
  Hewlett-Packard Company 1995 � �-0�-4� �

	� � 2' //6���&�-�� �*0-)�'� � � � � � � ��

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

Coding guidelines for behavioral modeling and a process for generating
wire load models that satisfy most timing constraints early in the design
cycle are some of the techniques used in the design process for standard
cell ASICs.
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/* These are fragments from the generic Synopsys dc_script */
/* the full script can be easily modified for a given model */
/* –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– */
/* Read in Verilog HDL:                                            */
/* –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– */
read -f verilog mymodule.v
check_design

/* ––––––––––––––––––––––––––––––––––––––– */
/* Set the wire load model: */
/* ––––––––––––––––––––––––––––––––––––––– */
set_wire_load block –library wire_loads

/* ––––––––––––––––––––––––––––––––––––––– */
/* Define the clocks:                       */
/* ––––––––––––––––––––––––––––––––––––––– */
create_clock CLK –period 20 –waveform {0 10}
set_clock_skew –plus_uncertainty 0.5 –minus_uncertainty 0.5 –propagated CLK

/* –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– */
/* Set block operating environment: */
/* –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– */
loader_pin = hp_cmos26g_table_slow/INVFF/A
driver_pin = hp_cmos26g_table_slow/NINVFF/Q
set_load 3 * load_of(loader_pin) all_outputs()
set_load load_of(loader_pin) all_inputs()
set_drive drive_of(loader_pin) all_inputs()
set_input_delay 10 –clock CLK all_inputs()
set_output_delay 10 –clock CLK all_outputs() –max

/* –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– */
/* Compile the design
/* –––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– */
compile

/* –––––––––––––––––––––––––––––––––––––––––––––– */
/* Write out results                                     */
/* –––––––––––––––––––––––––––––––––––––––––––––– */
write –hierarchy –f verilog –output mymodule.vopt
write_constraints –format sdf –output mymodle. sdf –max_paths 1000
report_design >> mymodule.sn_rpt
report_hierarchy –full >> mymodule.sn_rpt
report_timing >> mymodule.sn_rpt
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* Back-annotation in this context refers to the process of taking the actual capacitance values
extracted from routing and using them during static timing analysis.
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2(+$� #$%(,(2(-,� " ,�  *1-� !$� + #$� 2-� + 2"'� $6 "2*7� 1-� 2' 2� (2

" ,� !$� "-,120 (,$#� .0-.$0*7�

�'$� ��� ���
	���� *(!0 07� 13..-021� 2'(1� ,$5� +-#$*�  ,#

 **-51� 31� 2-� &$2�  ""30 2$� 2(+(,&� %0-+� -30� 17,2'$1(1� . ") &$

1-� 2' 2� 2'$0$�  0$� ,-� 2(+(,&� -0� -.$0 2(,&� "-,#(2(-,� 4(-* 2(-,1

(,� 2'$� 2(+(,&� 4$0(%(" 2(-,� 12$.�� �$1(#$1� 2'$� -!4(-31� !$,$%(2� -%

0$#3"(,&� (2$0 2(-,1�� 2'(1� ,$5� *(!0 07�  ,#� 2(+(,&� +-#$*� &(4$1

* Global wires are the interconnecting wires between submodules on a chip.

31� .$0%-0+ ,"$�  ,#� #$,1(27� (+.0-4$+$,21�� �'$� .$0%-0+ ,"$

(1� (+.0-4$#� !$" 31$� 2'$� 17,2'$1(1� 2--*� (1� ,-5� 5-0)(,&� -,� 2'$

"-00$"2� . 2'1�  ,#� (1�  !*$� 2-� &$,$0 2$� % 12$0� "(0"3(21�� �$,1(27

(1�  *1-� (+.0-4$#� %-0� 2'$� 1 +$� 0$ 1-,�� �(,"$� (,"-00$"2� . 2'1

 0$� ,-� *-,&$0� !$(,&� -.2(+(8$#� (,"-00$"2*7�  ,#� -4$0"-,120 (,9

(,&� (1� ,-2� ,$"$11 07�� 2'$� -4$0 **� #$1(&,� 1(8$� (1� 1+ **$0�� �,

 ##(2(-,�� 2'$� (+.0-4$+$,2� (,� 20 ,1(2(-,92(+$� +-#$*(,&�  ,#

"-,120 (,21�  4-(#1� 2'$� ,$$#� 2-�  ..*7�  � &*-! *� 20 ,1(2(-,92(+$

"-,120 (,2� 2-� 2'$� #$1(&,� 5'("'� " ,� *$ #� 2-� -4$01(8(,&� + ,7

"$**1�


������ �����������

�1�  ,�  ##(2(-, *� +$2'-#� -%� $,130(,&� 2' 2� -30� .$0%-0+ ,"$

&- *1�  0$� +$2� 5(2'-32� ' 4(,&� 2-� #-� +3*2(.*$� 0-32(,&� . 11$1�

5$� ' 4$�  ##$#� 2'$� .0-"$11� -%� #0(4(,&� 2'$� .* "$+$,2� 5(2'

"-,120 (,21� #$0(4$#� %0-+� 17,2'$1(1�

�$" 31$� �7,-.171� 2(+(,&� (1� 4$07�  ""30 2$� 5(2'� 2 !*$9#0(4$,

+-#$*1�� (2� " ,� !$� 31$#� #(0$"2*7� 2-� "0$ 2$� 2(+(,&� "-,120 (,21

(+.-1$#� -,� 2'$� 0-32$0�� �'(1� (1� #-,$� 31(,&� 2'$� �2 ,# 0#� �$* 7

�-0+ 2� 2(+(,&� -32.32� (,� �7,-.171�� �0(2(" *� . 2'� 2(+(,&� (1� 50(29

2$,� (,� �2 ,# 0#� �$* 7� �-0+ 2� 5'("'� " ,� 2'$,� !$� "-,4$02$#

2-� �$1(&,� �6"' ,&$� �-0+ 2�  ,#� (,.32� 2-� �$**���� 5(2'� 2'$

,$2*(12�� �'$1$� 2(+(,&� "-,120 (,21� !$"-+$� . 02� -%� 2'$� -4$0 **

"-,120 (,2� $/3 2(-,� %-0� 2'$� .* "$0�

�$4$0 *� 2'-31 ,#� "-,120 (,21� " ,� !$� /3(")*7�  ,#� $ 1(*7� &$,9

$0 2$#� 31(,&� 2'(1� +$2'-#�� �-5$4$0�� -,*7� 2'-1$� . 2'1� 2' 2�  0$

5(2'(,�  � %$5� .$0"$,2� -%� % (*(,&� 5(2'� $12(+ 2$#� *- #1� 1'-3*#

!$� "-,120 (,$#�� �%�  ,�  ..0-.0( 2$� 5(0$� *- #� +-#$*� (1� 31$#�

2'$� 0$12� -%� 2'$� . 2'1� 1'-3*#� +$$2� 2'$(0� 2(+(,&� 5(2'-32� !$(,&

"-,120 (,$#�� � 4(,&� 2--� + ,7� . 2'1� "-,120 (,$#� 5(**� 1*-5� 2'$

.* "$+$,2� .0-"$11�  ,#� + 7� .0-#3"$� (,%$0(-0� 0$13*21�� �-59

$4$0�� 5$� ' 4$� 13""$11%3**7� "-,120 (,$#� 3.� 2-�  � 2'-31 ,#

. 2'1�

������ ��
� 	����

�30� &- *1� #30(,&� .* "$+$,2�  ,#� 0-32(,&�  0$� 2-� (+.*$+$,2

2'$� #$1(&,� (,� 2'$� 1+ **$12� .-11(!*$�  0$ �� +$$2�  **� 1.$"(%($#

.$0%-0+ ,"$� &- *1��  ,#� +(,(+(8$� 2'$� ,3+!$0� -%� (2$0 2(-,1

2'0-3&'� 2'$� .0-"$11�

Timing-Driven Placement.� �(+(,&9#0(4$,� .* "$+$,2� (1� 2'$� .0-9

"$11� -%� #0(4(,&� 2'$� .* "$0� 5(2'� 2'$� 2(+(,&� "-,120 (,21� -32.32

%0-+�  � 2(+(,&�  , *78$0� ��7,-.171�� (,� 2'(1� " 1$��� �'$� %-**-5(,&

% "2-01�  0$� (+.-02 ,2� (,� 13""$11%3**7� 31(,&� 2'(1� 2$"',(/3$�

• �""30 2$� 2(+(,&� +-#$*1� 31$#� %-0� 12 2("� 2(+(,&�  , *71(1�� �1

+$,2(-,$#�  !-4$��  ""30 2$� 2(+(,&� +-#$*1�  0$� "0(2(" *� 2-� $,9

130$� 2' 2� 2'$� 17,2'$1(1� .0-&0 +� 5-0)1� -,� 2'$� 0(&'2� . 2'1

 ,#� 2' 2� 2'$� 2(+(,&� "-,120 (,21�  0$�  ""30 2$�

• �""30 2$� "$**� #$* 7� (,%-0+ 2(-,� %$#� 2-� 2'$� .* "$0�� �30� .* "$9

+$,2� .0-&0 +�� �$**��� 31$1�  � 25-9� -0� 2'0$$9. 0 +$2$0� #$* 7

$/3 2(-,�� �'$� 25-9. 0 +$2$0� $/3 2(-,� " *"3* 2$1� #$* 7� 5(2'

 ,� (,20(,1("� "-+.-,$,2�  ,#�  � *- #� #$.$,#$,2� "-+.-,$,2�

�'$� 2'0$$9. 0 +$2$0� $/3 2(-,� +-#(%($1� 2'$� (,20(,1("� #$* 7� 2-

0$%*$"2� (21� #$.$,#$,"7� -,� 2'$� (,.32� 1*-.$�� �-� #0(4$� 2'$� .* "$0

5(2'�  ""30 2$� # 2 �� (2� (1� (+.-02 ,2� 2' 2� �$**��1� #$* 7� " *"3* 9

2(-,� + 2"'� 2' 2� 31$#� !7� 2'$� 2(+(,&�  , *78$0�  1� "*-1$*7�  1

.-11(!*$�� � !*$� �� 1'-51� 2'$� "-00$* 2(-,� -!2 (,$#� %0-+� $ "'

-%� 2'$1$� +-#$*1� "-+. 0$#� 2-� 2'$� # 2 � 31$#� !7� 2'$� 2(+(,&

 , *78$0�� �'$� # 2 � (,� 2'$� 2 !*$� (1� %-0� 
		� 0$.0$1$,2 2(4$

. 2'1�� 4 07(,&� (,� *$,&2'� %0-+� 
� 2-� �
� "$**1�

** Cell3 is the placement and routing program we use, which comes from Cadence Design
Systems.
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Table I
Cell3 to Synopsys Correlation

Timing
Analyzer Data

Cell3 (two-
parameter)

Cell3 (three-
parameter)

!1615=5

#)<0

�
��� 6; �
��� 6; �
��� 6;

!)@15=5

#)<0

��
��� 6; ��
��� 6; ��
��� 6;

 -);<� �::7:�

>-:;=;� %A678;A;

��
�� �
��

�:-)<-;<� �::7:�

>-:;=;� %A678;A;

�
�

� ��
��

�::7:� $)6/-�

>-:;=;� %A678;A;

�
��� <7


�

�

	�
��� <7

�
��

�;� ;07?6� 16� &)*4-� ��� �-44��;� <0:--C8):)5-<-:� 57,-4� 8:7C

>1,-;� /:-)<4A� 158:7>-,� ,-4)A� 57,-416/� +758):-,� <7� <0-

<?7C8):)5-<-:� 57,-4
� �-+)=;-� 7.� 1<;� 158:7>-,� )++=:)+A�� <0-

<0:--C8):)5-<-:� 57,-4� 1;� 67?� =;-,� );� <0-� ;<)6,):,� ,=:16/

<1516/C,:1>-6� 84)+-5-6<


• �++=:)<-� -;<15)<-;� 7.� 16<-:+766-+<
� �7:� ;A6<0-;1;�� 16<-:+76C

6-+<� ,-4)A� 1;� ;8-+1.1-,� *A� <0-� ���� ?1:-� 47),� 57,-4;
� �7:

84)+-5-6<�� 1<� 1;� 1587:<)6<� <0)<� <0-� 84)+-:� 0);� )� /77,� 1,-)� 7.

?0)<� 1<� +)6� -@8-+<� 16� <-:5;� 7.� )>-:)/-� 8-:C4)A-:� ?1:16/� +)C

8)+1<)6+-� .7:� -)+0� ;1/6)4
� &0-;-� 6=5*-:;� ):-� ,-<-:516-,� *A

)6)4AB16/� ?1:16/� ,1;<:1*=<176;� 76� 8:->17=;4A� :7=<-,� +018;


Clock Tree Synthesis and Verification. � &A81+)4� �%��%� ):-� ,:1>-6
*A� ;16/4-� 7:� 5=4<184-� 01/0C;8--,� +47+3;
� &0-;-� +47+3;� ,:1>-

<07=;)6,;� 7.� .418C.478;� )6,� 5=;<� 0)>-� 47?� 16;-:<176� ,-4)A

)6,� ;3-?� <7� 5--<� 8-:.7:5)6+-� :-9=1:-5-6<;
� &7� 1584-5-6<

<0-;-� *)4)6+-,� +47+3;�� ;8-+1)4� 84)+-5-6<� )6,� :7=<16/� .-)C

<=:-;� 5=;<� *-� =;-,
� �-44��;� +47+3� <:--� ;A6<0-;1;� <774;� ):-

=;-,� <7� 16;-:<� )� *=..-:� <:--� .7:� -)+0� +47+3� �;--� �1/
� ��
� &0-

+47+3;� ):-� <0-6� 8:-:7=<-,� =;16/� >):17=;� .7:5;� 7.� �-44��;� *)4C

)6+-,� :7=<16/� <-+0619=-;
� &01;� 5-<07,� 0);� 5-<� ?1<0� 51@-,

;=++-;;
� �@+-44-6<� :-;=4<;� +)6� *-� 7*<)16-,� *A� =;16/

<0-� ,-<)14-,� *)4)6+-,� :7=<-:�� ?01+0� 1;� 16+4=,-,� );� 8):<� 7.

�-44��;� +47+3� <:--� ;A6<0-;1;� 78<176
� �7?->-:�� ;16+-� <01;� <774

�
	�� ��� �� <A81+)4� +47+3� *=..-:� <:--
� �6;-:<176� ,-4)A� .7:� <01;� +76.1/=:)C

<176� 1;� <0-� )>-:)/-� ,-4)A� .:75� <0-� +47+3� 168=<� <7� <0-� .418C.478;
� %3-?

1;� <0-� ,1..-:-6+-� *-<?--6� <0-� ;07:<-;<� )6,� 476/-;<� ,-4)A;


To Flip-Flops

Clock Input

0);� 8:7>-6� 67<� <7� *-� );� :7*=;<� );� ?-� ?7=4,� 413-�� ?-� 0)>-

.7=6,� <0)<� )6� -);1-:� )6,� 5=+0� 57:-� :7*=;<� 5-<07,� 1;� <7� =;-

�-44��;� *)4)6+-,� /47*)4� :7=<16/�� ?01+0� 5--<;� <0-� 6--,;� 7.

57;<� 01/0C8-:.7:5)6+-� ;<)6,):,� +-44� �%��;


�+<=)4� +47+3� ,-4)A� )6,� ;3-?� ):-� >-:1.1-,� =;16/� <0-� $�� -@C

<:)+<176� +)8)*141<A� 8:7>1,-,� 16� �0-+3!)<-
�� &0-� /-6-:)4

;<-8;� 16>74>-,� 16� =;16/� <01;� )88:7)+0� 16+4=,-�

• �7584-<-� <0-� 80A;1+)4� 1584-5-6<)<176� 7.� <0-� +47+3;


• �@<:)+<� �>1)� �0-+3!)<-�� $�� 16.7:5)<176� .7:� )44� 6-<;� 16� <0-

,-;1/6


• �:-)<-� )� %81+-� 6-<41;<� +76<)1616/� 764A� <0-� +-44;� )6,� 6-<;� 16

<0-� +47+3� <:--;
� �&0-� ,-;1:-,� 6-<;� )6,� +-44;� ):-� ;8-+1.1-,� <7

�0-+3!)<-�;� %81+-� ?:1<-:
�

• �,,� +=;<75� +1:+=1<� +76,1<176;� �-@<-:6)4� 47),;�� -<+
�


• $=6� <0-� %81+-� 27*


�-44�� +)6� )4;7� 8:7>1,-� +47+3� )6,� ;3-?� 16.7:5)<176�� *=<� <0-

;<-8;� 41;<-,� )447?� =;� <7� 7*<)16� 57:-� )++=:)+A� )6,� <7� *=14,

+76.1,-6+-� 16� <0-� �-44�� 6=5*-:;


Automatic Scan Insertion.� �=<75)<1+� ;+)6� 16;-:<176� 1;� ,76-

,=:16/� <0-� :7=<16/� 8:7+-;;
� &01;� 5)3-;� 1<� 87;;1*4-� <7� 16+4=,-

;+)6� 47/1+� ?1<07=<� 0)>16/� <7� ,-;1/6� 1<� 16� ,=:16/� *-0)>17:)4

+7,16/
� �7?->-:�� <0-:-� ):-� :=4-;� 16� <0-� �� � +7,16/� /=1,-C

416-;� <0)<� 5=;<� *-� .7447?-,� <7� 5)3-� )=<75)<1+� 16;-:<176� 87;C

;1*4-
� ';16/� )=<75)<1+� 16;-:<176� :-,=+-;� <0-� +7584-@1<A� 7.

<0-� *-0)>17:)4� ,-;1/6� )6,� -41516)<-;� 1<-:)<176� *-+)=;-� 7.

;+)6� +47+3� ;3-?�� ;+)6� +0)16� 7:,-:16/�� )6,� <1516/� 8-:.7:C

5)6+-� 1;;=-;
� &0-� =;-� 7.� )=<75)<1+� ;+)6� 16;-:<176� 1;� 5),-

87;;1*4-� *A� <0-� =;-� 7.� )6� 16<-:6)4� <774� <0)<� 8-:.7:5;� 16;-:<176

)6,� 78<151B)<176
�

�����
�

�� +018� 16� ?01+0� <0-� 8:7+-;;-;� ,-;+:1*-,� )*7>-� 0)>-� *--6

)8841-,� 1;� )� �!"%� �%��� <0)<� 1;� =;-,� 16� �#�;� (C<-:516)4;
� �<;

5)16� .=6+<176;� ):-� 5-57:A� )6,� ,)<)� 8)<0� +76<:74
� &0-� +018

+76<)16;� 
������� <:)6;1;<7:;� )6,� :=6;� )<� 5=4<184-� +47+3�

.:-9=-6+1-;� 7.� ���� ����� )6,� ��� !�B


�7:� <01;� +018�� <0-� ����� <1516/� 8)<0;� ?1<0� <0-� ;5)44-;<� <1516/

5):/16� ?-:-� 168=<� );� +76;<:)16<;� .-,� <7� <0-� �-44�� 84)+-:


�-44�� 5-<� )44� 7.� <0-� +76;<:)16<;� 76� <0-� .1:;<� 8);;� )6,� ;=*;-C

9=-6<� <1516/� )6)4A;1;� >-:1.1-,� <0)<� )44� <0-� 8)<0;� ?-:-� ;)<1;.1-,


!7:-� 1587:<)6<�� 67� 7<0-:� <1516/� >174)<176;� ?-:-� +:-)<-,

*-+)=;-� 7.� <0-� +76;<:)16<;� 76� <0-� <1/0<-;<� 8)<0;
� �.� <0)<� 0),

7++=::-,�� ?-� ?-:-� 8:-8):-,� <7� -@-:+1;-� <0-� %A678;A;� 16C

84)+-� 78<151B)<176� .47?
� &01;� .47?� ,7-;� 16C84)+-� =8� )6,� ,7?6

;1B16/� 7.� +-44� ,:1>-;� );� 6-+-;;):A� <7� 5--<� <1516/� +76;<:)16<;


&01;� ;<-8� 8:7>-,� <7� *-� =66-+-;;):A� .7:� 7=:� (C<-:516)4� �%��


&0-� ���� ?1:-� 47),� 57,-4;� ?-:-� ),-9=)<-


&0-� 5=4<184-� +47+3� ,75)16;� 76� <0-� �%��� ):-� )44� ,-:1>-,� .:75

)� ���C!�B� 168=<� +47+3
� &0-� +018� 0);� <0:--� ,75)16;� )6,

-)+0� +76<)16;� )88:7@15)<-4A� ���� .418C.478;
� &7� 5--<� 8-:.7:C

5)6+-� /7)4;�� <0-� ;3-?� )+:7;;� )44� 7.� <0-;-� ,75)16;� 0),� <7� *-

4-;;� <0)6� �
�� 6;� )6,� <0-� 16;-:<176� ,-4)A;� 0),� <7� *-� 5)<+0-,

?1<016� �� 6;
� �.<-:� 84)+-5-6<� )6,� :7=<16/�� +47+3� ,-4)A� )6,

;3-?� >-:1.1+)<176� ?);� ,76-� =;16/� <0-� �0-+3!)<-� $�� -@<:)+C

<176� <774
� �1/
� �� ;07?;� <0-� %81+-� :-;=4<;� 7*<)16-,� 76� 76-

:-8:-;-6<)<1>-� +47+3� <:--
� �44� +47+3� <:--;� ?-:-� .7=6,� <7� 0)>-

)++-8<)*4-� ;3-?
� &01;� <1/0<� +47+3� ;3-?� ?);� )� 3-A� .)+<7:� 16

)+01->16/� <0-� �%���;� )//:-;;1>-� 8-:.7:5)6+-� /7)4;


* CheckMate is an artwork verification and parasitic extraction tool from Mentor Graphics Corp.
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�
��� ���  3,&(� &/2&.� '(/$<� $1'� 6.(:� 5(68/76	
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�7� ,6� 285� *2$/� 72� &+$5$&7(5,=(� �(//
�6� '(/$<� &$/&8/$7,21� 72� 7+(

32,17� $7� :+,&+� :(� &$1� 86(� ,76� '(/$<� 180%(56� )25� &/2&.� 6.(:

9(5,),&$7,21� :,7+287� 7+(� $'',7,21$/� &203/(;,7<� 2)� 86,1*�  3,&(	

!$%/(� ��� 6+2:6� 7+(� &255(/$7,21� 2%7$,1('� %(7:((1� �(//
� $1'

 3,&(� )25� 7+(� &/2&.6� 21� 7+(� #?7(50,1$/� � ��	

Table II
Cell3 to Spice Correlation

Cell3 Spice Delta

�(67� �$6( �	��� 16 �	��� 16 ��	��

"2567� �$6( �	��� 16 �	��� 16 ��
	��

!+(� 5(68/76� 2)� 7+,6� &255(/$7,21� $5(� 9(5<� (1&285$*,1*	� !+(� 2))6(7

,6� 5(/$7,9(/<� &2167$17�� $1'� 7+(� �(//
� 180%(56� $5(� $/:$<6

025(� &216(59$7,9(� 7+$1� 7+(�  3,&(� 180%(56	� !+,6� ,6� %(&$86(

�(//
�6� 3(5?/$<(5� &$3$&,7$1&(� &2167$176� $5(� ,17(17,21$//<

6.(:('� 72:$5'� 7+(� &216(59$7,9(� (1'� 2)� 7+(� 5$1*(	

�����

��
��� �	�����

!+(� )2//2:,1*� )$&7256� 3/$<('� $� 3$57� ,1� 352'8&,1*� 7+(�

5(68/76� 0(17,21('� $%29(� $1'� 3529,',1*� $� &+,3� 7+$7� 0(7� 7+(

63(&,),&$7,216	

Library Design.� �1(� 2)� 7+(� 0$-25� &2175,%87,1*� )$&7256� )25

0((7,1*� 285� '(16,7<� $1'� 3(5)250$1&(� *2$/6� ,6� 7+(� 86(� 2)

+,*+?48$/,7<� /,%5$5,(6� 68&+� $6� 7+(� 1(:� ��� ����
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