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ABSTRACT: Objective To solve corrosion failure of printed circuit board assembly (PCBA) caused by atmospheric contami-
nation and improve the adaptive capacity of PCBA in environment of atmospheric contamination. M ethods Two typical corro-
sion failure examples were selected in combination with thick-film resistor and SMD LED from the perspective of device selec-
tion. The morphology of corrosion was analyzed with metallographic microscopic and scanning electron microscope (SEM).
The corrosive elements and paths were analyzed and confirmed by EDS. The corrosion resistance of different component pack-
aging was evaluated through one year of application comparison and verification at site. And the corrosion resistance of the
coating was evaluated by constant salt mist and alternating salt mist comparison test from the perspective of PCBA coating. Re-
sults After failure analysis of the thick-film resistor and SMD LED, it was found that components were corroded by AgS gener-
ated from the sulfur element from the gaps close to the silver coating. Thick-film resistor and SMD LED with anti-vulcanization
materials can effectively cut the invasion path of sulfur element in air to avoid corrosion failure. On the other hand, according to
the 168 h of constant salt mist test and 144 h of alternating salt mist test, with the increase of the coating thickness and viscosity

of varnish, the corrosion resistance of the PCBA increased and the metallic pins got better protection. Conclusion Choosing
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right packaging component and increasing coating thickness and viscosity of varnish can effectively improve the corrosion re-

sistance of the PCBA. The research provides references for selection of anti-corrosion materials and optimization of coating pa-

rameters.

KEY WORDS: printed circuit board assembly; airborne contaminants; failure analysis; protective coatings; salt mist

test

RS IR R % NIV -9 ey TR DR G D Sl N
MR, SRR N 5, B TR, XA
oA FEL A et B S SRR 55— T, FRL AR L
PRIET A F JR R ity T 5 7 i 2R AN B, (i
FEL A A i S ot R SR ) DXL, AN W8 o G o DR SRR A5
A Ay FEL AR I ok A B SR AR A, TS ™
JE Ik R A W R i T A A T RS
Py R S BRI A LT i i P — B[R] s A fE
BIHR, XEWRE — B T g AR, AH
[Fi) B0 352 1 A ] A P A7 BIR 6187 ifoRe 28 A i e £ g
WY o [R5 Qe RT L7 i BRI AN Ty, 20 A
B3 AR IR ME , B2 3 30™ AR o DRRAE 7= i
BT Z W AT R L I 05 Y 09 B 4P B H AR A
o FELIAERTFE A AT O HL AR Tl R AT, R RER AR
TR ST JE T LI B B R g e AR U
BIURIRIIETE R, 1 AP T A T PRI Z B AN TR
BRI AN T J5 B 26 PR 2 X Bl 47 A ] A A 1) 43,
DA TR AR S B o L AR 9 7 U B TR
5557 1P R 5E F HL AR I ok BT 3 ) R EE A 4

TEVIERT SRR |, SO a6 i o To 4t
W7 47 ) S s T A, DAL S A S8 o 2 S0 R 4
JE BRSSO T, BRI AR A X R RS
Gewy iy BRI 15 i

1 KRRTEMIE

4l ANSI/ISA-71.04 ByHid, Smstes TAER
SR TG A A R SR SRR ST,
25 T 385 v Xk Hi S R 2 M) 58 K 1 4 B i

1) FAMR——K A, KAl S HEE T
BRIRR . AHERARSEAIAPERR 4 o BR T B4 5 N &R
& R A B 4 Ml S R OR R AN, RS e 4 R R
PR K BT B o KV M B i A K B, 2 Tk
SIRIEMY LA, FECR AR EBAPT T % e
M TAEIERE R, P RE S S A T oA 7™ B 114 H A okt

2) WA REY——5 . ARG
BEIERYIBE T T S RSN, LS T AR
IRV 28 S 25 A TR0 R 0 1 A I o T I ML X
Pz 3, s AaiRm, EZES 2 NaCl, NaCl
TEAbF E RN TG R, (AR A KSR T, &
FEHCI, 5 Cu, Niv Ag &R E 4. [
NaCl Ak —Fpas s fif Jot, 71T 11 A X 8 B 19 1

BT, PTLATE S £ & AR5, BfA Cl, #
i T PR %A TT 11 VR SR PR — B VR CL T
FEL TR T 30 S0 S o, I I P AS B0 T8 ol
WL, R S R B, s
TG R

3) ARG YY)——S0,. H.S. SHikad
R P EREENEREYZ—, KA+ H,S Ml SO,
FER AR BB REE SR 4 | BRI
Tkt 2. HyS F1 SO, 5 AR 73, H,S FE A
BRI A fE N Hy A1 S HEE RS S SO, 5
A O, HUKZESR RN, FEMARGEMHARIIERT
fb& 4 ) S04

2 BHmEMIBEIEE

P g R () L fb 2732 #% ( Electrochemical mi-
gration, ECM ) JEHL /7 i B I R 30y E 25 .
EE T AETE PRI AR —F R4 B s 12
WA, BRI B A, I m AR A s i hh—
o BA B 1] BB A= 7 1 2 L BA B 22 ( Conducting an-
odic filaments, CAF ), 4 J& B HE AL 71T 8% fe & 25 1 ik
FRL 66 1 o I TR FEL AT, DT i R G 1 e A

FL R B A RSB T BIL H RA el T g e o
WA i B, WRBERETE 1 um DL Ry ik
N, WEZ T FE R AR AR RN o H L
A HL TR 7R 2 P B B A, AT AR S
DI L.

1) Jr R ik JE AR i 7E 4 JE A REZR T Y /NER
GyDCEE AR R 43 3 T o e AR A A T i
FEH T E&ERIIRE (RZEE . 1755 ) Al
JE A B A AN S], R ARZE AR, RO
A A BB B AN [ F Al FL L, AATITIE S Ao 22, 3K
Bl Ry R P P A o FE R R T AR e, PR DX SR
FFVAR DX 358 DX 50 3 Sk, 388 T /N B K B A 228
IoFI AR JE k™ o

2) PRALEE Il —FiRRER B R R e, LT
G ool F AR R AR ph . R TR )2 3R I AL B A
BB R AETE, o a] o O 2 2 R 4 R R BE TE RS
Hr, Au 5 HA A E I ORI /N IR B B X, K
Az LA T o T ) B — 2 R BRI R A
MR, B FEEE RN o 324 fh 3R E 1AL ol ™
Yreysmm, JEE b DR 2 I R S B B BTN AR RS



- 66 - KENKRE TR

2019 4 7 H

3) WU FEANAR SR ] G ELAT A D
AR OL T | R IE U8 f4 FL 375 o 7 I I S A A e
FEL o7 A 8 119 S AR 2 B TR R, TR BB B 1 1) 5 —
PRI, PR IRR S MR RER T [, SR A
A PRV R

3 #EAFEMSH

3.1 FERHRHLEY R I K3

FL AR LS B 220t , Rk Ak B X JE ot
SN 1) e A R R o A TR S P 3 8 ) B IR
BHARAL . SMD LED P4l i B £ 2k A5 R0 Ef il 1 5 /6
TR ], PR [ 2 A5 AR RO R e 0] Hi A
PO BE 1 A9

1) JELE R PR ELBR A JE ok o 5% I el L % 1T P AR
THROUR, WOCR B AP S Sk s
BB o QRSN LR 2 M B R B B A &, T
RN 2 5 2 P B i o 2 P S RS AL
wnt, RS A SO A SRR, TR A
TR, HEBULHRKR, 7Eea)m, mREk, S8
FEHRZ IR, RBEEZBWIE R, HERE. BT
By 1k JE R BELAR AL, T e FHPUARAL RE JD 5 iy HLBH . 7
AR EIRE AR, B SRAANE Ag. HAEA®
SN R TRt S 1) PO N1 Tl T T I G 13y A R
PRE i o SLRIBTAT Al HL B B 25 A an1AT 1 B R .
i 1 ARRRT L TR Z W, f BELA A 2R RO R R
i, BB A M R R L B RAT R LA A T

2) RERZESE LED BRAGIE il e . LAY i) il - et

AR
AL [ SR

l
SnZ2 (7

v
NiZ
R
(AgR)

i AR (AgR)
3 I 7 W R e =d = ) W e B

% LED Z5#niE 2 s, Hop 582 HE M —h
AR SR FEEROREE B ARYE R . SEBR R
v, TE S R 1 b DX RS B LED, # ik
AR AR o Wil 3 s, RERSEEEM) LED W%
WO RR, f5Fik, Joukmss . KRRk
LED B £ 5 , 78 4 A i Be T W88 31 py 6 5 o5
FSZ BRI S an e 4 FniEl S FrR o 4R B i L 2R,
HER LKA ZE6, SNPEASERE, S
17 B AR & S, PR LED 3248 K s Y 95 o
B IEFT EDS BEIET, WA 6 AT, 7S48 X e 4y
SIS F] T N 13.02%F1 5.38% AR ICE .

HEMH 2% B

/) /

bz
Kl 2 WA LED 458

&

K3 s fepd Rk ES S LED

a LED

5 LED Z4¢ X1k SEM E&



Fl16E H£71H

FEARAE iR PR 10 T ey LT e 3B K 5 - 67 -

5

n
T

W
T

Ag

3 Au

05 10 15 20 25 30 35 40 45

N
T

Counts/(x10%)

—_

<

Energv/keV
a. %X 1
2.5
2.0+
&
§ o}
Si A S
05| ﬂ x
0.0 '/L’/
05 1.0 15 2.0 25 30 35 40 45
Energy/keV
b. X 2

K 6 EDS ¥k

Tk J 22 AL 25 0 % 25 <R B AR A IR RS A
PLCC 3R 1H VE 1 A1 & o AR A5 0 2R 3o FH ek e i 47 34
B, WA B MBS o PR A ek JBE AT 3 25 4R 1
P, =P RIBLE T 5 F B> T B, #EA LED
W, SCORBEHRR AR O, IR BE X
BAe, SR TR, BEMIIAT . AR R AR
Bt rrErke CULE 7)), WIREA RCRH 6 5 1 = 1
Ve PR s B 1) LED, B 1 4R R 3 L 3
RALHIBLR

Bl 7 HEMIEELER LED

3 ) EIR FEL AR AR IS it o TR PR AR G A A
SR BT, S A 2 7 AN, TR
Sy - BRI T A A R £ L B A A
AP IRAE Sy, W DL AT AL BE 7 304 PORURE -
B ACEBRE AR . MR, TEA S

A BERE I BB AIRE T, IR b ik e )
ook, HOREeEg 400

FE 1A A B IE AR 50 A 00 O L IS ARCIE G S A BT
BRIl W 8 iR, b2 4 AR R
b B A DX I I R T 5, A PR X
S Ak FL A BT B R ok e 3 A FL . AniAl 9
JT7N 23k BRORURE ST I 55 1) FL B it L+ B ok B
%, ARG FLA B T I B A B i A DXk BR
T U FR ANy SR N 2R RSN, N TR
AR AR AR B i AR B TSR, U kA
ICT M FErf, o S REE R T R4 2 . 1CT ik
FEIRUE 10 Fios .

—~__ .\
19 AR RE St 5 A 3L ) P, Aot LS ot

B 10 HL g ICT ik EIR

32 RERE

EI3 T B B A ) #5428 65 Tl o DA 5 | A 2 3 2%
VR, NGRMFERG . FmEmy R &8k
PR JnaR R IS AR B B A o — Rl
PRECHT TR, TR0 f B A S sZ SR B i R . —
I % 110 A 2 R g 7 L B s B P ORI B
MR GB/T 13452.2—2008 &1 16 o7 B 1 4
BRORVE R, AR TR B X 4



- 68 - k& W B TR

2019 4 7 H

IPC-A-610 %5t T AS[FI 2 i = Wi e e v i s e 1)
W% 1. MRIELFRRNH, X F2EREE, fJLIEHR
HEPdCR MR RE T, WEEELATFERT
B X FARZE R SOES A EE, MEBCR AR 2 %R

BLL, WEBEALTEE LR,
£1 IPC-A-610 BIARBERE
A (IR SNUIES AR R /um
AR # PR N 30~130
ER %Y WE NG 30~130
UR %Y R BRI A 30~130
SR %! Tl 50~210
Xy X H 2R 10~50

TESEPRAL = R, KBS | AL 585 B2 A IS A ik
SV 1E IR TR R 173, JRRR =B A —E
W, WIS, S2BVE RG] A B AR,
s | AL 9 = 5 % V5 BE 0, 1 =7 Bl 47 143 55
sCCULIE 1), WA e mUgE k. s 12 Fros, i
— Bt 1] (4 H AR e 5 | B A HH B T = A kO A
TR I B4R

WERELT

v S

|

I —
BT PRAPIR )2 A 55 A

B2 gl =By sk A |G ik

R T VAR S R RP SIS = B b o R R R B AR
AR B PP ROR , BEEL PO A AR, BB AN R B TR
B, WE 2. FE A, BPHREIR =R
FHRT TR BB, 74 C rp ) kAR 78 5 20l — B 48 2 2
R AR R ZTE =B, A Sy UI R RN | T
TR AT A5 Lk B YDA 2k R TG I T R AR BE GBYT
2423.17 #HiTEE LRSI 168 h Z )5, %M GB/T
242318 RIEEFY 11 WSR3 RS 6 A i
55, BFEIR 144 he X587 S ELER 3 FIE 14,

WEEZE R WA 14 PR, ELHEE RS0
LA EIRIG Z 5, TR A R EARE IR YT

(BT URIEME , WA A O RS AR A B
B, AT A B TR B, FESOETTR
Ao L B = B BB vE 1 DL L JT % B Y LS AR
TESOUIT T G F 5 BAL B — Bk th BB B 7%, 51 B
H BRI A e, Pl BT T 7 5 B — i, 0
F B B B — E S TT S C AR B
[DiRE AU SUNUER TR E 1 S 5 WA I N o 4 € R ) A
Bl B AE AN 528, A6 PCB VI B A A ik Sl 1
DUHR B, FENG F a8 5 | AL H B A<

®2 HBEARBERKESH

ViES PR STLIES WEEE /um
A NI ER 30~60
B IR 80~120
C fi AR 7Y 3R 2 Tk 80~120
#x3 HRERESH
H E $h 55 A5 A R IR
e GB/T 2423.17 GB/T 2423.18
t=35 °C 53 55 ik % iz
Tk RH=85% t=35 °C0 t=40 C
5% NaCl RA=85%  pH=0s%
5% NaCl

B fEEh R 168h MrBR2: RAELHFIAR 144 h
| |

[

A

L e e
55 MWRHEAF22 h
— 24 h Gk6)

B 13 HFERG R

AR R, 8 =B B IR T AR A Y AR
T, AR LS RO DR B R BE 1) = 7 3 1 HL AR A
PRCR EA BRI ZES o 18 Y 48w = B A A
JEJEE BEA RIS A 5 | DAL 025 00 T Ak BT 4P R,
PRAUETR R B SE B8, BE— 2D 4R e T R AR AR IF T A
e BPUE Il AE

3.3 Lk

45 ey s 5t B 9 BT D e 245 sl 2D 1B g
JREREME,  PRARE AL 4 5 R A A 1 gt 1 AT PR RE
Bl B B T m B S R i b se b, aniEl 15
PR

R mB A gn] fE S P ECIECR . APLEZH. |
ARZFEIT A MR GG ARSI, 5 1 KGE
it o MRIEBCA A REHIFRGE, 5 B HE ™ i Y RS
Saw DA N O F VA W22 e i i3 L W B K VA= DA 0=
P AR5 P TG AL, LR IR I A7 5 e 0 A
W REROR B AR, DL Joy 0 DX SRR 7™ B Y 1) A
b2V /TR S UL TREE L Y/E & S




Fl16E H£71H

JEARRAE e R AR R TS ey SR o A L B A 69 -

K14 25 0 i AR — B SO L

) \ﬁ 1P67 515

& 15 P67 HLE&AR B 341 3%

4 Zig

BT EEL S A ) RS Y Bl 4 Il R, A g LR
A3 HTANE A JE b AL AT T A FERE E 20 B
K. PRGNS, TEYPRIERL | B iR 2 Fnah i
B dr i it 7 TR T 2 804 B B ik i s 4 e

1) XFF sy, T4 B . SEM )& EDS
ETF B e RIS YL IR, B35 Y IR AR AR 542
VEFEA A B A

2) ZE ISR EAVE R, g g
N G T8 H SR VR IR B W 59 A A R IR 2
F14) FEL B S o H DA | PRV SR R & ke, AR
VAT B R AR R R TR B 5 . SR E TR MRS
FERUR RS, AT AAT 80CHE FH AR 3 H B A 6T 75 G 0 1) it
JE R EE ST o

3) Y S AT Y TP B4 A5 GRS B A X
T, AR I R AR

PRI FE B R 5 T7 VR R 5 5240 70 A A R S
D PR G TR Al P e e e A U B

S -

(17 sk Bl AR B 1l AT S B 2w P R 5 [D).
JEIT: EITTREE, 2008.

2] HEAER. 2R PCB-Cu MJEmATh RAIIRSR
[D]. 2L R K2, 2011.

31 Sy, THERE, REERE, 2% $h55xImes) ffe 4 Enilg
PEARJEE AT Ry 2 0], JE BB R, 2015,
37(12): 1601-1609.

[4] SALMAN A, BURHANUDIN Z A, HAMID N H. Effects
of Conformal Coatings on the Corrosion Rate of
PCB-based Multielectrode-array-sensor[C]// 2010 Inter-
national Conference on Intelligent and Advanced Sys-
tems. IEEE, 2010.

[5] LOWNDES R, COTTON I, EMERSIC C, et al. Thermal
Stresses of Conformal Coatings on Printed Circuit
Boards[C]// Electrical Insulation Conference. IEEE, 2015.

[6] DOBRIYAL P, RAMALINGAM S, LIM S L, et al. Con-
formal Coating Challenges: Detection, Rework and Fail-
ure Analysis[C]/ Pan Pacific Microelectronics Sympo-
sium. IEEE, 2016.



<70

2019 4 7 H

(]

ANSI/ISA-71.04-2013, Environmental Conditions for
Process Measurement and Control Systems: Airborne
Contaminants[S].

XUSCAS, A, sKATAZ, 45, BN A BAR PRS0 ) 0 2k
B ARG A7 EL[T]. v 7 ot T 5 PR A 3,
2018, 36(6): 62-68.

FREM. TSR X L B g A LR K TR D],
TIClFSHEL 2013, 32(2): 36-39.

[10]

(1]

[12]
[13]

TRERE, H2E, 4513, et al. # H2SO4 Wi % PCB %)
B MAT R[], P EE A4 R A, 2014(10):
2565-2575.

A, ks, 220, S5 BRI A BRI AR 35 R
BE R 5 LA 9T (0], BB TR, 2012 ,9(6):
29-35.

GB/T 13452.2—2008, {34 Ak B IR = 1 1) I 5 [S].
IPC-A-610 CN, HLFZHIFAY AT #2321 [S].



