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Chemical composition of Au-Cu alloys pre- Table 3-2 Concentration of Cu in the prepared Au-Cu

pared as reference material for quantitative

alloys (wt.%) assessed by X-ray fluorescence
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Plot of the relative sensitivity factor
ratio for Au-Cu(50at%) versus that for

pure elements in
Au(69¢V)/Cu(920eV)

the case

Auger analysis. analysis.

Au75-Cu2s Au50-Cu50 Au25-Cu75 No* Au75-Cu25 Au50-CuS0 Au25-Cu75
wedesoes “ece-(unit: Mass¥)---------a- 1 9.99 49.4
Au .34 75.67 50.19 6 9.95 23.6 49.4

(73.22)* (50.15)* (24.65)* 1 9.94 23.3 48.6
Cu 10.54 24.26 49.49 16 9.96 23.3 49.4
(26.78)* (49.85)* (75.35)% 21 9.92 23.3 49.3
*:atomic 25 9.83 48.8
28 9.98 230 491
------------- (unit: ppm)e=ccccmcccaan
Li 0.3 0.2 0.2 mean value 9.94 23.3 49.1
B 0.05 0.02 - c.v. 0.50 0.69 0.61
c <10 <10 10
F 0.09 0.1 0.2, Coefficient of variation(C.V.) is defined as
:a g 12 “g ,.io.l'.lo:szllstanduzd deviation/mean value)x100
:"No" means the samplin
Y 2 2 4 b pling position of the
Si 3 3 8
P 0.1 0.2 3
S 9 12 27
cl 0.4 0.4 0.7
K 5 3 3
ca 2 4 3 T T T
Ti 2 2 2
v 0.02 0.03 0.04 -~
Cr 7 8 8 o
Mn 2 2 5 vl
Fe 43 37 50 t
N1 12 19 sS40 7
co 12 5 - @
Zn 100 9 220 c
Ga 0.4 0.5 0.4 8
Sr 0.07 - -
Zr 0.8 0.3 0.6 [
Nb 0.4 0.5 0.6 2
Mo - 0.4 - b+
Rh 0.2 2.‘ ; 3
Pd 4 - L — L
0 70 9
b 540 b TP 3%¢a 25_ 50 75 Au
sn 4 13 10 Concentration(%)
Ssb 0.05 0.6 0.9
Te 10 21 9 o 3. i i
- 9 2 19 Fig.3-2 Relation tl)elween Iélllce constant 1{@
Pt 0.4 0.4 - concentration of Au in the prepared "Au-
Pb 10 34 47

Cu alloys.
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SURFACE AND INTERFACE ANALYSIS, VOL. 15, 466472 (1990)

Evaluation of Correction Accuracy of Several
Schemes for AES Matrix Effect Corrections®

S. Tanumat, T. Sekine, K. Yoshihara, R. Shimizu, T. Homma, H. Tokutaka, K. Goto, M. Uemura,
D. Fujita, A. Kurokawa, S. Ichimura, C. Oshima, M. Kurahashi, M. Kudo, Y. Haskiguchi, T. Suzuki,
T. Ohmura, F. Soeda, K. Tanaka, A. Tanaka, Y. Shiokawa and T. Hayaski, Merabers of Japanese
VA 1 . ® ) -

Central Research Laboratories, Nippon Mining Co., Ltd., 3-17-35 Niizo-Minami, Toda, Saitama 335, Japan

A matrix effect correction is required to improve the accuracy of quantitative AES analysis. The correction
includes terms involving the atomic density (n), electron back-scattering factor (R) and electron escape depth (L).
Many schemes have been proposed by various people for corrections of the R and L terms. However, up to now,
there have been no systematic investigations of the correction accuracy of the proposed schemes. We have evaluated
the correction accuracy, based on measured intensity data for Au—Cu alloys of different compositions. Comparison
was made between the observed intensity ratio K (=I"%/I"") and the calculated intensity ratio X’
(= C(n"" [n** ")} R"** | R***)(L*"* [ L**%)), where C and 7 represent the concentration and intensity, respectively. The
superscripts ‘unk’ and ‘std’ denote that the parameters are for unknown and standard specimens, here the pure
elements. If the correction works well, the error Er (=K’ — K)/K) will become smaller. Evaluations were carried
out on three schemes for the R correction and on seven schemes for the L correction using the Au 239 eV, Au 2024
eV and Cu 920 eV transitions. The root mean square (RMS) of the calculated errors showed several per cent for
the best case and 20-30% for the worst case. The RMS error varied a few per cent between schemes for the R
correction but it varied ~ 30% for the L correction.



Table 2. The equation for correction of the electron back-scattering factor and for correction of the
electron escape depth

Electron back-scattenng factor

A. Reuter R=1+28(1-09/U)n
(Ref. 16) n=-0.0254 + 0.016Z - 0.0001862% + 8.3 x 10-72°
B. 1sC R=1+=" (V) +GW)In(1 + )]

1+n
v+ )
20 \20,
N30 = (—52.3791 +150.48371Z - 1.673732% + 0.007 162*) x 10-*
G/ = (1112.8+30.289Z - 0.154982%) x 10-*
10.78720 + 1097628 3.62286

(Refs 17 and 18)

(V) =3.43378 -

Uz UB
2155329 3055248 959218
G(U) = -0.59299 + TR + 7
C. IsL R=1+(234-21029"4)U-%3" + (2.582°'* - 2.98) for 0°
(Refs 19 and 20) R =1+ (0.462 - 0.777Z°2°)U~°3? + (1.162°2° ~ 1,06) for 30°
R=1+(1.21 - 1.3929'3)U-03% + (1.942°'3 - 1 88) for 45°
Electron attanuation length (/) and inelastic mean free path (4)
1. Seah Dench Elements o 6
(Ref. 9) I= 5—:,3 +0.41(a€)" (monolayers) E
Inorganic materials &
2170 e 5
1= = +0.72(aE)""* (monolayers) «
2]
Organic materials g
42
/==+0.11E"2 (mg m-?) Ao
£ .5
where a: the monolayer thickness given by pNn , &* = 10%¢
n,: the number of atoms in the molecule
2. TNH Z{24,2Z)74
(Ref. 10) _In[Q(2)/3.32) ~ _
Int n(7.74/3.32) (1.6551 ~0.2890 In E) + (—3.2563 + 0.9395 In E)
24<Z2<42
In[Q(2)/3.32]
= (0.6847 - 0.1 -3.2 X
n/ In(4.50/3.32) (0.6847 —0.1169 In £) + (~3.2563 + 0.9395 in £)
42<Z<74
1n[(2)/4.50] _ ;
In/ in(7.74/4.50) (0.9704-0.1721 In £) + (-2.56716 +0.8226 In £)
E <350 eV for any 2
In[Q(2)/4.50] -
In/ in(7.74/4.50) (0.0107 - 0.0083 In E) + (0.7271 + 0.2595 In E)

where Q(2) =Zp/A

3. Ashley Direct calculation
(Ref. 12)
4, Ashiey-Tung A=kE?
(Ref. 11) k p: depending on [
5. Penn
(Ref. 14) _ . P .
AT inE+bg bo: g on
8. SLIL
(Ref. 13) A=18EE%4(E2 where E=E, +E,,
7.TPP E
A= ————— Au: y=0.0332, B = 0.0248, Cu: y=0.0358, £=0.0134
gamnon M v »
(Ref. 15) B=-2562x10-2+1.05/(E2, +£2,)"2 +8.10 x10-%

y=0.151p-%°
E,, = 28.8(oN/A)"?
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Annex B (informative) Information on uncertainty of the analytical results
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ISO 18118 "SCA— AES & XPS— Guide to the use of
experimentally determined relative sensitivity factors for the
guantitative analysis of homogeneous materials"

ERSF SE elemental relative sensitivity factors GE Iref/l

. k
- the simplest but the least accurate (no matrix correction) N

- correction factor : AES 0.1-8, XPS 0.3-3

ARSF SA! atomic relative sensitivity factors o )
- more accurate than ERSFs §7 =S, (N ey/Ni)OC 5 /Ni
(include the correction for differences in atomic densities)

AMRSF S average matrix relative sensitivity factors
- most reliable RSFs

( include almost complete correction of matrix effects)

SAV _ Nanav (1 + oy )A’av SE
| NQ.(1+1)A, |




Quantitative analysis of a homogeneous sample
by AES and XPS

k k k k k k
I-Tef X’{“GfNTBfQTBf(l i ,,erf)ATBf l; - peak intensity of i
() () () ()

1

X : atomic fraction
Srunk _ Ik \ XTI Nef QT (1 4 oA (1 - N: atomic density
o\ el ) Nk QR (1 4 punk) yunk Q: elastic-scattering

ref
1 ; |
correction factor

r: back scattering

Junk " correction factor
i ; F to remove Nunk g ref A IMEP
I-re l unk ] 3
X.unk _ i Xi —
’ i I s 2 Jb.‘”k F :matrix correction
ref J _qref z re
= S, =1 |F “\ S5 factor

18



Matrix correction factor

Nl- ref Qiref (1 4+ ’/}ref ) Airef

N unk Qiunk (1 4+ r}unk ) A‘iunk

N
V4

e

NoDHRITENR
ERSF SE E — 1 Niref ~ Qiref ~ (1+riref) ~ /'Liref 3

N

nuk kK kN kK~
Qiun (1 + rlun ) liun

Qiref _ (1+nref) _ )Liref _

ARSF s#t  F=N[*

Qiunk — (1+’;unk) - )\'iunk

NUK[E A 22 !

~ Niref Qiref (1 4+ ’/;ref ) )ﬁref

AMRSF S* F =

Nanav (1 + rav )ZHCZV

~

F

~

i

Qav (1 + rav )/lav Nirele.ref (1 + }:'ref )Adiref
Qiunk (1 + }/}Ltﬂk )A{iuﬂk Nanav (1 + rav ))’av

Niref Qiref (1 + r}ref ) )uiref
Nanav (1 + rav )A‘av
BEZN

0" (1+ 1" )A"™ Z,~=40.57,

Q. (E;)(+r, (E)A, (E;)

P =
i Qiunk (El)(l + r}unk (El )))Liunk (E,)

P Q. d+7,)A, ~1 Average matrix:

/<P> 0.,=6.767 gcm3, A,=137.51

NVaV=4.648,




AMRSFER M)y O A 1IE(REL

15000

AES|T® | ] AMRSF |° “wxen | I XPS
1000}~ % - b
P. AES: 2.9% P, Al:1.1%
soo0l = R 10000~ ] o -
g | | Pi=0.97 - 1.03 5 Mg: 1.4%
P . % 600F & ::J’cj—
! . | £ Pi=0.99 - 1.01
A 400~ ' = 5000 .
1
% . ofs 1!5 2 % ofs 1 1 .'5 2
Pin
600 (C) f T T T T T T ERSF 5000 ©) T T T T T
‘ L Al X-rays |
5004 | F; = 01 - 8 fOi" AES 4500
L { | i 4000 o |
400+ 3500+ E = 03—3 fOV XPS _
g i { 23000~ .
AVDFIVE,  Beo- . . Sasol |}
= | _ I-%2000—
MEE | , o
100} f ' | 1000}
d 500
% l1Il 2 3 4 é é ' ; 8 % l;L 2 é 4 5 6
F.

#H1E (iffﬁﬂﬁ’]l\_d\év&%b EEMEMIEEITE>TLVERL M




Q. (l+r)A . Q. (E)U+r, (E)A,(E) /
av av av ==’P P — av i av i av i P
0 (141" A I T e ) AR
o) r E, > 175 &V e | | | Al Xerays
AES| " — _ * XPS
P AES: 2.9% P Al:1.1%
l ‘_ ‘ : Mg: 1.4% |
Aver. age matrix: SAV — N anav(1+r av))\‘av SE
i NO@+r)k |

Zav= 40.57, NV3V=4.648,
Pa=06.767 gcm3, 4,,=137.51
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Examples of AES and XPS analysis

Au - Cu alloy : Au 25, 50, 75 at% 3 specimens

1) XPS
. Au 4f, Cu 2p3/2 (Au 554 eV, Cu 1403 eV)
. peak intensities (from RRT)
- background sub.: Shirley method
2) AES

: Au 239 eV, 2024 eV
: Cu 920 eV
- peak intensities : P-P (from RRT)

Measured RSF for materials : Pure Au and Cu
22



100 —

2 80
3
-]
<
5
c 60
S
©
Z
3
S 40
o
(@)
(]
(@)
ks
5 20
w

Au-CuBE£DTEETHT

-@— PERSF
-ll— ARSF
--@-- AMRSF /
l/'
l./ 4 "'
Y ’,'
/ 7
/S
L - /” |
/ ’
' 4
20 40 60 80 100

Bulk concentration of Au (at%)

Surface concentration of Au (at%)

B,
LR

REFRBEDORM

Au 2024 eV ( with Cu 920 eV)

k3

80 ! ,
s | o
—o -PERSF i
—= -ARSF v
—-e--AMRSF A
60 5 S
a4
V4
40 z S '
s
7 AES
aE
20 | . ; .
20 40 60

Bulk concentration of Au (at%g

80



ISO1811: by I A IEDELE

- B EARALFHL

=

1 BEL

- IM

-

P L

- EIREN

= Ichimura-Shimizu®DI{ (1+7)

- TPP-2M I, S1 310 (1)

- Seah® I, Jablonski-PowellD I (Q)

24



ShIORMIEDHRR 2

- MRE(SERERAICHRINES)
> FEALEADODREL (REDEFHICEHLHET)
IMFP , S84 &R EL i LE(ESC)
-Izb“/a‘/ 2)(EBBEDREIIINFICEE T 57T
HHEENELHHIE BSC: Jablonski 5O—EDMA KR ES R
> - % ke E (BRETDHLE)
> - BERIEORERIENHLD B
(ARSF ZHEAERRERM (BEMIEDH) fhlItHIEIEET D)
— CNIXERZIRER; AIEE (I/ARSF) Matrixfi IE 5T B 29 B
: BIRMEDRELEZ 0] 8EIC
AEE, EEE,fHIE/NSA—YDEE

25




ZEMEIEDMEIETAEIODTEE: 12X

> ARSF ZEEREFRH(EEMEDH) MIMHERETS

BERE: , L”k to remove Nunk
Xfmk _ Iunk ref Qref (1 + rref ) )‘ref Iiunk F Si — Ii / E
! I ir ef Nunk Qiunk (1 + iunk ) /liunk Iref

i

Xunk _

! n Ib.mk
3%

I
. Iunk/Nunk X?"esz"ef (]_ —+ ’I"Tef) )\;’ef .
Xi - I?"ef/N?“ef Qunk( unk) )\unk - R’ ) F[(Xz )
k . N .
X*unk _ X:m Fi AL —23>TRDS
7: T Z’I’L Xunk RZ’ X*,‘ (iﬁ(:’\oy—c‘#ﬁ%
1=1 1 -

26



SHIEDRERIEDHRRA

HEXTRERY REICBFLSTRTFEED

- EE_ A gﬁl

Lt

3

B (¥ %518 : Goto et al.)

- RERH(EBERAM RENEXIRTITVIR etc.)
-+ BackgroundHEFE D IEMESD[F) _E

 AE X R (R EL
- BRREH L RER(LERLCEAIEE Ot
) 3 A A ALEEE (XPS)DIEXTFREIR

(BBRENDDHSD)
2) Shake-up FE5DE E/IFHHE (spectroscopic factor)
3) REIRNEEZNR

FE

 ERAME S NS —= AMRSFREFZR#OeTRIE -STEIZ

RRE CAERGSEO)

>RERH (S BEHREEREMIE) EMIED I B

27



2)EFEFHEDBRIIINAICECINT D1

 REREZEERITHIVME=ENDEEL
- EERIZBIT5EFETHENDREE-
AEAE(IT/nE = IMEP, EAL, MED, ID

IEENEZ:1SO18115-1(2010), JIS K0147-1
- IMFP (GEREM4F B HITIE)

- MED (FEigRi HiFES)
- EAL (A ERDS)

» RUVEREL GEMERELV R OBV KRLY)
IMFP = EAL = MED/cos 6
— IMFP # EAL # MED/cos 6

28



‘ -

IMFP inelastic mean free path

Definition of IMFP: average distance that an electron with a
given energy travels between successive inelastic collisions.
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IMFP inelastic mean free path
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MED mean escape depth

Definition of MED: average depth normal to the surface from
which the specified particles or radiation escape as defined
by . N —

i ) ..oo'
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MED : —#&=C

EDDF: ®s14(2,0) = W(Bg,¢) exp(—2z/Acosb)
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MED mean escape depth

Jablonski-Powell

D, = Acosf(1 — 0.736w;,)

TR)LX—H c 61eV -2016eV, BlifAE g = 0 —~ 60

Tanuma-Yoshikawa-Shinotsuka-Ueda

Dy = g(B,) < 0.981A cos (1 — 0.736w;)

g(B) = 1.00 — 0.1028, + 0.577 B,* — 0.1338B,°

T VX —gipH 0 50eV -10 keV, #HifAAE g = 0 ~ (40) 60° at B,=0
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EAL effective attenuation length

Definition of EAL: % 5 E &M 7 7T —r 3 vicb W T, BEEELOEEHNER
TE5EWVWSHIIETAESYXPSO e icEMINIERICIMFPORH D ICE A
95&, BERELOEEERMIET /N7 X—% (ISO 18115)

Note 1. EALIEZ. AESTPXPSOEENR 7 TV T —2 a3 VIcL>TERBEZRED
CEDHB, U L. Bb—RIGHRERIE. REBOEIRA—IY zEFFIE
KEFESHEDZTIL. HAIVWIREADEKE LU THEL., LEDREZ R
FTI5ETHDo

BREANCORELXTIE., CONFTAXA—F%EIDDEELVLTHERIT S ET
TRENENESNDHGEDLZ WV, TNULEOAETIE. EALIEZ DAEICHK
BEIDHENHBDET,

Note 2. EALICIZTRR BRENHZ/cH. I—YV—[IREOHEEZDHEEDSH
DINGA—F DERZPEICEET D& 2HRETZ FIXE XZHR.
EDY —ANDESREFZPHEICTRT, ) .
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EAL effective attenuation length

Slope gives

In

(substrate
intensity)

/ average EAL \ 5 /
for chosen t |

f Overlayer \ 9/

Overlayer Thickness Substrate

EAL: BIREHFICEVEL ( ERITKAELTREFEH)
IREAIEIC BEE(&%'Z'CL\L\)

L = kl)\(l — kzws)

36



IMFP-EAL-MED (Z2#(LX)

08 —r—————— 71—

IMFP : EXIYE=E (F=, <YMy I X4HI1E)
TPP-2M, S1 — JTP 50 eV - 200 keV

+ BRHAE 60" KT
MED: ##1R&, REBEDEE (MFPOBR)

DIEO-B) _,(1_07360) |
AcosB -

0.6 f

k= g(ﬁ)XO.981 Tanuma et al.

k=1 Powell- Jablonski e 100
oy —— . Elect Y,
EAL: SEIRDETRIDIEIE (EZDEITE ) IMFPOREE) ectron energy (&¥)

104

A'in

L = kl)\(]. — kzws) U Rt da

k : k=1 Powell- Jablonski, = 0.95 Seah et al. = 0.98 Tanuma et al.
ko= 0.739 Powell- Jablonski, = 0.735 Seah et al. = 0.735 Tanuma et a7




