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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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1. � �

����� ���	 
��
�� EMC(Epoxy Molding Compound)

� ������� ����� ��� ���	 �� ��� �  �

� !"#$. %&", # EMC	 
��� '�� ()�* '�#+

,� -.# 30-40/ ��0 12 23�� 456� 78�
 9� 2

��#: ;<	 ��� ��# => 
?$.

4560� @AB 456� CDEF G�!2 9�H, IJ 45

6� 8K# 65 vol% #LF G�!2 9M+[1, 2], N� 456 8

KM0 OP EMC� �� ��� 456Q	 �� RS# => T$

2 U ' 9$. 23�� 456 8V 2EWQ� �� ��X YZ

!�H� CDE )[�#�" �)[�O '\QF ��!] 
�!

2 9$. ̂ ��M0 N� _* V�` 2EW �a V�� )>� b

� 5cd	e� ��5c��X ��!� f# => 
?$. gh R

�5cd(zero shear rate)	e� ��X i!: jPe� 5cd	 k

l �� ��X i� m n
o p�QF qr!] iU ' 9�H,

#X jPe� >s�M0 tY'	 kl �� �� uF ��!]

5cd	 kl �� �� uM0 �vPw �$. #&� 5c��

(shear viscosity)X ��!�H V�� )[\Q# 6x�
y�H, %

�	 z# 
��
�� f# Cox-Merz\M0 ${� \ (1)� |#

}-�
o$[3].

(1)η γ·( ) η* ω( )=
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]:	e � 5cd, η*� ~���(complex dynamic viscosity), ω�
tY'#$. # \� cone-and-plate" parallel plateX 
�!� ��

��0 V� g*F YZ!� �� )>	� b� �j� 5cd	e

� ��5c��(steady shear viscosity), ηX ��!� f# 
?: ;

<	 @[	 �P �#!� ��U ' 9� tY' �j �	e ~�

��, η*X p�!] ��5c��, η0 5v!� V�� )[\#$.

!��, # \� ����� ��	 ��� �' '�	 9
e� �

�# ��!��, '�� �$� ��X 78�$�" 23�� 45

6� 78�
 9� )>	� ���� ��	 k� �� ��# ��

�: ;<	 � �� ��$2 ��� 9$[4]. %&�0, N� 8KM

0 45� ��	 CPe� ��5c��X V�5cd(effective shear

rate), γmω� 8'0 }-� modified Cox-Merz\# 6x��M+, #

��\� ${� \ (2)̀  |# }-�$[5].

(2)

]:	e γm� �C���#$. Doraiswamy et al.[5]  � 456�

23�0 45� �	e ~���, η*� V�5cd, γmω� 8'0 p

�¡F '\M0 V�!¢M+ # \F #�!] tY'� b� )>

` N� )> ££	 C!] ηC � uQ# η* C γmω� uQ� |

¤� ' 9{F ¥¦!¢$. §� # p�X @[M0 ¨¥F !¢�H

@A©ªW� 70 vol%� 23�0 45� «A	¬­�	 C!] �C

���uF 3, 20, 50%0 ��-®�+ ����uF tY'� 8'0

��� m �� ��uF tY'� 8'0 "¯��F ;� e0 $l

���	 CPe� °s# ^±!� �²�� tY'	 �C���F

³� γmω� 8'0 "¯��F ;� ´ )>� °sQ# � ^±8F

I]t�$.

()�* '�	 C� )���	e� �� ��� �µ¶� ]&

·� -�� #¸
 yM+ C}�O fM0� Castro and Macosko[6]

� ¹i� 9M+ # ¹i	e� ()�* «A>�_ -º»	 CP

��` )��� ��X ¼½M0¾ ${� |� Macosko\F 6x

!¢$.

(3)

(4)

]:	e η� 5c��, η0� R�5cd ��, α� )��, αg� ,

��	e� ��, γ� 5cd, %A2, C1, C2, B, Tb� L'#$. §�, Kamal

and Ryan[7]� ¹i� 9�H # ¹i	e� mechanical spectrometer` ¿

´� ���X #�!] ()�* '�� ��X ��!¢$.

%&", EMC '�� ()�* '�� À2 9� ^��O ����

� 
�Á q	 @6 ��Â�Ã�O 170oC ��� �ÂÃ�	e 30

-40/ ��� 1� -.	 ,�� �� <6` 60-70%� N� Ä�6

8KM0 O� yield stress ��, N� 5cd �Å* %A2 ¤t N�

��  � <6X Æ�0 À2 9$. #q	� ���� �j� Ç{F

Q ' 9�H �X QÈ 5cd� )> 1-5,000 s−1 ��� �j	e Â

�# #¸
�+ Ã�� )> 70-180oC �j	e #¸
o$.

#&� EMC	 C� ��� ��� �µ¶� ]& GÉ -��
 Ê$.

C}�O �X QÈ Blyler  [8]� ¿´� ����` transfer-molding

::X Ë�!] ��X ��!¢�H 5cd ��	 kl �����

T� �{F I]t2 9$. Turng and Wang [9]� ÌÍÎ5ÏF #�

!] Ã�` )��	 kl ����X �(��X ��-®�+ ��

!¢$. Nguyen  [10]� slit rheometerX #�!] Ã�` )�� q

	 5cdF ��-®�+ ��X ��!¢�H 5cdF ��-Ð )

>	� )�Ñ=X 
�!� �²M+ ${� |� Cross ¿Ò

(Cross[11]; Hieber[12])F #�!¢$.

(5)

(6)

]:	e γ� 5cd, τ*` n� L'#$.

¿´� ����� )> 10 s−1 #L� N� 5cd	e� ����

	� �Ó!�� :��M0 ()�* '�� ����	� �A� 9

M+ Î5� ����:O RMS(Rheometric System)" RDS(Rheodynamic

System)|� ����:� 1 s−1 #!� b� 5cd	e� ����	

� ��!+ §, Ã�X 170oC¶� ÔA�H z� -.# ÕA: ;<

	 c-.	 ,�!� EMC� �� ��	� �Ó!� �$.

:Å	 �� z# 
�� Ö×� RMS" RDSX #�!] 100oC

��� b� Ã�` 1 s−1 #!� b� 5cd	e ��X ��� m

#X qr!] @6 �ÂÂ�	e� ��uF ��!� Ö×F ¾�

2 9�$. %&", #&� Ö×� z� �GX Ø&Ô ' 9: ;<	

@6 �ÂÂ�	e ��X ��U ' 9� ��:	 C� �i� �Ù

�M0 9
Ê$. �Ú RMS� Û5cd ���j` ¿´� ����

� 25cd ���j 
#� �.�� 5cd �j 
#	e ���

�X ��U ' 9� ����:0� ÜÝ� ����� ��� 9$.

%&", EMC̀  |# 1� -.	 )�� ^
"2 N� 4o6 8V

	 kl 2��� ()�* '�� ��X ��!: jPe� gÞ�

ß�� à�!: ;<	 �µ¶� �Ó� ÜÝ� ����� 6á�

� â!] Ê$.

�ã Han  [13]� 1� -.	 )�� ^
"� ()�* '�	 �

�� ÜÝ� ����X 6á!¢M+ $ä� �åQF -[!] % V

�8F ¨¥ æ¤�2 9$. ç ¹i	e� ��� ��6	 
���

EMCX # ÜÝ� ����	 ��!] ��X ��!] I²$. ��

Ã�� 140, 155 %A2 170oC� ´ Ã�	e @-!¢M+ EMC� �

���X -.	 k� ��!¢$. §�, # p�u� -Gt
(K�X

#�� )��� @[uF #�!] C-MOLD� Kamal\� Cross-

Macosko\	 ��!] ��uF �è!] I²$. Cross-Macosko\	

�� ��u� $- ÜÝ� ����	 �� @[u� éê!] I²

2 % �ë*� $- SFL(Spiral Flow Length)�� @[F J!] ëO

!¢$.

2. � �

ç ¹i	 
��
o 	ì- '�� ��� ���	 IÚ�M0 


��
�2 9� íîï� '�0e 'ÌðEWK# 660#+ Nippon

Kayaku(t)� 6ñ#$. 456� iL @AB0e �a�
 6ò��

M+ ^ç� Hitachi
� 6ñF 
�!¢$. '�` 456 %A2 )

�6� ó�� Brabender óô:X 
�!] 80oC� Ã�	e 10E.

óô!] 6ò!¢$. #õ� n
o -å� E�:X 
�!] Eö0

6ò!¢$.

�� ��F jPe 6ò� Eö� ÷øX #�!] -ÚF 6á!¢

�H ÌÍÏ� ����� -å� )> ù) 25 mm, N# 2 mm, ÜÝ

� ����� -å� )> ù) 60 mm, N# 30 mm� úJ� -å0

6ò!¢$. ÌÍÏ� ����� )> Rheometric
� RMSX #�!

¢M+ 90oC� Ã�	e tY' �j� 1-100 s−1, %A2 ���u �

�� 1, 5, 10, 50%0 !¢$. ÜÝ� ����X #�� ��� ��

γ·

η γ·( ) η* γmω( )=

γ·

η α T,( ) η0 T( )
αg

αg α–
-------------- 

  C1 C2α+( )
=

η0 T( ) B Tb T⁄( )exp=

η α T γ·, ,( )
η0 T( )

1
η0 T( )γ·

τ*
-----------------

 
 
 

1 n–

+

-------------------------------------
αg

αg α–
-------------- 

  C1 C2α+( )=

η0 T( ) B Tb T⁄( )exp=
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� 140, 155 %A2 170oC� Ã�	e ££ ��!¢$. EMC� )�

��� -Gt
(K�(Perkin-Elmer DSC-7)X 
�!¢M+ ûÃÙ�

� 5, 10, 20 %A2 40oC/min0 ��-ü$.

ý0# 6x� ÜÝ� ����� iò� ¤þ� Fig. 1	 "¯��M

+ W´� á�úA� Han  (1997)� ÿ<	 �
�
 9$. t� i

òX ß¦ !È >s �� ��D� RTM(Resin Transfer Molding)�

¹p# �
 92, ��Dj� cÈ� 
£�M0 �
 9M+ ��!

2W !� 5cdu �j	 k� cÈ�# $l DñM0 êv!��

%A2 ´�� 5cd� ò�� RTM	 9� �(ram)Ù�0 ò�!�

� �
 9$. :Å� ÜÝ� ����` $l �� 1� -.	 -å

X 2ÃM0 �(!: jP ��D ù5	 úÏ� Û�2(disk-shaped

reservoir)X ß±!] �� �� Dj	 oª!: 5	 #�	e 
	

�� 
�Èe ��Ã�0 �(��� � DE#$.

3. �� 	 
�
 

5cd ��	 kl ����X �¤I: jP ÌÍÏ� ����O

RMSX 
�!¢$. #; tY' ��	 kl ����X �Û ���

m #X Cox-Merz\F #�!] 5cd ��0 vè!¢M+ % p�

� Fig. 2	 "¯��$. �� Ã�� 90oC0 !¢�H # #L� Ã�

� �È ���� )��
	 �� RSF æ� �$. ���� 1, 5,

10, 50%0 ��-®�+ ��!¢$. ���# 5%̂  ; 1%O )>I

Fig. 1. Slit rheometer for viscosity measurement of epoxy molding compounds: (a) overall side view, (b) top view of reservoir, and (c) cross section
of slit.
���� �40� �3� 2002� 6�
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$ �� u� T� �
yM" ��� 10%̀  50%	e� 5%� )>	

éP � #L � �� u� G#� ��$. %&", ���# 50%� )

> tY'� 
	 �� ��È ��� �áº�� �
��H #� 4

56� 23�0 8V�
 92 N� ��� � N� tY'	e "¯

"� �LM0 �å W�� �LI$� -å` ���±� úÏ 
#

� ��� ;<	 ^
"� �LM0 Ïc�$.

�Ú, ��¶� ��o �0� Cox-Merz\� �'� s� 2EW '

�	� � �� \#�� 456� 78�
 9�" és� 2EW '

�^ )>	� � �� ��$2 ��� 9$. Cox-Merz\F ��!È

tY'u� |� u� 5cd	 CPe� |� ��uF ��w �$.

k�e, Cox-Merz\# � ��$È � %þ� x� ¿� sQ# �C

���u	 L��# ¿� ̂ ±Pw !�H �C ���u� ��	 k

l sQ# � ^±!� �¤ Cox-Merz\# � �� �{F I]t2

9$. #� ���	 k� 456� ��(# �� ��� ���: ;

<^ fM0 
å�$.

Modified Cox-Merz\F ��!� Ö×� tY'� 8'0 "¯� �

�uF 5cd, � 8'0 5v!]w !�H #; 5cd� tY'

u	 �C���F ³� � \F #�!È �$. �X QÈ ��

�# 1%#2 tY'� 10 s−1O )> modified Cox-Merz\F ��!

È 5cdu� 0.1 s−1# �$. Fig. 3	e IÈ modified Cox-Merz\

F ��!¢F ; 5cd� �j� �C��� �� � M0 #�!

¢M�0 1-100 s−1	e 0.01-100 s−1� �j0 � Ç
y2 e0 $l

�C���	e ��� uQ# # 5cd �j	e � !� "º� °

sM0 "¯# ' 9{F � ' 9$. k�e, # "º¯°sF #�!

È 5cd	 kl �� �� ��\F I$ Ç� 5cd �j	e p

�U ' 9$.

ç @[	 
�� EMC� )���F �¤I: jP -Gt
(K�

γ·

γ· γmω=

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.

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
Tb(K)  12038.7
C1  5.326
C2  0.194

αg  0.387

Fig. 4. Degree of cure measured by DSC at three different heating rates
with corresponding best-fit curves based on Kamal’s equation.

Fig. 5. Viscosity change of EMC with temperature and cure time.

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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ted

li-

ec-

ics

S.,

w

”

X #�!¢M+ ûÃÙ�� 5, 10, 20 %A2 40oC/min0 ��-ü$.

-å� )��� �
(F #�!] ${� \F #�!¢$.

(7)

# p�X #�!È Kamal\� =!�'uQF p�U ' 92 #

�'uQ# p��È # Kamal\QF #�!] )���F ��U '

9$.

(8)

K1=A1exp(−E1/T) (9)

K2=A2exp(−E2/T) (10)

Table 1	� @[±X fitting!] n� =!�'uQF �A!¢$.

Fig. 4	� -Gt
(K�	 �� )��� @[±` # @[±X #�

!] p�� Kamal\	 �� ��±� 8$ "¯�
� 9$. # %%

	e IÈ @[±` Kamal\	 �� u# � ^±8F � ' 9$.

Kamal\# )���F "¯�� \#�È )��` 5cd	 kl

��� ��� Cross-Macosko\[\ (3), \ (4)]� |# "¯�
o$. Cross-

Macosko\	 9� £ =!�'QF p�!: jPe 145, 160, 175oC

´ Ã�	e� �� ��uF slit rheometerX #�!] ��!¢$. �

�X ��!: j� slit rheometer� @[ò&M0 �Ù�� 8.26e-5 m/s

%A2 5cd� 366.6 s−1M0 !¢$.

����@[ p�� Fig. 5	 "¯���H N� Ã�	e ��U'

� ��� ¥�Ù�� T� ¥�8F ' ' 9$. @6 Â�Ã��

175oC DãOH # Ã�	e� @[p�X IÈ 30/ ��� -.	

#� ,��	 ��8F � ' 9$.

# ´ Ã�	e ��� ��u� (	e i� Kamal\F \[(3), (4)]	

e "¯� Cross-Macosko\	 Cª!È #\	 9� =!�'QF p

�U ' 9$. p�� =!�'Q� Table 2	 "¯��$.

Table 2	e "¯) =!�' uQF Cross-Macosko\	 ��� m

£ Ã�	e -.	 kl ����X �è!¢2 #X Fig. 6	 "¯�

�` |# @[±` éê!] I²$. # p� Cross-Macosko\	 �

� u� @[uQ# � ^±8F ' ' 9$. gh @6 Â� Ã�O

175oC� )> $l b� Ã�� )>I$ �* � ^±8F ' ' 9

�H #� Cross-Macosko\# EMC̀  |� �+� )�g*F � "

¯�2 9{F � ' 9$.

�Ú, # ÜÝ� ����X #�!] p�� Cross-Macosko\# �

�� ���� EMC� ��� �*�� !"O SFL(Spiral Flow

Length)F 
	 �� � �� U ' 9� �X �¤I: jP SFL��

@[F !¢$. @[	 
�� SFL ���±� � ,#� 115 cm #+

175oC	e RTMF #�!] -åX tª!�� �
 9$. # p� @

[±� 58.4 cmX -&.M+ Cross-Macosko\	 �� ��� 56.3 cm

uF I] >'� ��±X I/F � ' 9�$. ��±� �è� C-

MOLDX 0�!¢M+ #; #�� '±P1 :×� FEM(Finite

Element Method)#+ mesh� !'� 200!0 �!¢$.

4. � �

��� ���� EMC� 1� )�-.� 2456	 �� 2��

<60 %�x b� Ã�	e ��� uF qr!] i!� .Ë�O

���# ��2�$. %&", ý0# 6x� ÜÝ� ����	 ��

!] @6 �ÂÃ�	e ���� @[F � p� #f# ��8F I

¢2, # @[±X Cross-Macosko\	 ��!] SFL��±X �è�

m #X SFL@[u� éê� p� � ^±8F � ' 9�$. §�,

Cross-Macosko\# ÜÝ� ����X #�� ��uF � "¯�2

9{F � ' 9�$.

��
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