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Depositing mechanism of selective OSP on copper and gold surface of PCB board
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Abstract: In order to develop better Cu-Au selective OSP (organic solderability preservatives), the
procedure and principle of depositing of several selective OSP on printed circuit board (PCB) were studied
for the first time. The mechanism of OSP reaction and selective depositing were investigated with UV
thickness measure, SEM morphology survey and EDS element-composing analysis. The results indicate
that the complexation reaction between substituted benzimidazole derivatives and copper ( I ) compound
needs some activation energy. The copper (I[) ion, ferric (Ill) ion and benzimidazole all can lower this
activation energy and have positive catalytic effect, while the zinc (Il ) ion has no such capacity.
Employing the catalytic property and no participating in OSP film formation of the ferric ion can endow
OSP the selectivity between copper and gold. And no complexation between benzimidazole and gold atom
can also be used to make this kind of selectivity as well. The selective OSP containing zinc ion plus pre-
treatment process is obviously better than the selective OSP containing ferric ion. The OSP film formation

procedure does not change the surface morphology of copper and gold.
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Fig. 2 Comparison of normal gold surface and

OSP-stained gold surface
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Fig. 3 SEM micro topography and EDS data of

copper board and gold board treated by process A
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Fig. 4 SEM micro topography and EDS data of

copper board and gold board treated by process B
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(b) gold surface
(C 9.44%, P 7.21%, Ni 52.75%,
Cu 2.30%, Au 28.30% )

(a) copper surface
(C 16.10%, N 0.91%, C1 0.42%,
Cu 82.57%)
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Fig. 5 SEM micro topography and EDS data of
copper board and gold board treated by process C
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Fig. 6 SEM micro topography and EDS data of
copper board and gold board treated by process D
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(C 9.60%, P 6.79%, Ni 58.51%,
Au 25.10%)

FNFEA WA RIER] 4 AN AR A4 R oC RS
C. N, Cl. Cu4 Mz, &M C. P. Ni, Cu.
AuZEHMOTEM AL, R rT W, N ClZ& OSP
JERIFFIE L E . Py Niv Au & W IE T X,
AR A B4 EDS 3t & N, ClooE, Xt
b & m O A OSP s g, W Rp 4w b4,
HE5 UV g R RS0, FE, #wE CH
I N ClUGE A B L /N T AR R, e
H OSP BN e/ T HAL AR, X5 UV WEE
VapilEE SN/ RS CE | g T

3000 {59 SEM #ULIE i K s, A e i T
OSP J 2 &, HRWIE R I 2 5, vl
OSP R I AN 25 5028 4 2 1 (A I B 45 4 . TR s
W IE S X PR IOUE S 2E L B B i) . 5 Je 48
1) OSP e ok, A4 bES A, HEWE
ST, UL OSP it A 23 ok 725 4 2 1 1Y

OIES
2.4 XTFETAXISEE OSP B FEALHI & 53 i [ i

Xof T R 25 A G ) 7 i 2R ) RS, LN
HhaE g el BT RIS T AR, AT S K
AL AP —F AR, BB TFIRR. A
JEF IR TS 2 M B T R AR R (]
7, Hr—AS 2 M E T RE S BRI A o T
BeG s M— K553+ RE 5 2 1 25
FHIG s AW, #IE R T —FhE o 1 sk
RECAPIE, FiRdE 18 i FRERRIEN, s
YIBEH 2 M B Bl SRR 1 M s, DAIKE] 18
TFRUESH, X X FLOeHFRe et (B8 L
B} Cuy,, WEFFRAT A 43 BT IIESE T BB )5 i OSP il
T2 L 1 MR AR . T A 4 )R
BF, W2 MERET. 2 BTN 3 I EE T
&, ANZPE R FHEA AR, ARXES PRk
T TERREEBR S RN, BTN kA SR
R

K7 wkeety 2 MHZs S IR Lht

Fig. 7 Structure of imidazole-Cu( [l ) complex

Cls

0 200 400 600 800 1000 1200
binding energy/eV

K8 OSP Ry XPS fEiE K
Fig. 8 XPS spectrum of OSP film

2.5 REALSEILIEREMNSHTSITE

WA OSP W & A 2 i B+, i e &
BB, FEJER 0.396 pm, HEmHE LT, KE
}0.138 pm, XF AT ERAIEEHE, B &
PR G HIL T .

ML AT SEM JES B FT EDS 05 2H 1 554K



. 236 o (e

S

% 68 4

P, GEA R RIS AR, X R A
RS ORI A

(1) Wl Cabsorption): Z I DK Mg 471 A= 4 K
B b AR IO F T 5 & R R R A E S B
A — S8 BB C AR SR T DRI ATT AR A
HOW R 4w, R ERIT

H

N N
SR
N N

Au®

(2) X FF 1k f1 % & (deprotonation and
oxidation) : FEEMEILFFMET . BRIEIRAY 1 7 &S
LR, B &R R AR, BERFEN
17N 5 7 ol S e e = 1 e SO 1 e Y T
DK e 285 1 8 40 1E LT 1) 4 i 2 TR B B 5
REE . REEMT

_ H*Y - H7
N& (Au)O N
2 )
@ />jR (catalyst) >7R
Y
Au

Au*

_ H* H
N N 0,
>R + [Cu2+ + %R] —
I‘\I N #
Au

(3) X EERE (cross-linking) : TEHi B T FI4
AT, LRGP IR AR EWE S S5
T AR I 5 RN R s 7 A ) e A A8 SURE 422
NG s TE AR TR A= ) 5 W A 4 S TR 24 e &
Yo(E 9. T H. ZIRIECE YIS ) — I
AT 5V U S R S T PRI KR AR Ak ek i
N, FEARWa AN . I, R ZOE R — s [ )
W&y (181100, RIgR1E 1 OSP B,

\Cu
/
N
H H N’>_R
NO N 0 \
>R + [Cu2+ + />—R] e Cu + H,0
N N !

\ N
Au C[ >R
1
Au
K9 &-PRmAEBLSY ST FIFRm A

A SUBEHE N
Fig. 9 Cross-linking reaction of gold-imidazole complex

with copper and substitued benzimidazole derivatives

S Cu/
PN
N N
e 1)
N N
e + H

Ny 2
PRy
Au

Au

(0]

&l 10  4:if L OSP JEMTE K
Fig. 10 Formation of OSP film on gold surface

9. B 10 B OB AL Al A, 4 i b
) R R T A B 2 5 T U R N, 4n
SR WS B, A R S N BEAS
kA, BRIEEGRE B &0F T 4 WA 5 ) 8k
H IR H A 5% B AR A
2.6 REBFNEAREMEEAKERNSHEITiE

WA OSP W & A 3 IhekEs v, 4 m e W
RIS, B R 0. 359 pm. 1T 4 T FEAS R B
JE/NF 0,02 pm, AIRVEASEIE, PRIASSEZ A B S
fE) . XFFHAE B B OSP ¥ 80LE il 1w b i e
N7,k LR 8 s AL AN R

(D B+ 58y A R 1 P . 2 prd

2Fe*" +2Cu’ +H,; O—2Fe*" +Cu, O+2H"

2Fe’" +Cu, O+2H ——2F¢? ™ 4+2Cu*" +H, O

(2) RSN = A AR S 7 DL B i

BRI AR T AR AT A ) S R R R R
VA 2 TB] I BE A5 B s[RI, 2 4 4l 5 30wl i
5 S I8 IR R AT A 49 A A SC S S 0 171 AN I
T b, BZIE M OSP i,

(3) BREMAFATN, BOCERA 2 Hr
WE T, LA & OSP R, H2s A
—LEIRTF IR A= Wy 0 S5 B s ANt AN R I R
AE. WRGRMAEH NI, Bakd FidA
PEBORE I B0 i B Rl ik f BT L
R E A A

(4) 3% HLAY Bk B 1 AR Dy S A0 50 S D fiAk
MBS HBER R, P28 EDS 234 fir A OSP
BEIFAREMBITT R, ENARE T AS S
B, AR BAEM ., & HA Tk
Bk



5 S1 4

www. hgxb. com. cn o 237

2.7 RIECHE. ESEVARENSHTSITiIE
R OSP & & A 2 e 7. 4l f 4
TR IE B B, i AR 0. 098 pm, f5
FNRIEALH 0. 003 pm, )@ T —Fh 55 W% B =l 3 7
ST TR R TR LRE )55, ToTR
FimireAd 2 B, WA RSGEHE FIgkE T
M%ﬂ%%1%m%%ﬁ%%mi%%%ﬁm%%
1. W24 TEZ OSP % in A > & XUE K
ﬁ&m\%%Mﬁjﬁ%%éam%%ﬂ,m%i
KA OSP BUBE SN, 5 PRI AFE T Ry 3k 26 48 A6 551 9 AS
REREAIK 1 M i 1k & 4 5 PR 28 O R e )2 7 114 3%
m
2.8 m&DmﬁmﬁﬁﬁﬁTmEm&ﬁﬁﬁm
iR OSP W& f 2 IhErs+, S50 C
XS AE T AT AL A T2 A 72, 40 I BE 1E 7 B
(BB 0. 371 pm) s AR JEREE{L 0. 005 pm) .,
SIMTINN s TR VR E e 8 2R I BRI /Ny, 7R
PSR T 5 SR 2 0 E AR & AR B A RO . T
éﬁ%@ﬁﬁ%%ﬂ%,ﬁﬁﬁimﬁﬁﬁ,ﬁﬁ
SUA T REREME . 2R 2 Y Ak R R A
T 258k R NETE U ﬁ&zF%%EﬁA&@
OSP #4585 RS 19 2R I Bk /)N 43— 1 3
BRff, JFVE AL A AR 5 2 AT
KRR A W A 5 A B L WAl 11~ 13 FIR .
BRI C AR Z0A AWM fFrE, H
FESEA OSP #8556l 2 A2 /N33 4 I BRI IR (19 4
RUHEAL T, Ok LUIUR A A5 SRS S 0 o 4 T 76 TR

Wb ik 5 AT KM Ny i G, REGEA OSP
VIRt i = AT R 3 ﬁﬂﬂ@x&ﬁm%
TR, BT DL & A OSP R IR [ . 3 #F #t (i
OSP H58 T — PRI (e Bebk

WRE D M4 EDS /g R R AR TR,
ﬁﬁ@B%Mﬁ(ﬁmFﬁﬁm%>miﬁmﬁ
IR R ECN 2. 0% ~2. 5% A4 . 156
ﬁ@@%ﬁﬁ%éﬂﬁ%ﬁ%mﬁ%ﬁéﬁﬁlm
TR EG AR R, R T A TEAE OSP A R A Rk
I S5 17 F4) AT B
2.9 XF OSP A& EEMRICATTS

5 T Ll 3 A ] 4 20 1 1) i A B
WA, HT . 4  7E 20 R M Bk i A Bl ok 3
F, 48 i AR R, AR R A S
2/ WUEAKIR R A AL, BRIZER T B i —3 5 4
JEESN, WrEE TR LM 1 A, WAL
Wi, XA 1 A ) — AN T R PR
MR EZEIEA OSP W (e © . FEARRENUF]
b 559 AU R I DR e Ak B R A E A R
PRI A2 S g (A A e A s o WA 200 3 > P A A 7
IRTEALRE . A REAH S WA T, A A Py 2

[:[>+w%o—»[;1

benzimidazole Cu,0

B 11 AU R R

Fig. 11 Reaction in pre-treatment solution

[:I§+(;I)Rﬂ[ij:}R+[:[)+nHO

éuzO

Bl 12 OSP Al v (4 % f A1 B e 2 g

Fig. 12 Acid splitting and displacement reaction in OSP solution

H,0

K13 FIFRIEAEILAY 1 ik a S Zfﬁlﬁztx%ﬂﬂ?kﬂ%mi% (2% 45 S

Fig. 13 Complexing reaction of copper ( [ ) compound and 2-substitued benzimidazole derivatives with

benzimidazole as catalyst
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