55 24 55 10 ) PESEEEFIR 2014 4£ 10 A
Volume 24 Number 10 The Chinese Journal of Nonferrous Metals October 2014

TEHS: 1004-0609(2014)10-2565-11

#% H,SO, /X PCB #1HAE 1h1T A IS0

THEE, § X, 4+, E8F, FZR, TR

AERHERZ: R 5B bt kst 100083)

B OE: RHCHBLPUEBIS) A Kelvin HREH(SKP AT 4 B 12 ab#ED i) f B A (PCB)RFEAE A ]
pH 1B HoSO, W0 N I ATy, 38 1 A4 27 SAMBE AN R BE 45 A e it PCB_ g 4™ M 1ah AT by AT
BN EE R B HIA(PCB-Cu) e 1 R AR ARG s T MU AR 4 b F H AR (PCB-ENIG) 3 22 4 ik L
JEg b, B LS H B YR T G T R o X S I R, T AR 2R AR A PR P B AR (PCB-Im A ) 1A J AN =y B -9
L%, WEERS B RA TR R, AR i (PCB-HASL) 1 s %14 454 EIS M
SKP 73 M W]: M HySO4 e TE AL 11 HI X 48, R TRRE R L 22, IR RE R h; 4K |, PCB-ENIG
WAL B PE IS AL T PCB-ImAg X FEH), PCB-HASL f 541

KRR NG ARG R B HaSO,

PESES: GT1744 SCRRARAERD: A

Effect of dilute H,SO, droplets on initial corrosion behavior of PCB

DING Kang-kang, XIAO Kui, ZOU Shi-wen, DONG Chao-fang, LI Hao-ran, LI Xiao-gang

(Corrosion and Protection Center, University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The electrochemical impedance spectroscopy (EIS) and scanning Kelvin probe (SKP) testing techniques were
used to study the corrosion behavior of four kinds of printed circuit boards (PCB) under dilute H,SO, droplets with
different pH values. Meanwhile, the corrosion morphology was observed and analyzed. The results show that general
corrosion occurs on the printed circuit board PCB (PCB-Cu) surface under the droplet. The corrosion behavior of
electroless nickel immersion gold finishing PCB (PCB-ENIG) is mainly in form of microporous corrosion, and the
corroded micropores develop from the edge of droplet to the center, while the corrosion regions of immersion silver
finishing PCB (PCB-ImAg) are confined at the edge region of droplet, the substrate metals for PCB-ENIG and
PCB-ImAg are both corroded to some extent. Among four PCB materials, the hot air solder leveling PCB (PCB-HASL)
corrodes the most mildly. EIS and SKP results show that the dilute sulfuric acid droplets can activate the sample surface
and form a large potential difference on the whole droplet region, contributing to the further corrosion process. Overall,
the corrosion resistance and protection performance of PCB-ENIG is better than that of PCB-ImAg, while PCB-HASL is
the best without any corrosion occurring on the substrate.
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Table 1 Basic processing parameters of PCB

Board No. Surface treatment Thickness of protective layer/um

1 Without 0
2 ENIG 0.02
3 ImAg 0.02
4 HASL 1
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Fig. 1 Optical micrographs of PCB under different pH droplets for 24 h under condition of 60 C and 95% RH (void-blank sample

() Void; (b), (e), (h), (k) pH=3.7; (c), (), (i), (1) pH=2.7
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Fig. 2 Elemental distribution map scanning of PCB with different surface treatments under condition of 60 ‘C and 95% RH: (a), (b),
(¢) PCB-Cu; (d), (e), (f) PCB-ENIG; (g), (h), (i) PCB-ImAg; (j), (k), (1) PCB-HASL; (a), (d), (g), (j) SEM; (b), (¢), (h), (k) O; (¢) S;
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Fig. 4 Surface Kelvin potentials distribution and Gauss fitting curves of PCB-Cu under different test conditions: (a) Void; (b)
pH=3.7; (¢) pH=2.7; (d) Gauss fitting curves
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Table 2 Gauss fitting results of surface Kelvin potentials distribution for PCB under different test conditions

pH PCB-Cu PCB-ENIG PCB-ImAg PCB-HASL
A% o wv A% o J7A% o
3.7 —0.3183 0.02679 -0.2781 0.04605 —0.3178 0.06962 —0.6869 0.05519
2.7 —0.2920 0.05761 -0.1789 0.05355 —0.2021 0.06229 —0.8078 0.1478
Void —0.3286 0.02668 -0.2265 0.02205 —0.3292 0.04828 —0.6678 0.05091
=

=

yimiin
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x/mm

B 5 AL AL T PCB-ENIG K1 SKP HLA7 /M0 5 ik & i 2%
Fig. 5 Surface Kelvin potentials distribution and Gauss fitting curves of PCB-ENIG under different test conditions: (a) Void; (b)

pH=3.7; (¢) pH=2.7; (d) Gauss fitting curve
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Fig. 6 Surface Kelvin potentials distribution of Gauss fitting curves and PCB-ImAg under different test conditions: (a) Void,;
(b) pH=3.7; (¢c) pH=2.7; (d) Gauss fitting curves
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Fig. 7 Surface Kelvin potentials distribution and Gauss fitting curves of PCB-HASL under different test conditions: (a) Void; (b)

pH=3.7; (¢) pH=2.7; (d) Gauss fitting curves
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Fig. 8 EIS results of PCB with different surface treatments in

H,SO, solution at pH=2.7: (a) Nyquist diagram and fitting

curves; (b) Bode diagram
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Fig. 9 Equivalent circuits of EIS for PCB with different
surface treatments in H,SO, solution at pH=2.7: (a) PCB-Cu;
(b) PCB-ENIG, PCB-ImAg; (c) PCB-HASL
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impedance)
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Table 3  EIS fitting results of PCB with different surface treatments in H,SO, solution at pH=2.7

Sample Ry -2 EW/ -2 an/ -2 ny R -2 nCl/ -2 ny Rm/—z
(Qem”) (Ss7em ) (S-s"rrem ) (Qrem ) (Ss™em ) (Qrem )
PCB-Cu 1252 8.144X10°° - - - 1.304X107*  0.7348  5.035X 10
PCB-ENIG 1442 - 2477X107°  0.9378 190.5 2398X10*  0.7906  2.057X10°
PCB-ImAg  102.3 - 3.139X10°  1.0000 110.9 6.500X10*  0.7967  1.580%10°
PCB-HASL 1019 - 2.872X10*  0.5583 186.0 8912X10*  0.7304  3.693X10*

JERIE R BT GRS, Sn R ififim T
R )Z SnO, AN, H Ak EeE, Him,
9(c) A5 A% HL IR R FH (R AT ey A 2 T AR L2
HL R PH AN ZR) . 45538 3 A 454, PCB-HASL i FF
() Ro (0 KT HoAth 3 MAt k), Bl pH=2.7 INH HoSO4
W PCB-HASL fA/E8CRINIRTy, X fiRe 1
PCB-HASL J& 5 i S A

2.5 R TR ME
Cu J&— PR SOL/SO 455 Je A Ji i

AR, AR, Cu RS IE R —EH
SRR CuO M, X IR B — e Ry e
FHUO20 fH KA AZ SO, EHIR, Cu,O fEfI4hR

%2 BRI H AR CuySO4(OH)s 25 Ji il =4
(LB~ T i A h s ok, R
AW (pH=2.7) DX 30 75— J2 502 (R T ™= e,
PEHEE A PCB-Cu [ HLUE B RE AN il AR
Cu,0+2H—Cu+Cu*"+H,0 (3)

4Cu*"+S0% +6H,0 — Cu,SO, (OH)+6H" (4)

®3ALE R bR AR A

Table 3  Standard electrode potentials for common metals®

Electrode reaction Y
Cu™+e—Cu 0.52
Cu*"+2e—Cu 0.34
Ag +e—Ag 0.80
Au'te—Au 1.83
Auv*+3e—Au 1.52
NiZ+2e—Ni -0.26
Sn?*+2e—Sn -0.14

%} PCB-ENIG #1 PCB-ImAg 175, Au 1 Ag X}
SO,/SO,” JEE AU R BRI, 68 ol Jsg I3 3 B2 R LE ARV

JE BB R ALAR IR Cu/Ni K. 2 F A LR T X
FEAEIT, A0/ ] = F T DK AR 5 B ) A S
AR S Y, 4 B 1 AT R SR 4, HHAERHE T
FAT B AR S Tl =) o 65 =) (R HERR 3 B0
TG BT, R 7 i DX 30 el T R R vs A A
FHHLAL R, &5 SEARM0 O R S IX S8 B T 8K
WA 25 o BRI [RIHERS , VB0 T 28 RO TR FER T B
B E R, AR S KA TR R R N,
TP f NERE o i PCB-ImAg & b F 8 %k
TESET WAL S 10 JE5 ol = R BT, ¥ LA v 98037 v
XIS, 7E Ag/Cu HLABRI G b= s R A F
BRI TR FERE— 2D, B b= A ao S B
AT R 2 AR, PCB-ENIG [R5 50 AN ],
SO 0 S S5 R FEAI R %, AT LR bl ) %
X, MWK 4 ATLUE L, AwNI/Cu HEAR i 3 KT
Ag/Cu WX, HE eI R B E T Au 2
AL 5 —TJ7m, M SKP HAL T ORHER H,
PCB-ENIG KA Z (%5 KT PCB-ImAg, JimhX
S5 7% 5 T 0 L J T R o

Sn VE MR HER, Feie T T Lo s, &
TR AT AR — 2 2~3 nm JE AR PSRRI, (R,
PCB-HASL /& 8RR T KIHORED . R, £E
TGRSO BOK B, 4 WS R AR LA vk
TR A A RO R B IR, Sn SR THT A IR DR 1A
A BIRR,  ECHORIEER Sn SR iE— 0 1 g
Ji R A AR AR B (R (5)~(7)P . L SKP HiAY
KI(E 3(d)) AT LAE 3, PCB-HASL ¥ 15 F X 45 i
TG e, Fa A BRI, AR e
P, (HMBh JI2E A, EIS 455 I W Sn JZ 165 ol
R AR T 30t 3 B PCB #k}, 453 PCB-HASL Ji§
Tl AR, TR FOA 22 CRFFA AR B RAS

SnO,+4H"—Sn*"+2H,0 (5)
SnO+4H'—Sn*"+2H,0 (6)

2Sn+4H"+0,—>28n*+2H,0 (7
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[8] 4B3C, ZRWeR, HEE T, AxEH, 1 25 BN AR R

3 RN G 4 B B F B BROIGE AT O I R )] 4R AR, 2012,
Zate

1) ARBEAT 2 HIALBE () PCB-Cu £E W0 18 F R K2
FEE AT T B Au JbER)E, R N
FUJE o, 5 sk AL P 3 5 DX 3 1) R 0 B E T
PCB-ImAg i i DX 35k PR T80 121 2 X 335; PCB-HASL
o s Ry

2) M&fEi5 1k PCB-ENIG fll PCB-ImAg 1, it
JSCH DX A LA B, 0 URE 3 T B K Ha A 2 1
(RREfE ;X PCB-HASL 15, MRAEWSWHF Sn K
B S A S T B0 A FH DX 3 T A K R B
FAT v R B b 6T ), EIS 25 5 S it S J2 il %
WA

3) 4 Bl PCB #1174, PCB-HASL i it fe 47
PCB-ENIG Fll PCB-ImAg {E¥i 15 FH R &%k
T AFRREERE i, (HHE4A -, PCB-ENIG il
IR RERS A, PCB-Cu JE Dt Ay ™. [Mifg, 7
B BRI B I BTG R ARG T, HEFAEH
PCB-HASL, 174 PCB-ENIG.
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