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Metallurgical Reactions of Sn-3.5Ag Solder with Various
Thicknesses of Electroplated Ni/Cu

Under Bump Metallization

Student: Chang-Pin Huang Advisor: Dr. Chih Chen

Department of Materials Science and Engineering

National Chiao Tung University

Abstract

Nickel has been widely used as an under-bump metallization (UBM) material in the
microelectronics industry. The-reflow: times-and 'solid-state reactions between the
eutectic SnAg solder bumps and three- thicknesses of Ni/Cu UBM was investigated,
including 5pum-Cu/3pum-Ni, 3um-Cu/2pum-Ni, and Oum-Cu/1um-Ni. It was found that
the shear strength of the solder bumps decreased after the solid-state aging at 150°C
for 200 hours, and it did not change much after prolonged for 500 hours and 1000
hours. Aging of the AgsSn intermetallic compound (IMC) and grain growth of the
solder are responsible for the decrease in the shear strength. Furthermore, the shear
test results indicated that the fracture mode switched from ductile to brittle for the
solder bumps with 1 um of Ni after aging longer than 200 hours, causing the strength
of the solder to decrease abruptly. This is attributed to the partial consumption of the
Ni layer after the solid-state aging. The Ni consumption rate was measured to be 0.02

wm/hr at 150 °C.
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Impurity elements IMCs
Al --
Sb SbSn
Cu CueSns, CusSn
Au AuSn,, AuSn,,AuSn
Fe FeSn, FeSn,
Ni Ni3Sn2, Ni38n4, Nigsn, NiSn3
Ag AgsSn
Zn --
212 &£ EBF RS S L

systems Liquidus temp. | Solidus  temp. | Composition

C C (Wt%)
Pure tin 232 232 100%Sn
Sn-Ag 221 221 3.5%Ag

221 221 5%Ag
Sn-Sb 240 234 59%Sb
Sn-Pb-Ag 189 177 36%Pb ; 2%Ag
Sn-Ag-Cu 225 225 49Ag;0.5%Cu
Sn-Pb 183 183 37%Pb
Sn-Cu 227 227 0.7%Cu

227 227 196Cu

227 227 39 Cu
Sn-Au 217 217 10%Au
Sn-Zn 198.5 198.5 9%2Zn
Sn-Bi 138 138 58%Bi

134 134 59¢Bi
Sn-In 120 120 51%In
Bi-Cd 144 144 409¢Cd
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% 1-3~ AES 2. ¥ JL & Bl:E5E P

P.CT |T&H |Temperat |High Thermal HAST
(Autocla ure Temperat |Shock
ve) Cycling |ure
Storage
Test e R e BF S AE Ged Ag B BR SRR
purpose |fr o) 4 h 4 5
M| LA At A R B (Hara R4
73 # S ~ g
BFEE IR |BHEE (P Ay (BB FIRE
#1
5
Test JEDEC [85°C, [+150°C/- (150°C +150°C/6|148°C,
conditio [A122A |85%RH (65C 5C 90%RH
n IPC786 15mins/ 5minutes |44psig
A Chamber /
Chamber
Read |500, 500,100 {500, 10004500, 1000|100, 500 |92, 168
point  |1000 0 Cycles {Hours |Cycles |Hours
Hours  [Hours
Test 1000 1000 /1000 1000 500 168
duration |[Hours |Hours |Cycles |Cycles |Cycles |Hours
JFITS 5 |FITS; [FITS; |FITS; |FITS; [FITS;
Evaluati
on %Fail |%Fail |%Fail per |%Fail per |%Fail |%Fail
criteria |per per 1K 1K Hours |per per
1K 1K Cycles MTBF : 1K 1K
Hours |Hours MTBF Cycles |Hours
MTBF ; [MTBF ; MTTF MTBF ; |MTBF ;
MTTF
MTTF |MTTF MTTF |MTTF

FITS = >Failure in Times s [& pF &

MTBF = >Mean Time between Failure T 35 f3 ¥ [ BF B

MTTF = >Mean Time to Failure T 5 Fq & /&
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% 1-4 ~ . Jﬂ%’ r EBH 2T 4 BR

‘éﬁfff
—L**’?x i, * A
alloy %Irgs,s to rupture | Fatigue strength
pa “I'm ﬂ@OOhr In1000cycles
13 I\/Pﬁa) (MPa)
e : 'ﬂ“
temperature """ | temperature temperature
Room 100C Room 100°C Room 100°C
Sn 22.6 19.3 |84 2.2 13.7 9.0
Sn-1Cu 28.5 21.2 7.8 2.2 14.9 8.3
Sn-3.5Ag 39 235 140 |55 18.6 10.5
Sn-5Sb 38.7 213 |11.0 |36 20.9 14.1
Sn-58Bi 48 156 |3.3 0.9 16 7.9
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1 & &k
-—-ﬁ:ﬁ%\/mdﬁe)

Bl 115 HEsae e k=
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7

£2.4%

— A

Bll2-H " HE 2 F PR FE > @QFREE-O)BEF N pddRs

OF T T3
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B Passivation & BLM Processing BNPhSh Post Reflow (C4 Ball)

o
2\
Y

@
O Polyimide Passivation
@ Chip Passivation
@ Basc Sdicon
@ BLM (Cr-CriCu-Cu-Au)
© Last Level Metal (AICu)

_ BEBSH Deposition as Evaporated

(Ru-Ni) ~~_
i,

R RILEALRE
Z Nl iR
R SR
S HEE

0 4h4LRE

Bl 14~ 4547 M2 kB
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®l 1-6 ~ SnPb 4547 fv AI/NI(V)/Cu & & & ~ Ji& » 200Cx 4% 10 ~ 45 > 7 ¢ i =

CugSns 1 HLIR %
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JRERY R AN \| : .
i (AU, NS,
s S ST

Bl 1-7 ~ SnPb 4% 47 o Cu/Ni/Au & B & = J& » 5% 8 #2% 160°C ~ 500 /| p& » 2}

B 18~ X g fra Lo &b r RPFR R ERTIHE 10 A2 L 5hF

T (@) B 22 443 NigSny e #4 5 SEM B ~ (b) & 7% NisP e # 5 SEM B
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Via i

/.;zzzzzﬁfzzzzzzzm Chip side
i P e o P P P e "‘M
- Y

T f—
& Cr
3 : ‘-'“""'-—E_u 3 Phased-in
“"""--._\_ r
Au

% Mo % h:iu‘;ule

MULTI-L AYERED CERAMICS—

B 19 - B 4447 o S db i 2 if £ BT B

B 1-10 ~ 97Pb/3Sn v TiW/Cu 2 4% 18 &/ & A= CusSn 2. 4 £ i & &
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CUGSM Fe NI}BSHr :

' '.-_f._ solder ‘%{ ‘ p solder -
S i "_ Cu

_-drl-.. i solder o ~
Cu,Ni).Sn ro : '
‘ f: E }5‘. q* .

# 1-11 ~ SnAgCu 42 #4r AI/N|(V)/Cu &% 57 g ez SEM ()

i 42 (h)T i 42 (0)L K é‘rﬁu‘(d):;% S

1 7 1
s =]

IR AR e e e R i ot

25 chdh;

R\. ; ﬂ ; ‘v..,. ._ b ' S o b .‘""‘. i (AU NI)SFI4 .'

@ 1-12~ ~SnAQCU 42 47 = Ni/Au £ /§ & ix 42 2. SEM Hl(a) % & 5.5 8 5 3 150
“C % 200 -] pF 2. SEM ] ~ (0)42 47 ) 255 B 78 % 7% 150°C ~2000 |- ¥ 2. SEM

)
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B 1-13-SnAgCu 4% 47 % 260°C 55w =tk 45 fcCu F &> i w A5 = & 4455 2. AgsSn

Bl 1-14 -~ Q) 5 = S4FEWH A B 5 4 cni 1 F 536 200C i %% 2 =X 9 SEM
Bl ~ (b)%R H £ 170°C ™ AL ¥ 500 ) BF - ApEsca CugSns & B Bk » pF
Pt % Kk g A5 CusSns o CusSn & & S~ (C) = Bl(@)2 2=~ Bl ~ (d) = W

(b)2 2~ ]
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®) 1-15 ~ SnPb 4% 47 fv Cu/Ni/Au ¥ J& /5 % 8 %5 160°C pF»x 500 -] p# » 3-D &L

Bt 2258k 0 B et B 8 4 (AuNi)SNy/NisSns 22 4 &
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RancV  Spal Magn
}' 00KY 30 126x

] 1-16 ~ SnPbAg 4% 47 f= Ni(17 at6P) g8 % 5 fis 240°C120 A~ 45

@t f & 2 Nigp s 252 —%Jeé;(crl{;}ck)(b)ﬁiézj 5 % NisP 2 96 1L 3 &

B Solder RIS

o

. k-‘
=0 3
s 8 £,
A gt
G pm

Bare Cu 3 days

B 1-17 ~SnPb 4247 5 3 Btk s > Ko & B2 B4 (@150CH»3 % » &R
® 2. CusSn 25 = Kirkendall Void ~ (b)125°C pF#2 40 = » # g4 5 3 Kirkendall

Void 7% &
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2-1 R &P ¥

4 %A% Sn-3.5Ag 4% > v F A A Ni/Cu UBM F i » WpFscs &2
7 e PE 2P Y (200 -] PF S 500 -] B~ 1000 ) pF) 2 i 4B e #ie(l S~ 25 5
10 =) 16 e 4 RIE S P Hen R 3R 5 0 NICU B A7 iV A&

HGEY SRR T ) -

22 B K5 F B B

PP L ) e MRl m s h e B 2 LR K 0.1um 4
% TAL% A (Adhesion Layer) » R R ia45 - & 0.5umér > § (T2 485 K
(Electroplating Seed Layer)» 2% > 457 I 5 R 2 8/ £ p Rk > E 5 &
A %% 5um-Cu/3um-Ni ~ 3um-Cu/2um-Ni ~ v Opm-Cu/lum-Ni » & (& T 4847
$UERAF > B ¥ & P AT atk (Diffusion Barrier Layer ) foi j& & (Wetting
Layer) - H &5 4ol 2-1 #77 » @ AR b & FIRC 2 %] 3 = fle 4 %] K
g A= 4% (Under Cup) 43477k - T4 {eenTHF RIvE 295

95.5 fv 142um > 4 #rig 5 5 & 45 5C -
P BHRE LR PR F R ARIFTIRERE/FERE
% 150°C ™ % JE & 3 (High Temperature Storage, HTS )frec % it 4% =% #<(Ref low

Time)» 594 R g LE @& LRPE > HF B 797 LR RFH
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® 2 i iF 1000 o) EpErT > T4 B A 3N 44 MPa R E 0 T OB A G B4Rl
WMo i T LRRIEEELEE 10w > P4 E L 44 MPa &b
PG T B G AR e B B A B L 0] B~ 200 /] F¥ - 500
JPE S 401000 ) PF > A gAY S 0F v 1K 2% 5% ~ 010 &
T4 ORGEE R A 15um %4100 um > B 2-2 S 423kT LW -

BT {S R P A B INA AL o F - IR EBER R R 6 AT Bk T 4%
M3 end % o L 4] % 98 % CHyOH + 2% HCI 72 i it A lcts %) 5 & — 2%
H 45 47 3822 HNO3 + CH3COOH + C3Hs(OH) 3= 1:1: 18 (735 2 %]

wa sk 2 A p o R g TR R R A AR B B2

b

A8 Ao S A A 45 £ SEM foEDS LR 0 H F BinfedeB) 2-3 S o

2-3 351 E

g b5 4 3 7 3 B ks (Field Emission Scanning Electron Microscope,
FE-SEM) : #§ % #7i¢ * cnSEM 5 JEOL F-6500 - SEM # & + {feig 3 i¥
* > & R %+ (Conduction Band ) e + # 415t W 5 = = £+ (Secondary
Electrons) - H it £ 4 <50eV e d >t F it £ % F 0 #7007 5 GpEdpzd ?
%) 50~500A iFR FRIP “TAZ 2 - HRF > 4 B LRET 25 AR
Plod - HTF AL lE > EXFFEPE e RRRRBE Al -

=% % + ¥ 1 (Secondary Electron Image, SEI ) gz 3135 % £ o 2. 2, ik -
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o NETIFEREPFAEMAR > A REBLY LA IEILETF > HE R

HAka 3 LR R P THRIFARF DRSS B P it S
ARG F AT T R T};\q,* L4 A fs T S B2 e (Back-scatter

Electron Image, BEI) gL %24 dpen it 2 = § » nflr g gasfraiza

—_

ﬂ_‘\
o

X sk iy £ 47 1# 4 17 tk ( Energy Dispersive Spectrometer, EDS ) @ ¥ ittt ~

F T X AR G R R SRR A o BT 17 EDS KRB e
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Ni :
777777/77/7/7/77 ?: (éld : Susrtr:m
A A AT === v

— Si

Ni : lum
Cu : 0.5um

% Ti : 0.1um

| — si

Bl 2-1 ~ % R #5% 3 %12(@) Sum-Cu/3um-Ni ~ (b) 3um-Cu/2um-Ni -
(c) Oum-Cu/lum-Ni

28



Shearing arm

—»Cu

AT R A

N

5 B BE AT T AR % RiEER R

23

NN

I B ES A A 5 780K FN v B S5 A AT
SH @ i

Bl 2-3 ~ R S A2T & B
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AR A4 - 2 ETR R 0B 3-1()F] 3-1(c) R 0 @ =
wra g a AR o N A EREERAE B 3-1(d)F] 3-1(DE = A
WP ZHABEPAIRIAN EH P EF IR AR FERAEBE N EF RS
VEERLR a2 A 2B EF 5 NisSny» Z fa:# 5 &7 FRpERT™
BRI RRTHEFR B3 AHFABFRET A RPIREEOTIEF
BT A4 S REM R e R0 o Fu A 200 P PSS W
S5um-Cu/3um-Ni f= 3um-Cu/2um-Ni ;&% @ % - s pr 480 /| F* 3] 200 /| P>
H G4 58 B K 56.5 0 1] 474 MPa> 7 'E 16.1% 0 i —H PFETiE_200 /) BF T
1000 -} pF > H 5 4 5 50 i % H0um-Cu/lum-Ni :# 5 4 pF»2 200 -] pF
634 5 BRES55.1 B 437MPa T 'F 20.7% o HE 4 R H MM RE
B2 44MPa > P 200 | pFF] 1000 /] PFiEfe e » H 94 3 B BFTE T
41MPa -

1]* SEM frEDSEEH A5 o k2 ¢ F 452 A A 6 4o 3-3(a)-(d)
S 8 G AR PR A [3-3()] 0 ¥ A e AL A rds A IMC/NE A 6
[3-3(b)] * IMC/Ni 4 & 2. 3 ek 2 [3-3(c)] » IMC/Ti 4 & 2 3 ek 21 [3-3(d)] »

¥ S5um-Cu/3um-Ni o 3um-Cu/2um-Ni;# 5% @ 3 - 5B BT 6 A

H2H 2 Ao SURA N 302 1 PR o 4ol 3-3(2)%7 7 0 # Opm-Cu/lum-Ni
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ER AR PR ER LT s R A AR S Y > B G B2 AR
%5 o Sum-Cu/3um-Ni Fv 3um-Cu/2pum-Ni 3 # 48 > 55 P22 200 ¢ pFis >
9% 40962 3 F It A B en s IMONI A 6 2 BB G2 4 2T
£ 455 EDS &% % NisSny 2B & > 4-B 3-3(b)#77 » - #H et 500 /)
Pris » XMz BB e 85 BEEN 0 4B 3-3(0)frm 0 BB G oA E Ni
TeNisSny 4 £ 1 &4 2 A 6 > 4o B 3-3(e) 757 > Flut A 4% 4 & IMC/Ni
2 hid o FEFFET 1000 ] pF o ARz A e 5 IMC/ND 4 & o
bo@) 3-3(c) » A A s HEN S IMC/TL A& 0 4o 3-3(d) > et e B TR
4% ~ 4% ~ o NigSny 5 &0 lpumsn48 Fo0.5um éF & pF 2 1000 -] PF ¥ 50 38 )
i GBI EdrisE e ot ARE S VE R o Sk LA
BERERRE A RERZEMEERE T 2 AAR RS ok 31

BT o

2 BB EEFLT A TERT

SEFEORPE R B b 0 TS B R B2 T AT § AR K T
bR G T A AR 5 AgSnfe it AriE & w2 AgsSn
ROl G p R E f REZACHR T -3 6 BH TR LR
SRR R IBEE S LS E  ERT 4 B AT B 3-4)F] 3-4(d) ko &

L4547 4 pF 2T 0 /] BF ~ 200 -] BF ~ 500 -] FF ~ 4 1000 -] P 2. SEM R] > 4847 2
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B LRFES A MBI R ERLE Y A R AL BH I
EB ‘}__. ‘ “=‘ ,1~ 3 3““1 'Qf'gl 3 4(a)er'T ’ L‘;'_rs Vi '\!E] ]:} 200 J EE*: ’ ;,H“ j:i:‘jgaa /‘TLJ‘

AR G 152um e 4Bl 3-4(b) S A A F 2 BRE A LA RS AR 0 £

THERAASILFRAZZTRIAERFARSRHFOBE > AT &
e R EE R FV L ETERE  H RS RS D AR M

SR B RS R 2 AR R R R il T s ek

X 500 -] FF ~ 1000 -] pF o H B ko] Ao iR o 4eB) 3-4(c) ~ 3-4(d) 0 #

[

T APREsT200 ) e BB A AL A §Feb s AFPFEITw > e AgsSn
$o A B Ao B 3-4()0 A PEYE200 o BF AgySn Y AR (4 > e B] 3-4(b)
i —H pFax 500 -] e 10007 BF > # AgsSn = £ & mArfo > LA 6 ks
MRz Sum-Cu/3um-Ni 4 3um-Cu/2um=Ni & % @ 3 » g mFscx 200 - B >
AgSn PP Agde it feis Lok A L AT 4 BRTHZ AT AT o it- HPE

Yo AgSnJeEEATZ B ST A e E AT HA BT BT A .

~ 3% % 4 (Yield Strength, o) § - ** > Hall-Petch = 42.5% Acit & & #

et
=\
| ¥
=S

& B % 378 & ( Equicohesive Temperature, ECT) ™ » * & ji 4 (o,)frda ko * -] (d)

oy » "F R+ 005 Peierls B# (¥4 )k 5 Hall-Petch £ % »d 5 T332

gk ol o TEREA g AR L PR 2 k4 0~ § 1 RER(Yield
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Point) » Peierls &4 (fteFe4 )5 LR 2B B EAL F RIS 4 H

i@ 5 5 - F #ico Hall-Petch & % 5 HlL S R Z B B reggz a0 4 o

LA K L EF) 5°C 0 AgsSn 2 R R EREFA, 00 g 45 Ads
BIRpN IR 2z B H Bk S 5 0.1-0.6um > & - H P 200 /) PEF
AgiSn Hk= £ T 0.6-3.1um > AgySn k= £ 3T - f&de it I % (Ripening
Phenomenon) > Lifshitz-Slezov-Wagner (LSW)3Z % Azit Ag;Sn Fa b5 P 7F 3 4o
AR E o AgSn S £ hgpde 4 LA G T Vi — ot 500 )
B~ 1000 - FF > H B & o) BT dE 2 % 0 £ o ST 200 ) BF AgsSn b b

* & EA e AgsSn 23 35 RS N 3¢ 2 4 Orowan g i 5% 1
(Dispersion Strengthening)™ s g4 i ¢+ =351 ol VR IR G E e
T AP Y foik it IR 2EE & 4w (Incoherent) B 3-5 2 3-6 % Orowan 3 i* ol 2

2 oo N3 E > Orowan 7HTm 5 14 58 A4 g 5 S35 4 o™
5 Je

T % T 4 33 & (shear strength) ~ G 3 T *» ##c( shear modulus) ~ b 3 Burgers

vlad i Bonedt > ¥4 R gp e L rg 24 > P
P

s T -@@z@%ﬁmﬁ LA R G o e ] R g
K > Burgers = & £4p i # gSZ BB e P B BIEF S e KR S AR

RF 2 o ek s PR F R BT AR, R R o7

FA7 NG R AT 4 B T N RA RG] BT RS 5 B A T g2
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EREY IR U

»om B AR AT 0 Ad - ik

SEiia 8 L ag
~ N2 HE

DT R N R e (RS
'{’ };‘\J ‘é@.\u—‘—» r"{a—leg\'ki)ﬂ

Mg R e R 0 deid 4T RT3
F 7 Oum-Cu/lum-Ni 32 5 2 fh#r el A 4845 > & * SEM L2447 {rdd/oF &
i 0 B 3-7(a) ] 3-7(c)A W] & Sum-Cu/3pum-Ni FF2z 200 - B ] 1000

4; L 4 «1”" N13Sn4i% Eg-"ziﬂi‘ iiﬂ S —,“

B2
o EZ R G %% SEMBl ) R &2 A
= A A R o B 3-8(a)F] 3-8(c)A W & 3um-Cu/2um-Ni
o % R Sum-Cu/3um-Ni4p e » 5 5 &4 & 7] 5 & 7 2

3-9(c) 5 Opm-CUT MmN J: & B HpF o > fptac 1000 - 15

Z_PEAT R o

EJJ 9

# 3-9(a) 7]
il 5 ke B 39(0) et 0 T 4 B A

I pm ’ﬁ’ré}" B 2 4
S R FRATHAL R PR d T NGSng o B AL B d A R w AR F K

¥ it F15 NisSngfrdc b £ F B chfaoav 0 84 ) £33

& 354 IMC/Ti 4 & &

Al > 4ol 3-3(d) -
R4 IMC/Ni i & e 23R IMC/Ni /i & 295 1 ek 4] f P52 200 -] P

b TELF; ‘&ﬁgr}é] .§ ?L k }F&‘%\' N13Sn4;gg = IMC/Ni 4

500 -] FE‘;' / *{’—‘?
£ IMC/Ni o %4 08% T F 2 g > pt 4

4§l 3-10(a) ] 3-10(b)*7 7 » i

% Side-attack »zJg > 4B 3-11 #7571 o

ECER
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33 EBRRILAGF R

S5um-Cu/3um-Ni ~ 3pum-Cu/2pm-Ni ~» fv Opm-Cu/lpm-Ni - =% 3% 4% {5 2
FRG o 4oB 3-1 977 » a8 fost &k B ehf & 452 NisSny > NizSny 2. 5 & 45
BRIk 3 B R A/ £ B R AT 200 o) BFE 1000 ) P2 R G B
J& & I B 4o @] 3-7 ~ B 3-8~ fo®] 3-9 #7or 0 Ah w 2 NigSng A pracis 2 %
fo 3] A & IR A& sk (Layer-type) > NisSny et pFais 20 5% 8 ) fu d &0k = K Rk
frds 47 fodk & A & CueSns S5 PF 2 fs d B # K (Scallop-type) #& = & &
(Layer-type)2- {7540 I » ' H /& & ) i % F1 40 >0 A B B i B4 &
F R B BRd 4 5 Gibbs pod b et om0 Mk d ki S Kk 5 B Gibbs
pd s T2 2w d  Lifshitz-Slezov-Wagner (LSW)IZ 345 2_ 48 i IR % 4c 14 7
5 %6 2 NisSny 5 A R EcE R4 5 # 5 > 408 3-12(a)*7 > NisSny
BB SR CEE N 4 T Ao b A L NisSny BB (X)) FH 0 &
B— ESM B E Az $l(Diffusion-controlled) 4% 1 -
X=(kt)""......... 3)
X5Hho NisSng 5 & ~k 5 EF By ot 5 s
BB (X)) P E(t'?) (FR4cE) 3-12(b)% - B4 H B AA K L F L F 9
g (k') HiE A 150°C 5 0.0747 gm/he'? > ¥ b B a K 2 E R Ao R
3-12(c)* 7 » ¢ RAF B4 lpm 44K > F & 1870.6 - B - &7 i

PR EE AR ZHBAEERET —Reo $ A R F 28R ]
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FRAL(Plan-view) > & 1% AV FL ~ AL~ fo b (10 10 1) 447 424% 47
B 3-13(a)F) 3-13(d)#7% A Bl 5 & & pEr2 0 -] PF ~200 -] F¥ ~ 500 -] P ~ 4= 1000

JPE o AR A2 B AR 2 NisSng 2 i A

@y

G R4 0 {0 AgsSn A=
NisSng + = » H 2 %A% & m » )& (Sliced-type ) 4@ 3-13(a)#7 71 frés 47 p 30
2. AgSN 28R EF AR FOER AT 2ZFEY 46 2 NigSny 2 &
kol i 03-13um > AFF»I 200 ) PFiSE Sk & 3 1.5-4um 0 - H PF

52 500 -] BF ~ 1000 -] pF > H NizSng o s £ BT e e o

3455wt Fakr BET LA R R

S5um-Cu/3pum-Ni ~ 3um-Cu/2pmENi vfe Opm-Cu/1um-Ni - =< i 4% 15 2
BE&G o 4oR 3-1 977 > w88 fod & ¥ 0 6 25 = NizSny 0 NizSng 20 % 55 7
A & IRASR > Sum-Cu/3um-Ni 57 ik gE=x iz fr & & J& ° 4B 3-14(a) 3]
3147 0 R HUGAFPRAUE  Hu B ERpE - £5 B e
AT FIPN S NipSng 2 B enls 8 (Valley)#scfed F 2,32 4 & B &4
Yol 3-15 957 0 g 2 A T & 4 NigSny B B “Eiw 4% =5 Bk So m B 5 0 3
* A % RaE % 3um-Cu/2um-Ni fv Oum-Cu/1pum-Ni 57 e 3% 42 X #c2. o
F R o 4o 3-16 4v 3-17 i 0 4 R fe Sum-Cu/3um-Ni 48k > £ F 44 & “7 |

B Rz £u] 0 B o 2 NisSng B & S5 48 = Bl 4o @ 3 5 > 4o @) 3-18(a)*t
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o R A B R A B e BB 0 4B 3-18(b)FrF o KR T

4% = B3 4o @ A = Side-attack ol 0 Ao B 3-19 #ToT 0 HH4F 48R 4T o

i

* €M
= BAERF s> 710w aspE 294 @43 44MPa> * #L
Ao el pn Flr g ERea 2l @7 LRRBFLZY

Oum-Cu/Tum-Ni #% I Side-attack »2jfs » ™R Bl 2 AL 2 445 d 2 [Hpl B & %

SR -
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231 27 PR/ DA R BRSNS

Aging ()| () 200 500 | 1000
CwNI1 ( £m)
5/3 solder solder solder solder
3/2 solder solder solder solder
0/1 solder Solder IMC/Ni | IMC/Ni
And interface | interface
IMC/Ni And
interface IMC/T1

interface
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5

()
SnAg solder-~

3

&

SnAg sold

- &%

"‘Nﬁ

SnAg solder N A
R StiAg solder-

o) e e
\NI._._...l_,...;,...__.,_. Ty _3; 24 Cu

Bl 3-1~ = fé2f P e 45— = {5 2 # %75 SEM Rl(a)5um-Cu/3pum-Ni
(b)3um-Cu/2um-Ni ~ (¢) Oum-Cu/1pum-Ni ~ (d) = Bl(a)z- *x ~ B] ~ (e) » Bl(b)2. *x

< B~ (D5 Bl(c)z = Hl
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55
=
% 50 | —o— Cu/Ni(5/3)
':ogﬂ 15 | —&— Cu/Ni(3/2)
5 — | Canion
; 40 r — spec.(44)
2
235

30 | 1 | 1 | 1 | 1 | 1

0 200 500 1000

Aging time (hr)

BI3-2 2k 5ERZG/MFEBRR ST ERFLELTA RA
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SnAg solder s

$__'.’ - "lﬁdf

b
L

150kV 1,000 102 WD 12 1Tmm NI SEI 150V X1,000 10pm WD 10.9mm

150KV 11,000 10pm WD 10.1mm

Bl 3-3~5% 4 Rl B4 o 25 Rk () p 3Rz it fh gl 2] - (D)0 4 s R B e
2R IMC/Ni 4 & ~ (¢)IMC/Ni 4 & 23 1rk & ~ (A)IMC/Ti 4 & 2_ %6 M 2 (e)

= Bl(c)z 2=~ B ~ (D) = Bl(d)z =~ F
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WD 10.5mm

13-4~ 4042 N 3RS B R G 15 2 fode o[ ()22 0 ] B (D)2 200 7] ¥

(c)FF 2% 500 -] FF ~ (d)PF 22 1000 |- B

4



i

(o)
-~ ° @%
O

e (o

Bl 3-5 ~ Orowan 753 i* #41 &, Bl

e HEE A GE(screw dislocation strain energy v )
=~ =IGb2/2
AR T3(dislocation line tension T')
I'=Gb%/2
o (EZ RS cNe )1y
F=ltb
PARNL )
F=21"sin6&
® 0 =900k mz T IRTE
| 7 b =2xGb2/2xsin900
7 =Gbll

] 3-6 ~ Orowan 953 it 452 = 3¢ o
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@)k
SnA0 solder ?Ag3 S-‘.l,

B 3-7 ~ S5um-Cu/3um-Ni 5.8 F %5 & 2 % %75 SEM RBl(a)FF»% 200 -] pF ~ (b)

2% 500 /] B ~ (c)PF 5% 1000 -] pF
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&r.

= | AgsSn
SnAg solder
. Sk NS,

«b)
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