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;3"�! a ; + &  + d (%6 ! .%(%&  
� 6 & <

 
6 (%6 a & -�f  

(%.%6 a "�7 - & .%a ! "�(%)  d +d " +�2 '�& - &  
�39 ! ( - . +�` +  

� '�(%) .%(%)
 
;3! 2 & '�& < . ��+ '�& &  d + 8�" +�2 . +  + d (%6 ! .%!  

j�! 6 a g
 
6 (%6 a & -�f  

6 �3) 9 ! .%.%! )
 
6

FEM 
"�& b�! a & '�& - .

Cross Talk Toolkit l a +  
.%! 2�+ "  -�+ 8�73'�& <  d " + � + 8�) n�(%<  

! .%! '�(%9
 
�39 ! ( - . +�` +  

�3'�(%) .�(%)
 d " + � + 8 + � .

� .  
6 + 6 a + (%a  

(%9
 
6 '�& 8�73icnc(%$

 2 ' + ; + � :

• * & 8�! ;3a + "  
9 ! 8�! j

 (Task Editor)

• � d "�! '�) i�n�(�<  2 ' + ;  
! .%! '�(%9 !

 
�39 ! ( - . +�` +  

�3'�(%) .%(%)
 (Cross Talk Driving Engine)

• � ' + ;  d " + � & "�;�(  ̀
& +�- & a "�(%(  (Geometry 

�
hecking Block)

• � ' + ;  d +  
6 + 9 8�! .%(�i  

6 & j�& .%(%<
 ̀
& +�- & a "�(%(  (Geometry Cross Section Block)

• 2D 
"�& bc! a & '�(

 (� ( 2 "�(%8�. f <  MoM/MAS 
(%'3(

 FEM)

• � ' + ;  
6 + 9 8�! .%(%)  l ;�� (%� ! '�& .%a . f $  

#%& d & <  (Pre-Processor for SPICE)

• �52 "�! 2�+ a ;�!  
"�& 9 73'�g a ! a + �  (Post-Processor)� ! ;

 
7 0 &  2�f ' +  

6 ;3! 9 ! .%. +  Cross Talk Toolkit 
6 + 6 a + (%a  

(%9
 - . +�0 & 6 a � !  -�+ 8�73'�& < . 

� ! 0 8 f <
-�+ 8�73'�g  -�+�0 & a  2�f a g  

(%6 d + '�g 9 + �3! .  
;�! ;

 
.%& 9 ! �3(%6 ( -�f < . : 6 $ + 8�)  

(%9
 l a (%$  

6 +�+�2 "�! 0 & .%(%<  
;�! 0 8 f <

-�+ 8�73'�g  
( - & & a  

6 � + (  
6 +�2 6 a �3& .%. f &  

�3$ + 8�. f &  
(

 
� f $ + 8�. f &  

8�! .%. f &  
(

 d + '�. + 6 a g i  
q 7 .%;�#%( + .%! '�& .  2 & 9

+ 6 a ! '�g . f $  -�+ 8�73'�& < .

2.2. �S{ v ��Z�w%\�Y�^�_  �,{ v ~
	�_%w%s,_%v � x�v  |  	 r 
  { v ��\�[�v s,t
m & "�& <%8�& -  

;
 
8�& a ! '�g . +�- 7  

"�! 6 6 -�+ a "�& .%(%i  2D 
��� o  

"�& b�! a & '�)
. � & '�g i  

"�& bc! a & '�)
 
) �3'�) & a 6 )

� f j�(%6 '�& .%(%&  - ! a "�(%# f  h - ; + 6 a & <  
(

 
(%.%8�73;3a (%�3. + 6 a & <  

8�'�)
 d " + (%9 � + '�g . +�` +  

; + '�(%j�& 6 a � !  d " + � + 8 + �"�! 6 d + ' +�0 & .%. f $  
� 2 '�(%9 (  2D d " + (%9 � + '�g . f $  

6 a "�7 ;�a 73"
 [7-13]. / ( l '�& ;3a "�(%j�& 6 ;�(%&  d + ;3" f a (%)  

a ! ; 0 &
-�+�` 73a  2�f a g  

"�! 6 6 -�+ a "�& . f . 
�S& j�& .%(%)

 d " + � + 8 + �  
a ! ;

 0 &  
;3! ;

 
(

 
6 & j�& .%(%)

 + ;�! < - '�) icnc(%$8�( l '�& ;�a "3(%; + �  -�+�` 73a  2�f a g  d " + (%9 � + '�g . fS- ( .

* & b�! a & '�g  + 6 . + � ! .  
.%!

 
6 a ! .%8�! "�a . +�-  d "�( 2 '3( 0 & .%(%(  - & a + 8�!  

; + .%& j�. f $  l '�& - & .%a + � . � & -  
.%&

- & .%& & , 
8�'�)

 ` ! "�! .%a (%(  
� f 6 + ; + <  

a + j�. + 6 a (  
"�& b�& .%(%)

 
(

 2�f 6 a " + 8�& <%6 a � (%) , 
�

 d " +�` "�! -�- 7  
�3' +�0 & .6 ' +�0 . f <  - & $�! .%(�9 -  

6 + 9 8�! .%(%)  
! 8�! d a (%�3. + <  

6 & a ;3(
.

� 6 . + �3. f &  
a "�& 2�+ � ! .%(%)  

� f 8�� ( ` ! & -�f &  
��� o  

"�& bc! a & '�i
 -�+�0 . +  

6 q + " - 73'�(%" + � ! a g6 '�& 8%7 icnc( -  +�2 "�! 9 +�- :



Georgian Electronic Scientific Journal: Computer Sciences and Telecommunication #1-2002

6

1. 
� ; + " + 6 a g

2. eS+ 9 -�+�0 . + 6 a g  l qSq & ;�a (%� . +  
.%! $ + 8�(�a g  

; + .%a 73"�. f &  
(%.%a & ` "�! ' f

3. : .%a & ` "�! '�g . + &  
736 "�& 8�.%& .%(%&

 + ; + ' +  
6 (%. ` 73'�) "�. f $  

a + j�& ;� ; + " + 6 a g  
) �3'�) & a 6 )

 
� ! 0 .%& <%bc( -  

a "�& 2�+ �3! .%(%& -  
;

 
"�& bc! a & '�i

, 
a ! ;

 
;3! ;

 
8�'�)

 
"�& b�& .%(%)

 + 8�. + <
` ' +�2 ! '�g . + <  d " +�2 '�& -�-�f  d "�(�$ + 8�(%a 6 )  

"�& b�! a g
 
6 + a .%(  

' + ;3! '�g . f $  
9 ! 8�! j

. / + 6 a ( 0 & .%(%&
2�f 6 a " + 8�& <%6 a � (%)  d " +�` "�! -�-�f  

�
 
#%& ' +�-  +�2 & 6 d & j�(%� ! & a 6 )  

"�! 9 '�(%j�. fS- (  d 73a ) - (  (d "�! � & '�g . f -d + 8 2�+ " +�-  +�2 '�! 6 a (  
� f j�(%6 '�& .%(%) , 

! 8�! d a (%" + � ! .%(%& -  
6 & a ;�(

, 
(%6 d + '�g 9 + � ! .%(%& -  2�f 6 a " f $  

"�& bc! a & '�& <
6 (%6 a & -  

73"�! �3.%& .%(%<
, 
"�! 9 "�! 2�+ a ; + <  l qSq & ;�a (%�3. f $  

! ' ` + "�(%a -�+ �  
(

 
a
.
8

.).

e a + " + <  d 73.%;3a  
6 ; + "�& &  d + ' +�0 (%a & '�g . + &  

6 � + <%6 a � +  - & a + 8�!  
; + .%& j�. f $  l '�& - & .%a + �  

j�& -a "�& 2�+ � ! .%(%& . � ! ;  
;3! ;

 d + '�7 j�! & -�+ &  
"�& b�& .%(%&

 
) � '�) & a 6 )

 
;�736 + j�. + -̀

'�! 8�;3( - , 
a +  

.%&
 d "�(%$ + 8�(%a 6 )(%.%a & " d + '�(%" + � ! a g  

(%6 ; +�- 73i  
q 73.%;3#%(%i

 d +  
9 .%! j�& .%(%) -  

�
 
a + j�;�! $ , 

;3! ;
 l a +  d " + (%6 $ + 8�(%a  

�
 - & a + 8�&6 & a + ; . 

� +�+ a �3& a 6 � & .%. +  d "�(  
.%! $ +�0 8�& .%(%(  

; + .%a 7 "�. f $  
(�.%a & ` "�! ' + �  + a d ! 8�! & a  

.%! 8 +�2 . + 6 a g  
�

6 + �3& "�bc& .%(%(  
'�(%bc.%(�$

 
8�& <%6 a � (%<

.

� "�& a (%<  d 73.%;3a  
a ! ; 0 &  

) �3'�) & a 6 )
 d + ' +�0 (%a & '�g . f -  

6 � + <%6 a � +�-  - & a + 8�!  
; + .%& j�. f $  l '�& - & .%a + � .

m5+ '�73j�! & -�+ &  
"�& b�& .%(%&

 
) �3'�) & a 6 )

 
;�736 + j�. + -̀

'�! 8�;�( - , 
.%!

 
� 6 & <

 +�2 '�! 6 a (  
� f j�(%6 '�& .%(%) , 

8�! 0 &  
� + 9 '�&6 (%a . ` 73'�) "�. f $  

a + j�& ; . o a +  d " + (%6 $ + 8�(%a  2 '�! ` + 8�! "�)  
6 "�& 8�.%& ;�� ! 8�"�! a (%j�. +�- 7  

736 "�& 8�.%& .%(%i
 
"�& b�& .%(%)

,; + a + " + &  d " + (%9 � + 8�(%a  FEM.

�52�- & .  
(%. q + " - ! #%(%& <  - & 0 8�7  2 ' + ;3! - (  d " + (%6 $ + 8�(%a  

j�& "�& 9
 
q ! <%' f .

e $ + 8�. + <  
q ! <%'

 
8�'�)

 2D FEM 
6 + '�� & "�!  

6 + 8�& " 0 (%a  
(%. q + " - ! #%(�i  +  ̀

& +�- & a "�(%(  
(

 +  
9 ! 8�! .%(%(

.

eSf $ + 8�. + <  
q ! <�'

 
6 + 8�& " 0 (%a  h - ; + 6 a g  

(
 
(%.%8�7 ;�a (%� . + 6 a g  

� 6 & $
 +�2�k & ;3a + �  

(
 
�36 & $

 d " +�2 '�& -d " + d (%6 ! .%. f $  
� +  
� $ + 8�. +�-  

q ! <%'�&
.

2.3. 
X5s�� Z { ^�[��  

\�~�\ � [3^�w%Y�Z��  y � v � x  FEM
* ! 9 "�! 2�+ a ! .%. f <  

! ' ` + "3(%a -  d "�& 8�6 a ! � '�& .%. f <  
�

 l a + <  ` '�! �3&  d + 9 � + '�) & a  
"�& b�! a g

 
9 ! 8�! j�(

 
6

� f 6 + ; + <  
a + j�. + 6 a g i  

6 +  
6 "�! �3.%(%a & '�g . +  - ! ' f -  

j�(%6 ' +�-  
.%& (%9 � & 6 a . f $ . o a +  

8 + 6 a ( ` ! & a 6 )! 8�! d a (%" + � ! .%(%& -  
6 & a ;3(

 
;

 
"�& b�! & -�+ <  

9 ! 8�! j�&
. p 8�! d a (%" + � ! .%(%&  d " + (%9 � + 8�(%a 6 )  

6
 
73j�& a +�-  ̀

"�! 8�(%& .%a !
(%6 ; +�-�+ <  

q 7 .%;�#%(%(
 [14-16].

* ! 6 6 -�+ a "�( -  
"�! 9 "�! 2�+ a ! .%. f <  

! ' ` + "�(%a -  
.%!

 + 8�. +�-  d "�( - & "�&  (
.%(%j�73a g

 
.%&

 +�` "�! .%(%j�(%�3! i�n�& -
+�2 nc. + 6 a g  

"�& bc& .%(%)
 
�

 
"�! - ;�! $  d + 6 a ! �3'�& .%. + <  

9 ! 8�! j�(
).

2.3.1. z Z y [�\�Y�Z�w%|�\  } \3~�\�u,^
* ! 6 6 -�+ a "�( -  

; + .%;�"�& a .%73i  
9 ! 8�! j�7

, d "�& 8�6 a ! �3'�& .%.%73i  
.%( 0 &  

(
 d + l a ! d . +  d " + <%8�& -  

� 6 &
6 a 7 d & .%( , 

a "�& 2 73& -�f &  
8�'�)

 
.%! $ +�0 8�& .%(%)  

"�& bc& .%(%)
.��! 8�! j�!

 
9 ! ;�'�i�j�! & a 6 )

 
�

 
6 '�& 8�73i�n�& - :

e  
a "�& $ - & "�. +�-  d " + 6 a "�! .%6 a � &  

9 ! 8�! . f  
a "�(

 - & a ! '�'�(%j�& 6 ;3(%$  d " + � + 8�.%(�;�!  
;�"�7 ` ' +�` +  

6 & j�& .%(%)
"�! 6 d + ' +�0 & .%. f $  

� 2 '3(%9 (  
8��373$

 - & a ! '�'�(%j�& 6 ;3(%$  d + � & "�$�. + 6 a & < .  � "�& 2 7 & a 6 )  
.%! <%a (

 
6 +�2 6 a � & .%. f &  

(
�39 ! ( - . f &  h - ; + 6 a (  

(
 
(�.%8�73;3a (%�3. + 6 a (  d " + � + 8�.%(%; + �  (

q + " - 73' f  
� f j�(%6 '�& .%(%)  l a (%$  

�3& '�(%j3(%.
d "�& 8�6 a ! � '�& . f  

.%( 0 & ). � !  
"�(%6 73.%;3&

 2 d + ;�! 9 ! . +  d + d & "�& j�. + &  
6 & j�& .%(%&

 
9 ! 8�! .%. + <  ` & +�- & a "�(%( .� + .%a 73" f  � 1 

(
 � 2 

d "�& 8�6 a ! �3'�) i�a  - & a ! '�'�(%j�& 6 ;3(%&  d + �3& "�$�. + 6 a ( , � 3 , � 4  
(

 � 5 – d " + � + 8�.�(%;3(  
(

 � 6

` "�! .%(%#%!  
"�! 6 j�& a . + <  +�2 '�! 6 a ( .
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* (%6 . 2. � & +�- & a "�(%)  
9 ! 8�! j�(

2.3.2. ��y Y�Z�w%Y�x�v  � [�\ � x  { v � v Y�^�_  } \�~�\�u,^
* & b�& .%(%&  

9 ! 8�! j�(
 
8�& '�(%a 6 )

 
.%!

 
6 '�& 8�73i�n�(%&

 
8�� !

 + 6 . + �3. f $  l a ! d ! :
1) � \���[�^  { v � v Y�^�v  ��{ \�w%Y�v Y�^�_  � \ � s,\ y \

0
2

2

2

2

=
∂
∂+

∂
∂

y

T

x

T
(1)

�
 +�2 '�! 6 a (  D 

6 +  
6 '�& 8%73i�n�( - (  ̀

"�! .%(%j�. f - (  
736 ' + �3(%) - (

0
6

=
∂
∂

�n

T
� ; 0

1
=�T ; 0

2
=�T ; 0==

ji �� TT ; 1=
k�T ∗ (2)

9 8�& 6 g
 ( ) ( ) ( ) ( ){ }3,4,5,4,5,3,5,4,3,, =kji . e  +�2 nc& -  

6 '�73j�! &
 
"�& bc! & -�+ &  

; + '�(%j�& 6 a � +  
9 ! 8�! j

 l - & .%g bc&(%'�(
 
"�! � . +  

; + '3(%j�& 6 a �37  - & '�! '�'�(%j�& 6 ;�(%$  d + �3& "�$�. + 6 a & < , 
�

 d "�(%� & 8�& .�. +�-  d "�( - & "�&  l=3. / ! '�& &. +�- & "  
9 ! 8�! j�(

 2 738�& a  +�2�+ 9 .%! j�! a g 6 )  
�3& "�$�.%( -  

(%.%8�& ;36 +�-  l.

2) ����{ v ~�v s,^�[ �  
w%v s,^�u,^�Y�x

 y s,v ~ � t�� ^ �  ̂
�Y�[�v � { \�s,Z�w

ds
n

T

i
�

i
� ∂

∂
� ; ds

n

T

j
�

j
� ∂

∂
� ; ds

n

T

ki
�

k
� ∂

∂
� (3)

o a (  
(�.%a & ` "�! ' f  d + 9 � + '�) i�a  

"�! 6 6 j�(%a ! a g
 
9 ! "�) 8 f , 

.%! ; + d '�& .�. f &  
.%!

 d " + � + 8�.%(�;�! $ , 
j�a + , 

�
 
6 � + i

+ j�& "�& 8�g  +�2 & 6 d & j�(%�3! & a  
� + 9 -�+�0 . + 6 a g  

"�! 6 j�& a !
 
& - ; + 6 a & < , 

!
 
9 ! a & -  

(
 
(%.%8�7 ;�a (%� . + 6 a & <  [7-13]��! 8�! j�!

 
"�& ! '�(%9 + � f � ! & a 6 )  

6
 
(%6 d + '�g 9 + � ! .%(%& -  

��� o  (
��& a + 8  

� + .%& j�. f $  o '�& - & .%a + � ).
: 6 d + '�g 9 7 ica 6 )  

6 '�& 8�73i�n�(%&
 + 6 . + � . f &  l a ! d f  

� � o :

1. * ! 9 2 (%& .�(%&  +�2 '�! 6 a (  
.%!

 
a "�& 7 ` + '�g . f &  l '�& - & .%a f

2. 
��! 8�! .%(%&

 
.%& (%9 �3& 6 a . + <  

q 7 .%;�#%(%(
 3,2,1, =kT k

i  
�

 
� & "�b�(%.%&

 
;�! 0 8 +�` +  i-̀ +  

a "�& 7 ` + '�g .%(%;3!
3. 

��! - & .%!  
(%6 ; +�-�+ <  

.%& (%9 � & 6 a . + <  
q 7 .%;�#%(%(

 �  
6 7 -�-�+ <  2 ! 9 (%6 . f $  

q 7 .%;�#%(%<
 (2 ! 9 (%6 . + <q 73.%;3#%(%& <

 
8�'�)

 i-̀ +  
a "�& 7 ` + '�g .%(%;�!  2 738�& a  d ' + 6 ; + 6 a g , d " + $ + 8�) n�! )  d +  

�3& "�bc(%.%! -
3,2,1, =kT k

i )

4. 
��(%.�( - (%9 ! #�(%)  

q 7 .%;�#%( + .%! '�! :

                                                
∗ 	�
 ��
 
 � � , � 
 �  i

�
, j

�
, k

�
 - � � � � ��
 � �  � � � � ��� � � 
 � ���

� 6

� 2

� 3
� 4

� 5

� 1
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dxdy
y

T

x

T

D
��

�
�
�

�

�
�
�

�

��
	



��
�




∂
∂+�

	



�
�




∂
∂

22

(4)

.%!
 - . +�0 & 6 a �3&  

q 7 .%;�#%(%<
 
738 + � '�& a � + "�) icnc(%$  ̀

"�! .%(%j3. f -  
736 ' + �3(%) -  (2).

* ! 9 2 (%& .�(%&  +�2 '�! 6 a (  
.%!

 
a "�& 7 ` + '�g . f &  l '�& - & .%a f  d " + (%6 $ + 8�(%a  

�
 
8��3!

 l a ! d ! . m & "�� f <  l a ! d  –6 + 9 8�! .%(%&  ̀
"�7 2�+ <  

6 & a ;�(
. e a + " + <  l a ! d  – 

6 + 9 8�! .�(%&  
! 8�! d a (%� . + <  

6 & a ;3(
 
.%!

 
; + a + " + <  

(
 2 7 8�& a  

.%! <%8�& . +
+ ; + .%j�! a & '�g . + & (

(%6 ; +�-�+ & ) 
"�& b�& .%(%&

.

2.3.3. � Z } ~�\�Y�^�v  � {�� ��Z��  y v [�|�^
 m5+ 6 a " + & .%.%! )  ` "�7 2 ! )  

6 & a ;3!
 
8 + ' 0 .%!  

6 + 8�& " 0 ! a g  
;�! ;

 -�+�0 . +  - & .%g bc& &  
; + '�(%j�& 6 a � +l '�& - & .%a + �  (

; + '�(%j�& 6 a � +  
.%& (%9 �3& 6 a . f $ ) 

(
 
�

 
a +�0 &  

�3"�& - )  
8 + ' 0 .%!  

73' + � (%a g  
$�! "�! ;�a & "

 d + �3& 8�& .%(%)(%6 a (%.%. +�` +  
"�& bc& .%(%)

. � ' + ;�7  d +  
6 + 9 8�! .%(%i  ̀

"�7 2�+ <  
6 & a ;3(

 d & "�& 8�! ica 6 )  
; + .%a 73" f  ̀

"�! .%(%#
 
�

1, 
�

2, 
�

3,�
4, 
�

5 
(

 
�

6. m "�(  l a +�-  
�

3, 
�

4, 
�

5 (
; + .%a 7 " f  + ;�"�7 0 . + 6 a & < ) 

9 ! - & .%) i�a 6 )  
' +�- ! .%. fS- (  

'�(%.�(%) - ( .��! ;36 ( - ! '�g .%! )  
8�'�(%.%!

 + a "�& 9 ;3!  
.%!

 
' +�- ! .%. + <  + d "�& 8�& '�) & a 6 )  

#%& ' + <  
� & '�(%j�(%. + <  N_coarse=10 

(
� f j�(%6 '�) & a 6 )  d +  

q + " - 73'�&

coarseN

r
coarseStep

_

min_2
_

⋅= π

m "�(  l a +�-  +�0 (%8�! & a 6 ) , 
j�a +  

j�(%6 ' +  
�3& "�bc(%.

 
a "�& 7 ` + '�g .%(%; + �  (

.%& (%9 � & 6 a . f $ ) 
8�'�)

 
8�! . + <  

9 ! 8�! j�(
d + '�73j�(%a 6 )  

�
 
8�(%! d ! 9 + .%&  400-600 * (%6 .  3 (

8�'�)
 
8�"�7 ` (%$  

9 ! 8�! j
 
; + '�(%j�& 6 a � +  
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