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Abstract

Two methods for calculating the fracture parameters characterizing interfacial delamina-
tion between dissimilar materials in LSI plastic packages with either Cu alloy (Cu-2%8Sn) or
alloy 42 (Fe-42%Ni) leadframe were studied. One method uses relative displacement method
proposed by Yuui et al. to derive stress intensity factor and the other derives the energy
release rate of interfacial delamination using Irwin's crack closure method. It was found that
the value of total energy release rate G derived from Irwin's crack closure method was consis-
tent with that calculated from stress intensity factors using relative displacement method. In
Irwin's crack closure method, it was required that opening and shearing unit load in the com-
putation of local compliance's should be applied to nodes which were located more than one-
fifth of normalizing length away from delamination tip to avoid oscillatory singular displace-
ment field near delamination tip.

Key Words: Plastic Package, Delamination, Fracture Mechanics, Energy Release Rate,

Stress Intensity Factor

1. Sif v I bHEAEHEELER T AL T, BREINLE
’ SURTHETE - ZRBVHRME, SMERIREED S OSIiF v T O REREE
A, ZL 7 b=y ZBBIZBIT S HBMEOEA, AF5 &b, Fig 11ZQuad Flat Package(QFP) & i3 h
HEOEELEIM ORI - T, BERRLEMAF O MW BTIAFy 7y r—VOHEERT. Tk
I A HEEEEom L E By U EEB 1% WEE ) REMOESE - BEOBEARIBO T, BRICBIT LR
i EERIN TS, Bz, BFF/NARET) b HEIL R 2 ORERBEICBIT 585 AR H THELR
FCAR DIT A 723G, Bk Y 7 — DN O B
BRI 7% E OB ISBT A B AT DS TR
fibhb X )lhos, FEHSY I, ThTTRBBE
Hell# (LSI : Large Scale Integrated Circuit) @75 &
F 2%y r—=UIIBTARMREOIL  BEEERATICHL
DHATE .
LSIO 753 AF v 7223y r—JI2B8wTik, SO, 715
—ZHTA LT RF URHR, €8 (Cufé 4, Fe-42%Ni), .
AgR—A MR EDT AR T4 v TR RF JESBHMH, Fig.1 Schematic structure of a plastic package

[l

Encapsulant resin

Au wire
LS! chip(Si) Die-bonding layer
Die pad of leadframe

486 Tl 2y hOoy AEEFELE Vol3 No.b (2000

NI | -El ectronic Library Service



Japan Institute of El ectronics Packaging (JI EP)

MZIXSBENEL DT L0 5. RMMICRET DT 8
FEIESETRIC Sy 2 2L 0T EREE 2D, LSIOf
BEFEMEEZETSES, T4, LSBT LNy r—Tk
LTIRTSAF 254 Ty r—IWRHIELFHE
NTWBD, TIAFv Iy r—VI281F 5REEH
%, & 0biIFER/RERAmoOES BAMoOmEREED
TR &, 2o R EEME RO Esm RO shTn
%o

REI L BN F/N5 A =5 L LTI, #@F, &<
BRI BT IS I RRE R X CBEER ICBIT A5 T &
VEBRBEESHOLONL, L LS, BMEESHRIT
BEORERICHE T "OHBS L, REMEE— N0y
BEGTE OBEM X 2EN T, RIOBIE NS 2 -5 28T 5
BRI, CAFTCIL Y bun s ASEIIBEITS
BEREHISA SRR SN b o 72,

Ul k) eERE2BT 2, KBTI, T79AF 278
v —=YICBTAeR/MEREIECHELIRD L, 3]
BE SR OIS I IERAR T & 13  BEAERR 12 810T B = A OV TR
RERENT 5, KO TELHMIE, BEEHELZHWTE
mttﬁb#iﬁﬁPLﬁW¥ﬁm%®'Aﬁ%%%
TIAF vy 78y r— VNI B B REE T AT O
B O FEME DV THER ?& ETHhB, FHMEAE
ZHELT, INOLOPIENENRT Ay 2 ENTEHBEOR
wm&%ﬁim%?ﬁaﬁﬁu TIGRAF ISy —

AFa m®;0w%méhfwéoi¢,2$fﬁﬁu
CEEDOWIETIF/NT X — 5 OB AMBESIZOWT
RS 5, 3ETIIBIET VLISl - EMMITICET %
FHEMICOVTHERD, RICABEB LU SEIIBWT, #
NZENEMAMNFEEDZ BV 2Is DIERBREE Irwind 7 5

9 7 BADEENS £ 5 X AL SFRHCR O BHER RIZ DV R
T 6ETITIINSEDNNT A —FBOBEHEIZOWTERE

L, 7EIZT

ek ik 5,

2. REIICBEDBEIBHE/INS A —2OBEHICEHT S
RIE

BREM R O BEDSHER/NS ZAMICBWTHAELD
HI LR, BEBHCHAOSRTVWAILETHE, THidHE
AW AR SR Y) HAHBT 5
2 THDH", WEFig.2 DX ) hy>0%MHE1 y<0
MR 2 L9 5 BEMESRE S RERAUIETRNIL S
BENFET 2HE62F 25, 22T, Mboukv(i=1,
M FhZnMmtiasy, K7V ke Ry BE(=1,
QI B ORI KT, NIRRT L X, HPoERTR
T X9, FERIBHIZBWTIRIS DD ER AN L BET 5
SEEERLTBY, MERTEINI BRI STH S
Bl Z L, Ararm s EMet (u=u, vi=v,) #F
DY Ty T EEEERTIE, rROBREORDEL B7,

y A
Stress components

Material 1

Infinity

r (Distance from
delamination tip)

Material 2

o vo Oscillatory singularity

Fig.2 Stress singularity behavior

2, 0,=0,=n084, r OBFRESELLZ LT EL
HHENTWBEIETHbD, ZITrHIEGHEISDOIERE, A
IS HBEENORETH 5. — IS UTFFE AT
OWpEHVTA=Re(1-p&ERIN, 0<Re(1-p<LUIB
ARKEERT, ULk, BEMEHOREIZL
BT B W TIE, OB REYEOMICIRE T 5 4F
Bish (Fig. 2 OM#R) BHELDLZZELE-T, EEWmD
T EETIE BRIV NI — "= v FT5 L0
MR LOFIEXEL 2", Z OIS IEIm1 -
DEODBEIZEL B, B, HiBORe:ImizZFNFNHE
FE - pOFEHE L BB A R T

X5, B HPEMINLEEICE, BYoBEAE
%Hﬂmﬁamﬁt U HBEXOBRpYp=1 (EH) %
FOBlogrBl ORI L 55, 0<Re(p)<liZBIF 5 &E
BOGETIEr logrBl O RIR LSRN EL LY, T4
bbb, BEWEEORIENEIIV L OO R LD
I REETREINLDOTHED. Lz ->T, R B0
BENHF8T A — 7 BT LB, T0XL) RIZHE
Fevn B AE U A ISR R L OB 2 BT 5 Z &8
RAIRER D, T2, BMPEES SN FEILS, FEHO
THIRBICBLREE— Fix, HOE—F (Model)
LHAME—F (Modell) ®REE—FERET LM, &
D7z, R FREIBEOMBEEEIL, X BELmEED
NG ERFRERE L EOMEMBITICL ) BHEEICHE
L, ZNFhOE—VFNIIHE L TERTILEN DS
Uh%%LLIOL,%%m%(llfi771%/7
ISy = VIR ENALSD o R i < BEC BT A RE
TIEFRATTLlE, BMBEMEEICBIT 50RO g
NEWIEE— FOSMATEOIEMEN 2 EA, HUCHED
NG A= HRRELRITNIELSRVDTH S,

3. BITET IV LN -ENIBER

KRN OBEFEIX, Sy — VWEICBT B PR
Aﬁ%%ﬁ%LfﬁotoNv&—yu3mﬁ%ﬁ%ﬁ¢

, FEEOEFHTHE LT TIAF v 78y r—
/mﬁ¢Mh77/7®%ﬁ BT, FHOTAIRET

Ly buazy AEEZLEEE Vol3 No6 (20000 487

,%%Q

NI | -El ectronic Library Service



X

Japan Institute of El ectronics Packaging (JI EP)

" Package center

A .
<  Encapsulant resin \
S s 1 Die—bonding material
~ 3 LS! chip (Si Die pad of leadframe
N Sk e
w [ A . J
N o
e =] 1
\ y-—Y :

"297 | |.015

A A A

Unit : mm
mmmm Delamination

Fig.3 Cross section and dimensions of a delaminated package

model
Table 1. Material properties
Young's Poisson's Thermal expansion
Material modulus E rat‘io v coefficient a
(GPa) (x10-6 1/C)
Encapsulant resin 21.07 0.3 1793
Dle pad Cu alloy 112.7 0.3 175
material | 5oy 42 1450 03 40
Die-bonding material 11.76 03 4258
LSI chip (Si) 169.5 0.3 3.0
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Table 2. Calculation result of stress intensity factors
using displacement extrapolation method

Leadframe K; (MPaymm) | K, MPaymm) | K» (MPaymm) | K»/K,

material
Cu alloy 18.40 -1.11 18.36 - 1263
Alloy 42 2792 —4.03 27.62 -575
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Table 3. Calculation case
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Fig.8 Calculation result of energy release rates in a Cu alloy
leadframe package
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Table 4. Calculation result of energy release rates
using Irwin’s crack closure method
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Fig.10 Calculation result of energy release rates in a Cu alloy
leadframe package
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VFEFBREOGEER (F—23) 2Rl MEHG,
#0L Lo —A1 (Fig.8) LRSLRELRT I &A%
BTE B, [FAHIZ, Figllil2648) — F7 L —4%Hn
PRy =YD IVTFREOHERRE (Fr—24) %

ALz TOBHFIIBWTHG, #0& LizFidDr—A 2
(Fig.9) L RIFELRMHETH 5,

Table 4 12G,281ZT ¥ T D E & (A=00937mm) (ZHIF

BEAMET —ADGMMEFR L. Cufid) — F7 L — A

By =T D6 HIZL2EE) - F7L—-240G,
EORA28|OMETH L Z EMbh b, T4V FRBREZ
ZOEIHCudE
J=FI7L =202 —F7L—2uI2xF 5K
BREOEEEFHT L ERH65E E LY, FAEOKE (66

ISHTILRARE D 2 BT B0 5,

g) LI —HLTwBE I L2brs,

- Assumption Leadframe - NP -
Case of G;=0 material G; (MPa * mm) | Gg{(MPa - mm)
1 Cu alloy =7777%10°4 8.040% 103

No
2 Alloy 42 -1.103x 104 1911 x10-2
3 Cu alloy - 8378 x 103
Yes
4 Alloy 42 - 1.987 x 102

6. MFEICEL BWRAFI/INT X — Z D LEBARES

9, ABETE, BEFEXOBRpL OFMIZEHE W TH
WNHI8T XA =5 ODFFBHIZOVWTER b,

AIFNTE TN OVE BRI BT AR AU,

sin’(pm)[B°sin’( pr)+cos’(pr)]=0 (15)
TH 256157, 22T, BldDundursDHEE /87 A —&*
ZRLTHED,

o
- ul(rc2 +1)+u2<K1 +1)

TEENS, BEHFRXG)OMRIEp=05+is 1 (HER)
THEzZNEDT, CubE&Y—F7L—Aa%2HWIHEE
TlEp=05+0063;, 1 (FR) THH, ~H4L268&)—F
7L =A% HWETIEp=05+0069, 1 () 7%
5. 0KRe(l1-p<UIBIFLplEEHLEFTF>Z b,
WMED)—F7L—2atF b, 4, 5FETRLAELD
WCEMBALmO I TR RIS GBS ET 5
Ehbrb, T, p=1 (ER) 28 O L9 56, logrhl
DR FEMNPELC L ENTFHENDS, BBRO L DI, 77
AF v IRy —TIZBWTIIBEEREOR D K& 2#
IR A 28y FRF v 7ORIPBICAEST A2 T, H
WIZREEAEIIEMT S, Sy, T-FI#M (g) ®
FREPELBZ LI R, KB EFLTIZE- FIA
(7,,) DEFEREEIELL, 22T, HUFigs, 6%R5
&, B0y FAEEE &SI FEITIZHA TV S Z &SRR
TEL7280, 1,OMBBFEREIIEHTE LIS
ZEDbh9BY,

RS, EMAVEEE R CCRME L 72 DIl KRS & 4
IANFRRECEFEL, fidk L 2rwin® 7 7 v 7 B
NETEE L2 A VFRIBCEG=G6, + Gk = by
o MEAFEMIZEEIA T2 VL 0D, BM.
Malyshev & RLSalganik™lx, G&K,, K\2iZ, (17D By
B2 b L HRTGEEHL TV 5,

B 1 K,+1 x, +1 2 2
= 16cosh2(ezt)[ o }(K‘ +K3) a7

(16)

FIT, ZTIZTI42EICmR Lo Wi RR K, K%
AN ALGERIE L7 TO/RR, Cubg&—F71L
— A FHWEAEG=851%10 *MPa-mm, 4264 —F
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TL—2EHOIEEG=188% 107 MPa mmA» g bz,
INSDOfiE Table4 D& DkE L D, K, K25k
7:G&, Irwind 27 5 v JBINECEORIE LG, (G, =
0% DT, G=GAIEIFHELWV) G —#HTAHZE2h
Mbo B L7 L)l O ARG EREITHHTE 502
EhBWZ ERS, GEILNILKFREK, KO BIZEEN
A7NDOBEBRBRI-N LD TH b,

F22T, TIRF v Ny sy =VORERT, oF
DEIS D EADOIrwin® 7 7 v 7 HOFEICLE D 2V F
IR ORI, ZBASMEEIZ X B0 DILKR ORI E L,
A H O A 2L O H 2 B IR R B O A& I TR R 5 8750
PEENTVL7:80, BEHIIRITALEEZ S, LLE
A5, BEMFR OB IESIC L BN EMIZIE B
BT OTHLEH 5, LR IEOEHSIZBT
5 MR OHLE IR R A ML ORI IEE I/
SWEEZSNL, RIS, A SINEL TER L
TSI RAR BRI < BRI B A RS OT, EHW
AHIC BT S COMEDORBIIERTELLEZ OND,

PLESBLZ2HEBICI ), TRV FREOGEEREL
KRB EET BRI T %610 H 55/ 87 A —
Y bG2 5 L TE S,

7. ¥ R

TG ATy 7Ry =BT L EE/BIRR L B
DB % GHEMAT) S 2 HME LT, R NICB
FALSDSy A — 3D F A 28y KEE/EIEE IR <
BEDIS NIRRT E = AV FRBRCELEL L2, 22T,
IS NIRRT E MR, AL IR IZIrwind 2
T 7BBIZEDEIE L, X5, ThH60/8T X —
¥ OBEMICOWTERT L LI, TI9RF v 780
—VNEBIC B S Rl BEOMIEFIF N5 A — 5 B
FTAHEORBE LI DWW L2, U, Bohiailz
E QR s PN

DEMIMEEIC L VRO IR RE» HEE L2
I ANFRHBCEGE, Irwin® 7 5 v 7 B2 v Tk
BT ANVEFRINFEGCGC=GNE L —HT 5.

Q54 28y FEME/H LS RE BEOMERE~ T
HZOIXE—FIOTHY, EHRBI Tl ARSI
ZETHLEEERVWEFT AL, 72, BEMEROZEE
EIE BHAEMOBBIIIEF IS WEEZ LR, £
AT X BRI E O E, Irwind 2 5 v 7 B0
FIC X B AN FRBEEOEOBIL IR RIS~ D@ I
EHHTH Do

Wrwin?d 27 5 v ZPINEICED, TIRF v 7897
— VORMBEIZ{ O AN FRINELHETHIEEI
BWTIE, KRBT LEEELRETLIENT, KRESD
/SR EBEN - VL LEND B,

PLb, AR TCREING LD, BEFEICLENL
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