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XPS research on passive layers on Pb-Sn alloys
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Abstract: The composition and structure of the passive film on Pb-Sn alloys were studied by X-ray photo electron spec-
troscopy( XPS) in order to determine the chemical valence number and existing state of alloying elements in passive layers
and to elucidate the effect of Sn content on the electronic conductivity of the passive layers. It is found that the passive
film has two-layered structure with SnO,, SnO, PbSO4, PbO,(1< x< 2) and PbO,*Sn;_ , O, in outer layer, and Sn0O,,
Sn0O, PbO, PbO, and PbO,*Sn;_ ,0, in inner layer. Sn can improve the formation of PbO, (1< x < 2) which results in
the increase of conductivity of the passive film. From outer layer to inner one, the contents of Sn and Pb increase and O

content decreases.
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Table 1 Chemical composition of four

lead-tin alloys( mass fraction, %)

Sample No. w (Sn)/ %
11 0.532
13 1. 06
14 1.57
15 2.60
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Fig. 1 Surface morphology of
passive film on Pb-Sn alloy
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Fig. 2 Cross section morphology of

passive film on Pb-Sn alloy
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Fig.3 Survey spectra of passive films on Pb-Sn alloy containing 2. 60% Sn

(a) —After 3 min sputtering; (b) —After 30 min sputtering
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Fig. 4 Spectra of lead(4fs/2, 4f7/2) in passive films on Pb-Sn alloys containing 2. 60% Sn

(a) —After 3 min sputtering; (b) —After 30 min sputtering
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K5 & 2.60%Sn KB & EBALIE T Sn 1 XPS 5 7 A i
Fig. 5 XPS spectra of Sn(3ds/2, 3ds2) in passive films on
Pb-Sn alloys containing 2. 60% Sn
(a) —After 3 min sputtering; (b) —After 30 min sputtering
x2 KPR G A e s i Sn0,, SnO, PbSO4, PbO, F1PbO,*Sn;_ 0, F

Table 2 Binding energies of materials

concerned

Element M aterial Binding energy/ eV
PbO( tetragonal) 531.60
PbO, 529. 00
0 1s PbSO, 531.50
SnO 530. 10
Sn0, 530. 60
Pb 136. 40
PbO 138. 85
Pb 417,
PbO, 137.40
PbSO4 139. 40
5 SnO 486.90
Sn3d
Sn0, 486. 65
*3 WEMNEDNG SR HRE

Table 3 Binding energies of

different lead oxides(eV)

Compound 0 1s Pb 4f7, Pb 4fs/,
PbO( tetragonal) 528.90 143.75 138.85
PbSO4 531. 50 144.5 139. 40

SN gs R . B 5(a) F(b) #1 PbO, *Sni- , 0, WU
KTNAL B 7> B AE 488. 4 eV Fll 488. 3 eV; Sn0, Y,
SnO % W0 AT B 43 T 7E 486. 8 eV Fl 486. 7 eV .
BT Sn0, F1 SnO WU B AHFE AR H i, Kk XPS
ToVEW X I .

6 Fins2 A —Hifb R = O 1s ) XPS &4
PERER, LA L, O 1s W ARB1E sz £) &
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WHEELE 530. 6 eV, PbSO4 HEUETE 531. 9 eV, PbO,
g E 533. 3 eV, PbO, *Sni_, O, i IETE 534. 0
eV . [, K 6(b) 0 1s ENZEH Sn0, SnO,,
PbO, PbO, H1 PbO, *Sn;_, O, F1H] O 3 &S n )
ZEH . SnO % IELE 530. 2 eV, SnO, i IE7E 530. 8
eV, PbO i I&7F 531. 8 eV, PbO, i%I&7E 533. 0
eV, PbO,*Sni_ 0, HEUELE 533.8 eV .
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B, 2 P, LK 7(a); MEBERK(1. 57% Sn,
1.06% Sn) J&, Sn 3d HIIEEIHER 1, 2 g4, & HIL
T1, 2, TLE 7(b) f(c) .
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Fig. 6 XPS spectra of O 1s in passive films on Pb-Sn alloys containing 2. 60% Sn
(a) —After 3 min sputtering; (b) —After 30 min sputtering

(a) 2.60%5n (b) 1.57%8n 1
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(c) 1.06%Sn (d) 0.532%Sn
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B 7 4 A SSEIERE (WS 3 min) H1 Sn 3d I35 18 (3ds/o( 2) A1 3d3/2(1))
Fig. 7 Spectra of Sn3d(3ds/2(2) and 3ds/2( 1)) in passive films on Pb-Sn alloys

containing different contents of Sn after 3 min sputtering
(a) —2.60% Sn; (b) —1.57% Sn; (c¢) —1.06% Sn; (d) —0.532% Sn
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Table 4 Binding energies of various signals of tin in passive film on Pb-Sn alloys
Binding energy/ eV
Lo Sn(ey 3ds/a(peak 2)  Sn(oy 3dsa( peak 1) Peak 2 Peak 1 Peak 2 peak 1 Peak 2-peak 1

2. 60%Sn 496.8 488. 4 = = 8.4 =

1. 57% Sn 496.0 487.6 501. 7 493.2 8.4 8.5

1. 06% Sn 495.8 487. 4 502. 6 494. 1 8.4 8.5

0. 532% Sn - - - - - -

Tin oxide 495.3 486.9 - - 8.4 -
e 2 AN 1 I ZEME N 8.5 eV . X BEH] 1A 2 g
1, 2 WEATRS I A S . A ) 4 A RE RS I 0 L S B0 A e
BIAMBR: — e R UL B 2 3 R A n -l

MSBE e, —RAFESHEEI TR, R4MW
iR EoR, 14" 54(1.57%Sn) 1, 251, 2
WM ZZ1 5.6 eV, T 13* 4 4:(1.06% Sn) I 1, 2
ety 1, JIEHZEL 6.7 eV . X —HE EmiE KT
BRIAL 22 FR 535 4 (£ 45 Sn 4R B AL AE AL & T,
B Sn HH ARSI TR B S) MAPER T4
RETFR UG . 52 b, Sn M SnO &AL Sn0O, H:
E G AN, T Sn B SnO 3] SnF, H45 5
REARALAN R 1.2 eV . DR AT AHENT, S8 8T L
57% WS &4, HRMmMAMLEE X HEoth 7R
5 T3 HL AR ) 99 T AR R 2 XIS E L, 1A
BB BRI AR Bl (R WA 43 Sl %o B T B AX Py
TF R DX 3 H R 22 10 DX ) AN AN AT L X H PR 2 Y
XIR) . bEE A& TR AR, FBEK S E
BE Bl A= RSB 0.532% 1 11 &4
(¥ XPS 3 o & & B S0 P R A 3 0, b RITBG A0
REMAES X AT EHEND .

Kl 8 A1 9 Frus Mg AN [R5 B B AR 8 A S A i
KZH Pb 4f F10O 1s 1) XPS E4r ¥ . AT WL, Pb 4f
FO 1s BIRFIE 5 W6 4R 3 A Bl A 4 B2 19 22 7t 1 K
AARAL . Ph 4f F1 O 1s (1) XPS @43 HEitk 5 fir 7 I
Mg AR IR B TR S FIK 6. W3R 5 F1 6 %L
B LEE, REGESUESAMIE, HPbdfy),
(R 1% 061 I 7E 140. 2 eV ZE4( 0.2 eV), Pb
Afs)» R AE IR W AE Y ZE 145.2 eV 245 ( £0.2 eV),
O 1s [RHFIE R G ILE 532.3 eV 2247 ( £0.3 eV) .
XULEH, BAR G4 Sn B0 IR RE W/, (e X
Pb 4f F1 O 1s HEARUELT M LA .

2.4 “faf RN BRI T e
X FERHAEFHREERREREIN, BT
HHTFREL RS EAZ LB B A 7R, A

130 140 150 160 170 180
Binding energy/eV

K8 e eiiERE D
(V&5 3 min) Pb 4f 3% 1
Fig. 8 XPS spectra of Pb 4f in passive
films on Pb-Sn alloys containing different

contents of Sn after 3 min sputtering

—0.532%8n
-—--1.06%Sn ]
el B L7 i 70
—===2.60%5n ; 3

’ lr-‘l -,\

520 525 530 535 540 545

Binding energy/eV

K9 e eiEREd
(V&S 3 min) O 1s [ 3% I
Fig. 9 XPS spectra of O 1s in passive
films on Pb-Sn alloys containing different

contents of Sn after 3 min sputtering
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Table 5 Binding energies of various lead

signals from passive film on Pb-Sn alloys(eV)

Alloys
Level
2.60%Sn  1.57%Sn  1.06%Sn 0.532% Sn
Pbox) 4772 145.4 145.2 145.1 145.0
Pbox) 4512 140. 4 140. 2 140. 1 140.0

R 6 Y a P A R I (E 45 A RE Bl
Table 6 Binding energies of oxygen
signal from passive film on Pb-Sn alloys(eV)

TE TNV SR R 7 S S ULE e /S Rl 1 2 S
2" o AT R RO A DL — AR R THT L # Vs,
EXEH TR B AT R AAE ], &5 KA PTlAE R
TS L7 45 7 BT, 72 XPS 3 BRI IR{H
A RS, Bl R 3l .« MRIE“ A7 AN, AT A
S PRI VR ol AR T 0 2 L . PR SR A el AR T
I, AT A ZE, WHESIRN I 5 725K
AR LR, 73N 2L 05 I 1E BT R AN, K AR
T2 B T JUAR” B, T A P U o 2 T B
T 4 A RERRAR, 78 XPS i R RN A 1 A
¥, HRRES T MAEE) .

Alloys

Level 2.60%Sn  1.57%Sn  1.06%Sn 0.532% Sn 10 %%%%ﬁ%%%i}%@,ﬁtﬂﬁﬁ%‘)ﬂ EE?EE
S B 5 i 0 A=
0 1s 532.6 532.4 532.2 532.0 (énA) BRATHU/S Pb 4f Bk . B & b 8 B
W %, FLPAL R AR T AN 3 X, AL R A AE

(a) Pb 4f — Original (b) Pb 4f . — Original

............. Depth profile by —-- Depth profile by
a beam({ 6nA) a beam{6 nA)

130 135 140 145 150 155 160

130 135 140 145 150 155 160

Binding energy/eV Binding energy/eV
(c} Pb 4f — Original (d) Pb4f —— Original
------------- Depth profile by —-- Depth profile by
a beam(6nA) a beam(6 nA)

L

130 135 140 145 150 155 160
Binding energy/eV

130 135 140 145 150 155 160
Binding energy/eV

Bl 10 88 & SRR R Z AT R I AT JS Pb 4f ki
Fig. 10 XPS spectra of Pb 4f in passive films on Pb-Sn alloys

before and after electron beam sputtering

(a) —Specimen containing 0. 532% Sn; (b) —Specimen containing 1. 06% Sn;

(¢) —Specimen containing 1. 57% Sn; (d) —Specimen containing 2. 60% Sn
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il PbO, I HLFHZ /N PbSO,4 A1 PHOM ) #E 1 Sn
REAEBEAL I T L RE 75 LASR & . B T TN 458
SR AL 5 1 o HT mT 0, Bl 2 rp i SE
ERE D) PHO, 718, WUET R 450 . [T,
XEEANF S & mA AL B A XPS & &, BEE A&
HE RN R, TR NIGERE D E R, B%K
FEALIE B S A B, BERANS
HLPE R T AR, X R A A S H 4R T R
Klz — . Ah, K& Sn fEG AL EE S, 1M
JEh, TR T BEAL 2 B SRR e g v, B R T Al
WIE B AR S e O,

A UL Pb 4f FIEIEM B A M A& S SR ZERT

KA, PR S AR 7 AR AT e % 3
AR(HZHERBEN) SR K EBN (B THER
), MR X B S 45 SR T LLHE T, BB & bl
WL B AR R, REMGEEH&ER
ks, SRR .

2.5 RGBS IR B M e AR E (Al B 20 4y

F AG-21Ar" FEXTHE A 4 38 T 1A Al Ak i )2 3t
ATEZIRS, 223 min 1 30 min 2000 )5, #ifk s
31 XPS w3 FeRk kA, B 11 FIE 12 4
54 3 min 130 min 2005 4 MRS A SHGIEZE
) Sn 3d F1 Pb 4f @i st L . R E S EH
Y EAF, H 30 min Z/1)5 Sn 3d IEA7(Sn 3ds/»
I, Sn 3ds/, W) F1 Pb 4f W7 ( P 4f;,,06, Pb 4fs/,
) %5 3 min 20 A B, X UL AL IE ) E T
WAL T 3R 2 L Ah, 0 5R BE T, IR &I ok

(8) v — 3 min sputtering
Bg = 30 min sputtering

480 485 490 495 500 505
Binding energy/eV

(b) I — 3 min sputtering
fnoo 30 min sputtering

430 485 490 495 500 505

—— 3 min sputtering
-------- 30 min sputtering

Binding energy/eV
) — 3 min sputtering
M e 30 min sputtering

¥y
%

480 485 490 495 500 505
Binding energy/eV

481} 485 490 495 500 505
Binding energy/eV

Bl 11 48 &SRR ZEH Art 51 B WS 3 min A1 30 min J5 Sn 3d(3ds2(2) 1 3dyo( 1)) I REIE
Fig. 11 Spectra of tin(3ds/2(2) and 3ds/2( 1)) in passive films

on Pb-Sn alloys after 3 min and 30 min sputtering

(a) —Specimen containing 2. 60% Sn; (b) —Specimen containing 1. 57% Sn;

(¢) —Specimen containing 1. 06% Sn; (d) —Specimen containing 0. 532% Sn
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i 1 ] 1
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Binding energy/eV Binding energy/eV
1 d
© % — 3 min sputtering @ ! — 3 min sputteting
b1z - 30 min sputtering 2 - 30 min sputtering
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Binding energy/eV
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Binding energy/eV

K12 885 REREH At R0 5 B2 WS 3 min Al
30 min J5 Pb 4£( Pb 4f;5(2) Fl Pb 4fs( 1)) i e
Fig. 12 Spectra of lead(4f7/2(2) and 4fs;2( 1)) in passive films on Pb-Sn alloys

after 3 min and 30 min sputtering

(a) —Specimen containing 2. 60% Sn; (b) —Specimen containing 1. 57% Sn;
(¢) —Specimen containing 1. 06% Sn; (d) —Specimen containing 0. 532% Sn
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(30 min) J5, H O 1s WEGREE W] 5 FAAG, X0k
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m o AR, AERMNESBRAERNELL SN ZEIT
BERMNEGRZ, FAEERN N A S RN
e B I A SR T DR B I BUR B0 Z, B
AT A b B2 J2= b SR N A8 B B /R, RIS
TP AR OS2 R AR 1) P B AR R B0 1T AP
AT, DR, GRS BT 4 R L AR & WoR Bl T
Ah IR E T = T .

Kl 13 Fr7n 9 3 min A1 30 min ZI00)5 4 R4
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* e 30 min sputtering
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K13 #HaSABERZEN Art W5 Z 2 WA 3 min A1 30 min J5 O 1s A0
Fig. 13 Spectra of oxygen in passive films on Pb-Sn alloys after 3 min and 30 min sputtering

(a) —Specimen containing 2. 60% Sn; (b) —Specimen containing 1. 57% Sn;
(¢) —Specimen containing 1. 06% Sn; (d) —Specimen containing 0. 532% Sn
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