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Abstract

Due to the progress of packaging technology from 2-dimension
to 3-dimension (3D) stacking, the decreasing in pitch of microbumps
Is inevitable. It was reported the intermetallic compounds (IMCs) are
brittle and thus not good for 3D integrated circuit (IC) reliability.
While the microbumps are getting smaller, the IMCs will occupy a
large percentage of joint volume. Therefore; it is important to study
the effect of IMC formation-in mechanical properties of microbumps.

In this study, different kinds of structures, Cu/solder/Cu,
Cu/solder/Ni, and Ni/solder/Ni, were wused to study the effect of
different IMCs on the crack resistance during thermal cycling test
(TCT). The solders are Sn2.3Ag,-and the heights were 10um and
40um. After various reflow time at 260 C, the microbumps were
tested under TCT. (-55°C to 125°C) We will discuss the effect of
reflow times, solder heights, and the IMC compositions on the failure
mechanisms of microbumps under TCT.

After long period of reflow, the IMC bridging phenomena was

observed in most of the low solder height samples. Before IMC



bridging, we can observed the crack appeared from the edge of the
IMC/solder interface. The length of cracks increased as the solder
height. Comparing the Cu/solder/Cu and Cu/solder/Ni system, the
ternary IMCs can significantly reduce the cracks between the
IMC/solder interface and inhibit the cracks propagation. The
IMC-bridged microbumps can endure 2000-cycle TCT and reduce
crack propagation. According to these obtained results, the IMC
bridging is an advantageous to the TCT. inmicrobumps. The IMC

bridging effectively minimize the crack initiation and propagation.
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FAEGE RAL PR ST INRE RS G 0 5 3 A iR

47 £ 48« 1 > ( Body-Centered Cubic , BCC) e 485 H[9] » #7.4 v #3048
W2 THPERIAE e o A3 a4 C phy REDFIcE 5 0 ER
e AR LA o

AL A G AUk R E T 3.5W0RF § B 4T 0 < Beeh ik AgaSn[10]

%#%@*ﬁaﬁ’éim@’f&&%?%ﬁﬁﬁmﬁﬁ’ﬁiiﬁa

=2

#eng B @ 4 2R AQGeSN thd & o @ AFLgE * SN2.3Ag 1

U S

"‘5"11-[* o
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Bl 2521 ER &% 514k AgsSn 3552 [12] -

B 2-2-2 PR AQSN AT ERBINE B et 2 R FREEA F HH[12]
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2-3 Hcik BEAREFE 2y

nﬁ%ifé‘t;}irfh’mzﬁ A thlﬁ ¥id mﬂf&-g\b <1 ii'\j\iL /] H 7f;l m‘ﬁﬂ/}é“‘
JE 5 Hp esF ok L 5 4452 ( Ball Grid Array , BGA )47zk » & /& 250um R §E
500pm> F| e G B 4% 47 47 Tk B T 30um BB 60um 35 BE R B B4 T AT o

d ST A S AR

(S
g;

BRI EF BRI REFORE
PIE BRI EE £ AT 5 o

Chandra Rao % + [13]&- s i sx B BRI F 1 - k7
3o by £ BERA R 4SO um & 200 pm FerihAY o R F (T O e
45 R3¢ 3 T 50um enjc BB B A &L Ade chd Bl 200pum Kk s
@ Choi % A [14]#8 Huebner ¥ A[15]» F #F i crf® FaR ¥ > 305 8844 )
SV U AR R E R R D e Flm e i £ H T E S A s
A ARG AR SR R 13 B R R BB e s UBME 4 £ B
CEF R L RERER 2.4 £H T E P R R L e s AT R A
7 Islam % 4 [16]# * Sn3.5Ag0.5CU 445 & 44 7 T 42 45 RE A% 22 4F B A UF

GREST- YL VETY PSR EY LT TSI RS A

AT EEIE
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Soft solder bumps

Eﬁ@m_

e 200um / pitch 500 pm 12ﬂ /240 60120  30/60 @

BGA - Micro bumps

SOLID contacts

e 15um / pitch 30 um 7,515
(limited by the bonder | g
alignment accuracy)

B 2-3-1 g
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2-4 B ETRRIE S K L RE I G

BFABRPELER BN Y R ERA ST LR L - > R R AR

FIERBT VLG FLAAEEH AL S r‘j»—i;m TR 3 A S

BitEY igdE i BRI AL S o8 AREBEFE =
M EPR S  BYMEBELETIASEFLLIERE > TR AL BGA ' ¥
BLA T i s o $ i Bads Be R TR EARDT LRRE o
wEERRE Y BT TG IRIE &R # [F( Temperature Range )
% ( Ramp Rate)fedz /& = B ( Dwell-time ) » i & Fus Rl < - & & R eh

BBARES A AR 20 A Mattila A [17]45 4 £ 05 TR R

5B 8R4 R Bhen R @ik ) ( Lifetimes )2 g 4 92 8¢ 4 ) 0§ 3
BPE R e o -6 tE MORRIRGE 4 o7 T T di( Cycles To Failure,, CTF ) » 2 »
B4R 2 g % #0 CTF £00 3 BT g B (e & P e o Uk 4 oh

pF B ( Time To Failure , TTF)
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2-4-1 %% 3. % ( Ratcheting )

)s

B AR R SR - BT AR R RO R
B 5% )3 ( Drop Test ) =4 jp & ( Impact Test ) » 4847 {4 i Tk ehif 4%
P K R = A RO R % chiE A2 0 Darveaux ¥ A [18] &7 3
AR A7 Fr B e p Mo 42 2 K ¢ L SN0.7CU 4% AF B8R T i - T et
WIRPIRRLS 0 N RIALE] Y R P R TE R % 0 R AT i s
e TR A A B B ooan R R AR (7 5 ( Creep
Behavior ) ~ 4 % ki & (‘Assembly Stiffness )& £t i d e 3 v * T o i@
R 4 % &k AR B ( Stress-strain Hysteresis Loop )# = # 5 [19] > » Y T
ERRCR N A ;rs 70 2Rk A & % ( Permanent Strain ) 4% 47

BRI 0 BRAC)DEREGER A D e R s R
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2-4-2 % % %4 & ( Fatigue Crack)

ARG A - A B ¥ ¥ £ B d( Coefficient of

Thermal Expansion , CTE ) % & & 43

SERPF R D - BRED

l B

LERIEY 0 ¢ FFE S R Rl B - R R R

oWk om Bk i E S AEZEOS - I P CTE 2

x““

28ppm/°C» ¥ — =% % A3 At » ¥ L % FR-4> CTE % 18ppm/°C[20] »

DR FAEOG FRARF TG o B A E B RDERY &
Bhend 20 A F AR AU R e T fie( CTE Mismatch ) » & /584 £

FETE LFRBE Y oA BT - B ERR Y on AR EE AL
RH O BREORRET & ARG m P AP T it
B Ha et @ By 03 RS E? AR G T e aEa)
el b8 8 E 2 menk R ddn o BB AR L7 Wright % < [21]
F 7 microbump & R S atES L BT LA R > & 7 microbump

BRI A o e 0 ARBR TR F A MR g 0 X2 G R L AR

|3

FAAzds ) VR Az Mt B Y 0 FIRRRA 2 R F AR

K#B ;1 Fiﬁ%\ °
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B 2-4-1 Sn0.7Cu 54785 S H AR PIF IS A Lok ¥ N B g %M %

[19] -

3000
2000 - ("\
1000 - (- N\
u -
E -1000 I
9 .2000 -
E u
B -3000
-4000 - 2.E5 Psi Assembly Stiffness
-5000 5.E5 Psi Assembly Stiffness
-6000 - 1.E6 Psi Assembly Stifiness
-?Guu T T T T T T T T T T
-0.006 -0.004 -0.002 0.000 0.002 0.004 0.006
Inelastic Strain

B 2-4-2  SN-35AQ # I K] R 0 4 -2EsE i 8 ek e SUR[9] -
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2-5 i & 1Y &P iR B e B

3]
$ ) SRR EG T 0 B A S B Rah d o F & chif 2

B AARBM LS o REBEE L RRE T HLEEL >

N
fln

EHM e d T2 - BELDFE S EHFTFASNR T A YT
SEV REAE L N = &i?é}g%t""ufﬁ’fr[2225]’3§—i F s &

Bit & % Bxip il o EF 0T B 2hopt ?

Lee % 4 3t 2007 +# - Electronic: Components and Technology
Conference( ECTC. ) ¥ 4% A3 = i 5 ABELEL[26] > F #-% LA £ p 1 & 4
Frfa BB Rde T Lo o g REIE R R R G AR AT LY
AR EU RS T B S B SRR SR R
F BB X PR R 0 R R RORS HE F R R
BEESHER > BB HEAR S 6 7 AR TR A S w i LA P R
2EEE N ERC L RG S 3AERC LR AR AN AR L 4

BE Kk ke o b fEA A \P‘a?;;f;éi?;;léi?ﬁﬁﬁi,ﬂ@%ﬁﬂwk{

PO R R F AR o AT IR B2 A A

GRFIMEAERT L PRI TRBRGANANAFEL Gk 44

"

%ﬁ%&’%%ﬁ«ﬁﬁ%ﬂ@%ﬁ%mgih%iﬁﬂﬁ&’@%

i)

Feh

¥
Y
o

AT R LB P AR SR



ARG 0 LA AR E S AR RN o U hiE T @
hER ol B R RBEFAPLBF o
Properties Copper 96.55n3.5Ag CusSn: Cu;Sn Ni:Sny AuSny
Melting Point (°C) 1,083 221 415 676 796 252
Density (g/cc) 8.94 74 8.28 .90 8.65
Thermal Conductivity 3.862 0.78 0.341 0.704 0.196
(watt/cm-K) ] _ _ _
Electrical Conductivity 5.88x10° 0.812x10° 0.57x10° 1.12x10° 0.35x10°
{(/Qem)
Thermal Expansion 16.42x10° 22.2x10° 16.3x10° 19.0x10° 13.7x10° | 19.3x10°
Coeff. (°C)
Yield Strength (psi) 10,000 3,600
Ultimate Tensile 32,000 5,000~7,000 .
Strength (psi)
Fracture T otﬁ%hrwss 2.80 572 4.22 2.50
(MPa/m
Young’s modulus (GPa) | 129.8 52.73 85.56 108.3 133.3 71
Poisson’s ratio 0.339 0.36 0.309 0.299 0.330 0.31
Hardness** (Vickers) 37 (Brinell) 14.8 (Brinell) 378 343 365 59.2

% 2-5-1 Cu,Sn35Ag 4472w fafc LB P KR ME R & F b s i

§rmm[26] -

Crystal structure Lattice constant

Cu Face-centered cubic a=3.61509 A

Sn o phase: Face-centered cubic o phase: a=6.4912 A
B phase: Body-centered tetragonal pphase: a=5.8314 A c=3.18154

NisSny | Monoclinic a=12.472A, b=4.069 A, ¢=5.293 A, p=101°51"

CugSn;: | Monoclinic a=11.022A, b="7.282A, c=9.827A, p=98.84°

Cu,;Sn | Hexagonal a=2.753 A, c=4385A

AuSn; | Orthorhombic a=645Ab=649A, c=11.60A

%252 Cu,SN35AQ e 464 £ B 1t & 4 e M S 5 1 ¥ H[26] -
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2-6 7 "I~ % 4 17 ( Finite Element Analysis , FEA)

A E A E SR A ERAGREY DT AT RBER

PRERAFEE LA FHTAS  BEBEE T ST LR R HT

5
=
~=
3
—
=
_\_.
F_&
=
]
&
o
T
.ﬂ%
[
s
3
=

L BREIARE T EE
R ASERT EY DR R HOSRHERL T 0 fIA- 57

ABBRAD RRT o BART

=8

A2 R F R > T SR RS Y S

C - EEERY A g

o b o E PR AR AR P REEF i - 2R

("

A 2 PiEA] > el £ A [27]#2 P 3R B 1478 5 R OB HCT) > LT

4T
—3Hp

ARG HE > ARG AN RA N ANEHRY ANESRE - AR
EeA G o FARR TR IS A SR W SR Y o 0
*FEA R R B S B TRRGA R 4 BT LERER PR AR
3 * ehE 3o Pang # A [28]41* FEASK ££ 34 flip-chip-on-board ( FCOB )5 #t
BIRRIE S T LB AT AT 3 Bl A2 i 2 AR R
Eo¥ ka3 g S

R 5 HPBGAE mmfRgh? <1 (i » VU HE -SSR EEFT
FRPBIRE B ET Y BRI P EFHME > AT &Ry
FAREEE o TG 2 R ST e S FEARR RS 0 KA T

microbumpse 8L 2 < o 238 F S By B R E AR FIEE 0 Uk ahEE e
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TE R EMe G B2z PEROIHS S B g R

A
o

“41* FEA % 2 = microbump a3 03] B p g iR 2 & 0w P HE G

A E RS AR R B E R TG £ R o

Fatigue model Equation  Model class Applicable packages Required parameters Coverage Constants
s,
| Coffin-Manson 2 Plastic strmin All Plastic smin Low cycle fatigue &= constant, & = fatigue ductility eoefficient
1 Total strain 3 Plastic strain + elastic srmain All Strain range High and low cycl fatigue b= fatigue trength exponent

(Coffin-Manson- Basquin)
¢ = fatigue ductility exponent
af = fatigue dreagth coefiicient
& = fatigue ductility coefficient

3 Solomon 4 Plastic shear strain All Plastic dhear strain, Low cycle fatigne 4 = comstant
@ = imverse fatigue ductility coefficient
4 Engelmaier ] Taital shear strain Leaded and leadless, TSOP  Total shear strain Low cycle fatigue e=—0M42 - ba— 4T, + L e =21+ 1 )

T, = mean cyclic solder joint temp (C)
f = celie froquency feycles/day), 1/ = 065

5 Miner 6,7 Superpesition (plastic and creep) PQFP, FCOB w/ fill Plastic falure and creep failure  Plastic shear and matrix ereep N, = plastic failure, N, = creep falure
6 Knecht and Fox # Matrix creep All Matrix creep shear sirain Matrix creep only e=590%
7 Syad 9 Accumulation of creep strin energy  PRGA, SMD, NSMD ghe energy and me energy Iaplies full covermge Epp = avcumulated equivalent creep strainyck
E_. = accumulated equivalent matrix emep/cycle
8 Dasgupta 1] Total sirain energy LLCC, TSOP Energy Joint geometry accounted for - AW = total strain enemry density
= 01573, k= -0.6342
9 Ling 11 Stress/strain energy density hased BGA and keadiess joints Energy Constants from Eothermal low  Cand m = temperature dependent material
cycle fatigue tests constants
W = stms strain hysteresis energy
10 Heinrich 12,13 Energy density hased BGA Energy Hysteresis curve AW = viscoplstic strain energy cycle
Il Darveaux 14 Energy density hased Leadles, PRGA Diamage + energy Hyateresis curve a = total pessible crack length
dafdN = crack growth, N, = erack inifiation
12 Pan 17 Strain energy density LCCC Strain enerzy density and plastic  Hysteresis curve (' = strain energy density
energy density
.‘.‘F = plastic strain ereep energy densityfoyel
E. = creep strain energy demsity eycle
13 Stolkarts 1% Diamage accumulation All Diamage Hyateresis curve and damage o= (0.5 for solder {damage parameter)
evolution
k = material eonstant
14 Norris and Landzherg 19 Temperature and frequency All Temperature frequency Teat condition veras wse wHuse t-test f-frequency
conditions

T = temperature
,/dy = Bothermal fatigue ife ratio

4 2-6-1 14 645 47 $2 BLAL HEA] REIL[27] -
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N

- = R
‘}’.:.3— ?o%} Y=

31 2k £ BRK Sty

AR Y R AR AF I RHE I ROEBRE > ST WL
ERRREAF RPFEP S PHIF B T AERREAER LRI R
- R ER s ER( BEAR K 1000 A ) o #h Facenre s & ( Diffusion
Barrier)> m iz ki 4x £ > nF s & & B EEk 04k % & (Adhesion Layer) o
B LT RREEPEHKE /AR T AT HEL T > ARk ER
oo R - K (CBR 52000 A ) iE S @ 488 46 % ( Electroplating
Seed Layer ) > #1215 e 48 o M AT 4L AT 7 B I T4 SNEL LB 4
BER o FREE s L SN2 3Wt%AYG AT F %“f%’}]%ji@. s 3-1-1
CR

*F Henf B &) R 2.3 mm X 2.3 mm 4547 en R ge(Pitch) 5 200 um -
247 ML & BEA hE JL 5 100 pm o A7 R 35 A 260°C i 4% ( Reflow )

— A AR o
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Si

XA &

Si Si

Y % 4447 (20um) & 5544 (3um) E 447 (20um)+E 4542 (3um)

AR AR & E260°C 247 — 448

4 3-1.1 7 UBM B4t 7 2 4 -
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32 & H

AP A Z 5 UBM B amd ¥ R b OB F R Hi
- 477 F UBM 24873 Fidbg Rtk S R B TR FRRIGF 5 F2FA

BrARAE

BAEFTHRE W HATF & 7 b B [ 5 & [ 2] ( Die Saw ) > g

B o 0 Rl T LT SR BN R E RS AR RS &
AR T T A A - B REEIRE 3 microbump F & A0 @ F &
b &0 kg pcse( Infrared Microscopy )45 fie 2 #4k X & = microbump e & > &
EEERE T 0 I N REGR R T B DR o RS R B BR

B EE R - ET] 2600, B etz A s 1 s aH|(Flux ), s

"W
&
W

oL 4R B B 0 i 2 ente B i R TR R
FEEAE T A AR AR R REST (2 S T AR AR — A dBiw 4T 4o

FREAENZ SR ) R ERE A L FT BT o 4 S 2
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o

Solder

Si

w

Bonding:
With flux,. 3 min @ 260 C
(Aligned by Infrared Microscopy)

Si

R3-2-1 th&sWAn 5 LH -

Si
Si _ _
R P Ak = =
Si
Si Si Si
Low : ~10um | Low : ~10um Ultra Low :
~4um
Solder Height | Low : ~10um
High : ~40um | High : ~40um | Low : ~10um
Ultra Low :
Reflow Time 0.10. 30
(min) 0.3.5.10.1520 | 0.5.10.30 | 0.5.10.30 :
@ 260 °C Low :
0.30.180
TCT test 1000 1000,2000 | 1000, 2000 2000
(Cycles)

% 3-2-1 HESHEEREEE
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3-3 ik 4% # AR

Ak Eld 8 1 B4 (O0ven )i 5 £k - AIF R 5 260°C T i
T4 AUEIE 5 T AN B R R ek 3 Kt BRI R R R A
AR ER LS R R E AR R 2L T PR GO
Cu/Solder/Cu £2 Ni/Solder/Cu /710 um 4547 % & & » w45 pFfF 5 0~5-~ 10
30048 210442+ ’:T-}T;Bb'% FIMe T g/ LB LE @
30 A 4Bk T A MAREL ek om0 um 44 F AT 0 2 10 um £
R RE - R et E R L (TR 2 - & Ni/Solder/Ni s 7@ > d ¢
Ni Bk 24547 ek RAp RO AR R @ 5 B 3F 5 B R F R R
TR RET S um =+ 0 R AERERF S 0104304 48 0 @ AR ERE

# 10 um H4E47 3 R AR PER Bl % = 030 {o 180 ~ 45 -
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3-4 # T pIE

Bofs M AR IR (S iy R ET I JIF E{ oy R R
7 B iR 53 8 (Ar to Air Temperature Cycling ):& 7 1000~2000 cycles st i %
PIER O PR IE (2 Lﬁ} Pe. % JEDEC( Joint Electron Device Engineering Council ,
JEDEC ) Temperature Cycling & [29] 45 2 » 5 * & B hipl8 % 2 > R
RER®RRFLB5CH 125C» B2 52 248 15C 0 b B REASEME
Behdm B R G 5 44 RE - pRIRRREET KALpF 30 4 48 o RIED

R AT R R BRI TE e T BlETT e

/..’:;\" /\\:; et
= / \ () \ l
f / \ / \ i
S |g.{ \ sl./ (o =T 1]
2 £ Vi &l \ /
5 |l \ | \ /
5 | 1 -
— ] \Lov::e';:oak l ®) \ I

Y o\t <
\JE—Ts(min w n'(tolerjance _-"I g Cycle timg \--.‘

Time (minutes)
Test Conditions: -55°C ~ 125°C , Ramp rate 15 “C /minute, Dwell time Smins. 2 cycles/hr.

B 3-3-1 #ETkiRlaEa v S -
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3-5 ek LR

0t AP B R S R N RINE LR T R B TR PR R

Fe S RGE B RN A P s Y o FA R i B0

\4

Bl F BN RIE LR A EEARY A B £ 4 %[ 8010002000 -
4000 5 AFT R 7 F s R iT % on- #0234 % microbump o &
B2 % LI L9 ¥ 12 1 um 2 0.3 pm 1§ i 484 ( Aluminum
Oxide Suspension )it {7 & W ePe-bgd® s 2 0 & 1 £ [ LB F L &
FIReA o {5 % BB #oEdLaik (s 7 & 4 ~ pHO.8  f& ¥} ( Colloidal
Silica )ic &k o fi b2l g- A48 R EFR R EaF N 8 F R o {
AR o Bofs U kB SN Aapeds (Optical Microscope, OM ) k i~ 4 sl %
R L o o PR S Nl i L SR
B A A RIS 0 L KB Ngpes g R E — B Ack e
RIALB 25 > d SR B RS DR IFF AL o LA R RERES P
MBIk > B N RIEGFERI y A R =Y fr g £ 8-
ARt F R ML > A Bd KEHRERZ R OEY > £ 1L %
TR AR R - LR o LR 2 W ¢ 1% R4E( Sputter ) 5 4
- K&a(Pt) M E @t AehETRE FHELG AL F (L o AT AR

* s Hedt b #3358 % 3 & iies( Field Emission Scanning Electron

6‘34

Microscope , FESEM ) » §i#g 5 B * 3 &+ % F $k3¢ ¢ 44 ( Japan Electron Optics
28



Laboratory , JEOL ) > #|5L % : JEOL_JSM-6500F » 33 &3 + 4 o d 303 7
% 5 ehde ik € B2 - = ¥ 3 (Secondary Electron )& # e ® o Tyt o %ﬁﬂ

SRR IR TG ENEREIEF DL G AR e e AT S

=
beiis
Ry
[l
by
[z

d
[
(S

3

2y EFIA R AFALEA G LR T

FRAORBI RSN EH S R F AR  Sefare

f1#* = =7 + 1§ Secondary Electron Image , SEI )& # » $35 3 + 82

( Backscatter Electron Image , BEI )12 4 # Jr 7 &k iF 5 BB R > ~ 304
pLpl ¢ 1 BEl 5 A4 s

AR REHEG AR2 14 F* SEM gt INCA 222 X%

it & 4 17 Bl:¥#( Energy Dispersive Spectroscope , EDS) > iT 2 # 2 % £ IMC

B2 AR Xk A RT I B 2§ g A

TRl % o Frdy o5 o
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N = 4 :_

/

AR E SR A G e BIA KA T microbump A UF IR IRIE {8 PR
B F hitha SR ATEE R Z A7 Bk AL microbump hF: AR
RFCRET T RE AR hc o L RS H AL DB 2 o
microbump ¥ F & FFRE B fs 1 ¥ F X~ F A 47 kB0 microbump A A A

FPIFEALY 0 S BRSO B REED = Sk

4-1 i® 43 H TR g

Zl

F_L

(7R ATRRIET o P 4 S FOR o iR 5 260°C TR
BEATL @ H LR T RS IMCL T £
RAEB DR ARSI 2 2 S IMC i microbump » F et kT 2 4

&% v 42 & #>t microbump &I PIGE (S BT i S R b g o

4-1-1 Cu/Sn2.3Ag/Cu System

B 4-1-1 5 Cu/Sn2.3Ag/Cu = microbump 3 & % & {5 » & 260°C i& {7
0-5-10~30 ~ e % F/d2 > & AL TRFRPIFDRIALE > 45467 3

Byl 10 pmo &3 a2 84k 6 354 3 5 Bk CugSns e/ £
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L

w

Fooom 4 CugSns 2 P 3 — & &8 CugSn > o a3k & 48 4F
F Rk F (%l 10 A 483F 15 0 3 250 CUsSNs B 4032 & > 37 30 4 48 -
CERER S IMCRERE RH T OIS d NERFUERED B2 EY S
IMC 7% 7 4347 -
A &Y ek 5518 2000 = TR TRIRIGR 1S g % o] 4-1-2 1
Bl 4-1-5 " m e B BEED SRS RRRSORE > SFFRIILER
FETAA DS T o A4 TR KR ADT RS S L AL D
3D IR o K R4-1-2% 4-1-3 ¢ > F U AR LR T s 3 IMC A A
FEDOFRT > R BESFORG By HaaoA 4 o9 e 10 44 IMC
Bdeds & ek &0 A7 LR B Wik 2R A 2 2% CUgSns L2 45 4F e o1 (A 8]
4-1-4) > fe § B ZLAE 5 4 ARG N IR( o] 4-1-4-C) 0 DR HER S
£ 1 & F comicrobump R F 8 RE P odk A4 o
Cu/Sn2.3Ag/Cu % %t/eiv microbump > & iF # 32 {8 > B =
Cu/Cu3Sn/CugSns/Sn2.3Ag/CugSns/CuzSn/Cu mg&-ﬁ& v d 3 IMC & 5 2430
FRE R - FI R0 & 5 Y B3R B 0 % 2000 =X hip ki
o AFPRBRRE T R IBFEGELITE 0 B b CuSn/Sn2.3Ag
PR A RF A P A IMC B4R L R MR 54 Ay
%> % microbump - % 2% S IMC iR BE(S 0w Fosnendrd R 3 A
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RN DI A R g KA\,T*K*‘?ﬁ—LA\%ﬁwmﬁw A

B304 IMC 45 8 068 T 5> 5 1 5 40 IMC it #7315 2 shens 4 #3950 4+

&S {7 a7 Flm 45 3] e - 32 microbump 5 2% 0 - B 5
IMC &% & & 5 »edrfl M+ & > V- FZA 2w AEeD N ¥

IMC/Solder 7 & = & » 4B 4-1-6 #7177 -

Mgt ke T BRI BIA S F R 0 IMC AL 2w o o1
£ microbump TE'J#REI;'KE ?, AwenAd L on IMCHE 82 15 BI04
B R B LT o &SR 2% 2 IMC samicrobump ¢ 0 B B g %
DA F ARG R TR 5 0% IMCBridging> @ £ & 3 - ]34
FIMC 2 & > Al S8 o4 & A ERA IMC 15 £ 22 IMC 40 + 4247 e

ST oA e 1 EIMC 5 R0 ST B A2 5 E IMC R & A e b

WL B E T F R s S 4k 10 A4 IMC £ 2R 5 70% =

F_&

Tk g HMEE IR S d 100% T *# ] 33% 0 @ ik 4% 30 448 0 IMC £
EARR 5 90% ik & HEFE MBI EL 0% ¥ 4rE 4-1-7 ;{%’E} Ttk

— B G E e P BRR ] IMC 3 £ 4 A A E etk o
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Bl 4-1-1 o iy
Cu/Sn2.3Ag/Cu_ - #: 7%k Pli¢ = (5 (a) 0~ 48 (b) 5 4 4a(c) 10 » 4&

(d) 30 4 48 iw 4% # & c5 BEI 4R ] e
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B 4-1-2 Cu/Sn2.3Ag/Cu i 4 0 A 45 i 2000 cycles = BEI i] 4R B (a) L2

(b) L6 () L8 -



B 4-1-3 Cu/Sn2.3Ag/Cu it 42 5 A 4 % i 2000 cycles # BEI |4 B (a) L1

(b) L4 () L5 «



Bl 4-1-4 Cu/Sn2.3Ag/Cu i 4% 10 A 45 8 2000 cycles =7 BEI |4 B (a) L4

(b) L5 (c) L3 «



Bl 4-1-5 Cu/Sn2.3Ag/Cu i 4 30 4 4 5 % 2000 cycles = BEI f4h. B)(a) L1

(b) L3(c) L6 -
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B 4-1-6 IMC o418 5 7 50 i

100 %

=

- 80

0]

e

Q

w0

0

o 80+

>

Q

o

Q

Y

0 40-

£ x

o

@

g 20-

Q

Q

~

'_

0 *

I ' I ' I ' I ' I ' I
0 20 40 60 80 100

IMC Bridging volume percentage ( %)

Bl 4-1-7 Cu/Sn23AQ/CUIMCHZ & WFEF A B M LB P IvR -
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4-1-2 Ni/Sn2.3Ag/Cu  System

B 4-1-8 2 Ni/Sn2.3Ag/Cu = microbump#: & = = 74> £.260°C & {5 0 ~
5-10~30 A4 R R AJIE > & A B FTRFRRGRDRALE  £H 3 R
F e 12um 3 BB hF B IV HA B BEF BEE S dr s
Finf s 2 2 5B ka(CuNDSNs chfi 2 it e A 2 &5 > @ psi s
BT G 4 R E - K (CuNi)eSns » b g en IMC R4 7 i ¢ 3 LT
B AFEB RN 20 um = ot Bd 8 T gy lAr Y R T e
S0 5% 87 Cu/Sn2.3A0/Cu-System # e e g b & Zlertk 5od 3t - =38 Ni»
AAGEKH b Sl B304 P e IMCH#E -

7 fe A& etk 508 2000 =% e U TR R AR 80 & e R) 4-1-9 T
Bl 4-1-12 > v R E R FERD SR 5o B PR T B E 5. FRRE
BIOIFRM R 0 5 AENE R S p A AIMC S R G oo 3
AAEG AN INHBNIMCRILG FRERPREY HESE DL > @
w4304 4B % NS RS IMCofi ik R FIE PR & Hdmg 4 o

& Ni/Sn2.3Ag/Cu ¢h & % T > £ i B T S o % D
Ni/(Cu,Ni)eSns/Sn2.3Ag/(Cu,Ni)eSns/Cu 15 » 4547 304 iR 28 5 2t 4@ &
53T 0 2000 S TR 0 BAGURRER PAFEGA 2 TR
e AR e < e B4 Ak e(Cu,Ni)eSns/Sn2.3Ag i m b oo b 3R

4 ARAT IR @ 4558 IMC/Solder s/ R 3 B IR IE P ek A 4
40



27 Cu/Sn2.3Ag/Cu & sefprt » AieB cit? anIMC 2 =2 ~eahit &% > B B
g BB R o = A A 2B SRR S AR & kg
AR A eh IMC 37— $R: £ (CUNi)eSns » da iRl T e L B % L i
WA HMIMC? Bz BVl TAR o MR EEFE LSRR AL
T4 IMC P #rE Flendd 3 8 5 8.97wt% A iT4k R e IMC @ A E F
48 7 B L 2.48Wt% > £ 1 BT R T%2 o 42ip|44 = cr IMC/Solder 07 &
RS AR IMCHEE 5 0 » BRI FIRRF A
40 B IMCatdadrf| 2L £ o

Chun Yu % A [30]41#* % - RIZ £33 CusxNixSns (x=0,1,2)4 £ /%
CEPahBHET IR ZEI T EWm FHARE IR SRl
FHpR - R e (g0 Em S G R FE st 0 B4 SR
BN Eis gR S 0 r‘jﬁiﬁuﬁﬂiﬁ? CugSns @5 » CusxNixSns 7t 4 &
RAP$FE T e > ¥ CugNipSns ve-CusNiShs £ 4 { + ehd S 402 2 ) B >
FHawtE Rt 4117 RTEFLE R AR H A A VLS
R SRR HARE LR ARE 4 2FFF & Ni/Sn2.3Ag/Cu i ¥ #7

PESIER RN
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(Cu,Ni)sSns

B 4-1-8  Ni/Sn2:3Ag/Cu t#t B3k iRlsE % 5() 0 4 & () 5 4 48(C) 10 4 48

(d) 30 4 45w 4% # g2 5 BEl B4R B)
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Bl 4-1-9 Ni/Sn2.3Ag/Cu 1% 4% 0 » 48.% 1 2000 cycles =7 BEI |4 1] (a) L6

(b) L9 -
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B 4-1-10 Ni/Sn2.3Ag/Cu i 4% 5 ~ 4& %5 iF 2000 cycles + BEI |4 §](a) L1

(b) L4(c) L5 -



(CU,Ni)esns

] 4-1-11 Ni/Sn2.3Ag/Cu % 4% 10 4 455 2000 cycles =7 BEI |4 8]

(@) L1(b) L4 -
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] 4-1-12 Ni/Sn2.3Ag/Cu % 4% 30 % 4.5 i 2000 cycles 1 BEI ] 4R ]

(@) L5(b) L6 -
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Sit Lattice constans Vome L Heat of formation~~~ Cohesive eneries
CugSr - 092,713,961 1% -N26S% 28 -4
CuNoSng — S(Cul)  TI0IL6%4952 10D -1TB312 5569 0634
CuNod — 8(C) 09708938 9% 1122340 -§IL8 5710
CuNSng — da(@d) 087706296 B2 -1T2N0867  -3I8] -S4
CuNiSng — de(Cud) 10864708196 B2 -ITA2% -3 544

% 4-1-1 CupxNixSns (X =0, 1, 2) 1% +4 ¥ B ~ #4% ~

et 28] o

s

o b
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4-1-3 Ni/Sn2.3Ag/Ni  System

S h T R ERARA T b B RPRLIMC S R Ay e

\\\Xr

ERHEE > FI - BRARPIRSEF 0 L0 RV RIMC @ dzw
BLH RS 0 A AR MRS g R K TS 4umo R A RISk
BB UBM 3R 880 p% > 5 & prendh 7 3 Rok-¢ S gl 0 W 4-1-13 5
Ni/Solder/Ni &7 microbump # & % = { » % 260°C i& {7 0~ 10 ~ 30 4" 45
BEAIL 0§ AT RBRPEEORALE o RS R R R4 T 2 R
Ao vh AL 27 4E A0 G Fad A NigSn o

7 e A& it et 5 i 2000 S8 e IR P (60 5 & 4o ) 4-1-14 )
B 4-1-16 > B2 R4 47 3 B cnd B P a 2 % 5 B &M ot #i o (2 AR A
Felo— 25 % anUd S0 A S &I iR B AR IMC 2 S S
Moo ed 044 % BT AL > <304 microbump A EE A xS e

CEF AL DIMCHEE > R L IMC & k&0 @ 10 4 4

W

BTtk d RS RER O IMCHR AL # 8 > 13 30 4 4Ban 4%
JFL itk & R T 384 F & A

A Ni/Sn23AgINIi =1 & % ¢ > o AL s, # o 2
Ni/NisSna/Sn2.3Ag/NisSny/Ni & Hcrfi gk > 2 i A IMC 2§ # & ehfe i@ 7
VELERTD] > R B s § & 4 4 IMC/Solder 0 R & (ded ELATT) 0 @ ok 2

B L B & 0 0 EH AL E ok Y oM A 4 o
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~.Sn2. 3Ag P

N

NisSny
Sum

Bl 4-1-13  Ni/Sn2.3Ag/Ni &£ i 7k ip| 38 5 gie 4% # AT o BEI RIALE
(@) 0 A 45 (b) 0 A 485 284 [ (C) 10 4 45 (d) 10 A 48 4 2% < § (e) 30

4 (f)30 A 4k 20 % ) -
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B 4-1-14 Ni/Sn2.3Ag/Ni i 4% 0 4 4& 55 i 2000 cycles = BEI ] 4R [

(@)L1 & 28224 B (b) L1 & %22 Ble

Bl 4-1-15 Ni/Sn2.3Ag/Ni it 4% 10 4 45 %= 46 2000 cycles = BEI #4LE (a)

L8 (b) L8 & 2822+ H] (C) L9 (d) L9 % 28~ @] -
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B 4-1-16 Ni/Sn2.3Ag/Ni i 4% 30 ~ 4555 1 2000 cycles 7 BEI 4R B

(a) L9 (b) L9 & 8% = ] -
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4-2 4247 3 B Bl

A EAERF S BHERESES I HENBHERARE D
microbump » ¥ 4-1 S4pk > BF Y B IFL AR AR R 5 260°C
THRFERHARIT RAARAETEREASEF B A IMCo 20 & MR
BB R R P - R BAJLER o S k0 B R e R R HY

microbump & 7 B pIEE 15 BT i S BURHN g % o

4-2-1 Cu/~40 umSn2.3Ag/Cu  System

B 4-2-1 % Cu/~40.umSn2.3Ag/Cu iz microbump#: & = & {5 » & 260°C
217 0~5~10 w30 & 48k % RIL 0 AE T RATRRIE DRIALE] o 4%
BB BRI X 36 um o A B g a5 494 L 5 Bk CugSng 4

SR & 0 @ fdr® CugSng 2 % 4 — & J& 5« CusSn -
BEARGIE A e ohi AR BT R RER 0 T T RSN T

IMC 3 & » @ 58 2000 = £ i R RI# 16 05 % 4o B] 4-2-2 1] §] 4-2-5 > & 47

WA G R R APFOT 4-1-1 §n BB R 0 P A B E F S 0 KT
b m R EAR S ERFERY HERPFS L NIERE S DHINES F

© B e 4-2-2-Co | $ # microbump 4% 47 chB £ D T ER 2 K

“El “

3k
\;2‘
==
\4
=
g;
w3
|k
N
u
>‘I A

LEAGIBERAY MG 2N IMCEEFNR G 0 4
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& CulSn2.3AQ/Cu B 4547 B B ch i 3¢ » S RIT S > B
Cu/CuzSn/CugSns/Sn2.3Ag/CusSns/CuzSn/Cu mﬁ& = ¥ R WA .ﬁg—fﬁﬂ
B3R R 0 X BB RE DR A o R HSF WA AP RO M S
BRK] B A EHTEFhE R L Mg RRE S[16] F
IMC #4edFenf s F R 38FE A7 2 > 27 fMBHFIR LAY &
LR IR ETEF A BB X RIS INA R G RS P IR H A
W IMC X3 & &5 T e B UBM 325 4 - 2 7B R > 8 1F
A s £ d IMC/Solder sn/ o 4 g 4R £ oo L3R4 =

PAEEBBEN A R FRAA SR ] BRI o
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A772,m

Bl 4-2-1 Cu/~40.um Sn2:3Ag/Cu & & Ja 3k pl:# 7w 5(a) 0 ~ 48 (b) 5 ~ 48

(C) 10 A 48 (d) 30 A'4d i 4% EUT i1 BEI RIARTH] ¢
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Bl 4-2-2 Cu/~40 um Sn2.3Ag/Cu :t 4% 0 %~ 4.5 3 2000 cycles 7 BEI 4R

#1(a) L3 (b) L4 () L9 -
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B 4-2-3 Cu/~40 um Sn2:3Ag/Cu % 4% 5 % 45 ‘5 i 2000 cycles 7 BEI 4R

#1(a) L1 (b) L5 (c) L6 (d).L9"
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4-2- ~ :
] 4  Cu/~40 um Sn2.3Ag/Cu :% 4% 10 ~ 45 %5 1 2000 cycles = BEI |4

®l(a) L1 (b) L7 -
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Bl 4-2-5 Cu/~40 um Sn2.3Ag/Cu 1% 4% 30 » 48.%5 1 2000 cycles 7 BEI |4

®(a) L1 (b) L2 -
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4-2-2  Ni/~40 umSn2.3Ag/Cu  System

B 4-2-6 % Ni/~40 pmSn2.3Ag/Cu = microbump # & % = {4 & 260°C
17 0~5~10~30 4 & % E L 0 & AR TR FRRIRADRIALE - 4
BB REH 940 ums aar 447 e 6 4 & 5 B R er(Cu,Ni)gSns i1 4 &
Bt & IMCH > @ hdd s dfens s 4 X ik e (Cu,Ni)gSng ©

BEARGE A e AR PR > R ARAT B R R 0 T TG R & LG
IMC % & » @ 54 2000 = # A deiplsi i s & 4o B] 4-2-7 7] §] 4-2-10 - 4%
%A R RRAT 412 4R B PR R E F S 0 J
Tl w0 AR R S R S RN A h PN
B7oEko

& Ni/Sn2.3Ag/ICu F &H 8 B i P o EWEH AT > YD
Ni/(Cu,Ni)sSns/Sn2.3AG/(CU;Ni)gSns/Cu kg 5> 2 ¢ Ni e < i &
200Gpa ~ Cu 7 128Gpa > i3 & 30y 4 (33 ¥ hyp = 304 £ 6 ff cé%
G/ 3% ¥ ARt CU/Sn2.3AQ/Cu s AL HE > F - A 5 E~ A e Ni s
AR AR A iR > AR KAy AHPREES {5
Tl LR Tk A B R AP O R U8 547 % B ¢+ Cu/Sn2.3Ag/Cu i Lo
BB k7 o

HAH @ IMC L & &0 2,7 > A UBM - 5 4F > ¥ — 448

BARMER R @R YA s Ed IMC/Soder cn4 & 4 4 > M4
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AP IRE A o PRGN SRR AR A G A o

B 4-2-6  Ni/~40 umSn2.3Ag/Cu t# 155 P34 % 3() 0 A 4 (b) 5 A 4

(C) 10 4 4 (d) 30 4 48 iw 4% #1532 o BEI |41
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@B 4-2-7 Ni/~40 umSn2.3Ag/Cu ¥ 4% 0 %~ 45 = & 2000 cycles = BEI |4k @]

(@) L1 (b) L2 (c) L3 (d) L5 -
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] 4-2-8 Ni/~40 umSn2.3Ag/Cu i% 4% 5 % 45 %5 i 2000 cycles 7 BEI |4 ]

(@) L5 (b) L8 (c) L9 -
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B 4-2-9  Ni/~40 pumSn2.3Ag/Cu % 4% 10 4 485 3% 2000 cycles - BEI |48

#1(a) L4 (b) L8 -
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B 4-2-10 Ni/~40 umSn2.3Ag/Cu 4% 30 %~ 45 .5 i 2000 cycles -7 BEI ]~

#1(a) L1 (b) L7 (c)L8 (d) L9 »
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4-2-3 Ni/~10 pumSn2.3Ag/Ni  System

B 4-2-11 % Ni/~10 pmSn2.3Ag/Ni “microbump £ & % = {4 » & 260°C
17 0~30~180 A 4Bciue R AJIE 0 W AR T EIBRPEORIARLE 0 R A
KETBRGI0um- 42473 RILHIREFZE > I B3 MEHFF R X
Bok- wugtpEld 10448055 180 448> P A At B E RS 2y
UBM *Mﬁ-‘r 4847 % & 10 pm s microbump 2 %4 % = NisSn, 1 IMC &
BLo TS grd doif o Mg ik Rl 3 AMC 2 £ 0 @ 5 2000 =1 B 7E
PR (s on% % 4ol 4-2-12 3| Bl 4-2-14 > 0 » 4830 45 P [ e & 0 4847 3
REATIRE 408 G BRI BEREIA o ¥ R F R 4 MR 3R
180 4~ b £: PR eniR 5> B4 3 AAEEG - FIREHHEERAT 3 AL
FooORREHTAN G RYE 4-2-11e P HR R0 2 RHRFRIRY N
A E 4R 3K o

HAWER IMC R & &5 > & UBM @ 398 44 » 2 4247 3

Bo R ERF N & d IMC/Soder s/ w38 4 o B % 4R IR 4 o
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Ni

Sn2.3Ag

Ni

Ni
: S'nz,‘_aAg

Ni

i

Ty N T T S Sy —— YTy v—y

180 4 45 (f) 180 A 48 /5 212 < [ -
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B 4-2-12  Ni/~10 pmSn2.3Ag/Ni % 4% 0 4 4& %5 i 2000 cycles = BEI 4R

#1(a)L3 (b) L8 (c) L9 -
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B 4-2-13 Ni/~10 pmSn2.3Ag/Ni % 4% 30 % 455 % 2000 cycles - BEI |4k

Fl(a)L 1 (b) LI -
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Bl 4-2-14  Ni/~10 umSn2.3Ag/Ni i 4% 180 4 4 ‘5 1% 2000 cycles 1 BEI ]

AL E(Q) L2 (b) L4 (c) L8 -
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4-3 7 UBM &= e’ 48

*4-1 & 7 chz 8 UBM ‘e = shmicrobump 4547 3 & 25 10 pm = + >
7Y g IMC 3 & a2, ™ > 355 k¥ Had 4 o & Cu/Sn2.3Ag/Cu 3
s o BAEH Ok AR RS ks 1 IMC &2 h 3B ORIE 1

B TRERs R LR A4 & NI/Sn2.3Ag/Cu i kL o BE AR

3

5 NERi w3 SR # FBE KL { A g%

I

3B A 2t NISN2BAQGINI-#— 2 JUE HAL B - Ap 12305 439 %

prad

ek o d 30 IMC B RIRc# 0k Rlich TR R R A B 5 $ A A

B S EARE o SR B BT ¢ ow R T RIAR iR AL
Bk A RS S B8 s SFES A A el B
R A ED R EING & 4o B 4-3-10 4 TR & & microbump R85
FIMCE&F DR =& > ¥ IR R ApPFEST Y o 2§ g AR BR & R
Zl o T LR Y B LA J R IR IR TR A K o

B fs4e » Cu/Sn2.3AgINI/Cu k5> e 463 R 355 10 ym % % ¢
microbump > A& IMC & A 4% & chfi ™ i {7 1000 cycles it A3k RIE > £
SR B e R T X R AR R & A den T 3 IR Cu/Sn2.3Ag/Cu
Ni/Sn2.3Ag/Cu £ Ni/Sn2.3Ag/Ni =% sv » A %5 1000 cycles snplz&is » )‘I*u

S mA A R H (e B AR ) m CUSN2.3AgINI/CU ek sfriz § 4 iz
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PR A A B A 8353 4(CuNi)eSns 9 IMC » 3Rl d > 2 20 pm 4F 2 &
B4 3um s E A o 4p ST Ni/Sn2.3Ag/Cu & kL B0 5 3 AR
BRAPREFE LA ANER LA A A B ER kR
1000 cycles =4t 7% 7k P 3# o

#-7 I UBM = &5 475 R 0E & $30 microbump shs 3k 4 47 B 32 e 4

4-3-1 %77 > 2 F UBM enie = 5 fe > 37720 IMC niR 818 > $Ran 3% % 454

FORTRBR D 4 o

COMPO 150KV 1,000 10um WD 8.9mm

Fl4-3-1 Cu/Sn2.3Ag/Cu 54 Ja 5k iR17#1000cycles # = % A 3| ¢ B % &2

eBEI ] AR BB ©
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Bl4-3-2 = 78 UBM %z Hf chmicrobump 5 4 7 7 k| 752000 cyclessHBEI i 4% 8]
(@) Cu/Sn2.3Ag/Cu (b) Ni/Sn2.3Ag/Cu (c) Ni/Sn2.3Ag/Ni(d)Cu/Sn2.3Ag/Ni/Cu
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Thermal Cycling Test

285 A ~10um ~40um
UBM %8 4-|Cu/Cu|Ni/Cu Ni/Ni Cu+Ni/Cu|Cu/Cu| Ni/Cu Ni/Ni
(~4um) (~10pum)
V& 3R 3 1000,2000 1000 2000 | 2000 | 2000
before
S B . | RFER — .
I TS TY T I TS T
Bridging e
after IMC > > %5
Bridging X %‘ %& }R’E}; i/'tfi
3 A5
A gﬁx e IMC/solder interface | % A % R85 3% Solder surface
e

% 4-3-1 » & UBM ‘&= 22 R385 2 443 microbump a4 47 32 o
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4-4 11 FEA 3 microbump s 4 i % A 49

A &4 * FEA % -5 microbump & 7 £ 75 B Rl 3 P> 3 B R R (125°C)
B h MR R (BC)H Rt B R s F oom Y8 B ( Reference
Temperature ) * 45 4145 453 8L( 226°C )27 1% 4% #1 2J2 8 & (260°C) »
B microbump F ot AR E o B R FPEEY R oo
e e @ae[20] 0 {17 FEA & 740601 BE 0 IR RIR PR P 4
RAFTE AT RY NF SRR SE LAY DT R &R
AR 0 microbump SR i p o FOE S AR 5 TP b i 4R A T e
Pl ECALE Sl SN BV Ak A TULE NI ED B 4N SR A B Y

SR 4T3 BE( 226°C ) 0 AEIZR KSR * 74 5% o A& microbump

M

¥ € 3 /4 IR % (Overcooling )& 2 > #3548 45 caF) 1 JF & T ' 0 Ft FEA
TR D R B R llE 0 ¢ 5 B AR Ap Ot H ¥ kAR
Ho x4 3~41[31-32] A A BEE A F D, 0 Ed B M

]
ZHRR A o K3 HH P o T AT AeT AR RGN
2Ey - i
o, = 1/7 ................ Griffith strength relation
a i MR R2ZE sy & @i~ E <8k (Young’s Modulus) - 12 4%
Griffith theory A % ;% {8 02 %= & a9/ & #  ( Critical Stress for the crack
to propagate ) 4§ = H-3¢ m% S N L ] RS S JE 7 S ph N i L

Ao HB AR Ol AR > HEART T E AL o
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gl s AdiA R B R I % PF > 8 K3z & (Yield Strength) i R
do B A R AP RFITRE RS T LR KRB ET LY R Ak R B 4
A4 B K Deng £ A 41% § A F AT 2 KA BRI DT %y
[34]) & & BT & B ¥ Cu ¥2 Sn-Ag 4547 ¢ s s gl IMC a8 (K3 B -
T IR hed 4-4-1 S5 0 B R KGR ch¥icdp ki AT 3 ' 5 313 microbump

PR A enikdy o ARE B A AT TRB IR % o

BRS¢ o Rl BB 44D T o i F R A 200m e 4
B8 5 3um 5 2 IMCH93 & 1um 444§ ARG 4 um 10 um 2 40 um
MR R G 1000 um - & E 2 I UBM SRR 1T R R WY ni

i#7 UBM g dE o

# % ix 2 ( Boundary Condition ) AUE /& 22 4% ( Displacement ) & =_
EZoRRY S5V ER 226 °Coai s (BodyLoad) % 125 °C & -55°C
TR SR MY RIS E PR T LR TAEX>0-2=0 5T
mt o Z 2R E 0 A X=0Z=0mEm X FeazB i 00
BAHX=0-Y=0~-Z=0 %t Y P i 0 dba e Hanf R

R EFRABHRI PR ETT 0 KR EFREH 4 T T EH R

% o
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KA & F %P F I > microbump A 8 & & R e T AR
il (4B 442) > AFELETEREROLEEAESS (4B
4-4-2 22 4-4-3 ) > ® F =¥ 0 microbump I A g id = A A e
(4cBl 4-4-4) > FIP BT kehfEd t R B8 8 A (125°C) £+ 8 R
226 °C = =*"H & 5 microbump > F 2T G R4 B R ORFER
F R 40 B PREE o

F25% 8 ¢h FCOB Apit > S & A p 8 ¥ B4+ #085E (2 i
TR A 4 0 A E P e microbump . BB RIRRIELS 0 Y ART R

TR A g d s ¥ 2% p microbump B2 & H ¢ e o WA
microbump Jk st¥ R INEPEIE Gl TR B AE E R R4 AT A0 # T

Rk Af LR RAR BC ] ENIRA S iR A A i B
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IMC(1pm)

Bl 4-4-1  HHEH P < PELT 2B

Phase Yield Strength(MPa)
Cu 180.£9
Sn-3.5Ag 502
Pure Sn 3504
Ag;Sn 794 £ 92
CugSn; 2009 + 63
Cu;Sn 1787+ 108

% 4-4-1 4rEK ~ 2472 IMC a' K5 B £ [34]
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DDJ)\LI\KS)C.X‘UT%GG ( b ) @ 1 2 50C g%ig&ur%m
SUB SUB

(AVG)
PowerGraphics PowerGraphics
EFACET=1 EFACET=1
AVRES=Mat RAVRES=Mat
X =.111E-05 DMX =.397E-06
SMN =.284E+07 102E+07

“150E+09
1180E+09
12108409

1680E+09 12408409

AXReference Temp. @226°C AXReference Temp. @226°C

Bl 4-4-2  Cu/~10 umSn2.3AQ/Cu »> ¥ 5 B & 7% %+ 8 B @226°C hji # 4

e (2)B <8 (-55°C) (b) -3 1 (125°C) -

BANSYS 12.1

PLOT NO. 1 PLOT MO 1
NCDAL SOLUTICN OC NCDAL_SOLITICN
STEP-1 (b) @125 STEP-1

SUB =1 SUB =1

TIME-1 TIME-1

SEV  (AVG) BV (AVG)
PowerGraphic. PowerGraphics
EFACET=1 EFACET=1

AVRES-Mal AVRES=Mal

DMK =.124E-05 DMK =.531E-06
SMN =.319E+07 SMY =.137E+07
MK =.T21E+09 S = 3098409
B -900E+08 B -400E+08
= l1soe09 = lsooe+0s
= 209 B I20e+09
& 3608409 o ‘1608409
= asomroo = 200E+09
B sim09 5 e

16308409 12808+

B 520509 320509

AXReference Temp. @260°C AXReference Temp. @260°C

Bl 4-4-3 Cu/~10 umSn2.3Ag/Cu ** & % & & % %% 8 B @260°C i # 4

R (a)E 18 (-55°C) (b) . B 3§ (125°C)
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ANSYS 12.1
PLOT NO

f 1

NCDAL SCLUTICN
STEP=1

SUB =1

TIME=1

SEQV (AVG)
PowerGraphics
EFACET=1
AVRES=Mat

DMX =.111E-05
SMN =.284E+07
SMK =664315+09

.850E+08
.170E+09
.255E+09
.340E+09
.425E+09
.510E+09
.595E+09
.680E+09

—~
Q

N
i
=
Ny “1‘.

M [

ANSYS 12.1
LOT NO 1

NCDAL SCLUTICN
STEP-1

AVRES=Mat

DMX =.816E-06
SMN =.365E+07
SMY =.646E+09
0
.850E+08
.170E+09
.255E+09
.340E+09
.425E+09
.510E+09
.595E+09
.680E+09

L

ANSYS 12.1
NO. 1

=.517E-06
=.573E+07
=.651E+09

0

.850E+08
.170E+09
.255E+09
.340E+09
.425E+09
.510E+09
.595E+09
.680E+09

BOCDDDNN 22

B 4-4-4 Cu/~10 pmSn2.3Ag/Cu % % 14§ (-55°C) %% i§ & @226°C hjs 4

ATt @A E R (D) EEY Bl ORBTHF Y g o
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mailto:Cu/~10μmSn2.3Ag/Cu於晶片最角落參考溫度@226oC的應力分布模擬
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