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NHETOBEBRNERICLCAVONTOLAEEMK T 5, BF, 32 0L L/IEULOEE S EH S, Flip Chip %
SiP (System in Package) 72 Lokt & L TiEHEh TV 5, LA L, MEEAKESICHANT, E#EENE S & RIS
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HFBKEJEEZTHL, RKE) 7 o -RBRRO I CBRELE TRIT 2 FHEBRL 7.

Abstract
Anisotropic conductive adhesive film (ACF) has been used for electronic assemblies such as the

connection between a liquid crystal display (L.CD) panel and a flexible printed circuit board (FPC).
Recently, ACF is expected to be a key technology in flip-chip and system-in-package (SiP) packaging.
The goal of our work is to provide an optimum design scheme to achieve the best combination of
electrical performance and mechanical reliability for electronic packages using ACF. The stress in-
tensity factors of an interface crack between jointed dissimilar materials were utilized for the evalu-

ation of the delamination occurring in a flip chip connected with ACF under moisture/reflow sensi-

tivity tests.

Key Words: Anisotropic Conductive Film (ACF), Adhesive, Flip Chip, Reliability, Delamina-
tion, Fracture Toughness, Stress Intensity Factor, Moisture/Reflow Sensitivity Test
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Fig. 1 Schematic of test flip chip under a conductive
test
Table 1. Material properties
~6/0
Material E v Ty CTE077°0)
(GPa) °C) <Tg >Tg
ACF (A) 1.84 0.38 126 100 800
ACF (B) 2.52 0.38 160 100 400
ACF (C)-Chip 278 0.38 155 80 300
ACF (C)-Sub. 2.65 0.38 126 90 600
Substrate 16.5 0.20 156 116 14
Si chip 170 0.30 3
Al 68.9 0.355 23

E: Young’s modulus, v: Poisson’s ratio, at room temperature,
T, glass transition temperature, CTE: coefficient of thermal expansion,
ACF (C)-Chip: Chip side of the ACF (C), ACF (C)-Sub.: Substrate side of the ACF (C)

Table 2. Variation of Young’s moduli (GPa) with test

temperature
ACF (C)
ACF (A) ACF (B) Substrate
Chip Sub.

60°C 1.18 1.87 221 1.32 16.3

95°C 1.02 1.61 1.97 1.08 15.7
120°C 0.76 1.42 1.71 0.82 15.3
240°C 0.02 0.06 0.12 0.03 513

22 |3 < BHTRE A

221 I AR

Fiizk D System A, B, CO 3FIHOBEE 7 U v T F » TiZ
D2NT, RE#MRAOWEESEEINS, SiChp&
ACF, ## & ACF, Al/%% — & ACFORED I { MEsE
ElE LI, cokwodERABRICE, Fig2okii
BAOAYIE  BEEABR F, Lap JointBU3 < BB B L U3 5%
HF i3 MRS A A0, Chs ol KRN TE,
SiChip, E#HH 2T AIRO—HICEHRAEBHLT, Si
Chip & ACF, ##% & ACF, AI#R & ACF o REz #1ii < B
EEA LI, £7z, FBEKF v TRRER HEhPT L
¥, Fig 2(a), D) IZRT & H i PEEKRF v 7 L ERE ACF %
ALTES Lictkic, PEEKF v 7O EM% Cyano-Acry-
late % b L BT ARF Y REFRT, #7X0Y K- MR
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(a) Opening delamination specimen
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(b) Lap joint specimen
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(¢) 3-point bending specimen

Fig. 2 Schematic of delamination test specimens

PEBFIHE D T, WEEEF v TICFEESER LT
BELSOLED ICHRE L, RREEIIHEE, 60°C 95°C,
120°C, 240°C & L, T XTI < BEAR %S BR#E 1 mm/
min DERMHETIT -7, 512, RABEOMBOHEAED
HEOBBESIDEMRL, ZOROEFRLELSE
EAEESE, Wit LORBISHA0 &2 2RE UG
7Y —RE)PERDI, RERR KL VG Shcid EER
HEGAH7 ) —BEZAOCTHEREREIC X 28K 8GN
AT AATO, LUFICR 4 Mk R & RO IR RE
BOPIEHMEHE AR T, (13 < BERE O FM % 1T - 7o
222 FMDIHOEEREMN S A -4

HE UG EMMEIR, 20FFTRABHOY A XD

SRR
- -Material 1+ -+ -

Material 2
NN
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Fig. 3 Coordinate system around an interface crack tip

BARICIKAFE T 5720, ERFFMPRETITHFATE L0,
Fro, EHEESRELTHWS ZHOERIICHIFRETH
A28, WWHREEREANER-TLED, 22T, RIIRT
o, TEBHMAEIROEHIERFEE] 20T, &
CHESREAFIMT A2 & & L,

Fig. 3D & 512, REM RS REHO SRR EHT
3 & xll b (0=0) D = ZEIEG OIS L #EE, R0
X iTREh B,

, K +iK, (7 \*
(%H%)B_O:%(_] W
v 2nr lk

ZIT, eBRRO LD B, 20 AW 1,
(=120 X7V v Iv(=1, 2 0lAEDbEICIVIRE S
H & # O MR E ¥ (Bimaterial constant), 73 # E ¥
@=-1), K, K&, #hFhE—F] HOE—F) L'~
FII GANEANE— N OREH Rl RO F
H, L IEEORERSTH 5,

£:j¥1n{(lq—+-j;)//(jk+~}—J] ©
2r T Hy I

|34y, (Plane Strain) 5
7 1(3=v))/(1+v,) (Plane Stress) )

BEICE, REEROK EK I, HEAFTOxRD X
HITHNL TR, LOEICK > TEMT 2L D
Thd, LI->T, [, OEBEETH 20, HEHRE
THRITRTCORMERITHLUTHEUEE E SR NIEES
B LDSLICEALT B & &, JLOISTTILRIEH K, K, 13,
RROEBAIH > TK Ky ICEBREh B,

Ky _|cos Q —sin@||K; @
Ky'l |sinQ cos@ ||Ky
A
Q=¢ln (5)
. lk

LOMELTIE, WO CEERERO TRy —
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h& o, KiZ, ZTxVFBERLIOEERDONS I &N
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G =B(K! +Kp) (7)
1 K+l K+l
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ABFEIC B 5 BEM R X RO I SIEKRE O BT,
FIREHRILIC & 2 BIE AT O K RIS EH S ML
PSR L BB FEOE2 A L TiT- 72, UL, b
DX ISR K (3, T FIVFBHRORE D EE
KB EMTEB10, BHONAGRESREI— FIC
BT 2 XNV FRRNBOBITA 7> a VAR U TRIT
TAHIELAETH S,

23 7Dy 7FyTOMREY 7 0O— I < BT

231 7YV v TF 9 THEDOKELKED FH
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B2 EARRE LTz

C=pHp,, (10)
2T, pl3EMIEE, HRBEBERE (N %50,
by, \SEAVKEARETH 5, MEPFHKQICBRESNIES
LOERIZBNT, HLEAS TRIGHICAL S ERET S &
ROERQ)OEREHEOTICHEL 2 ETRAD 1 RITHE
@0l SN Y g

4 1 (2k+1
C(x,t)—pHpSU{l—nz TR} sm( 7 n:x)

2,2
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WiE Y 7 o—RRGOBET ) v 7F v TNEBICRE T
BIKAESHED FRAEITS 72012, £7, & ACF & & O%K
BRBRETO, ThZhoEBREBRERRERD
oo RIBARERIZIE, R H RO VIRICIEEDS XEHIIZTE 5
KO ICHERD B, T4 NLKRDOLD AR, LFID
MR L DY, FRORABH O H» S WEREENIBIZA -
78T, B 1RSI XM ERE 2 &b -
THW30T, MBRFOES EEEREODLE L & &15LL
ERELLB LD ICEB U, 85°CLUL T DEEHPHTIT,
RBRAERERBRS P TRES Y, —EHRBE IS ICEERXR
FECERAME Lic, 72, 120°COBAITOVLTIE, &
BHOA— 7 L—7 % T100%RH DIEE THRIE X ¢
720 120°CO B4, WMBHEHMEL, MELIA— K7
V=7 oHlBH AR U THOELERENEST S Z
ENHEETH B0, LotcA, BIRRRIZE - 721412
120°C DI AN, IEBRO TEEE/E ~EHl I
BRI CTRIGE Uleo A IRIERERE B & PLER 3% B
F LA TR, 85°C UL T OREHRB T O RiGEHEE & g
BRETHR L 2 EBERESIZIEE UL - 2728, 120°CIC
BT HRENRE & RN OILBUREIC R E HENWIIS
W ERTE L7z,

WEABROERE LY, FTEBRT ORAIKIEBEDS,
KAOD AN Y —DFERE O THEBIEREE RS, &
7o, WBER (o0, REER) ORKBEEML,S,
(11)D 1VRITCILR DB A BT, afT8 3R & 0 BiEdg
HAEKRDIZ,

IRFVRBIEOWBITNT D, BEIERE S IEERE
DIBBEEAE, RRXOT Loy 2BOEREKFEEE2E D
EWEIS TN ABY,

E
D=D, exp(— R;‘)

(12)

H=H, exp[—IEe;]
ZIT, Dy Hy3$ERT, E, Ey3@EE oL E, T
R E, RIS ER(8314)/mol-K)TH 5B, £Z T,
HE U c BEE O BB S msfEic 0T, K12
R & UTR/N2FEEIC K D IREERY, SEATICE A
Lo SOXIIZLTHOSNIIARERE EIBREEH
W, FAONAERERZE 2 — F MARCMSC. Software)
kb, BIET Y v TFy T O IRTCIEE WL BT A 4T
v, REROF v TNHOKGBESHERD, ZO
B, RO 7 1 v 7 OHEAFREANIEE T BB AL
T RALTHBIENS, NAEREREDIEHH
BT AR & F O TR U 7,
WE, HIET) v T F o TOENVTBLIUHY — I F
JU (Cw/Ni/Au) & ACF DA RIS AR AR IT/N S W ZERR
DEIEEIRET 3 &, ACFHOKGERE & X OKER
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BT, N2 —0EBAITREN S FEREASK D LD &
E2zZohb, bbb, Vyuo—RBEILETE, &7
BLUH Y — 3 FIVEACF OESRTORAKIEE & F
HREIEOMFRIE, KXo LS isElah 3,

pv = pxu (Cmax2 Hpsu at TR)
Cmax
b= - (¢

max

13)

<Hp,, atTy)

ZIT, Cu  3RKAKFBE, T3V 70—EE, p,EE
MU U 2MEKREIEERT, CORKD, RIEBEITIC
£ ->TH/ONA ACFESTMEDORRKFBENLS, U7
o — RO RAKEJENTFRITE 3,

232 Uy TFy TN 7o—KDX  HTMm
BAKY) 7o0—BFICBWNTE, X0 7E#Hy—31F+
VOITIE, FEAEESLRDD - TS, ACFOR
BICED, BERIBAMBELCTWBEEEZELZOND, £, &
A U7z ACF O EM & LTHW SR TS R+ U #itfg
CEEBTHIEN VT EDEENIEEITNS WD,
)7 o—BETHE, bIHLEKERETHRI{ETI D
EPRENE, 22T, FLEEOICBOTE, &NV T
EACFId, BRIZECEBELTVWADERELL, 20 &
%, &/ 7 & ACFOMBRIZIE, Fig 412”3 T &2 ic2m
IKEREMERT S 2 &2 b, ZOIREE, BENY
ERHOCTHMT 2720z, &GNV TEHI—IF L%,
F v 7 &ACF, Al73% — > L ACF, $ %3, & ACF
O/ Ny 7 E UEZEO M REIZ < 8 (Penny shaped
interface crack) WHEET A HESICEEMA TE L /2,

E50T, EHEICKERK[ENSER LUBEIZ, Z O Penny
shaped interface crack R T 20 &) M EFHET 5729
IZ, Fig 517 &5 A EBREEEAM O RmICHEET
3 Penny shaped interface crack ® K< —E I HIER T
ZEEOIENIEREE O BT E (R D Kassir O BT
) 2RV,

. — I'C+y)
—opla — 14
Kivilty=2pia ot (14
1 3—4
y= In o+ ( V) (15)

2 +p(3—4vy)

ZIT, pREEBHAEOMBE S BORmMICIEHT S HE
71, a SMBECBEDOEE, yIMEL 20V rRERT
VU HOMAEHLRIZX DRE ZEEHOMELER, Ny
H o<l AERT, —ROBHHOHAEDE T, yO
HxHEIE, 05 & DM DINEL, 2Dk, R14E, K
KD H %15 Sneddon DEOTHEMUT X 3,

—

|a
Vr
L7 T, W%} % Penny Shaped Interface Crack @
K %Kk B 7010 Rb D icR1e)xHTH, EH
FEMELS O, SHoMHOMAEHLET, Kb yHKE

Ki=25 1)

Delamination Penny shaped crack

study

et

Penny shaped crack

Fig. 5 Penny shaped crack between dissimilar materials

Table 3. Number of disconnected flip chips after
moisture/reflow sensitivity test

Disconnected Chips

System

RF1 RF2 RF3
System A 10/10 —~
System B 2/10 2110 2/10
System C 7/10 7/10 7/10

(Disconnected Chips/Number of test specimens)
RF1, RF2, RF3: First, second and third reflow processes

{7&5SiChip & ACFA)DHFEA TS, y=006iTHH, K
(14) & R16) & DRDIZK DE L, 1edEh08% I &
v, £, ThodIl &k, NE%ESIS 5 Penny
Shaped Interface Crack ® K; i%, M OMlAEbEOKEL
BEAEZHR LW Ehbh3,

3. ERLFMOFR

31 BEIV Y TFySICLBWE) 7O —-RBREE
21 THP LR 7o —RREORE T v 7F v 7
DOEFABREE R % Table 312779, System A (%, 10fEDRK
BROTXTHEREARIZN - 7245, System B i3 2/10 18,
System C 3 7/10 A EEfHEARICE - 72, 72, 1HHEDY
To— B TERARICB OB Eii 7Y v 7F v 7
132,30 7o —BET-> THERABICIINE S
2o Thid, BERBREFICRESNIKGH1IEHD Y 7
o—ETERELTLEL, 23HEHOY 7o—0E T,
BEgE7Y v 7F v THBMOKGBEMSMELS LD, ACFOH:
SREEZQEMIETELRNIVOKERENRAE LM -1
rHEZEZOND, 1, TOREY) 7o —RBOFEE L
O, System BOMEEY 7 o —FEESERTNSE Z &h8
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~ —@—Si Chip side
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04} .
(b) System C Bending
0.2} —&—Si Chip side
Fig. 6 Microphotograph of flip chip after moisture/re- —A—|Sub. side ‘
flow sensitivity test 00 50 160 150 260 250
Test temperature("C)
bhbd, RiZ, BEY 70 —HKRBIZEREARIZN - /2 (b) System B
System A & System C @ 7 U w 7 F v 7 ORI % EFEH
WMEAROTBE L7 bDAFig6IiRd, HHEAERS &, 6
System A T, &NV 7EXUAIYY — 2 & ACF O R ' _gﬁegii“cghip(d
(Fig. 6(a)) 12, —}, System C T, $F — I F VB IUH 14y ii‘;szide
L side
i & ACF © il Fig. 6(6) 1< (& < BB U, F  TRID/<> T Lapjoint
T ERBTMD 5 — 3 F b THFEARRITH - 72 & & s g ! oSl Ship side
bhb, > 08 Bending
— —&—Si Chip side
3.2 13< Eﬁiﬂ'tﬁ?ﬁﬁ < 06 —A—Sub. side
2211Z/RT KT, System A, B,C DN EhOHEE T 0.4 &\xb
Vo 7F vy TR E NS Chip & ACF, Al/Y 7 — > & 0.2
ACF, BM & ACFORED I BB EITYL, IS EEMR 0

HETHHREERDI, COFT, HRIZEIT S, System A
O Lap joint A8k & #1738k, System BO 3 X T D& < B
B, System C @ Lap jointadBRICEB T, EREBF v THE
F R ERNBICER L2, 3o ML
W ote, ThUSNOEEICELTE, RECH->TOR
CHEMHE Ute, F72, TIVI =L EACF EDORMEIE S
AR, AORECEEBOATT- 1,

Z DFERIG S NI RRRRIS L RAR B F b 72 id < BRI
DORERTEHE, Fig 7103, Thiko, BEMRES
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50 100 150 200 250

Test temperature("C)

(c) System C

Fig. 7 Variation of delamination fracture toughness

(total stress intensity factor at the onset of de-
lamination) with temperature (Si chip side: A
crack between Si chip and ACF, Sub. side: A
crack between Substrate and ACF, Al side: A
crack between Al and ACF)
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Table 4. Delamination toughness of opening delamina-
tion test at 240°C

Interface System A System B System C
K, Si chip side 0.0160 0.0297 0.0422
(MPavm)) Sub. side 0.0143 0.0260 0.0116
Al side 0.0077 0.0130 0.0230

(Si chip side : A crack between Si chip and ACF, Sub. side : A crack between Sub-
strate and ACF, Al side : A crack between Al and ACF. The underlined value indi-
cates the minimum delamination toughness for each system)

Table 5. Henry's law coefficients and diffusion coeffi-
cients of ACFs and substrate

Condition . H D
) Material » ,
(°C/%RH) (mg/mm*MPa) (10~ mm?¥hr)
30°C/80%RH ACF(A) 3.050 0.552
ACF(B) 4.545 0.402
ACF(C) 3.120 0.480
(*40°C/80%RH) Substrate 1.508* 0.080*
85°C/85%RH ACF(A) 0.5204 5.70
ACF(B) 0.6951 3.36
ACF(C) 0.5405 4.50
Substrate 0.194 0.75
120°C/100%RH ACF(A) 0.233 972
ACF(B) 0.2993 576
ACF(C) 0.2326 8.64
Substrate 0.0808 225

HOGHIERFH TR Ui BEER, WFhbinE
EELITHFECEFT A EMDMB, System Cid, 1A
2 EEMF v 7 & ACF ORI H 5 AR & ACF O R
HEMITE-T, I EPHEES OB OMAE D
BEOKELH->TWB, ZNidSystem CIZH W72 ACF(C)
M, Fo TREERATRL 2R 2BlE%:
LTWwbizw+ELohb,

Table 412, SEMEELTWA Y 70 —iRE (240°C) T
ORI MAR L bRk EWREERT, £F
ICTF#MTRT EBD, System A & System B Tld, ACF &
Al O R O IEEN AR K<, System C Tid, ACF &
B O R OBIEW ALK bR -7z, DT &3, Fig
6D MERLEL—H LTS, 517, FTETRLE
PRSI IZ, System B,C, ADNHIZKE LI Enbh b,

33 B TFy 7D 7O-BICE T BREKE

[EDOFHIFER

331 HLBURE & IAR BRI O HER R

BB TR D IR & BRI AR E% Table 512
R BPODOMBEEIIT, TXTOEBESREFIZENLT,
R EILEBRRIACFOTBER LB LB > TH
5, ACFDH BT, ACFA) BILBUREIT—B/ SO BERE
BEIE—FBE, —F, ACF®B) 3, IEFREIZ—FKIC
b o THRBERHE—BE LTS, 0L

10 ¢
=
[
Z 1t
£
£
& O ACF(A)
E 107 O ACF(B)
< A ACF(C)
I X Substrate
102 P - ‘
0.0025 0.003 0.0035
UT(1/K)
(a) Henry's law coefficient
1
O ACF(A)
O ACF(B)

A ACF(C)
X Substrate

10731
10—4> . MR N .
0.0025 0.003 0.0035
/T(1/K)

(b) Diffusion coefficient
Fig. 8 Arrehnius plots of Henry’s law coefficient and dif-

fusion coefficient

Table 6. Variation of activation energies and pre-expo-
nential factors

ACF(A) ACF(B) ACF(C) Substrate
D,(10° mm*hr) 2.47 1.42 3.80 12.7
E,(10*]/mol) 3.257 3.228 3.429 4.304
H(107% mg/mm*/MPa) 20.68 16.92 19.89 0.67
E(10*)/mol) -3.019 —3.167 —3.036 —3.792

nid, ACFA) IR SRRz ET 25, BFUK B
H#ME <, ACFB) OWRiE#E 118 O ABafvk B E I3 &
CBBAWEAE-TWB I EMbhb, UL, O
IR, LR ST AL, ACFRIOZR IV
W

Wiz, HREETRD, BRERHEILBFEEETL =
JA7ay b ULEREFig 8iIZRd, HOEEBD, TL
—uZ27oy ME, WTFRhbEBOEBEEARL TS, R
(12)D X% ¥ D fifi % Table 6 12789,

332 HEZY v TF v TOWBTE R

Fig. QICHREREIT X 3 IRTILHMT O R L D H#E
EahB, HEE7) v 7TF v TOERBREMOHEEHE & K
BAERT. Ch&b, MEHIL—HKLTED, WBFHE
WTEBZ EMbh3, ZOKITRTEIIIZ, BT »
TF y TIIRIRR R S 3 B RICEARIEIRREICE D, Sys-
tem A, B, C BRI RITIE, FEAEENT L, ZhiT,
BIFIREETOWE K DIEEA ER, BRI ohicd
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