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Designing as a set the three VLSI components that provide the core
functions of CPU, I/O, and graphics for the HP 9000 Model 712 work-
station balanced performance and cost and simplified the interfaces
between components, allowing designers to create a system with high
performance at a low cost.
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DRAM Address and Control
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Table I
Static RAMS Used in the Model 712 Systems

Model Function Size Speed Quantity
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� 38>/<0+-/� 2+=� +6=9� ,//8� ./=318/.� 38>9� >2/
��%�� -23:�� &2/� �9./6� �	
� ,?00/<=� >2/� =318+6=� A3>2� +� ��*��


		� >9� :<9@3./� +8� $%E
�
� =/<3+6� :9<>�� ��%�� ,?00/<=� 38,9?8.

+8.� 9?>,9?8.� .+>+� A3>2� 	�E,C>/� ���!=�� +>� ,+?.� <+>/=� 0<97

�� >9� ��� 5,3>=�=�

Parallel. &2/� ��%�� -23:� +6=9� :<9@3./=� +� :+<+66/6� :9<>� -9809<7381
>9� >2/� �/8><983-=� 38.?=><C� =>+8.+<.�

Flexible Disk Support. �� )/=>/<8� �313>+6� )������� 06/B3,6/
.3=5� -98><966/<� 38>/<0+-/=� ��%�� >9� +8� 9:>398+6� 38>/<8+6� :/<=98E

+6E-97:?>/<E=>C6/� 06/B3,6/� .3=5� .<3@/�

Flash EPROM. �8� �E,3>� ,?=� 98� >2/� ��%�� -23:� 3=� ./7?6>3:6/B/.
,C� >A9� ����&���� 6+>-2/=� >9� :<9@3./� >2/� +..</==� +8.� .+>+

638/=� 8/-/==+<C� >9� +..</==� >2/� >A9� 	
��E,C>/� 06+=2� �"$!�=

>2+>� -98>+38� >2/� ,99>� 03<7A+</�� &2/� 06+=2� � �"$!�=� +</� +6=9

?=/.� >9� =>9</� -98031?<+>398� :+<+7/>/<=�� /63738+>381� >2/� 8//.

09<� +8� ��"$!�� +8.� 3>=� +==9-3+>/.� -9=>�

I/O System Support. ��%�� :<9@3./=� +� 8?7,/<� 90� 73=-/66+8/9?=
��!� =C=>/7� =?::9<>� 0?8->398=�� 38-6?.381�

• �69-5� 1/8/<+>398�� ��%�� ./<3@/=� +66� >2/� 8/-/==+<C� -69-5=� </E
;?3</.� ,C� >2/� ��!� -3<-?3><C� 0<97� >2/� 7+38� =C=>/7� -69-5�� �>

.9/=� =9� ,C� ?=381� =37:6/� .3@3./E,CE8� -9?8>/<=� +8.� >A9� .313E

>+6� :2+=/E69-5/.� 699:=�

• %C=>/7� +<,3><+>398� =?::9<>�� ��%�� +<,3><+>/=� �%�� ,?=� </;?/=>=
0<97� >2/� ��!� ./@3-/=� A3>238� ��%��� +=� A/66� +=� 0<97� >2/� �"'

+8.� 9:>398+6� /B:+8=398� -+<.�

• �8>/<<?:>� =?::9<>�� ��%�� +6=9� :<9@3./=� +8.� 7+8+1/=� /B>/<8+6
38>/<<?:>� -+:+,363>C� 09<� >2/� @+<39?=� ��!� ./@3-/=�

����
�	� ���

�9<� >29=/� ?=/<=� A29� 8//.� 0?8->398+63>C� ,/C98.� >2+>� :<9@3./.

,C� >2/� ,?36>E38� ��!�� >2/� �9./6� �	
� 38-6?./=� >A9� :/<=98+63>C

=69>=� >2+>� -+8� ,/� -98031?</.� A3>2� +� @+<3/>C� 90� 9>2/<� ��!� 0?8-E

>398=�� &2/� 03<=>� 90� >2/=/� =69>=� 3=� </0/<</.� >9� +=� >2/� /B:+8=398

=69>� +8.� 38-6?./=� +� -988/->398� >9� >2/� �%�� ,?=�� &2/� =/-98.

=69>� :<9@3./=� +� -988/->398� >9� >2/� =/<3+6� +?.39� =></+7�� +8.�

3=� 38>/8./.� 09<� >/6/:298/� 0?8->398=�� &23=� =69>� 3=� -+66/.� >2/

>/6/:298C� =69>�

Expansion Cards. �B:+8=398� -+<.=� +</� 9:>398+6� -+<.=� >2+>� -98E
8/->� .3</->6C� >9� >2/� �%�� ,?=� >9� :<9@3./� +� @+<3/>C� 90� 9>2/<� ��!

0?8->398=�

%38-/� ��%�� 2+=� +� -98031?<+,6/� +..</==� =:+-/� +8.� -+8� ,/� -98E

031?</.� +=� +8� +<,3><+>398� =6+@/�� 7+8C� 90� >2/� /B:+8=398� -+<.=

</6C� 98� +� =/-98.� ��%�� -23:� >9� 37:6/7/8>� 7?-2� 90� >2/3<� 0?8-E

>398+63>C�

&2/� 09669A381� 9:>398+6� /B:+8=398� -+<.=� +</� :<9@3./.� 09<� >2/

�9./6� �	
�

• %/-98.� =/<3+6� :9<>�� &2/� =/-98.� =/<3+6� :9<>� -+<.� ?=/=� 3>=� 9A8
��%�� -23:� +8.� =?::9<>� -3<-?3><C� 3./8>3-+6� >9� >2+>� 98� >2/� =C=E

>/7� ,9+<.� >9� :<9@3./� +8� +..3>398+6� $%E
�
� :9<>�

• %/-98.� �� � �'�� +8.� =/-98.� =/<3+6� 38>/<0+-/�� &23=� -+<.� +6=9
?=/=� +� ��%�� -23:� +8.� -3<-?3><C� =3736+<� >9� >2+>� 98� >2/� =C=>/7

,9+<.� >9� +..� +8� +..3>398+6� ����� ��
��� �� � A3>2� +8� +>>+-2E

7/8>� ?83>� 38>/<0+-/� ��'��� +8.� +� =/-98.� $%E
�
� 38>/<0+-/�

• *�
� +8.� =/-98.� =/<3+6� 38>/<0+-/�� �� �9>9<96+� ����
� 7?6>3:<9E
>9-96� :<9-/==9<� 38>/<0+-/.� >9� >2/� �E,3>� ,?=� 90� +� =6+@/� ��%�

:<9@3./=� *�
� 8/>A9<5381� >9� +� 
E:38� *�
	,3=� :9<>� 09<

=://.=� 90� 	�
� 5,3>=�=� >9� 	��
� 5,3>=�=�� &2/� =/-98.� $%E
�
� =/E

<3+6� 38>/<0+-/� 3=� 37:6/7/8>/.� 38� >2/� =+7/� 0+=2398� +=� >2/

9>2/<� -+<.=�

• %/-98.� .3=:6+C�� �� =/-98.� .3=:6+C� -+8� ,/� +../.� >9� >2/� =C=E
>/7� A3>2� >2/� =/-98.� .3=:6+C� -+<.�� &23=� -+<.� .?:63-+>/=� >2/
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-7'5./)8� ,:3)9/43'1/9>� 9.'9� /8� '17+'*>� (:/19� /394� 9.+� 8>89+2

(4'7*� (>� 7+51/)'9/3-� 9.+� -7'5./)8� )./5� '3*� /98� 8:55479/3-

)/7):/97>�

• $40+3� "/3-������� $.+� $40+3� "/3-������ )'7*� 574;/*+8� ����
��
�� ���� ,:3)9/43'1/9>� 9.74:-.� 9.+� :8+� 4,� '� $+='8� �3897:?

2+398� 940+3� 7/3-� )4397411+7� )./5� '3*� '� ):8942� �#��� 9.'9

574;/*+8� 9.+� �#�� /39+7,')+�� %38./+1*+*� '3*� 8./+1*+*� 9</89+*

5'/7� )433+)9/438� '7+� 574;/*+*� '9� *'9'� 7'9+8� ,742� �� �(/98�8� 94

	�� �(/98�8�

• #+)43*� */851'>� '3*� 8+)43*� ���� �%��"#?
�
�� $./8� 459/43
)42(/3+8� 9.+� ,+'9:7+8� 4,� 9.+� 8+)43*� -7'5./)8� */851'>� '3*

9.+� 8+)43*� ���� �%��"#?
�
� 459/438�� #/3)+� 9.+� )/7):/97>� ,47

9./8� 459/43� <4:1*� 349� ,/9� 43� '� 8/3-1+� +=5'38/43� 8149� )'7*�

842+� 4,� 9.+� )/7):/97>� 7+8/*+8� 43� '� *':-.9+7� )'7*� 9.'9� /8� )43?

3+)9+*� 94� 9.+� +=5'38/43� 8149� )'7*�� $.+� *':-.9+7� )'7*� -+98

54<+7� '3*� 2+).'3/)'1� 8:55479� 9.74:-.� 9.+� 9+1+5.43>� )43?

3+)947�� 84� <.+3� 9./8� 459/43� /8� /389'11+*�� 9.+� 9+1+5.43>� 45?

9/43� /8� 349� ';'/1'(1+�

Telephony.� $.+� 9+1+5.43>� )'7*� /389'118� /3� 9.+� 9+1+5.43>� 8149
'3*� 574;/*+8� 9<4� 1/3+8� 4,� 9+1+5.43+� '))+88�� �').� 4,� 9.+� 1/3+8

)'3� (+� )43,/-:7+*� 94� 8:55479� ;4/)+�� *'9'� 24*+2�� 47� ,'=

24*+2�

$.+� 8>89+2� (4'7*�8� .+'*8+9� '3*� 2/)745.43+� 8+7;+� '8� 9.+

.:2'3� /39+7,')+� ,47� ;4/)+� 9+1+5.43>�� '3*� '3� /39+7,')+� )./5

43� 9.+� 9+1+5.43>� )'7*� )'11+*� &��"� 1/308� 9.+� 8>89+2� (4'7*�8

':*/4� )/7):/97>� 94� 9.+� 9+1+5.43>� ,:3)9/438� �8++� �/-�� 
��

$./8� '77'3-+2+39� '114<8� 7+)47*/3-� '3*� 51'>(')0� *:7/3-� 9+1+?

5.43+� )43;+78'9/438�� �9� '184� 8:554798� */-/9'1� 2/=/3-� 4,� 2/?

)745.43+�� 1/3+?/3�� 9+1+5.43+�� '3*� 57+7+)47*+*� ':*/4�� �'11?

+7?��� *+)4*/3-� /8� 8:55479+*�� '8� '7+� �$��� �*:'1?943+

2:19/,7+6:+3)>�� +3)4*/3-� '3*� *+)4*/3-�� '3*� *:'1?1/3+�

)43,+7+3)/3-�

$.+� &��"� )./5� 8+7;+8� 94� 74:9+� /3,472'9/43� (+9<++3� 9.+� ��#�

�� � )./5�� 9.+� ':*/4� � ����� '3*� 9.+� �#!� (14)08� /3� '� ;'7/+9>

4,� 574-7'22'(1+� <'>8�� �'9'� /8� 97'38,+77+*� 94� '3*� ,742� 9.+

8>89+2� (4'7*� 9.74:-.� 9<4� 8+7/'1� *'9'� 5'9.8�� $<4� '**/9/43'1

8+7/'1� 5'9.8� 8+3*� '3*� 7+)+/;+� *'9'� 94� '3*� ,742� 9.+� �#!8�� $<4

�?(/9� 5'7'11+1� 54798� '7+� :8+*� (>� 9.+� �#!8� *:7/3-� 9.+� �#!

(449� 574)+88�� &��"� .'8� '� ,+<� 49.+7� ,:3)9/438�� /3)1:*/3-

7+)+/;/3-� /3)42/3-� 5.43+� 7/3-8� '3*� )4397411/3-� 5.43+� 1/3+

.440� 89'9:8�

�').� �#!� 8:(8>89+2� )438/898� 4,� '3� �3'14-� �+;/)+8

��#!
	�	� 574)+8847� '3*� �
�� (>� 
�� (/98� 4,� +=9+73'1� 
�?38

DRAM SIMMs

Fig. 3. � $.+� �4*+1� �	
� 8>89+2� (4'7*�

Cache CPU

Clock

Graphics Option I/O

Built-in I/O
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���� ���  ,)� �2()/� ��	� 6<67)0� &2%5(� '216758'7-21�

2

1

4 Ground
3 VCC

5 Signal

7 VDL

6 Signal

8 Ground

9

10

Layer

Signal

Signal

Copper
Core
Prepreg

����� *25� ���� 352+5%06� %1(� (%7%�� �%',� 352')6625� ,%6� 7:2

6)5-%/� 32576�� 21)� *25� $���� %1(� 7,)� 27,)5� *25� 7,)� �1%/2+� �)>

9-')6� ��	�036��� %1%/2+� *5217� )1(� �3,21)� �������� �%',

3,21)� ������ '211)'76� 72� %� 67%1(%5(� 7:2>:-5)� 7)/)3,21)

/-1)� 7,528+,� %� �-/-'21� �<67)06� �1'25325%7)(� �
����	� (%7%

%'')66� %55%1+)0)17�� :,-',� 3529-()6� 7,)� -62/%7-21� '-5'8-75<

5)48-5)(� &<� '20081-'%7-216� 5)+8/%725<� %+)1'-)6�

 ,)� 7)/)3,21<� '%5(� -6� ()6'5-&)(� -1� 025)� ()7%-/� -1� 7,)� %57-'/)

21� 3%+)� ��

�������� ������� ������ 	�����

 ,)� �2()/� ��	� 6<67)0� '217%-16� %� 6-1+/)� 35-17)(� '-5'8-7� &2%5(

'%//)(� 7,)� 6<67)0� &2%5(�� �-+�� 
� 6,2:6� %� 3,272+5%3,� 2*� 7,)

6<67)0� &2%5(��  ,)� 6<67)0� &2%5(� 68332576� %//� 7,)� *81'7-21%/-7<

2*� 7,)� �2()/� ��	� 6<67)0� );')37� *25� 7,)� 237-21%/� &2%5(6� %1(

3)5-3,)5%/6�

 ,)� 6<67)0� &2%5(� -6� ��� /%<)56� ())3�� %1(� ,%6� �����>-1',

75%')6� %1(� 63%')6�� �7� 0)%685)6� ����� -1',)6� &<� ��� -1',)6� %1(

86)6� (28&/)>6-()(� 685*%')� 02817� 7)',12/2+<�

 ,)� &2%5(� '216758'7-21� 6,2:1� -1� �-+�� �� :%6� ()6-+1)(� :-7,

7,)� 35-17)(� '-5'8-7� &2%5(� 9)1(25� 72� )1685)� 7,%7� 7,)� /)%67

'267/<� 0%7)5-%/6� :)5)� ',26)1� 72� 2&7%-1� 7,)� 1)')66%5<� )/)'75->

'%/� 3%5%0)7)56�� �/7,28+,� -7� -6� ()6-+1)(� 72� );,-&-7� 63)'-*-'

75%')� -03)(%1')6�� 7,)� &/%1.� 35-17)(� '-5'8-7� &2%5(� -6� 127� %

'21752//)(>-03)(%1')� ()6-+1�� :,-',� 6%9)6� '267��  ,)� *-1-6,)(

&2%5(� 6-=)� -6� 237-0-=)(� 72� 0%.)� 7,)� &)67� 86)� 2*� 67%1(%5(

68&3%1)/� 6-=)6� 86)(� &<� 7,)� 35-17)(� '-5'8-7� &2%5(� 9)1(25�

�/7,28+,� 7,)� &2%5(� (2)6� 86)� �����>-1',� 75%')6� %1(� 63%')6�

7,)6)� 0-1-080� +)20)75-)6� %5)� 86)(� 21/<� :,)1� 1)')66%5<�

#,)1)9)5� 3266-&/)�� /)66� %++5)66-9)� 5287-1+� -6� 86)(� 72� ,)/3

:-7,� &2%5(� <-)/(� %1(� 72� .))3� (2:1� 7,)� '267� 2*� 7,)� &2%5(�

 ,)� ()6-+1� 2*� 7,)� &/%1.� 35-17)(� '-5'8-7� &2%5(� 35)6)17)(� %

180&)5� 2*� 7)',1-'%/� ',%//)1+)6� %1(� 620)� '267>6%9-1+�

23325781-7-)6�

Performance Challenges. �  ,)� '/2'.� %1(� '%',)� /%<2876� 35)>
6)17)(� 620)� 9)5<� 63)'-%/� ',%//)1+)6� -1� ()6-+1-1+� 7,)� 35-17)(

'-5'8-7� &2%5(�

�-+�� �� 6,2:6� %� 6-03/-*-)(� &/2'.� (-%+5%0� 2*� 7,)� '/2'.� '-5'8-7

86)(� -1� 7,)� �2()/� ��	�� �//� ���� '-5'8-75<� -6� 32:)5)(� *520� 7,)

"''� 6833/<�� %1(� %//� '/2'.� 5)')-9)56� -1� 7,)� "���� %5)� ()6-+1)(

72� 23)5%7)� %7� 7,)6)� 6,-*7)(� ���� 92/7%+)� /)9)/6��  ,-6� 6%9)6� 7,)

'267� 2*� %((-7-21%/� 6833/<� 92/7%+)6� %1(� /)9)/� 75%16/%7256��  ,)

0%67)5� '/2'.� -6� *-567� &8**)5)(�� %1(� 08/7-3/)� '23-)6� %5)� 5287)(

72� 7,)� 5)')-9-1+� "�����  ,-6� :%<�� 7,)� ()/%<� 72� )%',� ()9-')� '%1

&)� -1()3)1()17/<� '21752//)(� 72� 0-1-0-=)� '/2'.� 6.):� %1(

0%;-0-=)� 6<67)0� 3)5*250%1')�� �/2'.6� %5)� %//� 5287)(� 21� -1>

1)5� /%<)56�� :,)5)� 3523%+%7-21� ()/%<� -6� &)77)5� '21752//)(� &)>

'%86)� 2*� 7,)� 75%')�6� 675-3/-1)� 1%785)��  ,)� '/2'.6� %5)� (5-9)1� %6

(-**)5)17-%/� 3%-56� %1(� %5)� 5287)(� 72� )%',� 27,)5� 72� 0-1-0-=)

(-**)5)17-%/� 12-6)� +)1)5%7-21� %1(� 686')37-&-/-7<��  ,)� '/2'.

'-5'8-75<� %/62� *)%785)6� %1� -17)5)67-1+� 7)50-1%7-21� 6',)0)��  ,-6

3->7)50-1%7-21� 1)7:25.� -6� ()6-+1)(� 72� %3352;-0%7)� 7,)� 6%0)

/2%(� %6� 27,)5� 025)� 75%(-7-21%/� 7)50-1%7-21� 6',)0)6�� �2:>

)9)5�� -7� ,%6� 7,)� %(9%17%+)� 2*� 86-1+� =)52� 6833/<� '855)17� %1(

*):)5� 3%576�

�-+�� � 6,2:6� %� '21')378%/� 5)35)6)17%7-21� 2*� ,2:� 7,)� '%',)

-6� 5287)(��  ,)� '%',)� /-1)� -6� 5287)(� 72� 0-1-0-=)� '%',)� %(>

(5)66� (5-9)� ()/%<��  ,-6� %55%1+)0)17� %/62� '876� (2:1� 21� 7,)

180&)5� 2*� 9-%6� %1(� 0%-17%-16� %1� 81&52.)1� +5281(� 3/%1)�

�((5)66� /-1)6� %5)� 5287)(� *520� 7,)� ��!� 72� 7,)� *-567� 9-%� 63/-7� 21

-11)5� /%<)56�� :,)5)� 7,)� -03)(%1')� -6� '/26)� 72� ,%/*� 7,%7� 2*� 7,)

287)5� /%<)56��  ,-6� -6� 72� &)77)5� 0%7',� 7,)� -03)(%1')� 2*� 7,)

75%')6� 21� 7,)� 7:2� 287)5� /%<)56�� :,-',� %5)� )66)17-%//<� -1� 3%5%/>

/)/�

EMC and EMI Control. �1� %((-7-21� 72� 025)� 75%(-7-21%/� 0)7,2(6
2*� ���� %1(� ���� '21752/�� 7,)� �2()/� ��	� 6<67)0� &2%5(� 86)6

*)%785)6� &8-/7� -172� 7,)� &/%1.� 35-17)(� '-5'8-7� &2%5(� 72� 0-0-'

160 MHz
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