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A design and learning tool called AIM (advanced interconnect modeling)
provides VLSI circuit and technology designers with the capability to
model, optimize, and scale total delay in the presence of interconnect.
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The following definitions explain terms as they are used in the context of the
accompanying article.

Cin (input capacitance). Cin is proportional to the product of gate oxide capaci-
tance per unit area, the gate length, and the gate width. The gate width is the total
width of all the transistors tied to the input. Cin is often represented by the gate
width in units of �m.

Circuit Domain. The circuit domain refers to the design realm of the circuit de-
signer. Specifically, certain quantities are under the control of the circuit designer
in the context of interconnect delay. These include the wire width, length, and
space, or the gate width.

HIVE. HIVE is an internal HP software package that creates closed functions of
wire capacitance components as a function of the relevant geometrical quantities.
HIVE starts with the wire geometries, performs 2D numerical field simulations and
arrives at closest-fit analytical functions.

Interconnect. Interconnect refers to the conducting wires on an integrated circuit
chip that connect the components to each other and carry electrical signals.

Technological Domain. The technological domain refers to the design realm of
the process technology designer. Certain quantities that affect gate delay in the
presence of interconnect are under control of the technology designer. These
quantities include wire thickness, interlayer spacing, transistor gate oxide 
thickness, and so on.
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* M1, M2, M3, and so on represent different types of metal layers.
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7-3;7� 8-&8� )*0&=� 6&8.37� &6*� '*88*6� +36� 0&6,*� ;.6*� 74&(*� &2)

;.6*� ;.)8-�� �&6,*� ;.6*� 74&(*� .7� 3+8*2� 238� &:&.0&'0*� '*(&97*� 3+

4.8(-� 0.1.8&8.327�� ;-.0*� 0&6,*� ;.6*� ;.)8-7� (&2� .2(6*&7*� 838&0

)*0&=�� �&6,*� ;.6*� 0*2,8-7� &6*� )*86.1*28&0� 83� )*0&=� 7(&0.2,� &7

&6*� 71&00� ��#7�� ���� (&2� ,*2*6&8*� 8-*7*� (32(.7*� 6*+*6*2(*

(-&687� 7-3;.2,� 8-*� )*4*2)*2(*� 3+� )*0&=� 7(&0.2,� 32� :&6.397

.14368&28� 4&6&1*8*67�

#-*� .1463:*1*28� .2� 8-*� )*0&=� .7� 238� 7.,2.+.(&28� +36� 8-*� ;.6*

)31.2&8*)� '&7.(� '03(/7� (327.)*6*)� .2� 8-.7� 4&4*6�� �3;*:*6�� .8

.7� .2(366*(8� 83� &7791*� 8-&8� .8� .7� 320=� 8-*� ;.6*� !�� )*0&=� 8-&8� .7

8-*� (&97*� 3+� 8-*� 463'0*1�� #-*� 6*&732� .7� 8-&8� ;-*2� 8-*� ;.6*

).1*27.327� 7(&0*� )3;2�� 8-*� ��#� ;.)8-7� &073� 7(&0*� )3;2�

6*)9(.2,� 8-*� )6.:*� 83� 8-*� ;.6*7�� �968-*6�� *:*2� 8-39,-� 8-*

;.6*� 0*2,8-� 6*)9(8.32� .7� '*2*+.(.&0� 83� (&4&(.8&2(*�� ;.6*� 74&(@

.2,� 6*)9(8.32� .2(6*&7*7� .28*60.2*� (&4&(.8&2(*�� �073�� +6.2,.2,

*++*(87� 92)*61.2*� 8-*� 0.2*&6� (&4&(.8&2(*� 6*)9(8.32� *<4*(8*)

+631� 7.140.78.(� 7(&0.2,� 3+� ;.6*� ;.)8-�� #-*� 6*7.78&2(*� 3+� 8-*

7(&0*)� ;.6*� .7� (3278&28� .+� 8-*� 8-.(/2*77� 78&=7� 8-*� 7&1*�� #-*

2*8� 6*7908� .7� 8-&8� '38-� 8-*� ,&8*� )*0&=� &2)� 8-*� ;.6*� )*0&=� )3

238� 7(&0*� ;*00�

���� &003;7� 32*� 83� *<&1.2*� 8-*� )*0&=� 6&8.3� 3+� &� 8=4.(&0� '&7.(

'03(/� ;.8-� .2)*4*2)*280=� :&6.*)� 7(&0.2,� +&(8367� +36� ��#� &2)

;.6*� 7(&0.2,�� �.,�� 

� 7-3;7� 8-*� 6&8.3� 3+� ���"�� 83� ���"�

)*0&=� &7� &� +92(8.32� 3+� ;.6*� 7-6.2/� ).1*27.327�� �+� 8-*� ��#7� &6*

/*48� 927(&0*)� &2)� 320=� 8-*� ;.6*7� &6*� 7-692/�� 8-*� )*0&=� 6&8.3

.7� 	����� #-.7� 79'78&28.&0� .1463:*1*28� ;390)� &073� '*� 3'8&.2*)

+36� '&7.(� '03(/7� 8-&8� )3� 238� -&:*� 7.,2.+.(&28� ;.6*� 03&).2,�

�3;*:*6�� .8� .7� .2(366*(8� 83� *<4*(8� 8-.7� 291'*6� ;-*2� &� ;-30*

(-.4� .7� 7-692/� &2)� 8-*� (6.8.(&0� 4&8-� (327.787� 3+� 1&2=� ;.6*@

)31.2&8*)� '&7.(� '03(/7�� �.,�� 

� .009786&8*7� 8-.7� 7(*2&6.3� ;-*2

8-*� ��#7� &6*� 7-692/� '=� 	���×�� #-*� )*0&=� 6&8.3� .7� 23;� 320=
	����� &� ���� .2(6*&7*� 3:*6� 8-*� 46*:.397� (&7*�� #-.7� .009786&8*7

8-*� .14368&2(*� 3+� 8-*� (&4&(.8.:*� 03&)� 3+� 8-*� ;.6*�� ���� (&2� '*

97*)� 83� *<&1.2*� *&(-� 2*8� 3+� &� (-.4� )*7.,2� 83� +0&,� 8-37*� 2*87

8-&8� &6*� 797(*48.'0*� 83� 4336� )*0&=� 7(&0.2,� .+� 8-*=� &6*� 7-692/�

#-*7*� 2*87� (390)� *.8-*6� '*� 6*)*7.,2*)� 36� 74*(.&0� (&7*7� 1&)*

83� /**4� 8-*� 7*0*(8*)� ��#� ;.)8-7� 927(&0*)� .2� &� 7-6.2/�� #-.7

(&2� 0*&)� 83� ,9.)*0.2*7� +36� ?)*7.,2� +36� 7-6.2/&'.0.8=��� �2� 8-*

1*&28.1*�� 8-*� 78&8*1*28� (&2� '*� 1&)*� 8-&8� 8-*� 908.1&8*� 8*(-@

2303,.(&00=� (&4&'0*� )*0&=� .1463:*1*28� .7� 238� 4377.'0*� .2� &

496*� 7-6.2/� 786&8*,=�



�� � � � � � � �&#25"29� ���	� �&7,&44<�"$+"2%� �/52.",   Hewlett-Packard Company 1995

��

���


��� )"3� #&&.� 02&3&.4&%� "3� "� $/-02&)&.3*6&� '2"-&7/2+� 4/

5.%&234".%� ".%� /04*-*:&� 4)&� 0&2'/2-".$&� /'� #"3*$� #,/$+3� *.

����� $2*4*$",� 0"4)3�� �)&� *.4&2$/..&$4� *3� -/%&,&%� 7*4)� )*(),9

"$$52"4&� &802&33*/.3� 4)"4� "$$/5.4� '/2� -".9� 3&$/.%</2%&2

&''&$43�� ".%� 4)&� ("4&� %2*6*.(� 4)&� *.4&2$/..&$4� )"3� #&&.� *.<

$,5%&%� "3� "� '5,,� 0"24*$*0".4� *.� 4)&� ".",93&3�� �)&� %&3*(.� 30"$&

*3� ,"2(&� #&$"53&� /'� 4)&� -".9� 6"2*"#,&3� *.� #/4)� 4)&� 4&$)./,/(9

".%� $*2$5*4� %/-"*.3�� �)*3� )"3� #&&.� -"."(&%� 7*4)� "� 3*-0,&

#54� "$$52"4&� ".",94*$",� %&,"9� -/%&,�� �)&� *-0,&-&.4"4*/.� *.

�"4)&-"4*$"� 02/6*%&3� 15*$+� ".%� &''*$*&.4� ".",93&3� /'� -".9

%*''&2&.4� 490&3� /'� 4&$)./,/(9� ".%� $*2$5*4� 6"2*"#,&3�

�)&� &8"-0,&3� 3)/7.� )"6&� *,,5342"4&%� /.,9� 3/-&� /'� 4)&� $"0"<

#*,*4*&3� /'� 
���� �)&� -94)� /'� -5$)� ,/7&2� $"0"$*4".$&� '/2� 50<

0&2� ,&6&,3� /'� -&4",� )"3� #&&.� 3)/7.� 4/� #&� 5.'/5.%&%�� 


6*35",� *.3*()4� *.4/� 4)&� 2&,"4*6&� *.',5&.$&� /'� 7*2&� 7*%4)� ".%

30"$*.(� /.� 7*2&� $"0"$*4".$&� )"3� #&&.� 02/6*%&%�� �)&� *-0/2<

4".$&� /'� 4)&� /04*-*:"4*/.� /'� 7*2&� 7*%4)� )"3� #&&.� %&-/.<

342"4&%� ".%� *43� %&0&.%&.$&� /.� 6"2*/53� 0"2"-&4&23� )"3� #&&.

$/22&,"4&%� 7*4)� 3*-0,&� ".",94*$",� &15"4*/.3�� �4� )"3� #&&.

3)/7.� 4)"4� -&4",� 7*%4)3� "2&� /'4&.� -"%&� ,"2(&2� 4)".� .&$&3<

3"29� ".%� 3/-&� -*.*-5-� 7*%4)� 25,&3� -"9� 02&$,5%&� /04*-",

%&,"9�� 
� 2&'&2&.$&� $)"24� '/2� $*2$5*4� %&3*(.&23� 3)/7*.(� %&,"9

6&2353� 7*2&� ,&.(4)� ".%� ("4&� 3*:&� )"3� #&&.� %&-/.342"4&%�� �4

)"3� #&&.� 3)/7.� 4)"4� 500&2� ,&6&,3� /'� -&4",� "2&� ./4� .&$&33"2*,9

4)&� #&34� $)/*$&� &6&.� '/2� ,/.(� 7*2&3�� 
,(/2*4)-*$� 3)2*.+*.(� /'

$)*03� '2/-� /.&� 4&$)./,/(9� 4/� 4)&� .&84� )"3� #&&.� 3)/7.� 4/

35''&2� "� 35#34".4*",� 0&.",49� *.� 7*2&� %/-*."4&%� #"3*$� #,/$+3�

�)&� ("4&� $"0"$*4*6&� %&,"9� 3$",&3� "3� 0//2,9� "3� %/&3� 4)&� 7*2&

��� %&,"9�

���������

����

�)&� "54)/2� 7/5,%� ,*+&� 4/� 4)".+� �&.&� �-&23/.� '/2� )*3�

&.$/52"(&-&.4�� 3500/24�� ".%� (5*%".$&�� �)".+3� ",3/� 4/�

����� �)".(� ".%� �//� !/5.(� �)� '/2� %&6&,/0*.(� �����

��	�������

��� ����� �"2"37"4� ".%� ��� �/)"--"%*�� ;�''&$4� /'� �$",*.(� /'� �.4&2$/.<

.&$43� /.� 4)&� �*-&� �&,"9� /'� ����� �*2$5*43��� ����� 	�
��
������� ��

��
������ �
���
�� � �/,�� ��<���� ./�� ��� 
02*,� ������ 0�� 
�	�

��� ��� �"+52"*�� ;
002/8*-"4*/.� /'�  *2*.(� �&,"9� *.� ������� ������ ����

�����
�� ��� ��������
�
� ���������� �/,�� ��<���� ./�� ��� 
5(534� ������ 0�� ����

��� ����� �)".(�� &4� ",�� ;�"2"-&42*:&%� �0*$&� �5#$*2$5*43� '/2� �5,4*,&6&,

�.4&2$/..&$4� �/%&,*.(� ".%� �*-5,"4*/.��� ����� 	�
��
������� ��� ��������
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