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Reliability Assessment for Electronic Assemblies with Electrical and Electrochemical
Properties Measurement
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ARAFS 71 7180l HE Aol PCBY Aeolrt.
A 2E FAstn =Y A3l 71EH o= A8H
= FFo2N, AA AFNME B NI} o]
FoA 1 gtk PCB AlEAH7ME A e EFFA
H(thermal shock test), E#olEA&(thermal cycling
test), L&1HEAE(high temperature and high
humidity test), S717F4A18 (pressure cooker test,
PCT) 5°] F2 A4t oA PCBY 8 3%
PRlez =39 A% E(plated though hole, PTH)
U &7 39 7% (crack), 3t % (delamination,
blistering) &< &3] A Algoltt. <]3d =
FE0e AAtez #EsY] fEiMe g Sl
o] A71Hdog % dZso] & daisy chain 7]
& AbgStedol it I & HiHHo| g £
< kP f4 AdPEeE HE4He Aol daisy
chaing ©]438 Algolt} ofg3 AP F2 FAA|
AL A3t B £ FFR dis drztez A
F& S WHOR Fig. 13 2] & 719 Al
sl Hr|dez 2E Q43 AN JEPR 7Y
WA Aol MsE Seke Wgolth AR o
g Aol wislE FA] e BFl digt ¥l
= $lofoF 3, QFP(quad flat package), BGA
(ball grid array), CSP(chip scale package), =%
A (flip chip) FF< 2% W79 IA& AYnt 428
4 9= 97 A (dummy chip)< ol &3l Hxeo H
F& AFstoiol gt oA Ay ®sE FEo
Ago] ohd HE AE BAS) s B2 Ao
t}. Daisy chaing ©]88 &9 I+ $4& F7}t
817] fleiae FHHos Foslojof & FEo] it}
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Fig. 1 Photographs of test specimen (a) PCB and
(b) package component on the PCB
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A&A) 7} 2 Aoz Relde, A% AL
g Alze] AAAF ] A 10~20 % F7HHT AL
7] o2 AR

23 NEzxel 2UEE

exol d Adel A% AN BUEYANE ¥
Fo| 2xr} 2Asolo} dul, 271 A1QE Al ol
A weel Aol he LEr} Sgueclok gk, wet
A A e @0 g LEEE ople $Ee &
£8 9sdom 24T & golok Bt Wk e
o dFse A28 SHo2 Al W) U 34
3 @A A FlBelNe) LERSE WA 2 stelol
.

24 MIIHPIAN 54 &3

&0 HEFd e #dS e A+ 1Y
2o 3 A7)8 BHoz APS SHse e
wR oz Abgatt AR i Aol SHEHS
Az wel d&Hoz E2HE 4 Slojok I} Fig.
2% Daisy chain 7%l A3 #He & HEHol
Ug $HEEst Aol i3 ARzleldt, Fig. 3& €T
AgRe Azpasts #F3] A3 AMEHE B A
Aolth, A84H|ZE APESAHE 3 A AY &
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Fig. 2 Fatigue test equipment photographs : (a) overall
shape of test system and (b} magnified view of
test fixture and specimen

Fig. 8 Daisy chain measurement systems : (a) CSP test
coupon, (b) event detector with in-situ method,
(¢) DC source meter and (d) test program controller

WM 4 U= AFHZl Boshe, o ¥is)
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Daisy Chaln Measurement (Resistance)
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Fig. 4 In-situ measurement results of resistance and

bending fatigue force applied on the CSP package
solder joints during the 4-point bending fatigue

test
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e AFAHE 3T 54 2 A8AE 58 17
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U AlgeE 27102 AH8-¢ PCBY Ty X85 opy
2 AFe £5o ME AE AT A= o
A% zmelElolop k. JEDEC 227¢ME AEd
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TEMPERATURE PROFILE
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Fig. 5 Representative temperature profile for thermal
cycle test'”

32 AMOIZ A" A2t

A7) AR AF AL A wel FoR
A Agshs Aol et MelEAIE 71t
dx AFe AT Zo] FoiA AME A 2ol wet
ZAYE A7HE A3 § ek TC1 289 A5 %
6,000 cycles A8l A&s 1 vt &g nFEES
gesr] YalMe A4 A AE9 63% LA
A ANPE APshe Aol AuHxm ok AT ol
L 9jo]lB B¥(Weibull distribution)® o]&3 41
BEXE Uehd o FHdZdd o3 A3 S Hel
493 4348 (cumulative failure rate, %) ©l
7] WRolrt. T3 Zhzke] AFLTelA fFR AT
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Wild 22} 3 2AA4x)4(fatigue ductility exponent)
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o] Hatg T BREY, £ HFL F=
A g3 FEoles T Sdo 2R ISR
A7) 88 (electro-deposition) o] <& A% ac)® &
Ho M o] mlo|ayold PzE BrHE HE T8
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Fig. 6 Photographs of polarization test system”
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Fig. 7 Schematic diagram of Tafel extrapolation
method for measuring the corrosion rate?
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density, Ioom) 9+ ¥24V39)(corrosion Potential, Ecorr) & +&
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Sn-40Pb$} Sn-3.0Ag-0.5Cu(SAC) £4¢¢ &34
PogRy ¢3¢ &F FIZAHL 7 3tk B
F3A] FAoBHE T3 A, S5 A9 FMolA
e}l 449} Ecorr, Icorrg TAZ F-4&Z(corrosion
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rate) & 78 T Jtt. FEEE Ugle dEE
o] ZERI7E AR 4 ARV BjF FAE Zolg
YeElE mpy(mils/year)& AHShe 247t &

574 €vY FAEAE vnd Ad AEE HY
Fig. 8% 20, 54 &9 A% 4574 ¢de
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2 A YRS, o]F 150T ©de =AM
SAC7} 92t F2&5rt WE SR Holu 1 Ho|e
g AL & F Yt} oA FA4 o] ofd
SHT 745 Sn3Ag0.5Cue] HIAYZE 1 AR
457t 52 Asd 54 wFd Q1% ez Hol
o} 28y 3.5 wt% NaCl £ FALEE vw
g A3 AlgAE A AEe §59 €0 EF 29 ~
3.1 mpy AXE FAKIER, 150C Alaxzd 3
SAC7} 9.22 mpy, SnPb7F 5.119 mpyE F9<€H
7 BA&Trt @2 e ¢ § o v A
AN AlEAYE ¢ SAC7F 4.898 mpy,
SnPb7} 14.370 mpyE FA<&tie] 22 AgAo] 3
vl A= dA8 24 Jehle AL ¢ & do. oA

0.5
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- —@— Sn3Ag0.5Cu
> 04
Q
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2
& 03
i
=
2
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S o2r
9
3
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Fig. 8 Comparisons of corrosion rate between Sn-
40Pb and Sn-3.0Ag-0.5Cu as follows aging
temperature and electrolytes, pH 7.5, 40TC
vs. SCE : (a) Distilled ionized water and

(b) 1 mole 3.5 wt% NaCl electrolyte?
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4 AANEA ALesE ARel AolseE B3
dmgtesd 1 ARt AHSE FEG AFI
747 9l g $9L vlas g+ ok

=42

o]

43 THB Alg2 o|28t M7|slEtd ol o}
o|aofM Hop®

nLaFAE Wog AHAIZ AAAYE S
A e 73F, A71EEHE o] mlo| o] el WA
e A3 s oEsn, EEEAIE(water
drop test) e EHX AF e AvHAEA H
7he 2@ F Yolx o] WY EG AAR =AZEe] A%
273% ZA3A ol AFA Hrpt Hrle o4
o &4 7] HAAgE AATeE #EE F 3
B A 25-55-1¢ U718 (temperature-
humidity-bias test, THB) o] At ATt of
A@uge PCB flol 348 =4 ol AgS At
3 nenHFAFE AYPsA Bk FAN =A 1Y
AAAZH(insulation resistance) S AAIo R SO
22X, 4 7o) 2AHE o] nlo]1o]dd o) A
dRgo] ArdEe AE Ao FAsHA dol.
o] g W& PCBY XAz W] w& o] no]
el AT Afold tig BHA vlwWsP} o) F
o] A 4 glen, thE 7|gel dig AU AE &
oz FFER ge FEd WMz BFrpt sbed
oz ¢ A829 Wolgt ¥ 4 givh. THB A@2
Table 1914 Yebd Az} o] Yukdg o2 TPC-TM-650
2.6.13% 2.6.14 R JIS-Z-3193, 32840014 AAIeH Al
Hol wjz} AJF3}. Fig. 9 THB Ald& 943 A18%
Ao 7S Uekd Alzleld, Fig. 109 (a)e AAIRE
AAAE 242 E8 ECMeo] #4E AL 3¢
Azloln, (b)E BLEAEE B3l St #dd -
)4 (dendrite) o] EAARH o). 23 A1@71d F
H€ (comb pattern)9] AlE& FES ¥ F AGE
A7bsle oRel &4 AH|ERE HAAYE AL
2R £ YES AoEE AFY. oy FAY AL
Aol ARl Agol it gro] SHULE EFEA]
oAl aloF a8, ALEHE AolEd it Mol tisf
27 Aule Bl glojof itk THB AlgE I3
e B¢ =4 7 AdAYY AwEE B 13
/40ms ¥ 13]/1min {HF o2 HAAIRE 43k o]
Zr}. Ayo] A== 1000 A1ZE <t 40ms mirt 139
HAAYE ZHE A5 dolHY ol wf BopAle
go] glof, A /ddE AlFHE B 18 13

R - Ba2ait B25% B2, 20074 4R

Table 1 Test method and conditions for THB test

IPC-TM-650 2.6.13, 2.6.14
JIS-Z-3284 Appendix 14
JIS-Z-3197 8.5.4

Test Method

Test Conditions |60C, 90%RH / 6.5 Volts Applied

every 40 ms
(every 1 min, normally)

Insulation Resistance
Measurement Period

Failure Criteria (100 @

Test Time at least 1000 hours

: Iosulation Resistance

Fig. 9 Photographs of test equipment for temperature-
humidity-bias test

10E+15
1.0E+14 - (a)
1.0E+13 B

1.0E+12

LOE+11 . E :
1.OE+10 N - - e
L0806 ,._|--—W-——--————-—~——
1.0E+08 . . ]

LOE+07 : :
1.OE+06
LOE+05
LOE+04
LOE+03
1.0E+02
LOE+01
LOE+00

Resistance (Ohm)

214.0H 428.0H 642,0H 856.0H

1070.0H

Fig. 10 Electrochemical metallic ion migration results
: (a) in-situ measuring results of insulation
resistance-test time under temperature-
humidity-bias test and (b) Cu ion migration
under water drop test®
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