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Faced with testing over twenty new ASIC components going into four
different workstation and multiuser computer models, designers formed a
team that developed a common system-level design-for-testability (DFT)
architecture so that subsystem parts could be shared without affecting the
manufacturing test flow.
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(?6'99� 6':.� :5� ,++*� /4:5� :.+� )./6� :.+� 9'3+� <'2;+� :.':� /9� (+/4-

*8/<+4� 54:5� :.+� ���� 6'*� (?� :.':� )./6�� �4� +,,+):�� ���� 6'*9

)54:'/4� 4549)'44'(2+� 6/6+2/4+� 9:'-+9� :.':� )54:852� (5:.� :.+

*/8+):/54� '4*� :.+� <'2;+� 5,� *':'� 54� :.+� ���� 6'*�� �5225=/4-� '

8+)533+4*':/54� ,853� :.+� ��$� )58+� :+'3� :.+� ('9/)� ���� )+22

*+9/-4� ='9� 35*/,/+*� :5� '225=� *':'� <'2;+9� 8+)+/<+*� (?� :.+

54@)./6� 9?9:+3� 25-/)� :5� (+� 9+:� ;6� ;9/4-� :.+� *+*/)':+*

(5;4*'8?� 9)'4� 8+-/9:+8�� �4� '**/:/54�� 9?9:+3� 25-/)� 5;:6;:� <'2@

;+9� )'4� (+� )'6:;8+*� /4:5� :.+� (5;4*'8?� 9)'4� 8+-/9:+8� ;9/4-� :.+

9?9:+3� )25)1�� $.+9+� *+9/-4� ).'4-+9� =+8+� )5;62+*� =/:.� ,+'@

:;8+9� 685</*+*� (?� :.+� CHIPTEST� /49:8;):/54� /4� :.+� $� � )54@
:8522+8� :5� 9:8+'32/4+� :.+� /4:+84'2� :+9:/4-� 5,� :.+� �#��9�� �58

+>'362+�� '22� /4:+84'2� 25-/)� 5,� :.+� 3+358?� 9;(9?9:+3� �#��9

�3+358?� )54:8522+8�� 92'<+� 3+358?� )54:8522+8�� '4*� *':'� 3;2:/@

62+>+8�� /9� :+9:+*� (?� :.+� ,5225=/4-� 9+7;+4)+�


�� �5'*� :.+� CHIPTEST� 56)5*+� /4:5� :.+� �#���
��� %9+� :+9:� )25)19� :5� 6+8,583� '� 6'8'22+2� 9)'4� 5,� :.+� �#��� /4@

:+84'2� 45*+9� '4*� :.+� (5;4*'8?� 8+-/9:+8�� �:� :.+� +4*� 5,� :.+

9)'4@/4� 685)+99� :.+� 4+=2?� 9)'44+*@/4� <'2;+9� '8+� ';:53':/@

)'22?� 35<+*� ,853� :.+� (5;4*'8?� 8+-/9:+8� :5� :.+� 4549)'44'(2+

2':).+9� /4� :.+� ���@)+229�
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� �*<1*99?!&(0&7)� �4:73&1� � � � � � � ���

��� �551>� &� 8.3,1*� 8>89*2� (14(0� 94� (&59:7*� 9*89� 7*8:198� .3� .39*7?

3&1� 34)*8� &3)� 8>89*2� 14,.(� 4:95:9� ;&1:*8� .3� 9-*� '4:3)&7>

7*,.89*7�

��� "*5*&9� 89*58� 
� &3)� �� +47� *&(-� 3*<� ;*(947�� 4;*71&55.3,� 9-*

8(&3?.3� &3)� 8(&3?4:9� 45*7&9.438�

#.3(*� 9-*� CHIPTEST� .3897:(9.43� )7.;*8� 9-*� �� � 5.38� 94� &� -.,-?
.25*)&3(*� 89&9*� .9� .8� 5488.'1*� �.3)**)� .9� .8� .39*3)*)�� 94� *=*?

(:9*� 9-*8*� 9*898� 43� &� 545:1&9*)� 8>89*2� '4&7)� <.9-4:9� +*&7� 4+

(7*&9.3,� '4&7)?1*;*1� ':8� (1&8-*8� ):7.3,� 8:(-� 9*89.3,�

��	
� ��������������

$-*� 2*247>� (4397411*7� �#��� .3(47547&9*8� 8*;*7&1� <.)*� &3)

8-&114<� 7*,.89*7� +.1*8� 9-&9� &7*� :8*)� +47� 6:*:*.3,� 45*7&9.438

<.9-.3� 9-*� )&9&� 5&9-8�� $-*� 949&1� 3:2'*7� 4+� 8947&,*� *1*2*398

.3� 9-*� 7*,.89*7� +.1*8� .8� 6:.9*� 1&7,*�� 84� .9� <&8� 349� 57&(9.(&1� 94

2&0*� 9-*8*� 8947&,*� *1*2*398� 8(&33&'1*�� $-*7*+47*�� &� ':.19?.3

8947&,*� 9*89� ���#$�� &5574&(-� <&8� (-48*3� 94� 9*89� 9-*� 2*247>

(4397411*7� )&9&� 5&9-� 7*,.89*7� +.1*8�

$-*� 2*247>� (4397411*7� ��#$� .251*2*39&9.43� <&8� )*;*145*)

<.9-� 9-*� +4114<.3,� 4'/*(9.;*8�

• !74;.)*� -.,-� (4;*7&,*� &3)� 8-479� 9*89� 9.2*8�
• !74;.)*� &9?85**)� 9*89.3,� 4+� 9-*� 7*,.89*7� +.1*� 897:(9:7*8� 94
*38:7*� 9-&9� 9-*� 2*247>� (4397411*7� �#��� <4708� &9� 9-*� 7*?

6:.7*)� 8>89*2� (14(0� +7*6:*3(>�

• !74;.)*� +1*=.'.1.9>� &3)� 574,7&22&'.1.9>� .3� 9-*� ��#$� 14,.(� 94
&114<� &19*7&9.43� 4+� 9-*� 9*89� 8*6:*3(*� +47� )*':,� &3)� :3+47*?

8**3� +&.1:7*� 24)*8�� �3� 5&79.(:1&7�� 9-*� 8>89*2� '7.3,?:5� &3)

)*':,� 51&38� 574;.)*� &� 2*&38� +47� 8>89*2?1*;*1� 8(&3� &((*88� 94

9-*� 89&9*� <.9-.3� 9-*� �#��8�� !74;.).3,� 9-*8*� +*&9:7*8� &114<8

7*&)�<7.9*� &((*88� 94� 9-*� 3438(&33&'1*� 6:*:*� 89&9*8� +47

574949>5*� 8>89*2� )*':,�

• !74;.)*� +47� 9*89&'.1.9>� 4+� 9-*� 14,.(� 8:774:3).3,� 9-*� 7*,.89*7
+.1*8� 9-74:,-� &))*)� 4'8*7;&9.43� &3)� (439741� 54.398� &9� 9-*

.35:98� &3)� 4:95:98� 4+� 9-*� 7*,.89*7� +.1*� '14(08�� $-.8� .8� .39*3)*)

94� 8:55479� &:942&9.(� 9*89� 5&99*73� ,*3*7&9.43� ��$!��� 94418

:8*)� 94� ,*3*7&9*� 9*89� ;*(9478� +47� 9-*� 2*247>� (4397411*7� &3)

9-:8� *38:7*� -.,-� (4;*7&,*� 4+� 9-*� 89&3)&7)� (*11� (439741� 14,.(

+47� 9-*� 6:*:*8�

$-*� )*8.,3� 4+� 9-*� ��#$� 14,.(� .3� 9-*� 2*247>� (4397411*7� )&9&

5&9-8� .8� '&8*)� 43� 57*;.4:8� <470� 9-&9� <&8� )43*� +47� 9-*� !�

�	��?'&8*)� �!� ����� �4)*1� �	�� <47089&9.43�� �47� 9-&9� 574):(9�

&� 897:(9:7*� .3)*5*3)*39� "��� ��#$� &7(-.9*(9:7*� 9-&9� :8*8� &

58*:)4*=-&:89.;*� 9*89� &1,47.9-2� &3)� 8.,3&9:7*� &3&1>8.8� <&8

)*;*145*)� &3)� <&8� .251*2*39*)� .3� 9-*� �� � (4397411*7� �#����

$-*� 897:(9:7*� .3)*5*3)*39�� 58*:)4*=-&:89.;*� 9*89� &1,47.9-2

574;.)*8� ������ +&:19� (4;*7&,*� 4+� 9>5.(&1� "��� +&:198� &3)� (&3

574;.)*� ���� 94� ������ (4;*7&,*� 4+� 3*.,-'47-44)� 5&99*73?

8*38.9.;*� +&:198�� �9� &184� &114<8� 9-*� 9*89� 9.2*� �3:2'*7� 4+� 7*&)�

<7.9*� &((*88*8� 5*7� 2*247>� &))7*88�� 94� '*� ;&7.*)� &((47).3,

94� 9-*� )*8.7*)� +&:19� (4;*7&,*�� ��#$� &7(-.9*(9:7*8� +47� '49-� 9-*

57*8*39� 2*247>� (4397411*7� �#��� &3)� 9-*� 57*;.4:8� �� � (43?

97411*7� �#��� :8*� &� 9*89� &1,47.9-2� 8.2.1&7� 94� 9-&9� )*8(7.'*)� '>

".99*7� &3)� #(-<&.7�
� %8.3,� 9-*� 8>89*2� (14(0� +47� ��#$� *=*(:?

9.43�� 9-*� "��� 897:(9:7*� (&3� '*� 9*89*)� &9� 9-*� 3472&1� 8>89*2

(14(0� 7&9*�� 9-:8� 574;.).3,� &9?85**)� 9*89.3,� 4+� 9-*� "���

�� ):&1?5479� <7.9*�8.3,1*?5479� 7*&)� 7*,.89*7� +.1*� +742� 9-*� 57*8?

*39� 2*247>� (4397411*7� )&9&� 5&9-�� <.9-� 9*89� 897:(9:7*8� 9-&9

574;.)*� '49-� ��#$� &3)� �$!�� 8:55479� 8.2.1&7� 94� 9-*� 57*;.4:8

�� � (4397411*7� ��#$� &7(-.9*(9:7*�� .8� 8-4<3� .3� �.,�� 	�� $-*� 9<4

<7.9*� 54798�� �� &3)� ��� (&3� '49-� '*� &))7*88*)� &3)� <7.99*3

.3)*5*3)*391>�� $-*� 8.3,1*� 7*&)� 5479� (&3� &184� '*� &))7*88*)

&3)� 7*&)� .3)*5*3)*391>� 4+� 9-*� �� &3)� �� <7.9*� 54798�� $-:8�

9<4� <7.9*� 45*7&9.438� &3)� 43*� 7*&)� 45*7&9.43� (&3� &11� 4((:7

8.2:19&3*4:81>� +47� 43*� 94� 9-7**� 7*,.89*7� 14(&9.438�� )*5*3).3,

43� 9-*� ��� ��� &3)� 7*&)� 5479� &))7*88*8�

�.;*3� 9-*� ):&1?5479*)� )*8.,3� 4+� 9-*� 2*247>� (4397411*7

7*,.89*7� +.1*8�� .9� <&8� 3*(*88&7>� 94� *=9*3)� 9-*� 57*;.4:8� �� 

(4397411*7� ��#$� &7(-.9*(9:7*� 94� 9*89� &� ):&1?5479*)� "���� $-.8

2*&39� 9-&9� 9-*� 2*247>� (4397411*7� ��#$� .251*2*39&9.43

8-4:1)� '*� &'1*� 94� 9*89� 349� 431>� 9-*� 8.2:19&3*4:8� ):&1?<7.9*

45*7&9.438� ':9� &184� 9-*� ;&7.4:8� (42'.3&9.438� 4+� ���� <7.9*

&3)� 7*&)� 45*7&9.438� 94� ;*7.+>� 9-&9� 9-*� 5479� .39*7&(9.438� &7*

<470.3,� (477*(91>�� �47� 9-*� ):&1?5479� 7*,.89*7� +.1*8� .3� 9-*

2*247>� (4397411*7� 8:(-� .39*7&(9.438� .3(1:)*� &3� .39*73&1� '>?

5&88� <-*3� 9-*� 7*&)� &))7*88� .8� 9-*� 8&2*� &8� *.9-*7� 4+� 9-*� �� 47

�� <7.9*� &))7*88*8� &3)� &� �?5479� )42.3&39� <7.9*� <-*3� 9-*� �

&3)� �� <7.9*� &))7*88*8� &7*� *6:&1�� $-.8� ):&1?<7.9*� ��#$� &1,4?

7.9-2� .8� )*8(7.'*)� .3� 7*+*7*3(*� ��

�47� 9-*� 7*,.89*7� +.1*� 8-4<3� .3� �.,�� 	� *&(-� 4+� 9-*� ��#$� 897:(?

9:7*8@��#"� �1.3*&7� +**)'&(0� 8-.+9� 7*,.89*7��� #���$�� � %�$�

&3)� ��#"� �2:19.?.35:9� 8.,3&9:7*� 7*,.89*7�@.8� )*).(&9*)� 94

��#$�� �&(-� 7*,.89*7� +.1*� &184� -&8� .98� 4<3� )*).(&9*)� 574,7&2?

2&'1*� ��#$� (439741� 6:*:*� +47� 8*6:*3(.3,� 9-*� ��#$� &1,47.9-2�

$-*� BIST_MODE� 8.,3&1� *3&'1*8� 9-*� ��#$� +:3(9.438� &3)� (&3� '*

��
�� ��� �:&1?5479� 7*,.89*7� +.1*� <.9-� ':.19?.3� 8947&,*� 9*89� ���#$�� &3)

&:942&9.(� 9*89� 5&99*73� ,*3*7&9.43� ��$!��� +*&9:7*8�� $-*� .35:98� 94� 9-*

(*397&1�� *2'*))*)� "��� 897:(9:7*� &7*� 574;.)*)� '>� 2:19.51*=.3,

'*9<**3� 9-*� 3472&1� 8>89*2� ;&1:*� &3)� &� ��#$� 7*,.89*7�� <-.(-� .8� .2?

51*2*39*)� &8� &� 1.3*&7� +**)'&(0� 8-.+9� 7*,.89*7� ���#"��� $-*� 4:95:9

2:19.51*=*7� 2&0*8� .9� 5488.'1*� 94� (&59:7*� 9-*� 4:95:98� .394� &� 2:19.?

.35:9� 8.,3&9:7*� 7*,.89*7� ���#"�� &3)� 94� 8*3)� *.9-*7� 9-*� "��� 4:95:98

47� 9-*� ��#"� (439*398� 94� 9-*� 7*89� 4+� 9-*� 8>89*2�

Register
File

q_A_addr

q_B_addr

q_in_A q_in_B

q_read_addr

LFSR

From
System
Logic

LFSR

From
System
Logic

From
Test Logic

From
System
Logic

MISR

q_read_port

BIST_MODE
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System Logic

From
System Logic
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*
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�
	�� ��� �))7(&2� 8330� +03;�� �))@

7(&2� .7� &2� .2@-397*� 73+8;&6*� 8330

+36� 7(&2� .27*68.32�� "=2347=7� .7� &2

&9831&8.(� )*7.,2� 7=28-*7.7� 8330

+631� "=2347=7�� �2(�

chip.v

block.v

Synopsys

block.gates.v

pr_order Addscan

block.scan.v

chip.scan.v

(3286300*)� *.8-*6� '=� &� 4.2� 32� 8-*� (-.4� 36� 8-639,-� 38-*6� 8*78

&((*77� 03,.(� 79(-� &7� &2� ����� ������� #��� (3286300*6� 36

������	� "��� (3286300*6�	��� �00� 3+� 8-*� ��"#� 6*,.78*67� &6*� .140*@

1*28*)� .2� 78&2)&6)� (*00� '03(/7� 7*4&6&8*� +631� 8-*� )&8&� 4&8-

6*,.78*6� +.0*7�� �� )*8&.0*)� )*7(6.48.32� 3+� 8-*� 1*136=� (3286300*6

��"#� .140*1*28&8.32� &2)� 34*6&8.32�� &032,� ;.8-� -&6);&6*

3:*6-*&)� &2)� 8*78� (3:*6&,*�� (&2� '*� +392)� .2� 6*+*6*2(*� 
�

��
�� ����


#-*� +3003;.2,� 7*(8.327� )*7(6.'*� 8-*� 83307� &2)� 8*787� 8-&8� ;*6*

97*)� &2)� )*:*034*)� 83� 8*78� 8-*� 8-6**� 1*136=� 79'7=78*1

�"��7�� 8-*� 1*136=� (3286300*6�� 8-*� 70&:*� 1*136=� (3286300*6�

&2)� 8-*� )&8&� 1908.40*<*6�

Addscan. �.,�� 	� 7-3;7� 8-*� +03;� +36� 7(&2� 7=28-*7.7�� �00� 8-6**
1*136=� 79'7=78*1� �"��7� ;*6*� )*7.,2*)� 97.2,� &� 7869(896*)@

(97831� )*7.,2� 1*8-3)��� �&(-� 78&2)&6)� (*00� '03(/� 97*)� 8-*

.2@-397*� �))7(&2� 8330�� +36� 7(&2� .27*68.32� &2)� 8-*� 7(&2� 0.2/7

'*8;**2� '03(/7� ;*6*� (322*(8*)� '=� -&2)� .2� 8-*� 834@0*:*0

2*80.78� 3+� 8-*� (-.4�� #-*� .28*62&0� 7(&2� 36)*6� 3+� *&(-� '03(/� .7

'&7*)� 32� 4378� 40&(*� &2)� 6398*� .2+361&8.32�

Test Vector Generation. #-*� 8*78� :*(836� ,*2*6&8.32� +03;� .7
7-3;2� .2� �.,�� 
�� #-*� �#��� 83307� +631� �6377(-*(/�� �2(�� ;*6*

97*)� 83� ,*2*6&8*� 1378� 7(&2@'&7*)� :*(8367�� "31*� :*(8367

;*6*� -&2)@,*2*6&8*)�� �� ,&8*@0*:*0� 2*80.78� 3+� 8-*� (-.4�� 46.36

83� �))7(&2� 7(&2� .27*68.32�� .7� 97*)� 83� (6*&8*� &2� �#��� )&8&@

'&7*� +36� :*(836� ,*2*6&8.32�� �� 7.1.0&6� )&8&� '&7*� .7� 97*)� '=

)*7.,2*67� 83� )3� #.1:*6� 78&8.(� 8.1.2,� &2&0=7.7�� #.1:*6�� &� 8.1.2,

&2&0=7.7� 8330� +631� �.)&�� �2(��� .7� 97*)� &7� &� 4&68� 3+� 8-*� 8*78

1*8-3)303,=� +36� 8;3� 496437*7�� �.678�� .8� &003;7� 8-*� )*7.,2� 83

'*� (-*(/*)� +36� -30)� :.30&8.327� 32� &00� 4&8-7� 83� ,9&6&28**� 8-&8

8-*6*� ;.00� '*� 23� 8.1.2,� :.30&8.327� *:*2� .+� �#��� :*(8367� *<*6@

(.7*� 232+92(8.32&0� 4&8-7� .2� 8-*� )*7.,2�� "*(32)0=�� #.1:*6

(6.8.(&0� 4&8-7� (&2� '*� +*)� '&(/� .283� �#��� .2� 8-*� +361� 3+� &

vector.tcp � +.0*� 83� ,*2*6&8*� )39'0*@7863'*� 4&8-� )*0&=� :*(8367�

#-*� +3003;.2,� 8*78� :*(836� 7*87� ;*6*� (6*&8*)� +36� *&(-� 3+� 8-*

1*136=� 79'7=78*1� �"��7�

• �328.29.8=�� �-*(/7� +36� 34*27� &2)� 7-3687� &132,� 8-*� �"�
4638*(8.32� ).3)*7�� �6*4&6*)� 1&29&00=�

• !.2,8*78�� $7*7� 7*6.&0� ?+097-�� 74**)� �838&0� 7(&2� 4&8-� )*0&=�
8-639,-� 8-*� '392)&6=� 7(&2� 6*,.78*6� &7� &� 1*&796*� 3+� 8-*� ��

463(*77� &2)� :*6.+.*7� 8-&8� 8-*� 4&68� .7� ;.8-.2� 8-*� 7.<@7.,1&

6&2,*�� �*2*6&8*)� 1&29&00=� .2� 8-*� +361� 3+� &� �&)*2(*� %*6.03,

'3)=� +.0*�

• �(�� #-*7*� 8*787� 97*� 8-*� '392)&6=� 7(&2� 6.2,� 83� )6.:*� 398� &00
32*7� 36� >*637� +36� )(� 4&6&1*86.(� 8*78.2,�� �*2*6&8*)� 1&29&00=

.2� 8-*� +361� 3+� &� %*6.03,� '3)=� +.0*�

• �*&/&,*� &2)� 86.78&8*� 8*78.2,�� �0&(*7� 8-*� �"��� .283� &� -.,-@.1@
4*)&2(*� 78&8*� 83� &003;� 8*78.2,� 8-*� ���� 4&)7� +36� 0*&/&,*�

�*2*6&8*)� 1&29&00=� .2� 8-*� +361� 3+� &� %*6.03,� '3)=� +.0*�

• ��� �� #-*7*� :*(8367� &6*� ,*2*6&8*)� '=� �#��� &2)� &6*� 97*)� 83
4*6+361� 78&8.(� ��� � 8*78� &2)� 1*&796*1*28�

• #��� #*787�� #-*7*� &6*� 8*787� 8&6,*8*)� &8� +92(8.32&0� 8*78.2,� 3+
8-*� #��� (3286300*6�� �*2*6&8*)� 1&29&00=� .2� 8-*� +361� 3+� &

%*6.03,� '3)=� +.0*�

• �-.48*78�� #-*7*� :*(8367� &6*� ,*2*6&8*)� '=� �#��� 83� 8*78� 8-*
(36*� (-.4� 03,.(� .2� +631� &2)� 398� 83� 8-*� '392)&6=� 7(&2� 6.2,

97.2,� 8-*� #��� CHIPTEST� .27869(8.32�� ���� 4&)� 03,.(� .7� 238� +900=
8*78*)� '=� (-.48*78� :*(8367�

• �.28*78�� #-*7*� :*(8367� &6*� ,*2*6&8*)� '=� �#��� &2)� ;.00� 8*78
8-*� 6*1&.2.2,� +&9087� �46.1&6.0=� .2� 8-*� ���� 4&)� 03,.(�� 8-&8� &6*

238� (3:*6*)� '=� 8-*� (-.48*78�

• �97� �30)*6�� �968-*6� 8*78.2,� 3+� 8-*� *0*(86.(&0� (-&6&(8*6.78.(7� 3+
8-*� '.).6*(8.32&0� ���� (*007�� �*2*6&8*)� 1&29&00=� .2� 8-*� +361

3+� &� %*6.03,� '3)=� +.0*�

• ��"#�� ��"#� :*(8367� &6*� 320=� ,*2*6&8*)� 32� 8-*� 1*136=� (32@
86300*6�� #-*7*� 8*787� 6*59.6*� 320=� 8;3� 7(&2� :*(8367�� 32*� *&(-

83� 7*8� 94� 8-*� .2.8.&0.>&8.32� &2)� 8*78� 4&77*7� +36� ��"#�� �+8*6

8-&8�� &� '9678� 3+� 7=78*1� (03(/7� .7� &440.*)� 83� 8*78� 8-*� 8&6,*8

Fig. 3.� �#��� �&9831&8.(� 8*78� 4&8@

8*62� ,*2*6&8.32�� &2)� 8.1.2,� 83307

+03;�� #.1:*6� .7� &� 8.1.2,� &2&0=7.7

8330� +631� �.)&�� �2(�� ��#"��� .7� &2

.2@-397*� +&908� 7.190&836� +36� 8*78

:*6.+.(&8.32�� #-*� ��� � :*(8367� &6*

,*2*6&8*)� '=� �#��� +631� �6377@

(-*(/� �364�

chip.gates.v

Crosscheck
ATPG Tools:

nxpand
vcomp
fltgen

Timver
Database

ATPG
Database

ATPG
FLTSIM
Timver

IDDQ

vector.tiw

vector.tst
vector.fdx

vector.tcp
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����� ��� !&$503� 7&3*'*$"5*0/� "/%� 5&4<

5&3� 53"/4-"5*0/� 500-4� '-08�� ����� *4

"� 5&45� 130(3".� (&/&3"5*0/� 500-

'30.� ������ �/$�� �*%"� 3&13&4&/54� "

46*5&� 0'� 5&45� 500-4� '30.� �*%"�� �/$�

����� *4� "� 41&$*"-� ���<-&7&-� 4*.6<

-"503�� ������� *4� "� '03."5� $0/7&3<

4*0/� 500-� '30.� �$)-6.#&3(&3�

body_file.v

TSSI
Aida
Input

body_file.sef

vector.wdb TSSI
Convert

vector.cmd
vector.tv

vector.tst

vector.wgl

vector.cmd

LSIM
Verify

SIMITS

Verilog
Verify

HP 82000
Test Vectors

S9000
Test Vectors

body_file.sef

Fail

Pass

Pass

Fail

#-0$,4� "5� 41&&%�� �)&4&� 7&$5034� "3&� (&/&3"5&%� 64*/(� "� �&3-

4$3*15� 50� 130%6$&� "� .tst� 7&$503� '*-&�
• �06#-&<�530#&�� �)&4&� 7&$5034� "3&� (&/&3"5&%� #:� ����� #"4&%
0/� �*.7&3� $3*5*$"-� 1"5)4� "/%� "3&� 64&%� 50� 1307*%&� "5<41&&%

5&45*/(� 0'� 5)&� �����	��		

• �$� 5&45*/(� 0'� ���� �"5)4�� �)&4&� "3&� '6/$5*0/"-� 5&454� 5)"5� 5&45
5)&� 41&&%� $)"3"$5&3*45*$4� 0'� $3*5*$"-� ���� 1"5)4�� �&/&3"5&%

."/6"--:� 0/-:� *'� 5&45*/(�� %&4*(/� 3&7*&8�� "/%� $)*1� $)"3"$5&3<

*;"5*0/� 3&46-54� */%*$"5&� "� $0/$&3/�

• �30$&44�� !0-5"(&�� "/%� �&.1&3"563&� ��!��� �-0$,� �&45�� �&/&3<
"5&%� ."/6"--:�� 5)*4� (3061� 0'� 5&454� "11-*&4� 0/-:� 50� 5)&� 4-"7&

.&.03:� $0/530--&3� $)*1� 8)*$)� 64&4� "� 6/*26&� �!�� #-0$,� 50

$0.1&/4"5&� '03� 130$&44�� 70-5"(&�� "/%� 5&.1&3"563&� 7"3*"5*0/4

*/� "� 1"35*$6-"3� ���� $&--�

Vector and Test Logic Verification.� �*(�� �� 4)084� 5)&� '-08� '03� 5&45
7&$503� 7&3*'*$"5*0/� 64*/(� !&3*-0(� 03� ����� �"� 41&$*"-� ���<-&7&-

4*.6-"503��� �&45� 7&$5034� '30.� ����� $"/� #&� %*3&$5-:� $0/7&35&%

64*/(� ����� �"� 500-� '03� 5&45� 130(3".� (&/&3"5*0/� '30.� �����

�/$��� */50� "� $0.."/%� '*-&� '03."5� "/%� 7&3*'*&%� "("*/45� "� ("5&<

-&7&-� /&5-*45� */� !&3*-0(� 03� "� ���<-&7&-� /&5-*45� 64*/(� ������ �-5&3<

/"5*7&-:�� 5&45� 7&$5034� $"/� #&� 4*.6-"5&%� 64*/(� "� !&3*-0(� #0%:

'*-&�� �� #0%:� '*-&� *4� "� 83"11&3� 03� 5&45� +*(� 5)"5� $"/� &*5)&3� #&� "

5&45� 7&$503� 4&5� *54&-'� �)"/%<(&/&3"5&%� '6/$5*0/"-� 5&454�� 03� $"/

36/� 4$"/<#"4&%� ����� 7&$5034� 64*/(� "� 4$"/� "/%� $-0$,� 4&<

26&/$&�

�)&� ����� �"1%"/$&� 500-� 8"4� 64&%� '03� '635)&3� 7&3*'*$"5*0/

0'� 5)&� ���� -0(*$� #&'03&� 5"1&� 3&-&"4&� 0'� 5)&� ����4�� �"1%"/$&

(&/&3"5&4� "� 4&5� 0'� ����� 		���	� $0.1-*"/$&� 5&454� 50� 7&3*':

45"/%"3%� ���� '6/$5*0/"-*5:�� �)&� �"1%"/$&� 7&$5034� 8&3&

$0/7&35&%� 64*/(� �&3-� 4$3*154† � */50� "� !&3*-0(� '03$&� '*-&� "/%
4*.6-"5&%� 0/� "� ("5&<-&7&-� /&5-*45�

Tester Format Translation. � �*(�� �� "-40� 4)084� 5)&� '-08� '03� 53"/4<
-"5*0/� 0'� 7&$5034� */50� "� 5&45&3� '03."5��  4*/(� ������ 7&$5034

8&3&� '03."55&%� %*3&$5-:� 50� ��� 

���� 5&45&3� '03."5�� �0� (&5� 50

5)&� �$)-6.#&3(&3� ������ 5&45&3�� 7&$5034� 8&3&� '*345� '03."55&%

† Perl is a high-level programming language.

50� ����� "/%� 5)&/� 1"44&%� 5)306()� �������� "� '03."5� $0/7&35&3

'30.� �$)-6.#&3(&3�

 4*/(� "� !&3*-0(� 130(3"..*/(� -"/(6"(&� */5&3'"$&� 5)"5� 0651654

"� ����� 4*.6-"5*0/� &7&/5� '03."5� '*-&� %6.1�� 7&$5034� $"/� "-40� #&

53"/4-"5&%� '30.� #0%:� '*-&4� 50� 0/&� 0'� 5)&� 5&45&34�

����

� ���� �
	���
�

�)&� /&8� 4:45&.4� )"7&� #&&/� %&4*(/&%� 50� 1307*%&� "� .&5)0%

50� "$$&44� ����� 4$"/� 1"5)4�� #05)� #06/%"3:� "/%� */5&3/"-�� "5

5)&� 4:45&.� -&7&-�� �)*4� )"4� 580� ."+03� 163104&4�� �*345�� *5� 130<

7*%&4� "� .&"/4� 0'� "$$&44*/(� 5)&� */5&3/"-� 45"5&� 0'� $0.1-&9

!���� $0.10/&/54�� �)*4� 1307*%&4� "%%*5*0/"-� )"3%8"3&� 45"5&

*/'03."5*0/� 50� %&4*(/&34� 5)"5� 806-%� 5:1*$"--:� #&� */"$$&44*#-&

"/%� $"/� "*%� 53"%*5*0/"-� 130505:1&� #3*/(<61� "/%� %&#6(� .&5)<

0%4�� �&$0/%�� *5� 1307*%&4� 5)&� "#*-*5:� 50� %0� 4$"/<#"4&%� 5&45*/(

0'� #0"3%� "/%� 4:45&.� */5&3$0//&$5� "/%� */5&3/"-� 4$"/� 5&45*/(� 0'

����4�

�)&� '0--08*/(� 5&45� "/%� %&#6(� '&"563&4� "3&� 1307*%&%� #:� 4:45&.

4$"/� "$$&44�

• �#*-*5:� 50� )"-5� 5)&� 4:45&.� $-0$,4� "/%� */5&330("5&� 5)&� */5&3/"-
4$"/� 45"5&� 0'� 5)&� ����4�

• �*/(-&<$:$-&� %&#6(� 0'� 5)&� 4:45&.� $03&� #:� )"-5*/(� 5)&� 4:45&.
$-0$,4�� */5&3"$5*7&� 4$"//*/(� 0'� 5)&� */5&3/"-� 45"5&�� "/%� 5)&/

45"35*/(� 03� $:$-*/(� 5)&� 4:45&.� $-0$,4�

• �0"3%<-&7&-� "/%� 4:45&.<-&7&-� */5&3$0//&$5� 5&45*/(� "/%� */5&3<
"$5*7&� %&#6(� 64*/(� #06/%"3:� 4$"/�� �)*4� */$-6%&4� 5&45*/(

$0//&$5034� #&58&&/� 580� #0"3%4� 8)&3&� #06/%"3:� 4$"//"#-&

#64&4� $3044� 5)&� $0//&$503�

• �#*-*5:� 50� 5&45� "/� ����� 8)*-&� *5� *4� 0/� 5)&� #0"3%� 64*/(� #06/%<
"3:� "/%� */5&3/"-� 4$"/�� �)*4� .":� */$-6%&� %06#-&<4530#&� 5&454

"/%� 36//*/(� 0/<$)*1� ������ *'� 4611035&%� #:� 5)&� ����� 6/%&3

5&45�

�4� 1"35� 0'� 5)&� 07&3"--� ���� 3&26*3&.&/54�� "--� ����4� *.1-&.&/5

5)&� ����� 		���	� �5"/%"3%� �&45� �$$&44� �035� "/%� �06/%"3:<

�$"/� �3$)*5&$563&�� �)*4� 1307*%&4� 4611035� '03� 4:45&.<-&7&-

4$"/� "$$&44�� �/� "%%*5*0/�� ,&:� %&#6(� 4611035� '&"563&4� "3&
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--�.� #-� �� -�.� ) � -��(� .))&-�  ,)'

��2�-� �(-.,/'�(.-�� �(��

System
Clock

Control System
Clocks

ASIC

TAP

ASIC

TAP

ASIC

TAP

Printed
Circuit
Board

Scan
Adapter
Board

Asset
Interface

Pod

ASIC

TAP

Printed
Circuit
Board

Board-
Level
DFT
Circuits

Halt

IEEE 1149.1 Bus

Ethernet
RS-232

Asset PC

DFT = Design for Testability

System Board

#(�),*),�.��� #(.)� ."�� -3-.�'� �&)�%� �)(.,)&&�,� �"#*� .)� �&&)1

 ),� "�&.#(!� �(�� �)(.,)&&#(!� ."�� -3-.�'� �&)�%-�� �/,."�,� #( ),5

'�.#)(� )(� -3-.�'� �&)�%� �)(.,)&&�,�  ��./,�-� ��(� ���  )/(�� #(

,� �,�(��� �	�

�#!�� 
� -")1-� �� �#�!,�'� ) � ."�� -3-.�'5&�0�&� -��(� ����--� "�,�5

1�,��� �"�� ��2�-� �(-.,/'�(.-� ��5��-��� 
--�.� .))&-�.� #-� /-��

�-� ."�� #(.�, ���� .)� -3-.�'� -��(�� �"�� 
--�.� ��� #-� �)((��.��� .)

�� -��(� ���*.�,� �)�,�� 0#�� ."�� 
--�.� #(.�, ���� *)��� �"�� -��(

���*.�,� �)�,�� ."�(� *&/!-� )(.)� ."�� -3-.�'� �)�,�� �(�� *,)5

0#��-� �)(.,)&� ) � ."�� -3-.�'� �&)�%� �)(.,)&&�,�  ��./,�-�� ."�� �
�

�)(.,)&&�,� �(�� -3-.�'� &)!#�� ,�-�.�� ."�� �&)�%� "�&.� .,#!!�,-�� �(�

."�� ���� ��0#��� �&)�%� "�&.�  ,)'� ."�� 
--�.� -) .1�,��� �"�� -��(

*�."-� #(� ."�� -3-.�'� �,�� �)( #!/,��� �-� �� -#(!&�� -�,#�&� -��(

�"�#(� 1#."� )*.#)(�&� -3-.�'� �)�,�-� #'*&�'�(.��� �-� �3(�'#�

-��(� *�."-� ."�.� ��(� ��� �)( #!/,��� #(� 
--�.�

�"�� 
--�.� -��(� .))&-� *,)0#��� ."��  )&&)1#(!� ��*��#&#.#�-�  ),

-3-.�'� -��(� ����--�

• �(.�,��.#0�� �)(.,)&� ) � -��(� *�."� ��.�� �(�� �
�� �)(.,)&&�,� #(5

-.,/�.#)(-� 1#."� -��(5�#.� (�'�� '�**#(!� �(�� *��%#(!� �(�

/(*��%#(!� ) � -��(� ��.��

• ���,)� -�,#*.#(!� ��*��#&#.#�-�  ),� �)'�#(#(!� -�0�,�&� #(.�,��.#0�

)*�,�.#)(-� #(.)� �� -#(!&�� '��,)� �)''�(��� 
--�.� �&-)� ����*.-

-�,#�&� 0��.),�  ),'�.� -��(� 0��.),-�  ),� /-�,5��0�&)*��� .�-.-�

• �*��# #��.#)(� ) � -3-.�'� -��(� *�."� �)( #!/,�.#)(�  ),� �3(�'#�

-��(� *�."-� �(�� )*.#)(�&� �)�,�-�� -/�"� �-� ���-�� '�'),3

�2.�(��,� �)�,�-�� �(�� ����

• ���(� *�."� #(.�!,#.3� .�-.#(!� �(�� �)/(��,3� -��(� #(.�,�)((��.

.�-.#(!� ) � #(.,��)�,�� �(�� #(.�,�)�,�� (�.-�

• �)(.,)&� ) � -3-.�'� �&)�%� "�&.�� -#(!&�5�3�&�� -.�**#(!�� �(�

-3-.�'� �(�� �
�� ,�-�.�

�������� 	��� ���
�������

�"�� ���� .��"(#+/�-� ��-�,#���� ��)0��� 1"#�"� 1�,�� �"�'5

*#)(��� �3� ."�� ���� �),�� .��'�� 1�,�� #'*&�'�(.��� #(� -�0�,�&

�#  �,�(.� 
���-� 1#."� 0�,3#(!� ��!,��-� ) � ��"�,�(��� .)� ."�

���� ,/&�-� �(�� '�.")�)&)!3�� �(� !�(�,�&�� ,�-/&.-� )�.�#(��

�/,#(!� *,).).3*�� �"#*� ���/!� "�0�� -")1(� �� �#,��.� �),,�&�.#)(

��.1��(� ."�� &�0�&� ) � ���� #'*&�'�(.�.#)(� �(�� ."�� ,�*#�#.3� ) 

.�-.� ��0�&)*'�(.�� �"#*� �"�,��.�,#4�.#)(�� �(�� ,)).5��/-�� �(�&5

3-#-�� �),� �2�'*&��� 1"#&�� ."�� .",��� '�'),3� -/�-3-.�'� 
���-

1�,�� ."�� &�-.� .)� ,���"� .�*�� ,�&��-��� ."�-�� �"#*-� 1�,�� ."��  #,-.

.)� ,���"� ."�� )*�,�.#)(�&� .�-.� ,�&��-�� ������ �(�� ,�&��-�� .)

'�(/ ��./,#(!� .�-.� ������� �"��%*)#(.-�� �"�� �0�#&��#&#.3� ) 

"#!"5+/�&#.3� �(�� �)'*,�"�(-#0�� .�-.� -�.-�  ),� ."�-�� �"#*-� �(5

��&��� �"#*� �"�,��.�,#4�.#)(� �  ),.-� .)� ��� -.�,.��� ,#!".� �1�3�

�/,."�,'),��� -/���--� #(� ,���"#(!� ."�� ���� �"��%*)#(.� '���

#.� *)--#�&�� .)� .,�(- �,� ."�� .�-%� ) � .�-.#(!� *,).).3*�� �"#*-

�1"#�"� �,�� /-��� #(� ."�� *,).).3*�� -3-.�'-�� .)� ."�� '�(/ ��5

./,#(!� �(!#(��,-�� �"#-� "��� �� 0�,3� *)-#.#0�� �  ��.� )(� ,�-)/,��-

�0�#&��&�� .)� *�, ),'� �"#*� �"�,��.�,#4�.#)(�� �(� ./,(�� -/���-- /&

�)'*&�.#)(� ) � ."#-� -.�*� �)/*&��� 1#."� �  ),.-� ) � ."�� ���� �(5

!#(��,-� .)� #'*,)0�� .�-.� �)0�,�!�� �(��&��� ."�� .��'� .)� ,���"

."�� ����� '#&�-.)(�� 1�&&� �� ),�� �(3� ) � ."�� )."�,� 
���-� "��

,���"��� ."�#,� ���� �"��%*)#(.-�

�"�� 
--�.� .))&� �(�� #.-� �/-.)'#4��� �2.�(-#)(-� *,)0#���� �� &)15

�)-.� -3-.�'� -��(� ����--� -)&/.#)(� 1#."�  &�2#�&��  /(�.#)(�&#.3

�(�� ��-�� ) � /-��� 
-� �� �)''�,�#�&� .))&� -)&/.#)(� #.� �/.� �)1(� )(

��0�&)*'�(.� �(�� '�#(.�(�(��� �)-.-� �)'*�,��� .)� ��0�&)*#(!

�� *,)*,#�.�,3� .))&-�.� �(�� ��(� ��� ,�/-���  ),�  /./,�� *,)$��.-�
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�����	��
��

#.+� ';:.589� -8':+,;22>� ')145=2+*-+� )54:8/(;:/549� ,853� 3'4>

3+3(+89� 5,� :.+� �.+239,58*� ��#� -85;6�� :.+� ��#� )58+� :+'3�

'4*� 9+<+8'2� �"��� *+9/-4+89�� �4� 6'8:/);2'8�� )54:8/(;:/549� ,853

!;>'� �:')�� ":+<+4� &+*+)1�� #53� �/)1954�� ".'=4� �2'>:54�� �5>

�'4�� �/3� %/22/'39�� �'::� �'82/4+�� �'<+� �'2/)5':�� �+4�  53'A

8'491/�� '4*� �/)1� #+-+:.5,,� .'<+� (++4� 1+>� :5� :.+� 9;))+99,;2

/362+3+4:':/54� 5,� ��#� /4� :./9� 6850+):�

������
���

��� ��� �+8</95-2;�� ����� ���� ��*" &� �,$�*�� �+=2+::A ')1'8*� �"���"��

�5<+3(+8� �����

��� ����� #+9:� #+).4525->� #+).4/)'2� �533/::++�� �+�&��)�� ��*+� ����**

�')+� �&�� 
',&��)/� ���&� �)�!"+��+,)��� ����� ":'4*'8*� ��
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