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Designing with a system focus and extracting as much performance and
functionality as possible from available technology results in a highly
integrated graphics chip that consumes very little board area and power
and is 50% faster and five times less expensive than its predecessor.
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† A window accelerator is the hardware that provides the images seen on the workstation
monitor. In particular, an accelerator is geared toward speeding up environments such as
the X Window System. The window accelerator enables the fast movement of windows on
the screen, scrolling of text, painting of window borders and backgrounds, and so on.
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1 = Foreground Color
0 = Background Color
x = Not Affected
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Data
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DACs
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,:1>16/� 80147;780A� ?);� <7� -@<:)+<� );� 5=+0� 8-:.7:5)6+-� )6,

=<141<A� );� 87;;1*4-� .:75� )>)14)*4-� <-+06747/A�� �� /77,� -@)584-

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

4)<-;<� ��C*1<� )6,� 
�C*1<� &"��;�� �!� 0);� *--6� 16;<:=5-6<)4� 16

8:787;16/� )6,� ,:1>16/� 5)6A� 7.� <0-;-� -60)6+-5-6<;� ?1<016

<0-� ������ +7551<<--� 7>-:� <0-� 4);<� .-?� A-):;�� $0-� 57:-� 15C

87:<)6<� .-)<=:-;� 16+4=,-�

• !)/-� 57,-�� $01;� .-)<=:-� -41516)<-;� <0-� 6--,� <7� ;-6,� :-,=6C
,)6<� 87:<176;� 7.� <0-� 81@-4� ),,:-;;� ?0-6� ?:1<16/� 16<7� <0-

.:)5-� *=..-:�� $0-� :-;=4<� 1;� <0)<� 5)6A� 78-:)<176;� +)6� ?:1<-� )

81@-4� 16� );� 41<<4-� );� ����� 6;� >-:;=;� <0-� 57:-� <A81+)4� �	� 6;� �;--

�1/�� 
	��� $0-� 3-A� 0-:-� 1;� <0)<� <0-;-� 78-:)<176;� 5=;<� 7++=:

?1<016� )� 8)/-� 7.� &"��� 7:� )� ;1/61.1+)6<� 8-6)4<A� 1;� 16+=::-,�

�A� ,-.)=4<� <01;� 8)/-� 1;� 476/� )6,� 6)::7?�� ?01+0� 1;� /77,� .7:

*47+3� 57>-� )6,� *47+3� <:)6;.-:� 78-:)<176;� *=<� *),� .7:� :)6C

,754A� 7:1-6<-,� >-+<7:;� )6,� :-+<)6/4-;�� $7� )+01->-� )� *-<<-:

8-:.7:5)6+-� *)4)6+-�� ?-� 5),-� =;-� 7.� <0-� 6-@<� .-)<=:-�

• #<78� :-/1;<-:�;841<� <:)6;.-:�� $01;� .-)<=:-� )447?;� <0-� .:)5-
*=..-:� <7� *-� 7:/)61B-,� 16� 8)/-;� <0)<� ):-� 57:-� ;9=):-� <0)6

476/� )6,� 6)::7?�� �7>16/� <7� <01;� 7:/)61B)<176� 158:7>-;� :)6C

,75� >-+<7:� )6,� ;5)44� :-+<)6/4-� 8-:.7:5)6+-� ;1/61.1+)6<4A

?014-� 764A� ;41/0<4A� :-,=+16/� 4):/-� 07:1B76<)4� 8:151<1>-�

8-:.7:5)6+-� �;--� �1/�� 

��
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�
��� ���� �6� 144=;<:)<176� 7.� <0-� 8-:.7:5)6+-� 158:7>-5-6<� 87;;1*4-

=;16/� <0-� 8)/-� 57,-� <7� ?:1<-� 81@-4;� 16<7� <0-� .:)5-� *=..-:�� #01;� -@C

)584-� +758):-;� <0-� 8-:.7:5)6+-� 7.� -)+0� 57,-� ?0-6� 2=;<� .7=:

81@-4;� ):-� <:)6;.-::-,� <7� <0-� .:)5-� *=..-:�

First Pixel

Second Pixel

Third Pixel

Fourth Pixel

First Pixel

Second Pixel

Third Pixel

Fourth Pixel

Time

11 Cycles
137.5 ns

3 Cycles
37.5 ns

for Each
Pixel

11 Cycles
137.5 ns

11 Cycles
137.5 ns

11 Cycles
137.5 ns

11 Cycles
137.5 ns

Total
20 Cycles

250 ns at 80 MHz

Total
44 Cycles

550 ns at 80 MHz

Page Mode Nonpage Mode

• �47+3� ?:1<-�� �;� 5-6<176-,� -):41-:�� 78-:)<176;� ;=+0� );� <-@<

)6,� :-+<)6/=4):� .144� .:-9=-6<4A� :-9=1:-� 764A� 76-� 7:� <?7� +747:;

<7� *-� ;-4-+<-,� 76� )� 8-:C81@-4� *);1;�� �7:� <01;� :-);76� %!��;

8:7>1,-� )� 57,-� �>1)� )� ;16/4-� *1<�� 16� ?01+0� )� 81@-4�;� +747:

+)6� *-� ;-4-+<-,� .:75� )6� �C*1<� .7:-/:7=6,� 7:� *)+3/:7=6,

+747:� ;<7:-,� 16� <0-� %!��;�� #01;� <:)6;4)<-;� 16<7� )6� �×� 8-:.7:C
5)6+-� 158:7>-5-6<� .7:� <0-;-� <A8-;� 7.� 78-:)<176;�

#0-� /:)801+;� +018�;� 8-:.7:5)6+-� 1;� ;=55):1B-,� 16� #)*4-� ��

#0-� <)*4-� +758):-;� <0-� 8-:.7:5)6+-� 7.� <0-� /:)801+;� +018� )<

1<;� <0-7:-<1+)4� 0):,?):-� 4151<� <7� 1<;� 8-:.7:5)6+-� 16� ��C��B

)6,� ��C��B� �7,-4� �	
� ?7:3;<)<176;� )6,� <0-� �7,-4� �
�

�!'�� #0-� .16)4� :7?� 16� #)*4-� ��� '5):3�� 1;� )6� 16,=;<:AC;<)6,):,

5-<:1+� <0)<� 1;� )6� )>-:)/-� 7.� ;->-:)4� 0=6,:-,� '� &16,7?� "A;C

<-5� <-;<;�

�7<-� <0)<� <0-� /:)801+;� +018�;� 0):,?):-� 4151<� 1;� ;1/61.1+)6<4A

01/0-:� <0)6� <0-� �7,-4� �	
� ;A;<-5� 8-:.7:5)6+-� 4151<;�� #01;

0-),:775� 5-)6;� <0)<� .=<=:-� ;A;<-5;� ?1<0� 01/0-:� 4->-4;� 7.

� $� 8-:.7:5)6+-� 7:� ->-6� 57:-� 01/04A� <=6-,� ;7.<?):-� ,:1>-:;

?144� *-� +)8)*4-� 7.� ->-6� *-<<-:� ?16,7?� ;A;<-5� 8-:.7:5)6+-�

Table I
Summary of the Graphics Chip’s Performance

Benchmark Hard-
ware
Limit

Model
712/80

Model
712/60

CRX
720

�47+3� <:)6;.-:� �C*1<�

81@-4;�;� �.:)5-� *=..-:� <7

;A;<-5� 5-57:A�

��� � ��� � 

� � �
� �

�47+3� <:)6;.-:� �C*1<�

81@-4;�;� �;A;<-5� 5-57:A

<7� .:)5-� *=..-:�


�� � �� �� � 
� �

�47+3� 57>-� 81@-4;�;

�.:)5-� *=..-:� <7� .:)5-

*=..-:�� 
��� *A� 
��� 81@-4;�

��� � ��� � �	� � ��� �

%-+<7:;�;� �	�C81@-4�� '

+75841)6<�


�	� � 	��� � 	�	� � 	�	� �

#-@<� +0):)+<-:;�;� ��� *A

	�� 81@-4;�+0):)+<-:�

	��� � ��	� 3 ��
� 3 
�
� 3

!-+<)6/4-;�;� �	�� *A� 	�

81@-4;�:-+<)6/4-�

	��� � ���� 3 
��� 3 
��� 3

'5):3 D ��� ��� 
��

�������
��� ���
�
��	�
��

�-A76,� 158:7>16/� 8-:.7:5)6+-� )6,� ,:78816/� +7;<� ;=*;<)6C

<1)44A� 1<� ?);� )6� 1587:<)6<� /7)4� <7� 16+4=,-� =;-.=4� 6-?� .=6+C

<176)41<A� 16� <0-� /:)801+;� +018�� �-47?� ):-� ;75-� 7.� <0-� 57:-

1587:<)6<� ),,1<176;�

Software Video Support. �6-� 7.� <0-� ,-;1/6� /7)4;� .7:� <0-� �7,-4
�	
� ?);� <7� *-� )*4-� <7� 84)A� � ��� )6,� ��
�	� >1,-7� ;-C

9=-6+-;� ?1<07=<� -@8-6;1>-� 0):,?):-� )++-4-:)<176�� #0:7=/0

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

<01;� ?);� 87;;1*4-� )<� .=44� .:)5-� :)<-;� )6,� 01/0� >1;=)4� 9=)41<A

=;16/� )� +75*16)<176� 7.� <0-� .7447?16/� )4/7:1<051+��  �� �	�����

)6,� /:)801+;� -60)6+-5-6<;�

• !-?:1<16/� <0-� ;<)6,):,� ,-+7,-� )4/7:1<05;� <7� 5)3-� <0-5� );

-..1+1-6<� );� 87;;1*4-

• �,,16/� 3-A� 16;<:=+<176;� <7� <0-�  �� �	����

• �584-5-6<16/� ($%C<7C!��� +747:� ;8)+-� +76>-:;176� 16� <0-

/:)801+;� +018�

�
��� ���� �58:7>16/� 8-:.7:5)6+-

?1<0� .:)5-� *=..-:� 8)/-;� <0)<� ):-

57:-� ;9=):-� <0)6� 476/� )6,�

6)::7?�

With Stop Register

Page Is
256 Pixels Wide by

8 Pixels High

Total Cycles to
Draw a 10-Pixel Vector:
11+(4x3)+11+(4x3) = 46

Page

Page

Without Stop Register

Page Is
1024 Pixels Wide by

2 Pixels High

Total Cycles to
Draw a 10-Pixel Vector:

11+(11+3)+(11+3)+(11+3)+(11+3)+11 = 78

Page

Page

Page
Page
Page
Page
Page
Page
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���� �/A6/>>E"+-5+<.� �9?<8+6� � � � � � � ��

����� ���� %2/� �"� �969<� #/-9@/<C

:3:/638/�

Graphics Chip

HP Color
Recovery
Encode

True Color
Primitive or
Bitmap Data

24 Bits

8 Bits

HP Color
Recovery
Decode

8 Bits

Frame Buffer
(8 Bits per Pixel)

24 Bits Color
Lookup

Table and
DAC

Analog RGB True Color
Image

Monitor

*&'� /8-9.381� 3=� ?=/.� 38� 7+8C� @3./9� 09<7+>=�� �>� +669-+>/=

:<9:9<>398+>/6C� 79</� ,3>=� >9� /8-9./� >2/� ,<312>8/==� 9<� 6?73E

8+8-/� �*�� 90� >2/� 37+1/�� +8.� 0/A/<� ,3>=� >9� </:</=/8>� >2/� -969<

�&'�� 38� >2/� 37+1/�� $38-/� >2/� 2?7+8� /C/� 3=� 79</� =/8=3>3@/� >9

,<312>8/==� >2+8� -969<�� >23=� 3=� +8� /003-3/8>� =-2/7/�� �9A/@/<�

=38-/� >2/� 1<+:23-=� -23:�=� 0<+7/� ,?00/<� 3=� =>9</.� 38� #��� 09<E

7+>�� +� -98@/<=398� 0<97� *&'� >9� #��� 3=� 8/-/==+<C�

%23=� -98@/<=398� 3=� +� 199.� /B+7:6/� 90� +8� 9:/<+>398� >2+>� A+=

</6+>3@/6C� /B:/8=3@/� 38� =90>A+</� �+� �E,CE�� 
�E,3>� 7+><3B� 7?6>3E

:6C�� ,?>� =37:6/� >9� .9� 38� >2/� >2/� 1<+:23-=� -23:� 2+<.A+</�� %23=

=37:6/� +..3>398� +698/� 37:<9@/=� @3./9� :6+C,+-5� :/<09<7+8-/

,C� +=� 7?-2� +=� �	�� +8.� 2/6:=� /8+,6/� 0?66� �	E0<+7/�=

��	E,CE���E:3B/6� </=96?>398� �"��� :6+C,+-5� 98� +� �9./6

�
���	�

HP Color Recovery. %2/� 1<+:23-=� -23:� 38-9<:9<+>/=� +� 8/A� .3=E
:6+C� >/-289691C� -+66/.� �"� �969<� #/-9@/<C�� &=381� +� 69AE-9=>

�E,3>� 0<+7/� ,?00/<� +8.� �"� �969<� #/-9@/<C�� >2/� 1<+:23-=� -23:

-+8� .3=:6+C� 37+1/=� >2+>� +</� 38� 7+8C� -+=/=� @3=?+66C� 38.3=>38E

1?3=2+,6/� 0<97� >29=/� 90� +� �
E,3>� 0<+7/� ,?00/<� -9=>381� >2<//

>37/=� 79</�� %23=� 0/+>?</� 3=� ?=/0?6� 09<� >2/� 09669A381� +::63-+E

>398� +</+=�

• '3=?+6� 7?6>37/.3+� ��"���� �"���� />-��
• $2+./.� 7/-2+83-+6� ���� 79./6=
• �/91<+:23-+6� 37+1381� =C=>/7
• �9-?7/8>� 37+1/� 7+8+1/7/8>
• '3=?+63D+>398
• �312E;?+63>C� ,?=38/==� 1<+:23-=�

�� ,69-5� .3+1<+7� 90� >2/� �"� �969<� #/-9@/<C� :3:/638/� 3=� =29A8

38� �31�� 
��

%2/� �"� �969<� #/-9@/<C� /8-9.381� =-2/7/� -+?=/=� 89� 69==� 90

:/<09<7+8-/� 09<� </8./<381� 9:/<+>398=� +8.� 3=� </6+>/.� >9� ><+.3E

>398+6� 9<./</.� .3>2/<381�� �3>2/<381� 3=� A3./6C� ?=/.� >9� +::<9B3E

7+>/� +� 6+<1/� 8?7,/<� 90� -969<=� A3>2� +8� �E,3>� 0<+7/� ,?00/<� +8.

3=� +6=9� +@+36+,6/� 38� >2/� 1<+:23-=� -23:�

%2/� �"� �969<� #/-9@/<C� ./-9./� 3=� 7?-2� 79</� =9:23=>3-+>/.

+8.� ,+=/.� 98� +.@+8-/.� =318+6� :<9-/==381� >/-283;?/=�� %23=

-3<-?3><C� -C-6/=� +>� 
��� ��D� +8.� +-23/@/=� 9@/<� �� ,366398� 9:E

/<+>398=� :/<� =/-98.�� �"� �969<� #/-9@/<C� 3=� ./=-<3,/.� 38� 79</

./>+36� 38� >2/� +<>3-6/� 98� :+1/� �
�

Multiple Color Lookup Tables. %C:3-+66C�� /8><CE6/@/6� A9<5=>+>398
+8.� :/<=98+6� -97:?>/<� 1<+:23-=� =?,=C=>/7=� 2+@/� 2+.� 986C� +

=3816/� -969<� 6995?:� >+,6/� A3>2� +� 6373>/.� 8?7,/<� 90� /8><3/=�

?=?+66C� ����� �8� >2/� )� (38.9A� $C=>/7� >23=� </=?6>=� 38� >2/� +8E

89C381� 06+=2381� 90� ,+-51<9?8.=� 9<� A38.9A� -98>/8>=� A2/8� +

8/A� +::63-+>398� 3=� =>+<>/.� >2+>� >+5/=� -969<=� 0<97� /B3=>381

+::63-+>398=�� %2/� 1<+:23-=� -23:� =96@/=� >23=� :<9,6/7� 38� +� 7+E

49<3>C� 90� -+=/=� ,C� :<9@3.381� >A9� ���E/8><C� -969<� 7+:=�� �9<

79=>� 38>/<+->398=� 38� A23-2� >2/� ?=/<� 3=� 09-?=/.� 98� +� =3816/

+::63-+>398� +8.� >2/� A38.9A� 7+8+1/<�� >23=� -97:6/>/6C� /6373E

8+>/=� >2/� </=9?<-/� -98>/8>398� +8.� </=?6>=� 38� +� @3=?+66C� =>+,6/

=-<//8� �=//� �31�� 
���

Software Programmable Resolutions. !8/� 90� >2/� :<9,6/7=� 90
:+=>� A9<5=>+>398� 1<+:23-=� =?,=C=>/7=� 3=� >2+>� >2/C� 9:/<+>/� +>

+� 03B/.� @3./9� </=96?>398� +8.� </0</=2� <+>/�� %23=� 2+=� :9=/.

:<9,6/7=� 38� -98031?<381� =C=>/7=� +>� >2/� 0+->9<C� +8.� .?<381

-?=>97/<� ?:1<+./=�� %2/� 1<+:23-=� -23:� 38-9<:9<+>/=� +8� +.E

@+8-/.� .313>+6� 0</;?/8-C� =C8>2/=3D/<� >2+>� 1/8/<+>/=� >2/

-69-5=� 8/-/==+<C� 09<� >2/� @3./9� =?,=C=>/7�� %23=� =C8>2/=3D/<�

,+=/.� 98� �"� :<9:<3/>+<C� .313>+6� :2+=/E69-5/.� 699:� >/-2896E

91C�� +669A=� =90>A+</� -98031?<+,363>C� 90� >2/� </=96?>398� +8.

0</;?/8-C� 90� >2/� @3./9� =318+6�� %2?=�� +6>/<8+>/� 7983>9<=� -+8� ,/

-988/->/.� A3>29?>� -2+81381� +8C� @3./9� 2+<.A+</�� �?<</8>6C

=?::9<>/.� -98031?<+>398=� 38-6?./�

• �
	� ,C� 
�	� :3B/6=� �	� �D�� =>+8.+<.� '�$�� >37381
• �		� ,C� �		� :3B/6=� �	� �D
• 
	�
� ,C� 
	�
� :3B/6=� ��� �D� +8.� 06+>� :+8/6
• 
��	� ,C� 
	�
� :3B/6=� ��� �D�

�=� 8/A� 7983>9<� >37381=� +::/+<�� >2/� 1<+:23-=� -23:� -+8� =37E

:6C� ,/� </:<91<+77/.� A3>2� >2/� :+<+7/>/<=� +==9-3+>/.� A3>2

>2/� 8/A� 7983>9<�

	���
��

(/� -</+>/.� >2/� 1<+:23-=� -23:� A3>2� >2/� :2369=9:23/=� 90� =C=>/7E

6/@/6E9:>373D/.� ./=318� +8.� 9:>37+6� ?=/� 90� >/-289691C�� %23=

/8+,6/.� ?=� >9� 7//>� 9?<� 19+6=� 90� @/<C� 69A� 7+8?0+->?<381

-9=>�� 6/+./<=23:� :/<09<7+8-/� +>� 9?<� -9=>� :938>�� +<-23>/->?<+6

-97:+>3,363>C�� +8.� 38><9.?->398� 90� =97/� 37:9<>+8>� 8/A

0?8->398+63>C�

�������
���
���

%23=� :+:/<� ,<3/06C� =?77+<3D/=� >2/� A9<5� 90� 7+8C� ./.3-+>/.

+8.� -</+>3@/� 7/7,/<=� 90� >2/� 1<+:23-=� -23:� ./@/69:7/8>� >/+7

38� >2/� 1<+:23-=� 2+<.A+</� +8.� =90>A+</� 6+,9<+>9<3/=� 38� �9<>

�96638=� +8.� >2/� �8>/1<+>/.� �3<-?3>=� �?=38/==� �3@3=398�� �+8C

>2+85=� >9� �+<<C� �+/@/<=>+.�� %98C� �+<5+8=�� #+4� �+=?./@�

�+6/� �/?-6/<�� #+8.� �<311=�� �9/6� �?-5E�/816/<�� �35/� �3/26�

�6/=� �3+6+�� #+8.C� �3=-?=�� �+@/� �+3>6+8.�� �9,� �+86/C�� �+@/

�-�663=>/<�� "/>/<� �/3/<�� �928� �/>D8/<�� �<3+8� �366/<�� �9<.98

�9>6/C�� �989@+8�  3-5/6�� �+>2C� "03=>/<�� �+<<C� %2+C/<�� �<+.

#/+5�� �+6� $/631�� �+7/=� $>/A+<>�� +8.� �+C@38� $>981� 09<� >2/3<

/B-/:>398+6� /009<>=�
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�
��� ���� �+),�-&.+*� �"/1""*

.&*$("� �*!� )0(/&,("�  +(+-� (++'0,

/��(".�� ���� �*"�  +(+-� (++'0,

/��("�� ���� �1+�  +(+-� (++'0,

/��(".�

(a)

(b)

�
�
�
�	
�

��� ��� �%+!"*� �*!� ��� �&( +2�� 4��-!1�-"� �  "("-�/&+*� #+-� �&*!+1

�3./").��� ������������ ��� ��		���
� ����� ��� ����! ��� 	��������� �+(�

	
�� *+�� ��� �0(3� ������ ,�� 
��

	�� ��� �-"."*%�)�� 4�($+-&/%)� #+-� �+),0/"-� �+*/-+(� +#� �� �&$&/�(� �(+/5

/"-��� ��
� �"� ��� ��!����� � �+(�� ��� *+�� ��� ��
��� ,,�� 	�5
��


