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Abstract — The viscosity of epoxy molding compound(EMC) for the encapsulation of semiconductor chip has been mea-
sured using a parallel plate rheometer and a specially designed slit rheometer. The viscosity of EMC at low temperature and
low shear rate has been determined with a parallel plate rheometer, while that at high temperature and high shear rate has been
determined with the slit rheometer. The experimental results of the parallel plate rheometer revealed that the modified Cox-
Merz relation was more suitable for the characterization of viscosity behavior of EMC than the Cox-Merz relation. The vis-
cosity data measured using the specially designed slit rheometer at high temperature and shear rate exhibited a good agreement
with the fitted values calculated using the Cross-Macosko equation. The Cross-Macosko equation and Kamal equation deter-
mined by the slit rheometer and differential scanning calorimeter(DSC), respectively, made a good prediction in spiral flow

length of EMC.
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Fig. 1. Slit rheometer for viscosity measurement of epoxy molding compounds: (a) overall side view, (b) top view of reservoid &) cross section

of slit.
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Fig. 2. Viscosity changes of EMC containing 68 vol% of filler with fre-
quency and shear rate(when the Cox-Merz rule is applied) at vari-

ous strains.
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Fig. 3. Viscosity changes of EMC containing 68 vol% of filler with shear
rate(when the modified Cox-Merz rule is applied) at various
strains.
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Table 1. Fitted curing kinetics parameters of Kamal equation

Parameters Values
n 0.7347
tau(Pa) 7.3e-5
B(Pa-s) 8.3e-8
T,(K) 12038.7
o 5.326
C, 0.194
ag 0.387
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Fig. 4. Degree of cure measured by DSC at three different heating ra
with corresponding best-fit curves based on Kamal’'s equation
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Fig. 5. Viscosity change of EMC with temperature and cure time.
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Table 2. The values of fitted viscosity parameters(Cross-Macosko model)

Parameters Values
m 0.601
n 1.252
A, 1.76e+9
A, 278359
E, 12415.7
E, 7314.1

Temperature and Dependence of Viscosity(Part A)
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Fig. 6. Viscosity change of EMC with fitting curves based on the Cross-
Macosko equation at three different temperatures.

|&slon $&4&5E 5,10, 2028|322 40°C/minz H3AI AT
Az Aolme uhedg o] 83le] thee] 48 o83t
_H,-H
a= ) )
o] A3}& o]&-3lH Kamak Yl wiZlAFHES AFT 5 9L o]
FHEC] A4FE o] KamakES o851 A8AFS 5T +
A
% = (Ko + K0 (1) ®)
K1=A.expt-Ey/T) C)
K,=AexpEE,/T) (10)

Table ¥ &= A& A= fittingste] AL nj/HSEES A sttt
Fig. = AxEEAIE @A ) 23 AskAs 48
ste] AAE Kamakiol &3t o&A]7} 3 L}EMMX% AUt} ©
ol B AR} Kamak]ol gk 3to] & dAFS & —’F AT

Kamatd o] A3AE-& velli= 2oletd 735}49} Ao &
Fx=e] ¥} Cross-Macoskd [4] (3),4 (@) #2o] Yehfo]zIt}. Cross-
Macoskai ol = 2z} miZlsE-5 24387 $18)4 145, 160, 178C
Al £olxe] Hw WalghS slit rheometes o]8-5ke] 2454t} 3
=5 &29317] 9 slit rheometet] APz 02 #ALw= 8.26e-5m/s
e AGE-L 366.6 5702 3T

S
oY of

A=A 49 43 Fig. 5 el 52 2=04 S8
2 dAr9 ZUtErt A S-S B S sk AA 3=
175°C H-2918] o] X9 AP 43S B 30k HE] A7k

ststa 8l M40H 3% 20024 63

Sejin Han

ojn] Az} =Iehe & & )

o] Al L:=AA ST Heghd) 2 oﬂzﬂ T+&k Kamakl-& 2[(3), ()1
A vl Cross-Macoskigoll 195t o]4ol gl miiHFES

g o k. AR " RS ES Table 2] VERR T,

Table 214 vehd wf7 <= gHE-2 Cross-Macoskd ol 2831 &
7} £EoA] A7 nlE HEsElE ﬁ]*&o}?ﬁl °]Z Fig. & vJeRd
wheh ho] A A2} Hlwste] Rk 01 A Cross-Macoskg el 2]
3 73 AEgrEe] A AX e B 4 9}, B3] A T4 £x9)
175°CY] A% the W2 229 AS-Hr) HS é} XS & 5 9
£=H) o] Cross-Macoskg¢] EMCS} 72 F43 A3l543-8 2 v
B 93-S & 5 3

@, o] S8F HrElE o]85l AdE Cross-Macoskd o] ¥t
A BA AL EMCY Fad EAZ9 el SFL(Spiral Flow
Lengthys o] A% Z o& & & e XS golur] 98 SFIEH
298 st Aol AH8E SFL&7g-4x]9] # Aol 115 cmo]H
175°Co4] RTME o] 881 AlEE FYs=E Hof itt. o] Az 4
A= 58.4 cnE E#%k2 1 Cross-Macoskdel 23l o2& 56.3 cm

e B 978 dSAE Bds o 4 AUk @IMRH AL C

MOLDE &&3loer ofnf o]&d X]3]4 7|2 FEM(Finite
Element Metho®™ mesk®] 7|5 20012 750}9111}.
14 B

B BX A4S EMCE &2 A37b) 25aAd o8 vds
FAR ek ke ol S Ghe siEe] Fake 1A
o 2uto] F1=dAT 2L, Aol AokE <El - g
lel AA| FEemdM AESg AP 3 A3 ojRe] /Fethe 1
A2, o] AEAE Cross-Macosks ol ﬁ&é}oq SFLe] 232 AAls
& o2 SFLEER Hlug 43 & dAEe & ¢ AT =,
Cross-Macoskd o] <83 #H9H|EHE o] &3 Awghs 2 Jehix
9le-g o 2= 9I9ju}.

oﬁt
v
to

>

. Pecht, M. G., Nguyen, L.T. and Hakim, E.B.: “Plastic Encapsulated

Microelectronics; Materials, Process, Quality Reliability, and Appli-
cation; John Wiley & Sons, New York, 55(1995).

. Tummula, R. R., Rymaszewski, E. J. and Klopfenstein, A. G.: “Microelec-

tronics Packaging Handbook-semiconductor PacKagiag |, 2nd ed.,
Champman & Hall, New York, 407(1997).

. Cox, W. P. and Merz, E. HX. Polym. Scj 28, 619(1958).
. Dealy, J. and Wissbrun, K.: “Melt Rheology and Its Role in Plastics

Processing-Theory and Applicatidndgn Nostrand Reinhold, New
York, 173(1990).

. Doraiswamy, D., Mujumdar, A. N. and Metzner, A. B.:of Rheol-

ogy 35, 647(1991).

. Castro, J. M. and Macosko, C. \BPE Technical Papg26, 434(1980).
. Kamal, M. R. and Ryan, M. ERolym. Eng. Sci20, 857(1980).
. Blyer, L.L., Bair, H. E., Hubbauer, P., Matsuoka, S., Pearson, D.S.,

Poelzing, G. W., Progelhof, R. C. and Thierfelder, W.R&lym. Eng.
Sci, 26, 1399(1986).

. Turng, L. S. and Wang, V. W3. Reinforced Plastics Compositd2,

506(1993).

10. Nguyen, L. T., Danker, A., Santhiran, N. and Shervin, C. R.: “Flow

Modeling of Wire Sweep during Molding of Intergrated Circuits;



AR BANE FA BY ks AEAE 315

ASME Winter Annual Meeting(1992). edited by A. |. Isayev, Marcel Dekker, New York, Ch. 1(1987).
11. Cross, M. M.J. Colloid Sci.,20, 417(1965). 13. Han, S., Wang, K. K., Hieber, C. A. and Cohen, XC.Rheal, 41,
12. Hieber, C.A.: “Injection and Compression Molding Fundamentals,’ 177(1997).

HWAHAK KONGHAK Vol. 40, No. 3, June, 2002



	반도체칩 봉지재용 에폭시 몰딩 컴파운드의 점도거동
	이명천†·Sejin Han*
	동국대학교 화학공학과 *School of Mechanical & Aerospace Eng

	Viscosity Behaviors of Epoxy Molding Compound for the Semiconductor Microchip Encapsulant
	Myung Cheon Lee† and Sejin Han*
	Department of Chemical Engineering, Dongguk University, Seoul 100-715, Korea *School of Mechanica...

	요  약
	1. 서  론
	2. 실  험
	3. 결과 및 토론
	4. 결  론
	참고문헌



