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Abstract: The rheological properties of highly filled epoxy molding compound(EMC) for semi-conductor encapsulants are greatly affected by the
content of filler loaded. In this study, the change of viscosity of EMC for semi-conductor encapsulants with the filler content was investigated.
Also, both of Cox-Merz and modified Cox-Merz equations were applied to convert the viscosity change as a function of frequency to that of shear
rate. It was observed that shear thinning and yield stress occured at high filler contents and that the Cox-Merz equation could not be applied at
high filler contents because of the difference of viscosity according to the various strains. When the modified Cox-Merz equation was applied, the
all the curves having different strain tend to be represented by one master curve, even though some deviation was observed at high filler content
and strain.

Keywords: EMC, viscosity, encapsulant, Cox-Merz rule, semi-conductor

1.4 =2 E FAAS ¢ dFo] Ak TYRE, AFEY FHA TR
IRAEY A% WIE gofsiede dEE AgHAY v
247 heEo)n nER} $49 Ay nEz Bas rx FAR FAES HEsto AT o dwiyoz =& ©§X
24 QA7 oA dAgase Egago) AT So A AL 182 &85 T A B AdgoAM 9 AFARH
o QlojA o8] 7 ¢& BopEA o]&HolN 1 =Y, oS0 =2 FAste Aol ¢ offnt 53 YHADL(zero shear
O TR 52 ENSS solslm q2a= o] 2o rate)l Aol FEE FaP7] AAME Ao e T s
& 4 gt R 9o 2o AaHe $E8E AE EXo o T F ol AAEL At 78 & Y, olF Adxe
Fe n)A= AAERE 1A £x9 AR, 2AA 9 J)gerHel Fider Fo5d e Fr W g FAGY Adgd o
o), ZAA ] BAALE 3% =] 7)Y W Ay 42 5 € HE W3 goz wdsiol . old HRHE(shear
o ettt n & 4 QoH1-5). whEA BAAE AeEy Qs viscosity) & A5SH=H 8@ ARAS0] AAHNHEH, 2 F
epoxy molding compound(EMC)= ol ZA] 29} M7} 244 of Bol AHgHIHE o] Cox-Merz 422 thge] 4 (V# 2
7} gRRe AAsa g, BE FAA) Fado] & wt % ol °f EA1 = A HHB 9.
4 AAR den(67], FHA oldd Eu), FBA, 712 2 . .
59 ¥ ArhAge] Tesl Aok AgHolAT FAAE 7] 7= 7w W
o Fgel met o FFHE EFEH AHEEHI A7) G4

Ay ARE, e Egds 1 ic viscosi
S 0sd dEUs AL e ojde dom °4‘_] ]:_i & 7/‘0 3+ = (complex dynamic viscosity),
Zoz ola EMCE AT AL oEA *x]g\:i 0T FHFoI o] 42 cone-and-platet} parallel plateE AR&
e R e AT e AeMERZ §5 54S FosA He A Be w9
o] AdgolMe FAALH Z(steady shear viscosity), 7 & =3
T & A&} (e-mail: leemc@cakra.dongguk.ac.kr) = Ao ojy) wWEd A¥d o8 LolahA AT & 9=

t
5
1o
i)
K
o N

Hir
rlo
o
Y
S

1175



1176 Aud -

P
=
=2
>
o A
oo
2
b
ﬁ*
et
fin
o,
_O'L
o &
ox
24
=
i
)
I
=3
U

ofo

_0‘!'
o,
g
o,

SR e Tl N
i - rA;(i rl% H
0 Ol
o nl nﬂgmlm rﬂdFIF
= Ay 3
ok oty Jo Ho
>
2L
=2
(o3
2
S
I
2
oo
o
N

b modified Cox-Merz 40| A|¢t¥glon, o #AAe
2)9} 7ol EAETHO,10].

24
fu

&9 4

2(7) = 7" (7o) )

—

A71NA y, & AdEELolt Doriswamy[10] $& 237}
AFEE FHE AdA BFAE 77 FEADE, 5,09 5
2 249¢€ 4202 fEIgey o 4L ol Fig)
W At w2 AS A date 5 vs y9 FE 5 vs.

BES Zotd £ UL FHaYh ®3 o] AR
FHed A ZAA47 70 vol %9 nETE =

A
%1—% TR Y42 2HIE FHARAERS F
£ de Az g2 dded geiie =
Fad HAHEEL 5 4,09 45
YRS e A 499 SHE0] F dXTL n=guk
T BER AL EMCY 474 @3 =
o) wigle] B fE54Y AF EHS 2ASQD, FoLds
of ME HEATE Adge 52 WHals] 48 Cox-Merz A
A& 77 45t modified Cox-Merz
o] e FAA $EHYE 2AVE ] BT}

2. 4

oot

21.A B

2 ATl AgEH A ol FA] A= vheg] Ex o] nHFo
EAGHAL Qv =BBA FAZA $HFER o] 600l
Nippon Kayaku Co. LTD.9} AEolth. 4AE BHF YA 2
7b 29 pm¢l T4 AestezA £4H0 AzyPen R
Hitachi Co.3|Ake] AE-& ALg3t4 )

2.2. NES H=

AFA 2o distel Ae)7t FAAE 44, 52, 58, 63, 68 vol %
o oA 7k gFoeg EFE £ o] AEE Brabender Ed7| 2
ARgEke] 80 Co &xolA 1087 Edste Az old)
oA AgE EH71E e B Azsgn 3 2A4L
HelM Axg 24 252 Agatd A7 25 mm, 29 2 mm
o 4589 NgE Az

2.3. Hz9 &H

AzHoZ Age] Fus 54 2457 98 4 25 mm
9 parallel-plate”t %50}  RMS(Rheometric Mechanical
Spectrometer, RMS-800)8 ol&dto] #WEES 1% 5%, 10%,
0%E Watge] e drAze &2 80 TY %
oA ekl Algo] thate] ZAs Ay,

I
R
3
lo
ol

3. 21t 3 n&

A7t FAHA dte] FF 2 Fo4 W) of

i
i)
k1
X
offt

Qs A 104 A 8 5, 1999

R RS

1e+6

1e+5

N *(poise)

1e+4 -

1e+3 T T T T T
40 45 50 55 60 85 70

Silica contents ( vol% )
Figure 1. Viscosity changes with silica concentration at various
frequencies.
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Figure 2. Viscosity changes with frequency at various concen-
tration of silica (strain 1%).
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Figure 3. Viscosity changes of EMC containing 44 vol % of
silica with frequency and shear rate (when the Cox-Merz rule
is applied) at various strains.
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Figure 4. Viscosity changes of EMC containing 52 vol % of
silica with frequency and shear rate (when the Cox-Merz rule
is applied) at various strains.
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Figure 5. Viscosity changes of EMC containing 58 vol % of
silica with frequency and shear rate (when the Cox-Merz rule
is applied) at various strains.
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Figure 6. Viscosity changes of EMC containing 63 vol % of
silica with frequency and shear rate (when the Cox-Merz rule
is applied) at various strains.
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Figure 7. Viscosity changes of EMC containing 68 vol % of
silica with frequency and shear rate (when the Cox-Merz rule
is applied) at various strains.
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Figure 8. Viscosity changes of EMC containing 44 vol % of

silica with shear rate when the modified Cox-Merz rule is applied.
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Figure 9. Viscosity changes of EMC containing 52 vol % of

silica with shear rate when the modified Cox-Merz rule is applied.
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Figure 10. Viscosity changes of EMC containing 58 vol % of

silica with shear rate when the modified Cox-Merz rule is

applied.

©*%1 63 vol % ® strain1%
M strain 5%
4 strain 10%
& strain 50%
1e+5
—_~ ...... s
.
3 Ml L T TTTY T TTTTY Y
4] | S
& terd ”“000000
= AL T
o0
-
1e+3 o
1e+2

o1 p 1 100
shear rate (1/sec)

Figure 11. Viscosity changes of EMC containing 63 vol % of

siica with shear rate when the modified Cox-Merz rule is

applied.
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Figure 12. Viscosity changes of EMC containing 68 vol % of
silica with shear rate when the modified Cox-Merz rule is
applied.
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