cells by using Micro-
XRF on SEM

Comparison of:

- SEM cross section — micro XRF to calculate the
layer thickness

- EDS — micro XRF to calculate the layer composition =




Layer Thickness Analysis with micro-
XRF/SEM B(l:al((E?R
CIGS- wafer (O

CI1GS- wafer sample background:

The efficiency of solar cell is determined mainly by their chemical composition
and physical structure

Therefore the chemical composition is of particular interest for thin- film
structures

In most cases the absorber of the film cells is produced from CIGS-
structures, which are Cu-In-Ga-Se or Cu-In-Ga-S compounds

CIGS- solar cells are typically manufactured by deposition on glass substrates
which are coated with a Mo- contact layer.

For technology development and quality control during the manufacturing
process it is important to check primarily composition but also thickness of
these layers as well as their homogeneity

A typical structure of a CIGS wafer is shown on the next slide

09.06.2017



Coating Thickness Analysis

CIGS- wafer — structure and sample prep BRQBER

Sample structure

 Our sample contains of the float glass

Z"D\ (substrate), Mo (1st layer), CIGS (2"
CdS , I

CIGS fm | }\ ﬁ ayer) o

Mo | h * No passivation layer
Flﬂatgl:as{t——————————————————( « Sample courtesy: PTB (Physical

technical federation Berlin)

Typical structure of a CIGS solar cell

CIGS- wafer sample preparation for SEM CIGS- wafer sample preparation for XRF
cross section analysis in FEI NanoSEM 450 analysis

09.06.2017




Noise (edge effect, due to
sample prep) - Ignore it!

Mo — contact layer
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Coating Thickness Analysis

CIGS
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EDS map of a fracture edge of CIGS Wafer

sample



Coating Thickness Analysis

an
CIGS- Wafer — EDS analysis ( D<)

Mlss % (norm.)

100 -

80 -

40 1

20

T T T T T T
42 44 46 48 50 52
v Point number

=

eflgth=0.8 pm 53 3399.7nm Se:45% In:26% Cu:22% Ga:6%

Extracted line scan area of the absorber (CIGS) for Cu,
Ga, Se, In including concentration in wt%o Quantification of CIGS-layer

Thickness Composition /wt.%

Method Layer

/nm Cu Ga Se In
Layer thickness results taken from the SEM Mo 440
SEM cross section observation and
quantification results of the CIGS EDS CIGS 2400 22 6 46 26

layer taken from EDS analysis
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Coating Thickness Analysis

B(I:ZK(E)R
CIGS- wafer — XRF analysis ( <)

Mormalized mass concentration [%]

Substrate  Layerl Layer 2
Spectrum Si[%] Thickn. [nm] Mo [%] Thickn. [um] Cu [%] In [%6] Ga [%] Se [%]
CIGS 1 100.00 422,99 100.00 2.20 20.88 26.45 5.41 47.26
CIGS 2 100.00 420.67| 100.00 2.21 2094 26.31 5.41 47.35
CIGS 3 100.00 420.73| 100.00 2.21 20.93 26.24 537 4745
CIGS 4 100.00 418.65| 100.00 220 20.92 26.42 5.38 47.27
CIGS 5 100.00 423.51 100.00 222 20.86 26.25 5.40 47.49
CIGS 6 100.00 421.52| 100.00 2.21 20.96 26.37 5.37 47.30
CIGS 7 100.00 419.95| 100.00 220 20.97 26.32 5.33 47.37
CIGS 8 100.00 424,57 100.00 222 21.04 26.39 5.40 47.17
CIGS 9 100.00 425.89 100.00 2.22| 20.88 26.55 5.38 47.19
CIGS 10 100.00 428.78 100.00 223 20.88 26.45 5.37 47.31
CIGS 11 100.00 424.12| 100.00 222 20.98 26.37 5.40 47.25
CIGS 12 100.00 420.95| 100.00 2.21 2095 26.31 5.41 47.33
CIGS 13 100.00 420.76| 100.00 221 21.04 26.14 5.40 47.43
Quantification of CIGS-layer CIGS 14 100.00 425.46| 100.00 2.23| 20.88 26.51 5.42 47.19
CIGS 15 100.00 427.83| 100.00 222 2096 26.38 5.37 47.29
) Composition /wt.% CIGS 16 100.00 420.92| 100.00 223 21.22 26.15 5.36 47.27
Method e '/r:::k“ess CIGS 17 100.00  429.58 100.00 224 2097 2652 5.39 47.12
Cu Ga Se In CIGS 18 100.00 426,31 100.00 222 21.03 26.19 5.37 4741
CIGS 19
Micro-XRF ' Mo 424 cles20
Mean value . . \ . .
Std dev. 001 008 012 003 010
Micro-XRF CIGS 2220 21 54 473 264 std dev. rel. [%] 049 032 045 048 021
Conf. interval 0.00 0.75  0.00 000 002 003 001 002
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Coating Thickness Analysis

Comparing XRF — SEM thickness results BROSER

Quantification of CIGS-layer

Method Layer Thi/crl|(r|:|ess Composition /wt.%
Cu Ga Se In
SEM Mo 440
Micro-XRF Mo 424
EDS CIGS 2400 22 6 46 26
Micro-XRF CIGS 2220 21 5.4 473 26.4

Conclusion:

- Measurements results agree very well between SEM layer thickness
observation and

- for calculating the composition of the CIGS between EDS and XRF.
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Summary
Layer Thickness Analysis with micro- BRUKER
XRF/SEM

e XMethod software package for easy setup of analytical methods
* XRF can be utilized for coating thickness analysis of multilayer stacks
® Overall thickness of layer stack is limited (40 um)

* Method editor for easy setup of wide range of methods, including

option to choose lines to analyze
* Composition of multiple layers can be characterized
* Fundamental Parameter allows standard-less approach

* Standards can be applied in order to enhance precision



Live demonstration




Live demonstration
USB stick

Areas of interest:
1. Au/Ni/Cu contact pins
2. USB housing = Ni/Cu/Fe
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Q&A an
(2D

Are There Any Questions?

Please type in the questions you might have

in the Q&A box and press Send.




More Information BRUKER

For more information, please contact us:

max.buegler@bruker.com

stephan.boehm@bruker.com

info.bna@bruker.com
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