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Abstract

Quantitative surface analysis of the chemical state of copper materials is important for understanding the bonding

process between copper and different materials. X-ray photoelectron spectroscopy (XPS) is expected to be able to

distinguish between 0- to 2-valent copper compounds based on the positions of photoelectron and Auger electron

peaks. However, quantitative component analysis of multiphase copper compounds using XPS has been difficult

because the difference in chemical shifts between copper with different valences is small and the fine structure of the

XPS spectrum varies depending on the copper compound type even for the same valence. In this study, we applied a

recently developed technique to simultaneously analyze both Auger and photoelectron peaks automatically and

comprehensively in the case of the depth profiling of naturally oxidized copper, and to establish a quantitative

evaluation method for the chemical state of copper compounds.

Fog o N X BB, A=V 2 BT AR MV, RETANY bV, LRI, WAL,

R ST IIHT

1. [FUsIC

PAE, X7 =T NA ZDE BRI, 28T —
BV 2= VHEENRB L O OB - BB E T O
FIFIANOFRIZIER L T by 78T —FINf AR/ —
EV 2 VIZBWT, HIEEHE LTI I v o
OB E L A SN LM, FETIIBEEME L LT
FAHOBEMERELN - B B A IR T 5 B
BEERFF SN TS, ) 2RI, 2V 7 8 & i
LAKIR CHERE B L OBAEWEETH ), BiRSEEHZ T
BIFABARH LRSI ERTwaY, Ll
$i - kL OFMITHFAET D CuO X Cu,0 7% & DML
X, IR TOR TORERE 2T 280D 5, Lizd-o
T, BLEORIC 7 0t A w i b L, SAMHESOH 6
JRR &2 HER S 5 728, BEEAT O/ KR OFRILIK
BE, BEROFMHEILORE ¥ EENB L EENIC
S5 ENEETH L,

X HET 5 (XPS) &, BETFBLIOF -V
BTY— 7 ONiE L ZOMMEEICED T, offi, 1
fili, 2 ik~ 2L IRRED BARSAM KL 2 [XBITE 5, L
L, RIE L7 LAIREE 2 F o LR ICBW TEER
SR T 2 EiE, T o2 20l » 5 KT
H5bo
B, KBTIt -V BTE—27I1CBIT5S
SLEMDILFET 7 ML, CRSIiD L) RBTLEOZN
CIERR Y, oM s OMICHEMZBERE R 2V,
BARMIZIZEIESA & CuO f D Cu 2p HBEF Y — 7 DL
D7 MEIFHLIeV ETFRREINED, @Eils Cu,0 D
BEIER 0.1 eV O LI TE 2w, £IBE & Cu,0
DOCuLMM F —2 = ¥ —Z B L#Y 7 I 1.4 eV
ETFEENDDS, EESE CuO B TIEH 0.6 eV DEL
v,

B, BMBOBRARY P VRS2 T 4 v T4
YLV ERMDANRY N VRS EET DRI BW



Mitsubishi Materials Innovation Center Monozukuri and R&D Review No.4 (2025)

T, =V 2B FARY M RBBANZ ML E LT

ML ERN RS0 e, EEFARY VR

DAL S BFNICHEECH L, T, BET AN

7 MVERBL T =Y 2 BT AR MUVHIEWI AL

F—#iH L % OMMFEEZFf> TV b0 TH L, £

DIz, =Y 2B AN MV L2 E SN 5

o EE LR EECH o 72,

AOFZED HEYIL, BRALSIRID Ar 4 4 > A%y &)
YIRS HMGH O REFHF L LT, LFHIREDRTE
L 728 L WA O A & B R IRAT S % )7k & ffE s
TAHZETH D, BAAIZIE, HEFAZ PVIZINZ
T, PERIIBAR R EEE S/t — Y 2 BT ARY b
WEBEARZ MVE LTHERL, BHEORWETF
a5, wilt, A ESICLY), BEARY MV E
i L THEEONGREN ONLTET A7 V& BEI 2
ORI IRATS B EA AL St &5, 2o
FHEE, B EETHE SNISRANRY M VRS
MPOHBIHENTBBANRY MV 2 BB TEREL T,
LFIRBEDIRIE L 22D AT M VBN ICHFIH S5 2 &
FHME LT, RIFZETIX, TS oHMEZIGH L
HZHEIZEDHET - BLOHT— 7 2L AR
7 INVERWT, -V 2B IE—-27ERBETFE-2%
HEI A DR AT 5 2 & ¢, $3RImE O HRER L
B ZAAAE S 2 S LAY DL IREE O 52 s W IRAT 1 % HE
L7z,

— %12 XPS 12 & B S L AW DAL IRFE D SE VRN 2 H5 %
ZBWTIE, ZRARZ MVERFIH LAY NV R
O FIZ, E— 7 EDENZTE R CHEEZ T 5
BENELL DD, ZOMEIAN, BHERBGIREE % o
F—V 2= TRV, = BEORIZED
W7ALEEIRRE O B R B E L, M OREAT T DK
T, POFMHOEWHEZ T & 2 Bl RO O
WBILORERNTH L. LRI EREDPHAM TR CAHD
BEDL WAL, €= 7 EOE N TIEETOM
FHETHI L IR TH L7200, BHANRY MVEH
W2 T AT A YT X o TERNGHEIEITH R
27, BEANRY MV ERMfiolT 4 v T4 ¥ 7k B
F5E DERD T LT EN DA, DT OEN 7O
UORLNS
(a) BWAXRZ MVEMHEHLE74 v T4 270 [HH

DT NT) XL ] OFFMAFRCH CTHIEICER S U
TV,

(b) (a) THEREFEHOTIVIT) ALEHFHLTT 4 v
TA VTR EO W 2 H 4] Hsimseh
THIMEIZEFR SN TV 2,

() TZAYTAYITTINI)ARIBIFBISNTA—FD
FH#FIE (K= 35 X =5 OPEO T A1 7%
E)V LTI 49T 14 v THERDP B BGED D
bo O, FEEREZDO 7 4 v T4 Y THEHE)

fLENTnTh, BE&BAB T4 v T4 V7 LIEE
27\

NS DB 5720, R L TIEMUTO 3 k%

R L7

(A) 74974270 [BHOTVIT) X L] ZHHIEC
EFL, ik L7z

(B) B 2mE S & LT FUHOSBANRS
MVOFXBEBTBLOFT -V 2 ¥—27 OfiE, FIR,
B L ORI ICES ST,

(C) TFEEIZLHNBNRIZSDE RIS L 7-04H
BOT74 v T4 T REMLIZ. T4 T4 TD
A HBICIERT S 707 L0280 T, /X5
A—F 3R EENICRET 55O TIE R\,

7 BAFZENZSE, 2024 4F 7 HICBIE S 7245 62 [0
FEHIRGES (SASI62) 2BV THRELZLDOTHY,
T WG 455 “Journal of Surface Analysis”™ (253K
shTwns?,

11 HEFE—IEF—I 1 BEFE—IDREEN
AIHTIE, BEEOY — 7 OFAHBHER 0oa v
MZDOWCHHICHEHT 5. B 1ISHARIT OB SR %
R o XPS AR MVIIEFHRESKX) &N 7 7T v
R Bx) OFE LT 1 DX HICEBTEB, 22T
Y IIHETZANTF—E2ET, £9, HHONRREMN TIX
%<, H—DWBERMIZOWTDRNT 2% 2 5, 0fffi, 1
fifi, 2 Ml AT 2 ZHILEWOEFIRE S(x) 13,
FZHMLEMD AT PVOEREDEE LTHIEI S
%o Cu2p % CuLMM O L 9 7 BL—DNFRIERL D AR 7
FUVESE S() 1, FHMLEW kDBIEANRY FVR,(x)
OMAEE L L TERHTE, RN2DLH)IZHBHTEX 5,
BB ANT MVR(x)IE, BEMEE HVTERR
BoMEANRZ PV EEFTVLL, EETESLT S
LIZEoTiELN S,

f(x)zS(x)+B(x) (1)
S(x)=hkﬁ:ck& (21 )

T, KiMeEWHO, C 3B ANRY MVOH
R, u, BLO w iAWk IZoWTEFMLENT:
ZIARY MVOY = EERD 7 4 v T4 7
TG A—=F hiZINETHERSNTT4 v T4 2T
BOEERENT XA =5 TH b,

KIS, BHOWBREN OGN E 2 5. BEDON
FRUERL | A BB L 7AE 5 S(x) 1k, 2123 wTlL
TOLHIIZKHETE D,

K o~ o~
S(xl) = hIZCkRIk ('xI;lu[k’W[k) (2)°

k=1

ZZT, WEMEETVEENZBIANRY ML R, (x)



ZEITF)TIV A I R—=Varbry—

Intensity
Adjustment: /; t

Signal: S,

hCu 2p

O

hCu LMM

Reference spectrum: Ry,

/‘

-

LN -R&D LE a2 —

5 45 (2025)

Composition: ('

CuZp  CulMM ~\

- | o “ B Cmetul-Cu
*'*‘j‘\_j _r/k\ CCuZO
_F\JL ‘A\ CCuO

J

H1 EFIMEESNEBBAXRYS MNUERWE, REBEBFAXRI BN Cu2p &
F—=I T BFAXRY MU Cu LMM DEHOARFZEMDANRY ML
RETDHEAMBAFMOI T FOITIIRT

Matrix representation of the simultaneous analysis model using modeled reference

spectra for multiple core-level spectra in the case of photoelectron spectrum of Cu

2p and Auger electron spectrum of Cu LMM

ERNREMN T L IR D, —F, BRAXRZ VO
FEIE C &, MO PIFREERL ] C O AT 2 10T 5 72
OO T A= L2 D,

X (1) ©Bkx)DFRERIZBNT, Ny 7 7Iy v M
FELZIE, Active-Shirley L2 BRI L 720 BT M LS
7BHARY D VOIEERIRIC I Voigt A% R M L 727,
PRHERL L2 BT D74 v T4 v 78T A —4% g,1F, 3\
4B LU S5 TERSINIZRERBE®G) 2m/MLd 52
CIZEoTHIEEINL, ZHIZLY, BEEOWRKIEND
V— 27 % FAIFICER L, ZLAWHOBS % HfE C,
ELTRETAZENTREE 2 D,

6, = {h“{ck ’/:[llk’a}]k }::1 by } ¥
O
N:iM (5)

1

T, oy, 3EHILAEWII BT LNREN L OT—F R
A MNIOEMEFTHETH L. BB, o BLU b1
B(x) OB EINIINT A= ThHY, WEEMN DR
N7 P VIZDWT, ZNENERKE T AV F— O
BREE B X OMEREET A NV F— o SHE £, LI
T % OWNFEHER OREL, N ATEHNRLIER | D AT T+
F=FIBITET—F KL FOBTH S,

2. SREREMEMT

2.1 BARBLEROZRSAQDH

FIORERAL L 7- SRR R8N 2 AL GREFA B L OVB) 120
W, XPS#£iE (PHI 5000 VersaProbe I, ULVAC-PHI) %
AWT, Ar A F > 208y 1) 72 & DR S Fiaatr
FEi L7z KETFAXRZ MV Culp,), BEOT -V 2
F A7 MV Cu LM, M, % & 8 Narrow A7 I Va2 BT

BT XHEIZE 700 AlKa ZHV, T4V F—
7T IAF—D/INAL AN F—123.5¢eV, Take-off 7~
TNV A5 FEIZERE L2 Ar A F 21 2 kV ONIEEE T
30 HIIRET L, Fo A Sy 7)) v 7 HEE R SIO, T
% 2.5 nm/min TH > 72,

22 BRANRYT MNUVOEIS

ZHEE L LT, ClO K (BT A v A HGHEE)
% FRIRALIE &[] U SEBR ST C XPS #ll7E L, Cu 2p;),
B LU Cu LM M, % & T Narrow AX7 MLV E1572, il
FIMOER 7 ) —= v 7 DlHI2, BETO Ar A F >
E— 2% HWT2kVOMBELTA/NY §1) ¥ 7 %47
WV, &S O Narrow A7 b VA2, Cu,0 Bk (8
17 AV AFIEHEEE) 1SR L, 10 KV OAEEE T Aty
PGAY—AF Y E—NIK B Ay F ) T R FERik,
Narrow A7 VA EE L 72, Cu(OH), |22 T 3CHitY
£ Cu2p;, B LU CuLM M5 D Narrow A7 L%
WS L 720 26 @ Narrow ARYZ MV ™7~ b T —
FIZHL, NA XHEEBLOKIME Y T H gz v
T Voigt BI%Y 7> SRR X N5 E 7 OVBIEC R EEASR AL
ENDEIICTA v T A v TLEY s TOB E—20
BN ZHHZANVF—=12L > THEE L 720

2.3 RO

R AR O W E A & 1572 Narrow A X727 h V2D
T, EFMLENLZBRBANRZ FVEHWT T4 v T4
Y7L, EENTIVTYZAIZEY E6) O 2%
filL720 ZIRANRY MVTF— % 2S5 Voigt B
D= NG XA—=F 2OV, E—FfiEsH Y AEE
L L, u—L Y YIREEE L. SHAHMENZ B
HYE—IHED YT ME% Culp,y, B LU Cu LM Mg
THELTAHZ LT, KBFE—T e —T 2BETFE—
7 OMEHEN EEEE L, £B#, CuO, Cu,0, Cu
(OH), @ C, fifi % 4% L 72



Mitsubishi Materials Innovation Center Monozukuri and R&D Review No.4 (2025)

6 CTHHERFICELZ, 31X, A7) 7 0%

3. I‘i g N o
EREEE 25 30 T ORIZBIT S Culpy, BEU Cu LM M, E—

3.1 EEERWIROFSHAEDFER 7 %4t Narrow A7 MILERLTW5S,
2 (a) |3 MEFR T SAMGRL A DR S HTGHTRERE R L Ar A F 2 A%y #1) ¥ THID Cu 2p,/, D Narrow A X

TWh, O ls DEFHEIL, ArfF v Av 7)) v Itk 7 MV (047, B3(c)BLOZFoHAMOER) T,

3.0 [ B R
@ f(b) -
A25 F A25 r = @1y
g ; — 0 ; --- 01s
';2'0 E o == 4 :p . 2.0 b == gu 2py;3
F/ = s g u 00 === u LM sM
31_5 pgh B Cu L;M,sM,5 L5 b AT et
2 b/~ e & Y PR
g0/ T T -7 ™
g0y g"0 -
£ ) £ |
0.5 f/ 0.5 f
k.
0.0 = - . . . 0.0 BT .
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Sputtering time (min) Sputtering time (min)
2 EEERINR ((a) EHBA, (b) 38 B) OBREELED XPS REAM
SRR

Depth profile of the naturally oxidized oxygen-free copper plates for (a) Sample
A and (b) Sample B by using XPS

e
~
-
N

g

-
=
=}

e

o
o
®

o
>
T

Intensity (cps * 10%)
o o
> o

Intensity (cps * 104)
e

e
N

(=]

=
=4
N

e
B P
F TNy e 0B, TN gy S

=]
o
o
=

298 294 290 286 282 278 543 539 535 531 527 523

Binding Energy (eV) Binding Energy (eV)
120 4.0
- © » | a5 1@ ; .
100 | Cu2p;, fo—o mn Cu LM, M, i —0min
= i ﬂ ---3min | 30 | i i -=-3min
o I o
-~ 8.0 = I — —6 min
25 | A l
0 ‘ 9 ey A ----- 30 min
L6.0 L20 f -
z 2 1A
% 4.0 1.5 Fse0 550 540 /3 "li
- g
= 1.0 | ot \l‘
20 &5*~“*"“AQ&Q\J
0.0 G L L L L L L L 0.0 L
952 948 944 940 936 932 928 924 920 616 602 588 574 560 546 532
Binding Energy (eV) Binding Energy (eV)

K3 JEREROEE A O XPS RS AHEBMICBNT, 0,3,6,30 70D
Ar A AV Ry &YV TEICESNE Narrow AT Kb, (¢) @
BARIE Ar 1 F )y FY DT 0 3CBFS Cu 2p,, ART MU
DILKE, (d) DFEARIE Ar 13V ZX)\vHUT0,3,6,30 73
B1F % Cu LM M, AT NLDHIEKE]

Narrow spectra in the depth profile of the naturally oxidized oxygen-free cop-

per plates of Sample A. (¢): Small window show expanded data of Cu 2p,,,

spectrum before Ar ion sputtering. (d): Small window show expanded data of

Cu L;M;M,; spectra at 0, 3, 6, and 30 min of Ar ion sputtering
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Simultaneous analysis of a narrow spectrum including the X-ray photoelectron peak

Cu 2p;,, and Auger electron peak Cu L;M sM,; was performed during Ar ion sput-

tering from 0 to 6 min for Sample A
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Quantitative values calculated from the area ratio of photo-

electron peaks for each chemical state for Sample B. (a)

Result of the simultaneous analysis with photoelectron and

Auger electron peaks. (b) Result of the individual analysis only

with photoelectron peak. (c) Result of the individual analysis

only with Auger electron peak
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Analysis results of a narrow spectrum including the X-ray photoelectron peak Cu 2p;,,

and/or Auger electron peak Cu L;M M, at sputtering time of 5 min for Sample B. (a)

and (b) Results of simultaneous analysis with photoelectron and Auger electron peaks. (c)

Results of the individual analysis only with photoelectron peak. (d) Results of the indi-

vidual analysis only with Auger electron peak
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Simultaneous analysis of a narrow spectrum including the X-ray photoelectron peak

Cu 2p;/, and Auger electron peak Cu L;M,;M,s was performed during Ar ion sput-

tering from 0 to 6 min for Sample B
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