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Abstract

In this study, as a part of basic study for developing the simulation program for the assessment
of reliability of electronic EMC packaging which covers from EMC mixing step to thermal
analysis, comparison between a measured and predicted values of material properties of EMC and
finite element analysis of thermal stress are performed. For the experimental testing specimens
of fifty, sixty five and eighty percent filler 113, m, spherical silica) weight fraction are fa-
bricated using transfer molding. Coefficient of thermal expansion, elastic modulus and thermal
conductivity are measured using these specimens and then these measured values are compared
with the predicted values by various equations (such as dilute suspension method, self consistent
method, generalized self consistent method, Hashin-Shtrikman’s bounds, Shapery’s bounds,
Nielsen’s method and others). Measured values are distributed within the upper and lower bounds
of equations. Measured elastic modulus and coefficient of thermal expansion approaches closely
the predicted values with self consistent method and upper bound of Shaperys equation respective-
ly. However small differences of thermal conductivity between the different filler volume fraction
are observed. FEM analysis indicates that firstly stress is concentrated at the corner section of
EMC and secondly EMC with eighty percent filler weight fraction shows less thermal stress when
package is cooling down and relatively high thermal stress when package is heating up.

g4y a2| AR
KA A eR A @ odalabA
G A x A AT
E ek v o4y
N . #tiphase) 2] AR X}
¢ LEAA] FuEg * AR
st X}
M R e B 1 712 A &
*r3)8], ghmatakrad v Akt 2 I EFAANE



Al g o] g T

LM B

b ame] et vheal del gHso) e
ofls Hel |7k AR bl @A sl 7]
sls) wpdl A7 A o] Fds AR oot
o, ofof wheh sl mAe] A4 5

85137

&+ Fol7
S
Zaoolef, ofy sizpgubys = H A
Ahg-E] 3
ing compound, EMC) &= gk 4kol Zhgsbin 7}
3 = oubd, A el
M WEs e olEn kel Aolal AR ER 2l

SARer Adsn eleh ! ofeld

og3e EMC-#, EMC-#sj=, EMC-g]xz:ie]
o Apolo] /el E WA E ehul A4

SE R MR boA ekl 7Lel,
H ol iz Fepar] AR =
R NI
A AL 7] gl F A
luLM o u}.,z]

T A4

7] AdE A
ofmio Alzbel 4 9lm w7
Alabsls Ao] spy-gr Fuldd
EA SR L TS T I R R
Joub 7t slo] w7 A &x7h 150°C o 4
& Seb bl eiHul, AuiA A Aol iz AR
A 74 wivke] &8585 9l 210C~260TC 9 f-of
Foodt Arn iRy dre]s- % (solder re-
flow) 2 71 of] 4] olfofxcl, 2v{nE I7
zle] Al g AApebrl flsted 150C~ —65C =
= 150C ~—40°C e 2x-prkel A qidd e
Aol Fg ZhebA, Al YRR vHFAlAL & 2107
ofAte] ZuiAl AR Eoll A AH AT a4 '/i =g
o Agg A, ufebsd Aoz Al w AR

O ¥
wralefela olA S ofadel VI

T4

N

0

Aol

ol 0]“ 1o 1*]0

1 UH T o
HA Aol g7-xlch
deHe AFea Adw ¢ As Aele] HAH
o ozpolel efsted qobx|aL, gRAlaeb 5ol

S
o wlefelr] el @ EMCel el 4l e

ﬁH;/]Z]ZHi —}?—I’} AOLCOL{S] ’i‘ 7/1‘% O\ ]‘U? Oj’g‘H
= EMCe} A g0 ekl 7b & 4 &

HLL—‘\:} :LE'\j[«]] OWu}_/di 2
Hese A 4E,

off 4] Zmob A[7bell HAgle] Ao} UAdd Mgy
5 b e, EMCE gnst A e aet o
A2 ST Ak £ ol EAle] HrhH
A 4| (filler},

v} ol A (flame retar-

EMC-: #)2]3t o}
1\}.9_ Q- 0]

o ho - T

rlm to 7|

Bl AE,

"

§}xﬂ (hardener), &uf (catalyst},

] 2k 4 (coupling agent),

bul §-44) 4% CAD 22 )

Qli= gl xpst ol #-4A] 4% (epoxy mold-

32539

dant), -£u39}3}4) (stress-relief additives), 2H4

Al icolorant), o} 4l (mold release agent) 5=

EMCe] =& abg- W 3p) 7o, o) =]e] Alg

o A Al ofgk&t wlalch W olul 7t A zhAof
o

4 23]

olefgh Wi w4 o]

HAsebs AR

Alg] 48 728l A

aeishol gt 49 Z
o gludHor Habsha ofeld HAloleh Hd %
Aali= s ARE-ekoll wleldled oA 9l 4 A 4 (coeffi-
cient of thermal expansion, CTE), o 4+ &

(thermal shrinkage), 4}~ 7}4 {cost of pack-

age), Eﬁ%(moisture absorption} %% 4}4 4]
71ed, B4 A
(thermal conduct1v1ty), A A A 4 (viscosity) F-&
SopA e, Bel el A4, whd A, oA
vlAEE ol H @ A

BER

gy

(elastic modulus), Al

-

FRAel FH, mok, Fuuof
1= ol gkS glaolall 7o o)ubs] =86l
EMCe vl4g sbd e sss 7jA zaq of] 5 4] of
d7ha) o] HAp Al HLule] gl

WY+ sleh o 4

Oi L‘] :o"‘lT"]
H OLXH_U_J

7t H e A

A2

Ha

SEEIEE EER FET TR B

v

9l o g % & 2} & Ak 4 (effective material prop-
erty) o] Aeo|rp spgsbel 0 awlnE vl gl
{micromechanics) & o] -&3dfo] ¥alxa zhzkeo]

pnduto 7 oxdy HEelaue xé 4G o =8t}

RIS e TS H5e

S vl diol

VmgtS?P Reusso] &
o}'5 Eshelby® 1= -/} 7} # wh ] (equivalent inclu-

<10

o AdgrEs oEead
el oeredAl =)
71 ) 2} 4wk iself consistent method, SCM},

Hashin-Shtrikmane| 2z 4 el

sion method; & ©]-8-¢lod

ol olsloln abHel ubflew

Mori-Tanaka!,

douf Aol 4 wollelu] 2ol vz vl
=ofl 3k -8l ibound solution) ul
Mool oluh, O ol Al Al 4 ol 26l 9)8) vk
o gz o2& o]-&gk Shaperye] whil, o

af z) A qeof] A 8-gh zf )l x4l
WALAFE G Howi
Hashin-Shtrikmane| )4,

O] okl E]»' (19~22)

!C;‘o] 9} L'}_ (17~1%

Nielsene| x|

27| oL 2 Akl 4

N olgstel FaAel wi
EMCe] 7|44 438 ol Zstand s 4ut 7
EMCo})

letg v 3
of ¥ Woke) el AA e efebeh aemE & o

Sk



3540
Fol 42 EMCel @7l ol 4 4e] sk 7o) g
e Hobel o2 Al wWobE AAAO

Sag 4 oo BRzEaA Apouel o 5

o
o
T

Yoma, A 4dg Eated sug EMCe 4
dash 71E |2 Al o9 AFHES Hu vl
i AEsdch AdAaze G4 13 pmel
v] 74 & 4 4l 2] 7} (amorphous silica) & FH A= &
wolo] FUd onu dEdale] ululub ol
shedal Al A zbetolieh, A Al vEAg A
AH A TE %—%6}930”1 ZAgEah ol Hal
off ZghES dlamstgdeh, A ol A

5
A8 gal g A =R o1elal ABAQUS“"
3lod Quad Flat Package (QFP)-- =ul2sfn
doieh, A3t elEsdle] HEAFEE L
W5 b ab Adlel 4 ek
Hol 4 ol &8l ez Wk

]
71&d 2x kel whste] 7% W

o 2

oX,

ol
=

Nox oo fwo o 2L B o mﬁ_
3
m

>,
Y,

o K2 M

TC
2 M
e T
=t
e
o \g
rji -

g, j:

42
o
X
22
o
-
»Q
32

e
ol
2
)
rir
of
2%
x
2
£

SRS S

Az wia @ Eel oA

21 AFMENALT, HLHF, S
A HELg A sk ublee] B aubi e sl e
2 prpn ¥ 4 Qlonw of H% Exlel ueld

wokeh, el BMCe] il 414

]

A4 obal eleksl, EMCH of 3 gt -
Subd A nebs ARy sel By A w kgl
E=9KG/3K+G) % v=03K-2G)1/(203K
£GE ey aleh© arles S5 A4u
Aok SEATASE ol akel whyASE ¢

shelizol o)

A AAY

a7l 14 of el wiiEel 4wyl

el AL Aelshd o &t ek

2.1.1 Dilute Suspension mg“ o
Subdd 71z A el kA %‘—” A7k g7 R AU
Ao GageAes chdet Zo| depd 4 alrh
GG L 37, T @)

GG 15

A7) .
JARECRREEA

o]xg;f_
o7)4, T & 4o

Eshelby el 4 <+ Tl Aok kel
7450l thslo] Boucher® s} ubitsiodct,

EER!

lo

N
.
N
P

ﬂ
I

:54 8_3}0:1

2.1.2 & (Differential Scheme) ‘"
o] ulnle dilute suspension W& A HEE ¢
olch & ZA A

ol

o el vl aEo s HEP A

1
>

i) = (<}
G A ehgal pe dRuAeE el 4
g,
di K- K) (3)
d (14(>[1+ K- K }
K+4G/3
dG . 150=-wiG=6Gy)
de =T 5042 d—501 G/ G] 0 W
of 7] 41,
_ 3K-26. -~
YT OBKEG) (o)
ol ef,
2.1.3 Xb7| x| A e (SCM) Y
Fadnct 24 £ o 4y AAx
A% Ags Bl L HNEEol gk,
oleld it YAMHES oA A H Aol F e
B RS G et wswE e 9w
ch, Ty A7 9= ASE oS Foh
11 & K ‘. )
K |+§z<1 :>1s*+a*rK,fK*\> (6)
1 1 K[y G i -
G (,,+§1< (,,> GGy T
o] 7] 4]
24— 5u%) (1+* ) \
L 5 o * LTV /7 (
b= Ts—ur 31—, 8)

ojct, whEdE I, AL Wyl ofdte] Aels|of

ek,
2.1.4 Uuvtst=El x| g (GSCM) (1
78 o A%y Edsel disld FAA FHAE

7172 A5 FHE ehAl FEA

wellol chabed HAALAE ol
A abe] & Al ] Hy g Aadstdeh, 78 A
Aol A% okelst pel vk & gleh,



A7) & EMCel 714 44 = a7l 2 uje] odgedai 4

(’ (]
(G)ar(g)sro=o0 9
o714, A, B, DX Christensen® Lo"7} # 2]
3}od o},

2.1.5 Mori-Tanaka2| gigd!®

olole] ubgko g wlodxl ElYUE A 7R A
2o ¥¥3p 9= 7% Mori-Tanaka9] 7)o
wpEol FEAchAS, ST ASE e}

Arol whebd 4 oleh,
K**K_ CzA

— K - (1—6'2> + A (10)

G* G LgB

Go— (1*62) + B (11>
o] 7] 41,

A :%, %( Trprp Trrpp) (]2)
ojn{, T+ Boucher®ol ejdte] wraE sl 43 ®lA
ol ct,

2.1.6 Hashin-Shtrikman2| & /sl 1©
dolo) moks sl AEE o] FoiAl chadba sl
) sled, Adgubdol ol WG HEsto] FAA

5
sl @ AA () o} AN~ F Fe 3 ol
ol 3 5}91 e},

K=K+ 1+/311Af

K=Kyt 1+3:A~

G =G5Sy

G =Gt g (13)

4714, a A, b B. 1,
s

N+ Hashin"®o] A9

22 HHEAS

2.2.1 Shapery2| i 1®

FEAAGAGE Aelr] Astd s ofel wy
o] AlzEdel, 2 F Shaperye] #Ag AL ¥l
A of] 1 7] (potential energy) 2} ZoHollq =] (comple-

mentary energy)oll thsfo], EApsfel o] Eal Aol

2541

|5 o] &-stod A AAgol it A
Asfet stAEE Fetade o W AAME
Kernere] Az} Eoldluy, 3hAsl= Takahashio]
43b Fodebeh, @& AgAsEol Shaperys] &
Aol £3Elm 2 ¥ of Fo x| % Shaperysl 4%
742 Ao g x| E3lajol 4] Shapery

o] A o5t zho] viebd 4 alrh

H g
9] ’T"'?D_/£1 :’_74 E

LAk

O _CL_ 1
a=(cia+ ca) — (e —a) K i K IK*
K K
(14)
o 714}, K*+ Hashin-Shtrikmang] AlA|s| ==+
shA &) o] e,

2.2.2 XI7|Qx|Algte] 09

#47] 4 2 A el 2

g AdlAA s o 3
o] vielytel,
5 (K _ *KL]”
11/4;1(1([{)(11[1 a*+a e (15)
A7, Kot o*w BAASE 72 oo 27
| AJupdol] 2} sle] A sled Ak
23 AFEAHF
AAZAFE A3l AAHHoF 9YsS 93
A oAt AT Fo] e AL Hy 2l &
e}7b a7l R o sle|, Aladel 27 F& K
4 olrh, EMCe o F4]s Az fo] vltomz
(eF 1.5 W/mC) g2 adulale]l Lok Aol A

L onl
1

od = x %—o] =
2.4 (magnesium ox1de S FAA=R #Hrts
A% Geh @ olu] 7t Zaael wE eddx
of o &2 Alzwl Y =l AAd B =g
A2 AAFS $218ted = Nielsen =
dl 2V Hashin-Shtrikmane] -§#}s), ® zp7]ad =} 4 -
O 52 a4 2UEe Bed 2

ok,

Nielsen w.j

1\'.7_?_ Oi,(.]

A& _1+ABéy
k 1-BUg
A7, Ask B ddAlsgel slsel Aelsle
T = ZH go osled Hojnl= 4, év

Aol ch,

(16)

o o



Hashin-Shtrikmane] -f- 4| 3
P21 /11"_ o 12600 (/f” .
by S b U
o7l 4, g HA ddEEg b HE, M
#Holl A Egg 7FRlS A sejr),
=} 7] o) %] AdpH
Y ] N
121(< 3 /\> =1 (18)
3. e & nE

3.1 A|E1X-”Xl»

4o #ule] wpe EMCe| 7|44 442
ooli ] 2 oM THAe] Akelzl 50%., 65%.
80% (F-zlv| 2 3hAbgt AT A 32%. 47%, 65%)
sle FEFde] Aue Addslch old g
2 3/ FAEE A dakt s (weight
fraction’ ¢ 7}g)zle},  EMCe 7R s =
EOCN (Epoxy Ortho-Cresole Novolac)-8- A} &3}
o et o] wlalelAl Ahgelion], sk

R e S U R R b 7 I &
;YLES‘ Al 7}0} o) 1, %ﬁ
Aol Aekoll ulellsto) 7)Aol A=A L Abgobed
o}, AlE e 175C 600 psiof] 4] ;
A 2 akelan,  120°C of) 4]
o}, Fig. lof %x )

jme] wAA A

120 59l o] 44
3 (transfer molding) s}
4417 5ok F A

2 vhehu el o,

At

intermediate mold

unit MM
2lé S
e H
—‘ Sate -
— ) E—

<N
specinen

280

200

Fig. 1 Mold and specimen

oluld o g EMCy ]2 o] &% (glass transition

temperature, 7%, ©°F 150°C)4% el 4} el A4
7b ghozfeld: Molr), aEn®E 2 ol
ASTM D638ol] ulz} 20°C (44-8-) & 180°C (&) ol

)
BB ol ZdAldE 53k
FE8 Alo] 5 12x3x50 mme] AlZF
714 INSTRON 5 tong A}-£3}
$3to] Ab-2oll A= 50
mm 74]%—?1% 2= J%’”&&Jﬂ (extensometer) =
el gl A o] 2 (KYOWA
INSTRON A} & 7] o} &=
W g, A 014*‘ *] Holl #Aztel § A&
o 44 MTS 10 ton #]&l7]8 ZAsled INSTRON
off o] 4l rte} wlmafd ), ol Al
29)-g 180°C A hed gk & 180°CH W Rlgh Abe

Oﬂ 4 0.3 mm/ming| ale 2 wWlael A

1 EMCe]

o, e

%439

N

L4 7hskad st Aol A+ 0.5 mm/ming] &
o 2 Ao sk},
dul A E-2 ASTM D696oll o] 7 8led 5x5x3

mme] 4 4i& AHgski Dupont 9900 %74 7] o
Bobed Swstnch S el e 00CH
2 5C/ming wl§ 7 £zl 30C~240CF
e e ez AdyEadtges FoA4lo]
uhvpbr 25 TR Aldehedch

A n g 4 A7 (12x3x50 mm) & AHge

i, SHOWA DENKO K. K.

%4 shed e,

E47E AEsle

33 MDY 1%
Qel7dsiel ol £4 ol%gkES Fig 3~Fig. 5ol
vehlolel, olEA sidel AgE AEAFE

Table 12} 7t}

Table 1 Material properties of EMC components

Epoxy Silica

Bulk modulus K (GPa) 3.01 34.8
Shear modulus G (GPa) 1.38 30.6
Elastic modulus E(GPa) 3.40 71.0
CTE a(ppm/TC) 70.0 0.6
Densit p(g/mm?) 1.02 2.2
Poisson’s ratio v 0.3 0.2
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Fig. 8 Equivalent Tresca stress of EMC filled with
80% weight fraction of silica under the cooling
down condition from 175C to —65C
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