
� � � � � �� �� � � � � �� �� � � � � �� �� � � � � �� � ����
� 	 � �	 
�� � ��� ��� 
� � 
 � � � � 
 
�
� �
 � � � � � ��� ��� �

 � � 	 � �� � �� �
� �� 	 
 � �� � � �� � � 
 � � � �� � � � ��� � �
� � �
�� � ��� �	 �� � � � �� � �� � � � � � �� ���� � 
 
�� � 	 ��
	 � � � � � �� 	 �	 � � 
� �
 �� �� �� ��� � � � � ���� � � �� � � � � �
	 � � �	 � � � � �
� �
 � � � �� �
� �
� � � � �� �� � �� � �� � � � �
�� � � �� �
� �	 ��	 � � � � �� � � � � � �� ��� � � � �
 � � � �� � �
� � � �� � �� � �� � �	 � � ��� 
 � � 	 � �� � �� �
 � � � � � � 	 
�� � �
� � 	 � � �� 	 � � � �
� 	 
�� � � 	 
�� � �� ��� � 	 
 
�
 �� 
 � �
�
� � � �� � � 	 � 
 � ���� � �� �� � 
� � � � �� � � ��� �� 	 � �� �� �
� � � � �� � �� � 
�� ��� 
� 	 � ���� � � �� � �� � �� � �	 � � �
� � � � �� �
 � � � � � � 	 
�� � �� � 	 � � �� 	 � � � �� � � � �
� �� � �
� � � �	 
 � � �� �
� �� � � � �� �� ��
� � �� 	 � � �	 
 
� � �� � �
� � � 
 � � � �
� 	 
�
 	 � �� � �� � � � �
� �� �� 
� 	 ��� �� 	 � � �
�	 
 
� � � �
� � ��� 
� � 
 � � � � 
 
�
� �
 � � � � � ��� � �� � � � � �
�� � � ��	 � � �� � 
�� ��
� � �� � � �� � ����

� � � �� � � � �� �� 
� 	 ��!� 
� � 
 � � � � 
 
�" �� � �
 
� � �#� � !" $�� ��� � � �	 �� � �� 
�� � �
� �
� �� �� ��� � � 	 ���� � !" �
 	 � �	 
 
 � �
� 	 
� �� �� � � � �
 
�
� � �
� �
 � � � � � �� ��
� � ��� 
� � 
 � � � � 
 
�	 � � �� �� �� 
 
� �
 ��� � �	 � � �� � � �� � �	 � � �	 � � �� 	 � � �	 
 
� ��
�� � �� � � 
 � � � �
� 	 
�� 	 � �� � � � �
 	 ��� �	 
� � ���� � � �� � � � �
�� � �� � � � �
 
�� � �
 	 � �� � �� � � � �
� ��� � � 
��� �
� �
 � � � � � �
� � �	 
� � �� �� �� ��� � � � � �� � 
 � �	 � �
 � � � � � �� � � ��� � ��
 �� 
 � �
�� 	 
 � �
 � � � �
�� � � �� � �� � 
 � � 	 � � � �� � � �� � � 	 � 
 � ��

� � � � � � � � � 	 � � 
 � � 
 � � � 
 � � � � � � � � 
 � � � � � � � 
 � � �

� � �� � ���� 	 �
� � �
�
 � �� �	 ��
�� 	 	 ���� � 
 �� ���� 
� �� � � � �� ��� � � � � � �
�
 �� � 	 � � ���� �� ��� �� � �� �� 
� � ���� 	 �
�� �� � �� �	 ���� �
� � ��	 ��� �� � ���� � ���
 ��� � 	 � � � � ��� �� �� �� �� � �
�� 
 � � 	 ��� � 	 � � � � � �
� �� 	 �
 � � ��� 	 � � � � �� ��
� � ���� 	 ��� � � � � � � � 
 �  �� ���
�
 ��� �� �� !� � 
 ���"�� ��� �	 ��
�� 	 	 ���� �� � � � 
� � � � � � 
 �� ����� 	 �� �� 
� �� � � �
� #$� � � 	 � � $%� � �� 
� � 	 � � � ����	 � �� � � ��
� � 	 
 �� ��
 
 �� � � �� � � �� ������� �� 
 	 � 
 ��� � � � �� $� � �	 ��� �� �
 ��� 	 � �
 
 	 �� �� �� 
 	 ��
�� �	 �� � � � � � 
 � �����  � 
�� ��� 	 � �	 �� �
� 
 �� ���� � ��� �� � � ���� �� � �� �� 	 � � �� � �	 �� �� �� � � 	 � � � ��� 
 	 ��� � �� 
� �	 � �� �� � ���� 	 � � 
 � ������ � � � � � � � 
 �� ����� 	 �� �� 	 � � ��

 ��� ��� ��� �	 ���� ��� �������� ���� �� 
 � � ��� �� 
 �� ������ ���� � � �
�� � � ��	 � ���� � ��	 ��� ��� �� ��� � � 
 ����� ���� � � � ��� 	 �� ��� �� ��

 ��� � � ��� �&$��� �
� ���� 	 � �� � ��� �� � � ��
 
� ���� � �� �	 ���� � � ���� 	 � � 
 � � ��� �� �
 �� � � �� 
� ��� �� 	 � ���� 	 �� � �� � ���� � �� �� 
�	 ' �
�� � � �(���	 �
 �� ��	 � �� 
 � 
� "� � 	 � ��� � ����� �	 � ��	 � ��� ���� ���� � ���� � 
�� ��� 	 ��� � � � 	 �	 ��� � ��� ��� 
 � 
� "� � 	 � ���

� � � �� � � � ��	
 �
·  !� � �� � � �
 � �� �� � � �� �� 	 � 
 � �	 � � �

�� � � � �� � � � ��
 � � � � � � 
�� � �� � ��� � � 
 �
�� � �
 � � � � � � 	 
�� � ��� 
� � 
 � � � � 
 
�� � 	 � � �
� 	 � � � �

·  !� � � 
��� �� �� �� ��� � � � � �� � �� � � �
	 � � �� � 
�
� � �
 � � 
 � �� � �� 	 � � �	 
 
� � �� � ��� 
� � 
�
�� � 
� 	 � �� ��� � � �� � �� � �� �� �� �	 
�� � � �

·  %�� �� �&� ��� 
� � 
 � � � � 
 
�
� �
 � � � � � �
� 	 � �	 
�� � �� � �
 � � 	 
�� � ��� � 
�� 	 ��
� � � � � ������ � �� 

�� � �	 �� � � �
� � � �

·  ' �� � �� �� � ( ) �� 	 � � �� � � �� � � � � � 
�� � � �
� �� � � �	 � ���
� �
� �
 � � 	 
� �
 � � 
� � �� �� � � ��
	 � 	 �� � �� �	 � � �� 	 

 � �� � � � �

� � �� �� � � � ��

� �� � � � �� 	�
 � �
 ��� � � � �� �� � � �� � �� � � �� �� �� � ��� �� � � � �� � �� � � � ��� � ��� � � �� � ��� � ��� �� � � � ���� �� � � � �
� � � ��� � 
  �� � �� � �� �� � � � �� � �! � � � � �� � � � ��"���#� � �� � � � ��� � ���� �� � � � � � � � ��� � � �� �� �� � �� �� �
�� �� � � � � � �� � � � �� ��� � �� � � �! � �� � � � ��� ��� � � ���� �� �� �� �$� � ��� � � �� %�� � �� � � � � � �� � ��� �&' ( �� � �� � � �
�� � �� � � � �� � � � � � �� ���� �� � �

� � � �� � � 	
 �� 
 �
·  * �� � �� �	 
 
 � � 	 
� �#+, - . $��� ���
 � �� �

� � � � �
 
�� � �� ��
 � � � � ���� 
� � 
 � � � � 
 
�
	 � � �� �� �� 
 
� �
 �
� �
 � � � � � �

·  � �� 
� 	 ��� �� 	 � � �	 
 
� � � �	 � � �� � � � � 
 
�
#/ � 0�!!����� $�� � �	 �� 	 � �� 
� �� ��
 	 ��� � 	 
� � �
� � � 
 � � � � � ��� ��12- ��, - �	 � � �34� � �
� � � � � �

·  5� � � � � � � �� � 	 � � �
 	 ��� �� � �� � �
� � �� �
�� 
 �� � �� � ��
 � � � � � �
� �
 � � � � � ��� � � � �
� �
��� � � �	 
 � �� � �� � 
��� 

 ��

·  ( � �� � �� 	 � �	 � � �� �� 
� � � 	 � �� �� � � �

·  0
 	 �	 � �� ��� �� 
� �� � 
� � �� � � 
 � 
�� � �
	 � 
 � �
� 
 
� � � ��

·  !� 
� � �	 
 � �
� �6( �� � 
� 	 
 
�� � �
� � �� �
� �

� � � �
� �
 � � � � � �� 	 � �	 
�� � ��� 
� �6) ( �
� 	 � �	 
�� � �

·  !� 
� � �	 
 � �
� ��	 � � � 
�� �� � �� � �	 � � �� � �
�
�� � �
� � ���� � �� � 
� � � 
�	 � 	 �� � �� �	 � � �
� � � 	 �� �

·  !� 
 � � � � � 
	 ��� � � � ��� � ��
� � 	 
�� � �� � �
� �� � �� � �� � � � � ������
 � 	 � � � � �

·   ( ) �� 
 � �� 
�� � ��	 � � � 	 � � �� � � � � � 
� � ��� �
� � � ���� � � � �

� �� � � � �) 	��� �� � � � � � � � ��� � � �� �� �� � �� �� ��� � � � � � � � � �
� � � �� ��� � ��� �� �� � ���� � � ��� � ��� � �� �� � �� � � �� � �� ���� � � ��
! � ���� �� � � � � � � �� � ��� � � ��� � � ���� ��� � � ���

Virtual 
Manufacturing 

Prediction

Virtual Manufacturing Process
(Calibrated Foundry Process)

VMP
Library

VMP
Library

VMP
Library

Chip Design
(GDS II Layout Files)

Identify Functional 
Yield Problems

V

Time (seconds)
0.0 20n 40n 60n

-2.0

0.0

2.0

4.0

6.0

Nominal Thickness

Actual Thickness

80n

V

Time (seconds)
0.0 20n 40n 60n

-2.0

0.0

2.0

4.0

6.0

Nominal Thickness

Actual Thickness

80n

Maximize Performance and 
Power

RLC
Extraction

Virtual 
Manufacturing 

Prediction

Virtual Manufacturing Process
(Calibrated Foundry Process)

VMP
Library

VMP
Library

VMP
Library

VMP
Library

VMP
Library

VMP
Library

Chip Design
(GDS II Layout Files)

Chip Design
(GDS II Layout Files)

Chip Design
(GDS II Layout Files)

Identify Functional 
Yield Problems

V

Time (seconds)
0.0 20n 40n 60n

-2.0

0.0

2.0

4.0

6.0

Nominal Thickness

Actual Thickness

80n

V

Time (seconds)
0.0 20n 40n 60n

-2.0

0.0

2.0

4.0

6.0

Nominal Thickness

Actual Thickness

80n

Maximize Performance and 
Power

RLC
Extraction

V

Time (seconds)
0.0 20n 40n 60n

-2.0

0.0

2.0

4.0

6.0

Nominal Thickness

Actual Thickness

80n

V

Time (seconds)
0.0 20n 40n 60n

-2.0

0.0

2.0

4.0

6.0

Nominal Thickness

Actual Thickness

80n

Maximize Performance and 
Power

V

Time (seconds)
0.0 20n 40n 60n

-2.0

0.0

2.0

4.0

6.0

Nominal Thickness

Actual Thickness

80n

V

Time (seconds)
0.0 20n 40n 60n

-2.0

0.0

2.0

4.0

6.0

Nominal Thickness

Actual Thickness

80n

Maximize Performance and 
Power

RLC
Extraction



� 6( ���� � �� � 
� � � � �� � � ���%� � ��
��� � �� � � �� � � �
 	 � �� � ��� 
 � � � � � �

	 ��� �� � �� � 
� � � � ��� 
� �� � !" ���%!( �
	 ��� � � ��	 � � �� � �� ' %�� � � �� � �
� � 
� � � � �� � � �
� 	 � � �
� �� � ��� � �
7�� 
� � 
8�
 � � 
 � � �
� 	 
�
 � � � � � � � � � �

� �� �� �� ��� � � � � �� � 
 � �	 � �7
� �� 8�

 � � � � � �� � ��	 �� � �
� �
 � � � � � �� � 	 � ��
� � 
� �

·  0
	 � � 	 � � �� � 
� � 
��� � � 	 
��� � �
�� 
� � 
 � � � � 
 
�	 � � �� �� �� 
 
� �
 �

� �
 � � � � � �

·  !� 
� � �	 
 � �
� �
� �
 � � � � � �	 � 	 � � �
6( �� � 
� 	 
 
�� � �
� � �� �

·  !� 
� � �	 
 � �
� ��	 � � � 
�� �� � �� � �
	 � � �� � �
�� � �
� � ��

·  ' 	 
 
� � � �� � � � ��� � �� � �� � � � �
� � ��� � � �� 	 � � �	 
 
� � �� � ��� 
� � 
�

 � � 
 � � �

� � !" �� 	 � �� � � � ��� 
� � � 	 
� � �� �
� �
� � 
� �6( �� � 
� 	 
 
�� � �� � � �� � ���� � � �
	 � � �� � 
� � � 
�� � 
� 
 
�� � ��� �� � �� � �
	 � � �� � � 	 �� ���� � � ����

� � !" �
 	 � �� � � � � 
�
� � �� � � 
� � 	 
�
 �
�� 
� � 
 � � � � 
 
�	 � � �� �� �� 
 
� �
 ��

� �
 � � � � � �� 	 � �	 
�� � �
� �6( �� � 
�	 
 �

�� � �
� � �� ����6	 
� � ��
� 	 � �� 
���&�� � �
� � � �� � � �� 	 ��
� �
 � � � � � �� ��
� � �
� � � � 
�
 	 � � � � � � 
�
 	 � � �
� �
 � � � � � �
�� � �
 � �
�
 	 ��� 	 
� � ���� � !" �
 	 � �
� � � � �� � �
� � �	 
 
� 	 ��
� �
 � � � � � �
	 �� � � �
� � �
 � �
�
 	 ��� 	 
� ��� 	 � �� � �
� �
� � 
 � �� � � � �	 
 
 � � 	 
� �� � �	 � �
 	 ��

 � �	 
�� � � �� � �
� � �6( �� � 
� 	 
 
�� � �

� � ���

� � !" �
 	 � �	 �� � ��� � � 
��� �� �� �� �� � �
�	 
� � �� � 
� � � 
� �
� � � � � � �%	 � � �
�	 
 
� � �� � �!� 
� � 
�( � � 
 � �� � �#%!( $�
	 � � �� � � � � 
�
� � � � �
� �� � �� �� � � � �
	 � � �� � 
� � 
�	 ��� �� � � 	 �� � � ��� �	 �

�� 	� � �� 	�� � �� �	� �� � � �� � � �
 � � � 	� � � � �� � � �

� �� � � � �* 	�� � �� �� � � �� � ��� � � � ��+��� �� �� +� �� � � �� � � � � � � ��� � �

� � �� �� � � � ��

� � !" � � � � � �� � � � 	 � � � � � � 
� � �� � �� � �
	 � � � 	 � 	 �� � �� � � � � �� � � � � � 
� 
� 	 
�

 	 � � � � � � 
���&� � � 
� � �� � � 
��� � 	 � � �
� � � � � � 
	 � � � 
� � � �� � ��
 	 
�� � � � � ��

� � �( %" �� 	 � � �	 
 
� � �� � �� � � 
 � � � �
� � ��	 � � � 
� �

·  ' � ��� 
 � �� � 
 � � � � � � �� 
� � 
 � � � � 
 
�
	 � � � � �� �� 
 
� �
 � 
� �
 � � � � � � 	 � � �
� � � �	 
 � �� � �� � 
�� �� 
� �

·  � � � � �
� � � �� 
� � �� � � 
� 	 � �
�� � 	 ��
� � �� �� 	 � � � �
 � � � 	 � �� � � � �

·  * � 
� � � 
� � �� 
� � �� � � 
��� � 	 � � 	 � �

� 	 
� � 	 � � 
 	 � � � � � �� �� � � � � � �
�� � � �

·  * �� 
� � � 	 � � ��� � �� �� � �� � �� 
	 
�� �

�
 	 ��� �� 
� �� � 
�� � � �

·  9� � � � 	 � � � � 	 � � 
� � �� � 	 ��� � � �

� � � � � 
� � : � �
 � �� � � � � �� � � � � � 
�� � �

 � �� ��

·  6� � � �� 
�� � � &� � � � 	 ��� � � � � � �
� �� � � � � � 
� � � �� � � 
 � �
�
 	 �� 
� � � � �
� 	 � � � �� �
� �	 �� �� � � � �� � � � �� 
�� � �

·  ) 	 � � � 
� 
� � �� �
 	 � � � �� � �	 � � � �� �� �
� � 
� � � 
� 	 � � 	 � � 
 � � 
 � �� � � 
�� �
� �
� � 
� � � � � 	 � � � � 	 � � � � � 
� � � 
�
� �� � � ��� � �� � � � � �� ��	 � 	 �� � �� �

·  0�� � �
	 � � � � � �� �� � �� � �� ��� � ��

�� �� �� � 
	 ���� � � �� �� � �� � � �� � � �

·  ( � � � 	 � � ���� � �
� �� � 
� � �
 � � �
� 	 � � � ��� � 
� 	 � �� ��
 ��
 � �� � �� � �
/ ; !�

·  ) � � ����� ��� � �� 	 

 � �� � � 
 � � � �� � �

� � � � �� � � � 
 �� � � �� � �� � �� � � �� � � �� 
 �
 �

� �� � � � �, 	�- . � � � �� � �� ��� �� +� �� � � �� � �� � � �� ��

� 
� � � �	 � � �	 ��� � � �	 
 
 � � 	 
� ��� 
� ��

 � � � � 
 
�	 � � �� �� �� 
 
� �
 �
� �
 � �
� � � � �� � � � �
 
�� � � ��� � �	 � � �� � � �� � � �
� 	 � � �	 
 
� � � � ��� �
� � � � �� � � 
 �
� � � � � �

) � 	 � �� � �� � � � ��� � � � � �� � �� � 
 � �	 � �

� � �( � � � � � �" �	 
�� � � �� 	 � 
� � � � �
	 � � �� � � � � � 
� � �
� � � � � � �	 �� �� 
� 	 ��
%	 � � �	 
 
� � �� � �" � � 
 � � � �#� %" $�
��� � 	 � � �� � �
 � �
 � 	 � 	 
 
� � �&� � �
� � �
�� � 	 
 
�� ��
� � �( %" �� � � 
 � � � �

! 
 � � � � 	
 �"� � � �� � �� � � � �#�� $� 
 
 � 
 �

� �� � � � �/ 	�0 � �� � � ��� . � � � �� �+��� �� �( �


