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50(&5)&3 50 $)"3(& " $"1"$*503�  �&$"64& 0' 5)& -08

0/ 3&4*45"/$& 0' 5)& &.*55&3 '0--08&3 065165 53"/4*4<

5034 0' 5)& 	��		� ("5&4� 5)& $"1"$*503 $"/ #&

$)"3(&% 26*5& 26*$,-:�  �/ 5)& "#4&/$& 0' 	 03 � 53"/<

4*5*0/4 "#07& 5)& 4&5 5)3&4)0-% -&7&-� 5)*4 $"1"$*503

*4 %*4$)"3(&% #05) #: " #-&&%&3 3&4*4503 50  ��� "/%

5)306() 5)& */165 0' 5)& 5)*3% ("5&�

�)& 5)*3% ("5& *4 $0/'*(63&% "4 " $0.1"3"503 8*5)

'&&%#"$, 50 '03. " �$).*55 53*((&3�  �)*4 '&&%#"$,

*4 /&$&44"3: #&$"64& 0' 5)& 4-08 53"/4*5*0/ 3"5& 0'

5)& */165 4*(/"- 50 5)*4 ("5&�  �' '&&%#"$, 8"4 /05

64&%� 5)*4 ("5& 806-% 04$*--"5& "4 5)& */165 4*(/"-

4-08-: 1"44&4 5)306() 5)& 5)& 5)3&4)0-% 3&(*0/ 0' 5)&

("5&�  �)& 065165 0' 5)*4 �$).*55 53*((&3 *4 5)&/ $0/<

/&$5&% 50 5)& ����*/, �&$&*7&3 ���� */165�

8)*$) *4 $0/'*(63&% "4 " ����<50<��� 53"/4-"503�

�����'�# ��#����� � %�#����

�)& 3&$&*7&3 1"3"--&- */5&3'"$& *4 64&% 50 .07& 5)&

$)"3"$5&3 '3".&% */ 5)& ����*/, �&$&*7&3 50 5)&

&95&3/"- 803-% 8)&3& *5 $"/ #& 64&%�  �)*4 1035*0/ 0'

5)& %&4*(/ $0/4*454 0' '*7& 4&$5*0/4�  3&$&*7&3 1"3"--&-

%"5" 065165� ���<$0.1"5*#*-*5: 3&(*45&34� 3&$&*7&3

$-0$,4� 3&$&*7&3 $0/530- */1654� "/% 3&$&*7&3 45"564
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%1. ;.,.2?.; -*=* +>< 2< ,8698<.- 8/ =.7 <207*5<

7*6.- #��)	 =1;8>01 #��)��  %12< +>< -;2?.< *55

=1;.. ��  ,877.,=8;< ��!�� �!�� *7- �!
��  �>. =8

=1. .A=.;7*5 ;.02<=.; 27 =1. -*=* 9*=1� =1.<. 8>=9>=<

,1*70. ,827,2-.7=*5 @2=1 =1. ;2<270 .-0. 8/

#�&)���	 ���#��

%1. 27/8;6*=287 95*,.- 87 =1. ;.,.2?.; -*=* +>< 2<

-.=.;627.- +B =1. � %�274 #.,.2?.; � �� <.D

5.,= 927�  '1.7 � �� 2< ���� ��B9*<< 68-.�� *55

=.7 8>=9>=< *;. =1. =.7 +2=< =1*= @.;. ;.,.2?.- *7-

/;*6.-�  %1. 5.==.; /8;6 �"*�"3� *< 255><=;*=.- 27

������ ��� 8/ =1. +2= 2-.7=2/2.;< 2< /8558@.- /8; =12<

<.==270�  %1.<. -.<207*=8;< <9.,2/B @12,1 .7,8-.-

-*=* +2= 2< ,877.,=.- =8 * <9.,2/2, #��)	 =8 #��)�

<207*5�  �7 =12< 68-. =1. ><.; 6><= -.,8-. =1. -*=*

/;86 =1. 
	D+2= 9*==.;7< ><.- =8 <.7- =1. -*=* *,;8<<

=1. <.;2*5 27=.;/*,.�

'125. 2= 2< 78= 7.,.<<*;B =8 ><. =1. ���
	� ,8-. -.D

<,;2+.- 27 =1. � %�274 -*=*<1..=� 2= 2< *-?2<.- =1*=

=12< ,8-. +. ><.- /8; <26952,2=B�  �/ *78=1.; ,8-. 2<

><.-� 2= 2< =1. ><.;�< ;.<987<2+252=B =8 27<>;. =1*= <>/D

/2,2.7= =;*7<2=287< *;. 9;.<.7= 27 =1. -*=* <=;.*6 =8

*558@ =1. � %�274 #.,.2?.; =8 9;89.;5B 91*<.D

58,4 =8 =1. <.;2*5 -*=* <=;.*6�

�8; =1. � %�274 #.,.2?.; =8 6*27=*27 +B=. /;*6D

270 *7- <B7,1;872C*=287� =1. ����� 9*==.;7 6><=

*5<8 +. ><.- /8; /;*6270 272=2*52C*=287�  �8; =18<.

<B<=.6< =1*= 9.;/8;6 =1.2; 8@7 /;*6270 �$ ��%�

.=,��� =1. � %�274 #.,.2?.; @255 91*<.D58,4 =8 * <.D

;2*5 -*=* <=;.*6 @2=18>= * ����� ,8-. 9;.<.7= *7-

,58,4 8>= * ,1*;*,=.; .?.;B 
	 +2=D,58,4<�  %1.<. <B<D

=.6< 6><= 89.;*=. 27 �B9*<< 68-. *< =1. � %�274

#.,.2?.; -.,8-.; ;.:>2;.< 89.;*=287 @2=1 =1.

���
	� ,8-. *7- 6><= *,:>2;. +B=. <B7, =8 ;.,8?.;

?*52- -*=*�  %1.<. <B<=.6< 6><= 9;8?2-. .A=.;7*5

+B=. /;*6270�

'1.7 =1. � %�274 #.,.2?.; � �� 279>= 2<

� '� =1. 27=.;7*5 
	���� -.,8-.; 2< .7*+5.-�  �7

=12< 68-.� =1. =.7 8>=9>= +2=< /;86 =1. <12/=.; *;.

<.7= =8 =1. -.,8-. ;.02<=.; 87,. .?.;B =.7 +2=D,58,4<�

*< -.=.;627.- +B =1. /;*6.;�  %1. �D+2= 8>=9>= /;86

=12< -.,8-.; 2< =1.7 95*,.- 87 =1. ;.,.2?.; 8>=9>=

-*=* +>< +2=< "	�"�� *5870 @2=1 =1. =@8 -*=* <=*=><

+2=< $��� *7- #&$�

'1.7 ;.,.2?270 78;6*5 -*=* 9*==.;7< +8=1 =1. #&$

*7- $��� 927< *;. � '�  �7 =12< <.==270� =1. �D+2=

-*=* ,1*;*,=.; 9;.<.7= 87 "	�"� 2< 5*=,1.- *= =1.

;2<270 .-0. 8/ ��# 27=8 =1. .A=.;7*5 ;.02<=.; *7-

9;.<.7=.- =8 =1. 8>=9>= 8/ =1. +8*;-�

%1. =@8 <=*=>< +2=<� $��� �<9.,2*5 ,1*;*,=.;�-*=* <.D

5.,=� *7- #&$ �;.,.2?.- ?285*=287 <B6+85�� *;. ><.-

=8 27-2,*=. ;.,.9=287 8/ ,1*;*,=.;< 8=1.; =1*7 =18<.

><.- =8 ;.9;.<.7= -*=*�  '1.7 =1. $��� 8>=9>= 2<

����� <9.,2*5 ,87=;85 ,8-.< �<.. 52<=270 27 =1.

�(�������(����� -*=*<1..=� 1*?. +..7 -.,8-.-�

%1.<. ,87=;85 ,8-.< *;. ><.- =8 27-2,*=. /;*6270�

,87=;85� <=*=><� *7- 8=1.; <>9.;?2<8;B />7,=287<

*,;8<< =1. 27=.;/*,.�

%1. #&$ 927 2< ><.- /8; -2*078<=2, 9>;98<.<�  '1.7

=12< 8>=9>= 2< ����� =1. � %�274 #.,.2?.; -.D

,8-.; 1*< -.=.,=.- * 
	D+2= 9*==.;7 =1*= 2<  !$ * ?*52-

���
	� =;*7<62<<287 ,1*;*,=.; 8; <.:>.7,.�  '1.7

=1. ;.,.2?.; -.=.,=< =12< .7,8-270 ?285*=287� 2= *<D

<.;=< #&$ *7- 95*,.< 27/8;6*=287 87 =1. "	�"�

8>=9>=< =8 ;.9;.<.7= =1. =B9. 8/ .;;8; -.=.,=.-�  �.D

,*><. *55 8/ =1.<. .;;8;< *;. ;.9;.<.7=.- @2=1 <9.,2*5

,8-.< ��	��� �
��� ����� *7- �
��� =1. $��� 8>=9>=

2< *5@*B< ���� @1.7.?.; #&$ 2< �����  %1.<.

98<<2+5. .;;8;D=B9. ,8-.< *;. 52<=.- 27 =1. � %�274

-*=*<1..=�
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�7 8;-.; /8; =12< .?*5>*=287 +8*;- =8 89.;*=. 27 *7

 ��D��� ,869*=2+5. <B<=.6� =1. =26270 8/ =1. #�(
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8/-3'1 .'* 94 (+ 24*/,/+*�  !./8 8/-3'1 ,742 9.+ 7+@

)+/;+7 /8 :8+* ,47 ,4:7 ,:3)9/438� 94 /3*/)'9+ <.+3 '

�
���  %�� ).'7')9+7 .'8 (++3 7+)+/;+*� 94 /3*/@

)'9+ 9.'9 ;'1/* *'9' .'8 (++3 7+)+/;+*� 94 )14)0 ;'1/*

*'9' /394 '3 +=9+73'1 '8>3).7434:8 ����� '3* 94 /3@

*/)'9+ 9.+ +3* 4, ' �� ! 1445�

!4 8:55479 9.+8+ */,,+7+39 ,:3)9/438 ,742 ' 8/3-1+

5/3 7+6:/7+8 9.+ '**/9/43 4, ' 8/3-1+ 7+-/89+7 94 )43@

;+79 9.+ <';+,472 -+3+7'9+* (> 9.+ ��% 8/-3'1 /394

9.+ �%!�& %�� 89'9:8 8/-3'1 9.+ ��� )'7* -+3+7@

'9+8�  �**/9/43'1 7+-/89+78 <+7+ 9.+3 '**+* 94 9.+

*'9' (/98 94 0++5 9.+2 /3 9.+ 8'2+ (>9+@5.'8+ 7+1'@

9/438./5 '8 9.+ �%!�& %�� 8/-3'1 �<./). /8 34<

*+1'>+* 43+ )14)0��

!.+ 

� 8+7/+8 9+72/3'9/43 57+8+39 43 9.+8+ 8/-3'18

8.4:1* 349 (+ 3+)+88'7> ,47 2489 8>89+28� (:9 '7+

'**+* .+7+ 94 '114< ' ,1'9@)'(1+@9>5+ '99').2+39 94

9./8 )'7*�

�
���� ��  8.4<8 9.+ 7+1'9/;+ 9/2/3- 7+1'9/438./58 (+@

9<++3 9.+ ��!�/30 �+)+/;+7 *'9'� 9.+ ��% 8/-3'1�

9.+ �%!�& %�� 8/-3'1� '3* 9.+ 4:95:9 )14)08�  �47

��% 94 45+7'9+ /3 9./8 ,'8./43� 9.+ �� ��+,7'2+

+3'(1+� )439741 /35:9 2:89 (+ ���� '3* 9.+ 7+@

)+/;+7 2:89 (+ /3 �>5'88 24*+ �7+)+/;+7 ���� /8

������

$.+3 �� /8 ��$� 9.+ ��% '3* �%!�& %�� 4:9@

5:98 45+7'9+ 9.+ 8'2+ '8 9.'9 8.4<3 /3 �
���� ���

!.+ */,,+7+3)+ /8 9.'9 9.+ )14)08 '7+ 349 '114<+* 94

).'3-+ 5.'8+ 47 </*9. :543 *+9+)9/43 4, ' �
���

 %�� ).'7')9+7�
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/3 �+)4*+ 24*+ �7+)+/;+7 ���� /8 ��$��  �+7+

9.+ 9.+ ��% 8/-3'1 5:18+8 ��$ ,47 +;+7> ).'7')9+7

7+)+/;+* 
�	��

�� 9.+ �
���  %�� ).'7')9+7�

$.+3 2:19/51+ )438+):9/;+  %�� ).'7')9+78 '7+

7+)+/;+*� ��% /8 /3./(/9+* +=)+59 ,47 9.+ 1'89 �
���

).'7')9+7 7+)+/;+*�  !./8 /8 *43+ 94 57+;+39 4;+7,/1@

1/3- ' 7+)+/;+7 ���� </9. 343@*'9' /3,472'9/43�

�
�������  8.4<8 9.+ 7+1'9/;+ 9/2/3- 7+1'9/438./58 ,47

9./8 9>5+ 4, 45+7'9/43�

�+)':8+ �� /8 ��$ /3 �
���� ��� 9.+ ��� )14)0

�'3* 9.:8 ��#&���� '3* ��#&���	� /8 349 '1@

14<+* 94 7+,7'2+ 43 3+< �
���  %�� ).'7')9+78

*+9+)9+*�  $.+3 �� /8 ���� /3 �+)4*+ 24*+� 9.+

��!�/30 �+)+/;+7 ��% 4:95:9 )+'8+8 5:18/3- :39/1

9.+ ,/789 �
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���� �� /8 7+8:2+*�
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��� ���	��

!.+ ��!�/30 �+)+/;+7 5'7'11+1 /39+7,')+ �8++ �
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������� 45+7'9+8 </9. ' 8/3-1+ /35:9 )14)0

�������� '3* 9<4 4:95:9 )14)08 ���� '3* ��%��

!.+ ������ /35:9 )14)0 *4+8 349 */7+)91> )14)0

'3>9./3- /3 9.+ 7+)+/;+7� (:9 /8 :8+* '8 ' 7+,+7+3)+

,47 9.+ 7+)+/;+7 ����  !./8 )14)0 /8 7+6:/7+* 94 (+

(49. 89'(1+ '3* 7+'843'(1> ')):7'9+�  �9 2:89 2'9).

9.+ (>9+@7'9+ ,7+6:+3)> 4, 9.+ 7+)+/;+* *'9' </9./3

?��	��  "31/0+ '3 ��� )'7*� <./). 7+6:/7+8 ' 85+@

)/'1 8+6:+3)/3- 4, 9.+ ����&!�&��� 8/-3'1 94 '1@

14< 9.+ 7+)+/;+7 94 97')0 94 ' 7+,+7+3)+ )14)0� 9.+

��!�/30 �+)+/;+7 ��� )439/3:4:81> 45+7'9+8 /3 '

24*+ 9.'9 )425'7+8 /98 ,7+6:+3)> 94 9.'9 4, 9.+ 7+,@

+7+3)+ )14)0� +;+3 <.+3 ;'1/* *'9' /8 (+/3- 7+)+/;+*�

�, 9.+ ,7+6:+3)> 4, 9.+ 7+)+/;+* *'9' ;'7/+8 4:98/*+
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58,4270 =8 =1. <.;2*5 -*=* *7- ;.?.;=< =8 =1.

"������   7,. =1. ;.,.2?.- <.;2*5 -*=* <=;.*6 ;.D

=>;7< =8 *7 *,,.9=*+5. /;.:>.7,B� =1. !�� *0*27

58,4< =8 =1. ;.,.2?.- -*=*�  #27,. 2= 2< 524.5B =1*= +B=.

<B7, 1*< +..7 58<=� * ;./;*6. ,B,5. <18>5- +. 9.;D

/8;6.- =8 *558@ =1. /;*6.; =8 58,4 >9 *0*27�  �.=.,D

=287 8/ =12< *7- =1. ;.,8?.;B 9;8,.<< 2< 78;6*55B 1*7D

-5.- *>=86*=2,*55B +B 1201.;D5.?.5 />7,=287< 27 =1.

,866>72,*=287< <B<=.6�

$1. "����� 279>= =8 =1. ;.,.2?.; ,*7 +. <8>;,.-

/;86 =1;.. -2//.;.7= <207*5< 87 =1. .?*5>*=287

+8*;-� =1. 87D+8*;- 8<,255*=8;� =1. '��$�� ��

279>=� 8; =1. �'$"����� 279>=�  #.5.,=287 8/ =1.

,58,4 <8>;,. ,*7 875B +. -87. =1;8>01 3>69.; +58,4

�!	�

$1. 87D+8*;- 8<,255*=8; 2< ><.- 9;26*;25B /8; <=*7-*D

587. 89.;*=287 *7- =.<=270 ><270 =1. ��#$ ,*9*+252D

=2.< 8/ =1. � $�274 9*;=<�  $12< ,58,4 2< <.5.,=.- +B

95*,270 * <18;=270 3>69.; *,;8<< 927< ' *7- ( 8/

�!	D��

$1. '��$�� �� 279>= 2< ><.- /8; 78;6*5 -*=*

=;*7<62=�;.,.2?. />7,=287< *7- /8;  ��D,869*=2+252=B

68-.�  $12< ,58,4 2< <.5.,=.- +B 95*,270 * <18;=270

3>69.; *,;8<< 927< �!	D�' *7- �!	D�'�

$1. �'$"����� 279>= 2< ><.- /8; =18<. 27<=*7,.<

@1.7 =1. =;*7<62==.; *7- ;.,.2?.; *;. =8 +. ,58,4.-

@2=1 -2//.;.7= /;.:>.7,B ,58,4<�  $12< 2< .A9.,=.- =8

+. ><.- 875B =8 =.<= /8; !�� ,*9=>;.�58,4 ;*70. =.<=D

270 8/ =1. ;.,.2?.;� 8; @1.7 =1. � $�274 ".,.2?.;

2< ,877.,=.- =8 * =;*7<62==.; 89.;*=270 *= * -2//.;.7=

/;.:>.7,B /;86 =1. 58,*5 � $�274 $;*7<62==.;�

$12< ,58,4 2< <.5.,=.- +B 95*,270 * <18;=270 3>69.;

*,;8<< 927< �!	D�' *7- �!	D�'�

$1. ��" 8>=9>= ,58,4 2< 0.7.;*=.- 27 =1. � $�274

".,.2?.; *7- 2< +*<.- -2;.,=5B 87 =1. 27=.;7*5 !��

/;.:>.7,B�  $12< 8>=9>= 2< <B7,1;878>< @2=1 =1. ;.D

,.2?.; 8>=9>= -*=* +>< *7- 6*B +. ><.- =8 ,58,4 =1.

-*=* 27=8 *7 *<<8,2*=.- ;.02<=.; �*< 2< -87. 87 =12<

+8*;-� 8; 27=8 <B7,1;878>< ��� <�

$1. 9.;28- *7- ->=B ,B,5. 8/ =1. ��" 8>=9>= ,58,4

*;. /2A.- +B =1. 5802, 27 =1. ;.,.2?.;�  $8 *,12.?.

,869*=2+252=B @2=1  ��D=B9. <B<=.6<� =1. ��" <20D

7*5 2< ><.- =8 0.7.;*=. =@8 7.@ ,58,4 <207*5<

�"�%)���� *7- "�%)���	� =1*= *;. =;>. *7-

,8695.6.7= ,892.< 8/ =1. ��" ,58,4�  $8 4..9

6*=,1.- -.5*B< *7- =8 627262C. =1. 7>6+.; 8/

*--2=287*5 5802, 9*,4*0.< 87 =1. +8*;-� =1.<. =@8

,58,4< *;. 0.7.;*=.- ><270 ' " 0*=.<�

&1.7 /;*6270 8,,>;<� =1. ��" ,58,4 ,*7 .A9.;2D

.7,. 5*;0. 91*<. ,1*70.<�  $1.<. ,1*70.< *;. .A12+D

2=.- +B * 5.70=1.7270 8/ .2=1.; =1. ���� 8; � &

98;=287 8/ =1. ��" @*?./8;6�  $12< ,*7 +. <..7 27

=1. @*?./8;6< <18@7 27 ��
��	 ���  &125. =12< />7,D

=287*52=B 2< 78= ;.:>2;.- +B =1. ��#� �2+;. �1*77.5

#=*7-*;-� 2= 2< 27,5>-.- 27 =1. � $�274 ".,.2?.; =8

9;8=.,= -8@7<=;.*6 ,58,4.- 5802, /;86 =1. 7*;;8@

9>5<.< 8; 052=,1.< =1*= ,*7 8,,>; 8=1.;@2<.�

$1. "�( 8>=9>= <207*5 2< ><.- +8=1 *< * <=*=>< 8>=D

9>= *7- *< * ,58,4�  �=< ><. *< * ,58,4 2< 9;26*;25B /8;

,58,4270 -*=* 9;.<.7= 87 =1. ;.,.2?.; -*=* +>< 8>=D

9>=< 27=8 *<B7,1;878>< ��� <�  $1. ->=B ,B,5. 8/ =1.

"�( 9>5<. *7- 2=< 98<2=287 ;.5*=2?. =8 =1. 8>=9>=

-*=* 2< <>,1 =1*= 2= 6*B +. -2;.,=5B ,877.,=.- =8 =1.

& �@;2=.� 279>= 87 �(���
' ��� <�
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����

$1. ;.,.2?.; 9*;*55.5 27=.;/*,. 2< ,87=;855.- +B =1;..

279>= <207*5<� "� �"./;*6.�� � �� �".,.2?.;
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SUBDESIGN bist_sm  (ready, bisten, clock : INPUT;
                    enable               : OUTPUT)

VARIABLE
       ss : MACHINE OF BITS  (enable_q)
                        %state    output%
            WITH STATES (wait0    =   0,
                         wait1    =   0,
                         wait2    =   0,
                         enabled  =   0,
                         locked1  =   1,
                         locked2  =   1);

BEGIN
       ss.clk = clock;              %assign machine clock%
       enable = enable_q;           %assign output of machine%

       TABLE
              %present    present            next %
              % state     inputs             state%
                 ss,   bisten, ready =>      ss;

       % define reset vectors %
                wait0,     0,   x    =>      wait0;
                wait1,     0,   x    =>      wait0;
                wait2,     0,   x    =>      wait0;
                enabled,   0,   x    =>      wait0;
                locked1,   0,   x    =>      wait0;
                locked2,   0,   x    =>      wait0;
       % define operational vectors %
                wait0,     1,   x    =>      wait1;
                wait1,     1,   x    =>      wait2;
                wait2,     1,   x    =>      enabled;
                enabled,   1,   1    =>      enabled;
                enabled,   1,   0    =>      locked1;
                locked1,   1,   1    =>      enabled;
                locked1,   1,   0    =>      locked2;
                locked2,   1,   1    =>      locked1;
                locked2,   1,   0    =>      locked2;
       END TABLE;
END;
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