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Abstract

Three different kinds of substrate used in this study : bare Cu substrate, Ni-P/Cu substrate with a Ni-
¥ layer thickness of 5 um, and Au/Ni-P/Cu substrate with the Ni-P and Au layers of 0.15m and 5um
thickness respectively. The wettability of various Sn-base solders was affected by the substrate metal
finish used, i.e., nickel, gold and copper. On the Au/Ni-P/Cu substrate, Sn-base solders wet better than
any of the other substrate metal finishes tested. The interfacial reaction between various substrate and
Sn-base solder was investigated at 70T, 100, 120C, 150C, 170C and 200C for reaction times
ranging from 0 day to 60 day. Intermetallic phases was formed along a Sn-base solder/ various
substrate interface during solid-state aging. The apparent activation energy for growth of Sn-Ag/Cu,
Sn-Ag-Bi/Cu, and Sn-Bi/Cu couples were 65.4, 88.6, and 127.9 KJ/mol, respectively. After isothermal
aging, the fracture surface showed various characteristics depending on aging temperature and time, and the types of

BGA pad.
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metA & ATelAl: wetting balance methodE AHE-3el P 0o MEAL Hrls-gon
Sn-base €T ¢ Cu substrate Aole] FAEHE F43 3889 Adayd 2 dgdo] e A
F Agel dal 3 stg ot =3, Bare Cu BGA 7] %0 electroless Ni, immersion Aw/ electroless Ni-P
€ 5% F Sn35Ag £0BE AFEe F MEY W& BGA AHR JAA B4 g @
T8k

2. A4¢¥ %4

2.1 254 AN¥ % Ball shear test

Eusel 4E & EHE B2 A8 APl AFEE substrate: bare Cu, electroless
Ni-P/Cu ¥ immersion Auw/electroless Ni-P/Cu substrate 3%&E Al238gyg. B2SA e
wetting balance tester (Rhesca Co. Ltd., SAT-5100)% At&3te] Al¥atgct =3 &0 Ay
o] H3¥EL bonding tester (Rhesca Co. Ltd., PTR-1000)S o] &3t} Hrlalgon A@zae s
5000kf, AG£T 02mm/sZ FLA 3 P L Y

2.2 vlAz3 #& ¢ ¥4 £3

7t EA dAM Y ANBL v|A 2F #F U FA 53L& Y& epoxyE mountingdt &
emery paper #20007}2] @v} % alumina powder (Al,04 0.05pm)Z& polishing 3tg ). ajele
ethyl alcohol(96me)+ HNO;(4mb)+ HCI(1me)E AH4-3tdxn o3 F #ARFAL @v]7(Scanning
electron microscope)2E mlANZZ S TFSUOTY 7449 EALS EDS(Energy dispersive
spectroscope)Z ¥4 8t¢ith. T3, Image analysis software & Al{8te 2437 3889 SAS
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3.1 34 AN g

Fig. 1& 3% wZ wetting angle® YEbd 280 F MR bare Cu, Ni-P/Cu, Au/Ni-P/Cu
substrate & AMSSIRT 4FFY Fd £0E vasdd £09% &x: 2 99 melting
pointl Al 40T ¥ LEZolA AFsPOH RMA typed fuxE ALaATh 209 £F) o
Alglel Ni-P/Cu substrated A% 718 &2 wetting angleg® YERIQSn Au/Ni-P/Cu
substrate®] F4 H&4Yo] F3PE ¢ + AR Fig.l o A2 HH Ay, Cu, Nig] £202
=730 AP E ¢ F Jded 2 ol £ substrated] HEATITRE $2¢ £ Q. =
U HA £019 substrater AlBubgol os Aol 57 AFEL YA BAA =Hed
uz Cu % Niell Hlste} Zrje] wgHe] £2) o] Hrjzoz Ze » gts 27 2z
A8 HHAA A Young's equation® & HE] 2L wetting angled ZHA] b w2 Ni
T2 & A NiFt soldersts) ¥ Wrg4oz alo] ASHL ZAaHE 2oz Pud

>
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Fig. 2& =83 @& wetting force?t wetting time2 UYEbd 1222 MW bare Cu, Ni-P/Cu,
Au/Ni-P/Cu substrate 3% 7E A8 T 4579 FA&0E v n3gn A8 &5 7 &4
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¢l melting point?]4 40T & 2ZolA 485500 RMA typed fluxE AL£st8 T &0 9
FHol BARC] Ni-P/Cu substrate®] Z$ 7} %S wetting force™ %€ wetting timegte
UERAR 2.7 Au/Ni-P/Cu substrate Ab&A] H2A0] AR S o 2 9t}

3.2 ﬁﬂaql 0E FA<n Y A9 nAzIEs € =2 a7

Fig. 3 < Sn-3.5Ag / Cu substrate®} Sn-3.5Ag / Ni-P substrate A2 A]&A|7}o] Z7}3te] W
A2 ] I 229 WAsE Yehd FARRARER A Apdolth FojA 2x 9 AlEAIZEe] Zlo
et AR 547 F¥E S AAsAoH EDS EAZTH &0 / Cu pad AW AW
5 BFEL CuSns® CusSnol®] &1 / Ni pad A4 AL T4 FFEL NiSn Y2
TEE £ U HEEE T APA "“%‘3}—‘5 5% FHEL scallop Feo)xwt A&
Algte] dojA5 S planar FEIZ WA o)e AW WA W dAxe BY 2 AW
| Zagel ‘1}\1} A AA fUXE ‘%%‘—ﬁ* 2% o Folch

Fig. 4 = Sn-58Bi/ Cu substrate 2} Sn-58Bi / Ni-P substrate 4|
Azt ‘éz{r’—lf& 7§01t} Sn-58Bi/ Cu substrate AlHe] A E Z
S Wl Cu-Sn-Bi 394 3}EES 4 L cracks BEH 5 o
Bi 387 ¢E9 AAE =t LAtk sn-Bi ol 9A
olM BiE ¢ 9 atomic% &34 Hvl B A¥A 209 Snrich phase
atomic% (error 2.38%)2 BiE &F38l1 Y= oz #F
E THE FPEC] HAYHE olFE CuSn B2 FAA
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°|™ Cu-Sn S&3t g2 vls) Ni-Sn T4 T80 438 HA FAHE JOZ Ho} NiP
EveS 4 barrier24 FET L s Jo woEch B AT as-soldered AHE] o]
A CusSns ¥ NisSny & T2 47 042 2 0.12m o] 120T oA 50Uz dAgstde A2
2] CueSns ¥ NisSn, o] F7&= zZHzF 20429 1.7/m STt

Fig. 55 170T oA 309zt ¥X 2% Sn-3.5Ag-5Bi/Cu HEH MY ZT&£7 3 g9
top viewd] #Z 9 EDS 4E ¥4 232 Jehie Fig. 62 22 2319 XRD ¥4 A%E 4
Bhdl Zoltg, & ’éﬁhﬂl T 5 FEEY top viewd BFE7] H8 &6 REDS MuAHo
2 oFst] AAT F 1 BUE P4 A3 FH < hexagonal FH S CusSns JFEL
2o CugSns 829 A 4 J¥o] Exsls 78 2 Za 2ok 332 EDS 48
4 23 AgSn FEEYS FUAT Boh FEH FEA LS 93 XRDZ B dF Fig,
6@)2RE Aol F4E FFEL CueSns BEEYL #1320 Fig. 6(b)= CusSns 385
9 Cu substrate Atolel]l FAF e = 3FEL E4517] s CusSns T ES Avlsle] Ax & &
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3.3 Cu-Sn %3 3¢E AH Kinetics
YA 22 Diffusion coupled] W3 F9 FAE ool Bt TEM WA d8 E¥Y
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exponent®]® t& WHEAIZHE ougch. F43 FFE Fo] 4F°] volume diffusiono] 23 |
olgttd ANy ¥ &L AFESFY FAZNE t'% law, W = k t'% & ©2A He Fag
o] volume diffusion®] 28] #|o]E u time exponent n< ZAPHASZ 058 ZA B¢

Fig. 7& Sn-3.5Ag solder/Cu substrate %o djdte] 70 ~ 200T oA 0 ~ 604 FU¢ &

A A4&x A4 (growth rate constant), n& time

mlo

A & T AAFAIERIACE AT AP L BT FAo| Image analysis softwared o] €3}
o] 227 FTE FAS 24 £ 1 22 ¢? & W (Intermetallic compound layer thickness)
o #AE vEbd I¥olth Cu-Sn 453 3#EFY FAL t'2 of parabolicstAl F71st5L
o o]& Cu-Sn HFEEY Aol 2AAQ kinetic theoryE AHEH F AT YutFQ Fate
A% Agoin] JAEEE FAYA(Cu, Sn) Atelg] ¥hgolgt7l Tk &atel] 23 AojdE vl

gt

RS AFEK £ AGAREDY dle] 38 Cu-Sn BFEFY FAW) ¥39 linear
regression analysis® Z#2Re F& £ Ut &, of plot 8 71271 AFEEATFKE I
ul gt} Table 14 Sn-3.5Ag, Sn-5Bi-3.5Ag, Sn-58RBi €04 FA L x4 9 total Cu-Sn,
CugSns (n~phase)® CusSn (e-phase)d] AFETd4(k) 9 AP BA A+ #(linear correlation
coefficient value, RH)S WEFTE ol & ploto] et AEBA A e 2 71 2AAAY
e MY YRR 09780 2 e LS & £ AReH K (the square of growth rate
constan)#< Btk ¥& FA 2= F7HEE AUt
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In (Y-B) =nInt+ InA

Time exponent(n)& In (Y-B)& Int9 plotd 71712 RE F& F oy 479 £rjof o
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ot#le] ©&¥ Arrhenius BANCEZRE FHL SAFE layer AAo] diE &4 stouA
(activation energy, Q& 7% & Ut

= k.’ exp (-Q/RT)

9] Aol k= growth rate constant (m?/s), k,’= frequency factor, Q& the activation
energy, RS gas constant (8.314)/mol-K)e]3 T+ A2l &% (absolute temperature)e]th. &
£ 3EE laver BA] e A SR = Arrhenius plotd] 71€7125% 8 T3t

Fig. 82 Sn-3.5Ag / Cu substrate AlHe] A H total Cu-Sn layer Aol ¥ Arrhenius
plot& YEIR 2-H 2N plotd] 7]&71E FE53 JHE layer Ao e A3t X E 1
Ebdit}, Table 2¢] Sn-3.5Ag/Cu, Sn-5Bi-3.5Ag/Cu ¥ Sn-58Bi/Cu AW AE Zze F&
b S layer HFol e 243 i @& UERAUT. Total Cu-Sn layer FA¢] tg &
dalelldA] gt& Sn-3.5Ag, Sn-5Bi~3.5Ag ¥ Sn-58Bi &tie] s Fol 2% Yol
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65.43, 88.60, 127.90 KJ/mol2 AAr= gl o},

3.4 Ball shear test ¥ o #&

Fig. 9 © BGA Cu, electroless Ni-P/Cu ¥ immersion Auw/ electrcless Ni~-P/ Cu pad®l tfjsh
Sn-3.5Ag EUE AEFY FYGAEE Uebd 222 150T oA 0-100 47 exs & F

Joll418] AR =S viepdch FAeAlzte] Frige wet Ad 4n gL gasigioed
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HellAl gt Holxl A4 E=g vehdgich 28y 150T oM 100 47 X B¢
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Table 1. Calculated the square of growth rate constants (K*) and linear

correlation coefficient (R%).

Solder Temp. (C) Intermetallic R? K2 (10cm?s)
70 Total 0.981 3.18
Cu;Sn - -
CugSns 0.981 3.18
100 Total 0.983 94
Cu;Sn - -
CugSns 0.983 94
120 Total 0.955 12.8
Cu3Sn - -
CugSng 0.955 12.8
Sn-3.3Ag 150 Total 0.985 128.01
CuzSn 0.982 14.00
CugSns 0.969 56.21
170 Total 0.995 297.68
Cu;Sn 0.996 32.58
CugSns 0.990 132.82
200 Total 0.998 1573.36
CusSn 0.975 134.68
CugSns 0.997 799.02
70 Total 0.992 1.27
Cu;3Sn - -
CugSns 0.992 1.27
100 Total 0.985 6.47
Cu;Sn - -
CugSn; 0.985 6.47
120 Total 0.956 13.3
Cu;Sn - -
, CueSns 0.956 13.3
Sn-5Bi-3.5A¢ 150 Total 0.999 156.51
CusSn 0.965 5.27
CugSns 0.998 102.62
170 Total 0.999 336.59
CusSn 0.978 9.94
CugSns 0.998 22541
200 Total 0.954 10076.75
Cu;Sn 0.964 42.55
CugSns 0.928 7986.78
70 Total 0.85 1.16
. 90 Total 0.97 4.5
Sn-58Bi 100 Total 0.98 13.37
120 Total 0.96 374,75
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Table 6. Calculated activation energy (Q) for various solder.

Activation energy(Q)
Solder Temperature range (°C) Intermetallic
(KJ/mol)
70 ~200 Total 65.43
Sn-3.5Ag 70 ~ 200 CueSns © 55.36
150 ~ 200 CusSn 75.69
70 ~ 200 Total 88.60
Sn-5Bi-3.5Ag 70 ~ 200 Cu,Sns 84.30
150 ~ 200 CusSn 70.28
Sn-58Bi 70 ~ 120 Total 127.90
50
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—~ Au/Ni/Cu substrate
@ 35
; 30
& s I
< N
&p 20
£ T
e 15
Q L
Z 1w
5
N

Fig. 1 Variations of wetting angle with various substrate types.
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Fig. 2 Variations of (a) wetting force and (b) wetting time with various substrate and solder alloy.
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Fig. 3 SEM micrographs of microstructure evolution for aged at 170 C. :(a~c) on Cu pad,
(d~f) on Ni pad

B e N s BT
O L0 Mo BIE 3.t S8

Cu pad Ni/Cu pad
Fig. 4 SEM micrographs of Sn-58Bi solder joint aged at 120°C for 50 days.

BT 1Dee-200 WS, Tilesd TREPSIS.S MiS3E) -Decza WS, Ttltsd Plfross

L Bugi d436 Cper 3659 LSert 30 Bvava OFF Mawi @M Gwi#id L Puch 3438 Cper M4 ifeci 7 Prer: OFf Mews 1.69 €nes ym
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) . B e .. 1. BX] 1., . T. - .. . .. Oy
A point B point

Fig. 5 SEM micrographs of top views on Sn-3.5Ag-5Bi/Cu interface aged at 170°C
for 30days. Phase identification : A = Cu,Sns and B = Ag;Sn
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Fig. 6 X-ray diffraction patterns for intermetallic compounds formed of top views on Sn-3.5Ag-SBi/Cu

interface aged at 170°C for 30days.
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Fig. 7 Total intermetallic layer thickness as
a function of the square root of time

for each of the aging temperatures.
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Fig. 8 Arrhenius plot for the growth of the total

intermetallic layer.
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Fig. 9 Variations of the ball shear strength with aging time.

86



Fig. 10 Fracture surface after ball shear test for solder/Cu pad joint (a,b), solder/electroless
Ni-P/Cu pad joint (¢,d), and immersion Au/Ni-P/Cu joint (e,f) : as-reflowed (a,c, and e)
and after aging at 150 °C for 100 days (b,d, and f).
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