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Notice
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CUSTOMERS, AND PROSPECTIVE CUSTOMERS. THE INFORMATION CONTAINED HEREIN SHALL NOT BE
REPRODUCED IN WHOLE OR IN PART WITHOUT DGC’S PRIOR WRITTEN APPROVAL.  

DGC reserves the right to make changes in specifications and other information contained in this document without prior
notice, and the reader should in all cases consult DGC to determine whether any such changes have been made.  
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LICENSING OF DGC SOFTWARE CONSIST SOLELY OF THOSE SET FORTH IN THE WRITTEN CONTRACTS
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HEREIN SHALL BE DEEMED TO BE A WARRANTY BY DGC FOR ANY PURPOSE, OR GIVE RISE TO ANY
LIABILITY OF DGC WHATSOEVER.

IN NO EVENT SHALL DGC BE LIABLE FOR ANY INCIDENTAL, INDIRECT, SPECIAL OR CONSEQUENTIAL
DAMAGES WHATSOEVER (INCLUDING BUT NOT LIMITED TO LOST PROFITS) ARISING OUT OF OR  RELATED
TO THIS DOCUMENT OR THE INFORMATION CONTAINED IN IT, EVEN IF DGC HAS BEEN ADVISED, KNEW OR
SHOULD HAVE KNOWN OF THE POSSIBILITY OF SUCH DAMAGES.
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12'3#5+0) 4945'/4� �*' 4945'/4 %#0 $' %10(+)63'& '+5*'3 #4 5+/'�4*#3+0) 4945'/4

4622135+0) .#3)' 06/$'34 1( 64'3 &'7+%'4� 13 #4 0'5813- 4'37'34�

�*+4 %*#25'3 &'4%3+$'4 5*' 4945'/ $1#3& #3%*+5'%563' 1( �!++�� ��		 #0& 
�	 4'3+'4

%1/265'34� %17'3+0) 5*' (1..18+0) /#,13 512+%4� %'053#. 231%'44+0)� /'/139 +0%.6&+0)

%#%*' %1*'3'0%9 #0& '3313 %*'%-+0) #0& %133'%5+10 ������ +0265�165265 ������

3')+45'34� #&&3'44 &'%1&+0)� #0& $64'4�

�*' 4945'/ $1#3& #0& 3'.#5'& $1#3&4 *#7' 5*' (1..18+0) (60%5+10#. %1/210'054�

• �� $1#3&4

• �'/139 $1#3&4

• �')+45'34

• �&&3'44 &'%1&' .1)+%

• �64 #3$+53#5+10 .1)+%

• ��� %10531..'34 #0& ��� $1#3&4

�+)63'�
�
 +..6453#5'4 5*' 4945'/ $1#3& #3%*+5'%563'� #0& &'4%3+25+104 (1..18�
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The CPU Board
��� &+&'�! (&�& �#'#%# � �
����� 
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��	�� 
���& '��' �!$ �!�"' '��
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� �%���'��'(%� �#"&�&'�"� #� �� �"&'%(�'�#"&�

��%�)�%� ��%��' + �*��('�& '�� ���
 �"&'%(�'�#"&� � �!�"�'�"� '�� "��� �#% !��%#�#���
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�#%* ��� %0/4#+/3 	� �$94'3 0( %#%*' .'.029 #/& # .'.029 .#/#)'.'/4 5/+4�

�*' .'.029 .#/#)'.'/4 5/+4 42#/3-#4'3 -0)+%#- #&&2'33'3 +/40 1*93+%#- #&&2'33'3

7+4*+/ 470 -0)+%#- #&&2'33 2#/)'3 � 3'2 #/& �51'26+302� 0( � �$94'3 '#%*� �70 #&&2'33

42#/3-#4+0/ %#%*'3� 4*' �#)' �&&2'33 �2#/3-#4+0/ �#%*' ������ #/& 4*' �-0%, �&&2'33

�2#/3-#4+0/ �#%*' ������� 1206+&' -0)+%#-�40�1*93+%#- #&&2'33 42#/3-#4+0/�

�#%* �� %0..5/+%#4'3 7+4* +43 ��� 3 6+# 470 *+)*�31''& 39/%*20/053 �20%'3302

$53'3 ��$53�� 0/' (02 4*' �/3425%4+0/ ��� ��/3425%4+0/ �$53� #/& 0/' (02 4*' �#4#

��� ��#4# �$53�� �*' �$53 +3 &'3%2+$'& +/ &'4#+- +/ 4*' (0--07+/) .#/5#-3 $9

�04020-#�


������ �	�� 
������������� 
����� 
�����


������ ������
����� 
��������� 
��� 
����� 
�����

�0.' 0( 4*' 3+)/#-3 40�(20. 4*' �� #2' /04 53'& #3 &'3%2+$'& +/ �#$-'�	�	�

Table 1–1  Unused CPU Signals

Signal Description

�/4'22514 #/& �0/420- �+)/#-3

��� �*'%,'2 �+3.#4%* �2202 �*'-& *+)*�

��� �$53 �*'%,'2 �/#$-' �*'-& -07�

��� �$53 �*'%,'2 �/#$-' �*'-& -07�

Miscellaneous CPU Signals

��	 �2#%' 	 �*'-& -07�� 3'' /04'�

��	 �#) �0/+402 	 �*'-& *+)*�� 3'' /04'�

�������� �#%*' �4#4+% ��� �0&' �*'-& -07�

Pbus Signals

��� �$53 �*+1 �'-'%4 �*'-& -07�� 3'' /04'�

Mbus Signals

���!���" �&&2'33��#4# �#2+49 �*'-& *+)*�

�� �0/420- �#2+49 �*'-& *+)*�

����� ��	� ��	 #/& ��� ��� ���� 0/ �� $0#2&3 7+4* 3+8 ��� 3 1'2 �� �

Memory
�*' 3934'. 35110243 #3 .5%* #3 	
� ��94'3 0( �9/#.+% ��� ������ -0%#4'& 0/

1-5)�+/ 3+/)-'�+/-+/' .'.029 .0&5-'3 �����3�� �*' 3934'. $0#2& %0/4#+/3 �2202

�*'%,+/) #/& �022'%4+0/ ����� -0)+% 40 %*'%, &#4# 1#33'& 40 #/& (20. 4*' ����

�*' 3934'. $0#2& *#3 
	
 ��94'3 0( �20)2#..#$-' �'#&��/-9 �'.029 ������

7*+%* %0/4#+/3 $004 %0&' #/& &+#)/034+%3�
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Registers
 *' 3834'. $0#2& *#3 .'.028�.#11'& 2')+34'23 53'& 40 #/#-89' #/& %0/420- 3834'.

(5/%4+0/3�  *'3' 2')+34'23 #2' &'3%2+$'& 7+4*+/ 4*' (0--07+/) %*#14'23�

• "�� #&&2'33+/) 2')+34'23� �'' 
� :�&&2'33+/) #/& �����

• ��� 2')+34'23� �'' �*#14'2 
� :�&&2'33+/) #/& �����

• �/4'22514 34#453 #/& %0/420- 2')+34'23� �'' �*#14'2��� :�/4'225143��

• �-0$#- 2')+34'23� �'' �*#14'2���:�-0$#- �'3052%'3��

• �'.028 %0/420- #/& 34#453 2')+34'23� �'' �*#14'2�
� :�'.028��

• �0-02 )2#1*+%3 2')+34'23�  *'3' 2')+34'23 #2' -0%#4'& 0/ 4*' %0-02 )2#1*+%3 $0#2&

7*+%* 1-5)3 +/40 4*' 3834'. $0#2&� �'' �*#14'2��� :�20)2#..+/) 4*' �0-02

�2#1*+%3 �5$3834'.��

• �'8$0#2& +/4'2(#%' 2')+34'23� �'' �*#14'2��� :�20)2#..+/) 4*' �'8$0#2&

�/4'2(#%' #/& �1'#,'2��

• �'2+#- �/4'2(#%' �')+34'23� �'' �*#14'2��� :�20)2#..+/) 4*' �'2+#- #/& �#2#--'-

�/4'2(#%'3��

• ��� 2')+34'23�  *' ��� 2')+34'23 #2' -0%#4'& 0/ # ��� $0#2& 7*+%* 1-5)3 +/40 4*'

3834'. $0#2&� �'' �*#14'2��� :�20)2#..+/) 4*' ��� #/& ���� �/4'2(#%'3��

• ���� 2')+34'23�  *' ���� 2')+34'23 #2' -0%#4'& 0/ 4*' ���� $0#2& 7*+%* 1-5)3 +/40

4*' 3834'. $0#2&� �'' �*#14'2��� :�20)2#..+/) 4*' ��� #/& ���� �/4'2(#%'3��

• � � #/& �� 2')+34'23�  *' � � #/& �� 2')+34'23 #2' -0%#4'& 0/ 4*' 3834'.

$0#2&� �'' �*#14'2�	�� :�20)2#..+/) 4*' �'#-; +.' �-0%, #/& 4*' �20)2#..#$-'

�/4'26#-  +.'2��

• ��� 2')+34'23�  *' ��� 2')+34'23 #2' -0%#4'& +/ (+2.7#2' 0/ 4*' 3834'. $0#2&�

�'' �*#14'2�		� : *' �834'. �0/420- �0/+402 �������

 *' ��! .#8 #%%'33 #-- 0( 4*'3' 2')+34'23� $54 "�� %0/420--'23 %#/ #%%'33 0/-8 4*'

�-0$#- �0/420- #/& �4#453 ����� 2')+34'23�
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Input/Output
�(% 1612%, ".!0$ #.,,3-)#!2%1 5)2( .2(%0 #.-20.++%01 !-$ $%4)#%1 4)! 2(%  ��

)-2%0&!#%� 1%0)!+ )-2%0&!#%� /!0!++%+ )-2%0&!#%� ���� )-2%0&!#% !-$ ��� )-2%0&!#%� �(%1%

)-2%0&!#%1 !0% $%1#0)"%$ "%+.5 !-$ +!2%0 )- 2(% "..* !1 )-$)#!2%$�

Asynchronous Serial Interface
�(% !16-#(0.-.31 1%0)!+ )-2%0&!#% #.-1)121 .& 25. �)'-%2)#1 ���	
�	 �3!+ �-)4%01!+

�16-#(0.-.31 �%#%)4%0��0!-1,)22%01 �������� 5()#( (!4% ,%,.06�,!//%$

0%')12%01� �(% !16-#(0.-.31 1%0)!+ )-2%0&!#% '%-%0!2%1 .-% 1612%, #.-1.+% /.02 !-$

25. ,.$%, /.021� �%% �(!/2%0��� 7�0.'0!,,)-' 2(% �%0)!+ !-$ �!0!++%+ �-2%0&!#%1��

&.0 ,.0% )-&.0,!2).- .- 2(% !16-#(0.-.31 1%0)!+ )-2%0&!#%�

Synchronous Serial Interface
�(% 16-#(0.-.31 1%0)!+ )-2%0&!#% #.-1)121 .& ! ���
��
	 �3!+ �-)4%01!+ �6-#(0.-.31

�.,,3-)#!2).-1 �.-20.++%0 �������� 5()#( (!1 ,%,.06�,!//%$ /0.'0!,,!"+%

0%')12%01� �(% 16-#(0.-.31 1%0)!+ )-2%0&!#% '%-%0!2%1 25. 1%0)!+ /.021 2. 20!-1,)2 !-$

0%#%)4% $!2!� �%% �(!/2%0��� 7�0.'0!,,)-' 2(% �%0)!+ !-$ �!0!++%+ �-2%0&!#%1�� &.0

,.0% )-&.0,!2).- .- 2(% 16-#(0.-.31 1%0)!+ )-2%0&!#%�

Parallel Interface
�(% /!0!++%+ )-2%0&!#% )1 ! �%-20.-)#18#.,/!2)"+% /0)-2%0 )-2%0&!#%� )2 #!- .-+6 20!-1,)2

$!2!� )2 #!--.2 0%#)%4% $!2!� �(% /!0!++%+ )-2%0&!#% #!- "% #.-&)'30%$ &.0 %)2(%0 ��� .0

��� 2!-1&%01� !-$ (!1 .-% #.-20.+�12!231 0%')12%0� !-$ .-% $!2! 0%')12%0� !-$ ���

0%')12%01� �(%0% !0% 25. )-2%003/21 !11.#)!2%$ 5)2( 2()1 )-2%0&!#%�� �%% �(!/2%0���

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

VME Interface
�(%  �� )-2%0&!#% 0%'3+!2%1  ��"31 !#2)4)26 !-$ %-!"+%1 1612%, ".!0$ !-$  ��

#.-20.++%01 2. #.,,3-)#!2% .4%0 2(%  ��"31� �(% )-2%0&!#% (!1 ,%,.06�,!//%$

/0.'0!,,!"+% 0%')12%01 &.0  ��"31 12!231 !-$ #.-20.+� �(%  ��"31 )1 $%1#0)"%$

+!2%0 )- 2()1 #(!/2%0� )- �(!/2%0 	� 7�$$0%11)-' !-$ ����� )- �(!/2%0�
� 7�-2%003/21��

!-$ )- �(!/2%0��� 7�+."!+ �%1.30#%1��

Small Computer System Interface (SCSI)
�(% ���� #.--%#21 2. !- �����12!-$!0$ ���� "31� �(% ���� #.-20.++%0 (!1 "3)+2�)-


	8")2 ����

Local Area Network (LAN) Interface
�(% �2(%0-%2 ��� )-2%0&!#% #.-1)121 .& !- �2(%0-%2 #.-20.++%0 5)2( "3)+2�)- 
	�")2

���� !-$ ! 1%0)!+ )-2%0&!#%�
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Address Decoding
��� �� #�� "&"#�� ���!�"" " ��� �" ��  �� #� !��$��#� ����"" #� #�� "&"#�� ���!�""

" ���� ��� ��$" $"�" ��%�� ����!& ��  ��� #��# �" ������� �& ���!�"" ������ ������

����""�" #� "&"#�� ���!� !�"�$!��" �& ��� ���#!����!" �!� !��$��#�� �& �

 !��!������� ����$" ���!�"" 
�����! ���
�� ���$!����
 ���$"#!�#�" ���!�""

�������� ��� #�� ������ �$# $#"� ��� #�! 	� '���!�""����� ��"�!���" ���!�"" ��������

�� �!��#�! ��#����
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Figure 1–3  Address Decoding
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Buses
�%" .4./") �+�-!  +*/�&*. /%" #+((+2&*$ �0.". �*! �0. &*/"-#� ".�

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

 +*/-+(("-� �*! /%" ��� $�/" �--�4�

• �%" ���0. .0,,+-/. /%" ."-&�( &*/"-#� "� ,�-�(("( &*/"-#� "� � '"4�+�-! &*/"-#� "� �*!

������

• �%" �����0. .0,,+-/. /%" ���� �*! �
� &*/"-#� "�

• �%" ����0. .0,,+-/. /%" ���  +*/-+(("-.�

�%" ��0. �*! ���0. 0." ���������� �4/" +-!"-&*$�

The Pbus
�%" ,-+ "..+- �0. ���0.�� 2%& %  +**" /. /%" ����. /+ /%" ���� &. !". -&�"! &* /%"

�	����� 	���������� ���������� ���� ������ ������� ��� �+�-!. 2&/% +*"

���� ,"- ��0. !+ *+/ 0." /%" ��� ���0. �%&, �"(" /� &*,0/ +# /%" ����.� �%"

.&*$("5����  +*#&$0-�/&+*. %+(! ��� �+2� �*  +*#&$0-�/&+*. /%�/ %�1" /2+ +- )+-"

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

The Mbus
�%" ��0.  +**" /. /%" ����. )")+-4�  +*/-+( (+$& � $-�,%& .  +*/-+(("-� �����0.�

�*! ��� $�/" �--�4�

�%" ��0. �*! &/. .&$*�(. �-" !". -&�"! &* !"/�&( &* /%" �	����� 	���������� 

���������� ���� ������ ������� ���("�	�
 &!"*/&#&". /%" 0*0."! ��0. .&$*�(.�

Table 1–2  Unused Mbus Signals

Signal Description


������� 
!!-"..���/� ��-&/4 �%"(! %&$%�

�� �+*/-+( ��-&/4 �%"(! %&$%�

�%" .4./") �+�-! %�. ��0. �0. �-�&/-�/&+* (+$& /+ -"$0(�/" ��0. �  "..". �*!

,-"1"*/ �0.  +*/"*/&+*�

�%" ��0. 0.". ���������� �4/" +-!"-&*$ �. !". -&�"! &* /%" �	����� �

	

�������������� ������ �������
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The IObus

�$! ���1/ /1,,+.0/ � /1�/!0 +" �*0!(�/ �	��� ��,��%(%0%!/ �0 �� ��6� �$! ���1/ %/

�(+�'! 3%0$ 0$! �� ��6 /5/0!) �(+�'� �10 .1*/ �0 
���� ��6�

�* ���1/ )�/0!. )1/0 �//!.0 �* �  .!// �!"+.! !��$ �* !2!.5  �0� 0.�*/"!.� 0$!

���1/  +!/ *+0 /1,,+.0 ���$!�(%*! ��1./0� 0.�*/"!./ 0+ +. ".+) /5/0!) )!)+.5�

LSIObus Arbitration

�����1/ �.�%0.�0%+* %/ ,!."+.)! �5 0$! ��� �*0!."��! %* �+*&1*�0%+* 3%0$ 0$! ��1/

�.�%0.�0%+* (+#%�� �$!* �* ���  !2%�! �//!.0/ � �1/ .!-1!/0� 0$! ��� %*0!."��! 0.�*/(�0!/

0$%/ 0+ �* ��1/ .!-1!/0� �$!* 0$! ��1/ �.�%0.�0%+* (+#%� #.�*0/ 0$! .!-1!/0� 0$! ���

%*0!."��! ,�//!/ 0$! #.�*0 0+ 0$! .!-1!/0%*# ��� �+*0.+((!.�

�(( )�/0!./ �10 ���	 �* ���
 ,!."+.) "�%.*!// �.�%0.�0%+*� �!��1/! +" ���

(�0!*�5 �+*/0.�%*0/� 0$! ��� �+*0.+((!./ .!-1!/0 0$! �1/ 3%0$+10 "�%.*!//�

�$!.! %/ *+ ,.!!),0%+* +* 0$! �����1/� �$!* 0$! �.�%0!. $�/ #.�*0! 0$! �1/ 0+ �*

��� �+*0.+((!.� 0$! �+*0.+((!. +3*/ 0$! �1/ 1*0%( %0 .!(%*-1%/$!/ 0$! �1/ +" %0�/ +3*

���+. � �(( �����1/ )�/0!./ )1/0 .!(!�/! 0$! �1/ �"0!. 
��� 1/!� �!��1/! +" ���

(�0!*�5� �(( �1/ )�/0!./ 3$%�$ �.! �1..!*0(5 !4,!�0! 0+ �! 1/! +* 0$! �����1/ 3%((

.!(!�/! 0$! �1/ �"0!. � )�4%)1) +" 
� (+*# 3+.  �0� 0.�*/"!./� �" � )�/0!. �5�(! +*

0$! �����1/ 0�'!/ )+.! 0$�* 

��� 1/!� 0+ !* � � �1/ !..+. 3%(( �! #!*!.�0! �* 0$!

��� %*0!."��! 3%(( 0!.)%*�0! 0$! )�/0!. ���!//�

�$! �����1/ 1/!/ ������������� �50! +. !.%*#�
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The VMEbus
#1. %.;<* �8->5* �>;89* +>< �%��+><� 5274< =1. %�� ,87=;855.;< *7- =1. <B<=.6

+8*;- =8 .*,1 8=1.;	 �8; .A*695.� %�� ,87=;855.;< ,877.,= =8 6.68;B =1;8>01 =1.

%��+>< *7- �+><	

� %�� 27=.;/*,.� 58,*=.- 87 =1. <B<=.6 +8*;-� 5274< =1. %��+>< *7- �+>< =8 .*,1

8=1.;	 #1. %�� 27=.;/*,. 27,5>-.< +>< *;+2=;*=287 5802, *7- *--;.<< -.,8-. 5802,	 #1.

<B<=.6 +8*;- 1*< <58= � %��+>< />7,=287*52=B� =1.;./8;. =1. <B<=.6 +8*;-�< %��

27=.;/*,. 6872=8;< =1. ������ 527.� 1*7-5.< +>< *;+2=;*=287 *7- %�� 27=.;;>9=<� *7-

<>9952.< =1. �� ��C %�� ,58,4	

�>< *;+2=;*=287 5802, 1*7-5.< =;*//2, 87 =1. %��+><� ><270 =1. %��+>< *;+2=;*=287

<207*5< -.<,;2+.- 27 #*+5.���
 +.58@	 #1. 27=.;/*,. 27,5>-.< 5802, @12,1 =26.<�8>=

*,,.<<.< =1*= =*4. =88 5870	

#*+5.���
 52<=< =1. -*=* =;*7</.; <207*5<� +>< *;+2=;*=287 <207*5<� 27=.;;>9= <207*5<�

/*25>;. <207*5< *7- ,58,4< ,87=*27.- 27 =1. %��+><	

Table 1–3  VMEbus Signals

Signal Description "207*5 �.<,;29=287

Data Transfer: �58,4<�

�(
��
�) �--;.<< "�!��� ".;2*5 ,58,4

��(��
) �--;.<< 68-2/2.; "'"��� "B<=.6 ,58,4

�(
��

) �*=* Failures:

�"(�� 
) �*=* <=;8+. ������ �, /*25>;.

�" �--;.<< <=;8+. "'"���� "B<=.6 /*25>;.

�&�!� �870 @8;- "'"!�"�# "B<=.6 ;.<.=

"�!��# ".;2*5 -*=* Interrupts:

&!�#� &;2=. �! (���) �7=.;;>9= ;.:>.<=

�#��� �*=* =;*7</.; ���� �7=.;;>9= *,478@5.-0.

*,478@5.-0. ������ �7=.;;>9= *,478@5.-0. 27

Bus Arbitration: �����$# �7=.;;>9= *,478@5.-0. 8>=

�!(
�
) �>< ;.:>.<= Power:

��(
�
)�� �>< 0;*7= 27 ��% �� % -,

��(
�
)�$# �>< 0;*7= 8>= ���% ��� % -,

��"' �>< +><B ��� �;8>7-

���! �>< ,5.*;

��!! �>< .;;8;

�--;.<< -.,8-. 5802,� 27 ,873>7,=287 @2=1 6.68;B 6*9<� -.=.;627.< @12,1 *,,.<<.<

*,;8<< =1. %�� 27=.;/*,. *;. ?*52-	 �1*9=.; �� D�--;.<<270�� -2<,><<.< =1. 6.68;B

6*9< *7- *--;.<<270 <,1.6.< 27 -.=*25	

#1. <B<=.6 +8*;- *,,.9=< @8;-<� 1*5/�@8;-<� +B=.<� *7- +58,4< 8/ -*=* /;86 %��

,87=;855.;<� +>= =;*7<62=< 875B @8;-<� 1*5/�@8;-< 8; +B=.< =8 %�� ,87=;855.;<	
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VMEbus Arbitration

�*' ��� %/.42/,,'23� +.%,5&+.) 4*' 3834'- $/#2&� %/--5.+%#4' 4*2/5)* 4*' ���$53�

�'(/2' %/--5.+%#4+.) 7+4* #./4*'2 %/.42/,,'2� # ��� %/.42/,,'2 -534 2'15'34 #%%'33

4/ 4*' ���$53 4*2/5)* #2$+42#4+/. ,/)+% ,/%#4'& /. 4*' 3834'- $/#2&� �*+3 $53

#2$+42#4+/. %/.3+343 /( (/52 $53 2'15'34 #.& $53 )2#.4 ,'6',3� 4*' ���$53 3+).#,3

#33/%+#4'& 7+4* 4*'3' ,'6',3 #2' �53 �'15'34 ���!	9�"� #.& �53 �2#.4 ���!	9�"�� #.&

��!	9�"����� �#%* $53 )2#.4 ,'6', +3 &#+38�%*#+.'& (2/- ��� %/.42/,,'2 4/ ���

%/.42/,,'2� 4*'2'(/2' +( $/4* ��� $/#2&3 2'15'34 #4 4*' 3#-' ,'6',� 4*' $/#2& +. 3,/4 �

*#3 *+)*'34 02+/2+48 #.& +3 )2#.4'& 4*' ���$53� �*'. +4 2','#3'3 4*' ���$53� 4*'

#2$+42#4+/. 02/%'33 2'0'#43 7+4* #./4*'2 #2$+42#4+/. %8%,'� �*+3 &#+38�%*#+.

%/.(+)52#4+/. +3 +,,5342#4'& +. �+)52'���
� �*' �/4/2/,# -#.5#,� �
� ���	��

���
���
������ &'3%2+$'3 4*'3' 3+).#,3 +. )2'#4'2 &'4#+,�

Mbus

VME Controller VME Controller

1 2

BG1IN BG1OUT BG1IN BG1OUT

BG1OUT BG1IN

CPU

VME Interface

Bus Arbitration Logic

Figure 1–4  VMEbus Grant Daisy–Chain

�/ 2'15'34 #%%'33 4*' ���$53� 72+4' 4*' &'3+2'& 2'15'34 ,'6', +.4/ 4*' ���$53

�'15'34 �'6', ����� $+43 /( 4*' �4+,+48 �/.42/, #.& �4#453 ����� 2')+34'2� �*+3 #33'243

4*' %/22'30/.&+.) $53 2'15'34 $+4 ���!	��"� 4/ 4*' ���$53� �( 4*' ���$53 +3 (2''

#.& 4*' 3834'- $/#2& +3 4*' *+)*'34 02+/2+48 2'15'34/2� 4*' 3834'- $/#2& 7+,, 05,, 4*'

�53 �2#.4 ���.���� ,+.' �+)* #.& #33'24 4*' �53 �538 ���� � ,+.' �/7� �( 4*'

���$53 +3 $538� +�'� ��� +3 #33'24'&� #.& 4*' 3834'- $/#2& 2'15'34 *#3 # ,/7'2

02+/2+48� 4*' $53 #2$+4'2 7+,, 7#+4 5.4+, 4*' $53 +3 2','#3'&� �*'. 4*' $53 +3 2','#3'&�

4*' #2$+4'2 7+,, 3#-0,' 4*' $53 ,+.'3 #.& )2#.4 4*' 2'15'34 4/ 4*' *+)*'34 02+/2+48

2'15'34/2�

���$53 #2$+42#4+/. +3 #6#+,#$,' +. 47/ -/&'3� �2+/2+48 #.& �/5.& �/$+.� �*' -/&' +3

3','%4'& 4*2/5)* 4*' �/5.& �/$+. ����� $+4 +. 4*' �4+,+48 �/.42/, #.& �4#453 �����

2')+34'2�

�*'. 53+.) 4*' �2+/2+48 -/&'� +( # %/.42/,,'2 2'15'343 #%%'33 4/ 4*' ���$53 7*+,' #

,/7'2�02+/2+48 %/.42/,,'2 +3 53+.) 4*' $53� 4*' ��� #2$+4'2 7+,, #33'24 4*' ����

3+).#, 4/ 2'15'34 4*' %522'.4 ���$53 -#34'2 4/ 2','#3' 4*' ���$53� 
%%'33 4/ 4*'

���$53 +3 )2#.4'& 4/ 4*' *+)*'34�02+/2+48 2'15'34/2 6+# 4*' �53 �2#.4 ���.�� #.&

��.���� ,+.'3� �'6', 	 +3 4*' *+)*'34 02+/2+48 #.& ,'6', � +3 4*' ,/7'34 02+/2+48�
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 )&. 53*.( 4)& �/5.% �/#*. -/%&� 4)& �53 �2".4 ���.�� ".% ��.���� 3*(.", *3

0"33&% 4)2/5() " ,//0�  )&. " $/.42/,,&2 2&$&*6&3 4)& #53 (2".4� 4)& $/.42/,,&2 7*,,

&*4)&2 0"33 4)& (2".4 /. 4/ "./4)&2 $/.42/,,&2� /2 *4 7*,, 53& 4)& (2".4 4/ "$$&33 4)&

���#53� �. �/5.% �/#*. -/%&� ",, $/.42/,,&23 *. 4)& 2/5.% 2/#*. ,//0 )"6& 4)& 3"-&

02*/2*49�

Arbitration Modes

�)& 3934&- #/"2% "$$&33&3 4)& ���#53 53*.( /.& /' 4)2&& -/%&3� �&,&"3& �&6&2�

�&,&"3&  )&. �/.& �� �� ".% �&,&"3& �. �&15&34 ������ �)&3& -/%&3 "2& 3&,&$4&%

53*.( 4)& �&,&"3& �&6&2 ����� ".% ���#53 �&,&"3& �/%& ����� #*43 *. 4)& ���

2&(*34&2� ��� 3&,&$43 &*4)&2 �&,&"3&  )&. �/.& /2 �&,&"3& /. �&15&34� �)&3& -/%&3

".% #*43 "2& %&3$2*#&% *. (2&"4&2 %&4"*, *. �)"04&2 �� :�,/#", �&3/52$&3��

�)& 3934&- #/"2% ",3/ *-0,&-&.43 " �"*2.&33 -/%& *' 4)& �"*2.&33 ������ #*4 *. 4)&

��� 2&(*34&2 *3 3&4�  )&. 4)& ���� #*4 *3 3&4� 4)& 3934&- #/"2% 7*,, ./4 2&15&34 4)&

���#53 *' 3/-&/.& &,3& *3 2&15&34*.( *4 '2/- 4)& 3"-& ,&6&,� �)*3 0"33&3 4)& #53

(2".4 %/7. 4)& #53 (2".4 %"*39 $)"*. ���.�� ".% ��.���� 4/ 4)& .&84 #/"2%�

Arbitration Timeout

�)& ���#53 "2#*4&2 $/.4"*.3 ,/(*$ 4/ ,*-*4 #53 "2#*42"4*/. %&,"93 4/ /.& 3&$/.% /2 ,&33�

�)*3 4*-*.( ,/(*$ $". #& &."#,&% /2 %*3"#,&% 4)2/5() 4)& �."#,& ���#53 �2#*42"4*/.

�*-&/54 ����� #*4 /' 4)& �4*,*49 �/.42/, ".% �4"453 ����� 2&(*34&2�  )&. &."#,&%�

4)& 4*-&�/54 &80*2&3 *' 4)& ���! 3*(.", *3 ./4 "33&24&% 7*4)*. /.& 3&$/.% /' "33&24*.(

4)& �53 �2".4 ����� 3*(.",�  )&. " ���#53 "2#*42"4*/. 4*-&/54 /$$523� 4)&

*.4&22504 ,/(*$ 3&43 4)& �2#*42"4*/. �*-&/54 ����� *.4&22504 *. 4)& �.4&22504 �4"453

����� 2&(*34&2 ".% "33&243 ". *.4&22504 4/ 4)& ����

Transferring Data Over the VMEbus

�)& ��� *.4&2'"$& 3500/243 7/2%� )",'�7/2% ".% #94& 42".3'&23 *.*4*"4&% #9 &*4)&2

4)& ���#53 /2 4)& �#53�

� ���#53 &22/2 7*,, /$$52 *' &*4)&2 " #53 4*-&�/54 /$$523 #&$"53& ./ %&6*$& 2&30/.%3�

/2 *' " ��� $/.42/,,&2 *3 "$$&33&% ".% 2&$&*6&3 ". "%%2&33 -/%*'*&2 4)"4 *4 $"../4

)".%,& ��/2 &8"-0,&� *' " $/.42/,,&2 42*&3 4/ 3&.% " 
	�#*4 %"4" 7/2% 4/ " �
�#*4

$/.42/,,&2 #/"2%� ". &22/2 7*,, 2&35,4��

�)& ��� *.4&2'"$& ",3/ 3500/243 #,/$+ 42".3'&23 /' 7/2%3� )",'�7/2%3 /2 #94&3

*.*4*"4&% #9 " ��� $/.42/,,&2� �)& -"8*-5- #,/$+ 42".3'&2 *.*4*"4&% #9 " ���

$/.42/,,&2 *3 	�
 #94&3 �
� 7/2%3� 7)*,& 4)& -"8*-5- #,/$+ 42".3'&2 /. 4)& �#53 *3

�
 #94&3 �'/52 7/2%3�� �' " ��� $/.42/,,&2 3&.%3 " #,/$+ ,"2(&2 4)". '/52 7/2%3 4/

-&-/29� 4)& ��� *.4&2'"$& #2&"+3 4)& #,/$+ *.4/ '/52�7/2% #,/$+3 4)"4 4)& �#53 $".

)".%,&�
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Chapter 2
Addressing and DMA

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

�$ ��#�"���# ���"�## ��!# ��� ���"�## ��� ����� ��� ���!$�" ��# �'!����# � & � 	��

����##�# #(#$�� � �"� "�# %"��# ��� ��� "(� � & $�� 	�� ����##�#  $��" �



� �$" ���"#� ��� � &  $��" �

 � �$" ���"# ����## ��� "( ��� $�� �� ��� 	 �$" � ���

�$�$%# ��	�� "���#$�"#�

��� #(#$�� ���"�## #!��� �# ��'�� �� ��"�&�"�� ���"�## ��� �� � ��� ��� ��# ����##�#

$ ���  � $�� #(#$�� "�# %"��# �# ������� �� �!!����' �� )���"�## 
�!�� ���# ���"�##

��� �� !" ��## �# $"��#!�"��$ $ $�� !" �"����"�
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Addressing a VME Controller
�&'. .#!/'+* "#.!-' #. &+1 � .2./#)  +�-" ��� �""-#..#. ��� !+*/-+((#-.� �&'.

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

�&#* /&# ��� �""-#..#. � ��� !+*/-+((#-� �""-#.. "#!+"# (+%'! %#*#-�/#. /&#

����
���  '/.� 1&'!& �-# /-�*.(�/#" '*/+ /&# �""-#.. )+"'$'#-  '/. �������� �&#

�""-#.. )+"'$'#-  '/. '*$+-) /&# ��� !+*/-+((#-. 1&'!& ��� .,�!# /&# �""-#.. '.

1-'//#* /+� ��
� �	� +- �
	 .,�!#� �## �� (#�	�� '* /&# "#.!-',/'+* +$ /&# �����

-#%'./#- $+- )+-# '*$+-)�/'+* � +0/ /&# �""-#.. )+"'$'#-  '/.�

�&#* /&# ��� �""-#..#. � ��� !+*/-+((#-� /&# .2./#)  +�-" "#!+"#. /&# �""-#.. �.

$+((+1.� �.## �(.+ �'%0-#�	���

�� �&# ��� ,0/. � 
	� '/ �""-#.. +*/+ /&# � 0.�

	� �""-#.. "#!+"# (+%'! "#!+"#. /&# �""-#..� �$ '/ ,+'*/. /+ /&# ��� 0.� /&#

$+((+1'*% ./#,. �-# ,#-$+-)#" .')0(/�*#+0.(2�


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

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

�'%0-#�	�� '((0./-�/#. &+1 /&# ��� 0. "#!+"#. �""-#..#.� �*" 1&#-# /&# �""-#..

)+"'$'#-  '/. !+)# $-+)�

Mbus address bits MDS[2–0] bits of RMAD
register are translated into
AM[5–4] bits.

VMEbus address modifier
bits AM[5–4]

VMEbus address bits

EXTAM register bits:
EXTAM[3–0]

VMEbus address Type of VMEbus access
VME address space select:
A16, A24 or A32

VMEbus address modifier
bits AM[3–0]

VMEbus

AM[3–0] AM[5–4]
A[31:01] (A32)
A[23:01] (A24)
A[15:01] (A16)

Figure 2–1  Decoding Addresses to the VMEbus
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EXTAM Extended Address Modifier

FFF8 8014 Read/write

�'$ $51$,#$#  ##/$00�+-#(%($/ /$&(01$/ ������� 02..*($0 1'$  ##/$00 +-#(%($/ !(10

���
��� 1- 1'$ ���!20 4'$,  0601$+ !- /# "-,1/-**$/  ""$00$0 1'$ ���!20�

������� #$%(,$0 1'$  ##/$00 0(7$  ,# 1'$ 16.$ -%  ""$00�  ,# (0 #/(3$, -,1- 1'$

���!20 4(1' $ "'  ##/$00� � !*$�	�� #$%(,$0 ���
����

�,(1( *(7$ ����� !$%-/$  ##/$00(,&  ��� "-,1/-**$/�

����� (0 ,-1  %%$"1$# !6 0601$+ /$0$1 -/ *-" * /$0$1�

EXTAM

7 034

Unused

Bit Mnemonic Function

��� �,20$#


�� ���
��� �51$,#$# �##/$00 �-#(%($/0
�/(3$0 1'$  ##/$00 +-#(%($/0 ���
��� -,1- 1'$ ���!20 4'$,  ���
4/(1$0  ,  ##/$00 1- 1'$ ���!20� �'$  ##/$00 +-#(%($/ #$%(,$0 1'$
16.$ -% 1/ ,0%$/ -/  ""$00 �0$$ � !*$�	��� �##/$00 �-#(%($/0 ���
�����

� !*$�	�� #$%(,$0 ������
����

Table 2–1  Address Modifiers AM[3–0]

AM3 AM2 AM1 AM0 Type of access

� � � � �2.$/3(0-/ !*-") 1/ ,0%$/

� � � � �2.$/3(0-/ ./-&/ +  ""$00

� � � � �2.$/3(0-/ # 1  ""$00

� � � � �0$/ !*-") 1/ ,0%$/

� � � � �0$/ ./-&/ +  ""$00

� � � � �0$/ # 1  ""$00

����� � 20$/ 1/ ,0%$/ -/ 20$/  ""$00 (0 1'$ 0 +$  0  ,-,�./(3$*$&$#  ""$00 #$%(,$# (, 1'$ ���!20

0.$"(%(" 1(-,�

�,  ##(1(-, 1- ���
���� 1'$ 0601$+ !- /# &$,$/ 1$0 ������� %/-+  ##/$00 #$"-#$

0(&, *0� ������� (#$,1(%6 1'$ ���  ##/$00 0. "$  0 #$%(,$# (, � !*$�	�	�

Table 2–2  Address Modifiers AM[5,4]

AM5 AM4 VME Space

� � �
	

� � �	�

� � ��
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Addressing Memory and System Board
Resources from a VME Controller

 ./7 7+)8/43 *+7)6/(+7 .4; "�� )4386411+67 '**6+77 2+246=�  ./7 '**6+77/3- 564)+77

/7 86'375'6+38 84 8.+ 564-6'22+6�  .+ ,4114;/3- 8+<8 '3* /119786'8/437 +<51'/3 .4; 8.+

��!7 '))+77 8.+ 7=78+2 (4'6* 6+7496)+7 '3* 2+246=�

"�� )4386411+67 .':+ 43+ 4, 8.6++ '**6+77 75')+7� �	
� �
� 46 ��
 75')+� '3* '6+

6+75+)8/:+1= 6+,+66+* 84 '7 �	
� �
� 46 ��
 )4386411+67�  .+ 392(+6 4, '**6+77 1/3+7

*6/:+3 (= 8.+ )4386411+6 *+,/3+7 8.+ '**6+77 75')+ 46 6'3-+ ':'/1'(1+�

A16 controllers .':+ 	
 '**6+77 1/3+7� 8.+ '**6+77 6'3-+ /7 1/2/8+* 84 
� �(=8+7�

�	
 )4386411+67 )'3 '))+77 431= 8.+ �14('1 �438641 '3* �8'897

����� 6+-/78+67 '3* 48.+6 "�� )4386411+67�

A24 controllers .':+ 
� '**6+77 1/3+7� 8.+ '**6+77 6'3-+ /7 1/2/8+* 84 	
 �(=8+7�

�
� )4386411+67 )'3 '))+77 '77/-3+* 2+246=� #.+3 '3 �
�

)4386411+6 '))+77+7 2+246=� 8.+ �$ �� 6+-/78+6 '55+3*7 8.+ 955+6

+/-.8 '**6+77 (/87 84 8.+ �
� '**6+77�  ./7 +3'(1+7 8.+ �
� *+:/)+
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The VMEbus Address Decoder (VAD)
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RVAD Read VMEbus Address Decoder

FFF8 802C Read/Write
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WVAD Write VMEbus Address Decoder

FFF8 8028 Write Only
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EXTAD Extended Address

FFF8 8010 Read/write
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Figure 2–2  EXTAD in a VME A24 Address
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 ��������� 
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The VME interface appends the EXTAD
bits 31–24 to the VME address bits 23–00.
The EXTAD bits convert the A24 address
into a 32–bit address which is written to the
Mbus.

VME controller generates an
address (places the address on

the VMEbus).

A24 or A32
address?

A24 address

The VME interface writes the 32–bit
address to the Mbus.

If the address is to A32 space, bits 31–22 flow
through VAD.  If the address is to A24 space,
bits 23–22 flow through VAD.  The VAD
determines whether or not it is a valid access.

Valid system
board access?

Yes

No Decodes to another VME
controller or produces a bus
error.

Address decode logic decodes the address and
enables the addressed resource.

A32 address

Figure 2–3  Addressing System Board Resources and memory from the VMEbus
(Flowchart)
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DMA
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AD DMA Address

FFF8 D808 AD – DMA0 Read/Write

FFF8 D908 AD – DMA1

FFF8 DA08 AD  – DMA2

FFF8 DB08 AD  – DMA3

FFF8 DC08 AD – DMA4
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CMD DMA Command

FFF8 D820 CMD – DMA0 Write Only

FFF8 D920 CMD – DMA1

FFF8 DA20 CMD – DMA2

FFF8 DB20 CMD – DMA3

FFF8 DC20 CMD – DMA4

&0- �644)5, �� �� 8-/19:-8 +65:8639 :0- 67-8):165 6. :0- � � +0)55-3�

15 0
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123456789

Bit Mnemonic Function
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CNT DMA Byte Count

FFF8 D810 CNT – DMA0 Read/Write

FFF8 D910 CNT – DMA1

FFF8 DA10 CNT – DMA2

FFF8 DB10 CNT – DMA3

FFF8 DC10 CNT – DMA4
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SG Scatter/Gather Descriptor Address

FFF8 D804 SG – DMA0 Read/Write

FFF8 D904 SG – DMA1

FFF8 DA04 SG – DMA2

FFF8 DB04 SG – DMA3

FFF8 DC04 SG – DMA4

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

$��%%�#���%��# ��$�#�"%!# ��!��� �&#� � � $��%%�#���%��# ��
 !"�#�%�! � ��

� �#��� %$ %! "!� % %! %��  �)% � %#* � %�� $��%%�#���%��# ��$�#�"%!# ��!��� (����

"!� %$ %! %��  �)% ��%� ���#�$$ � � �*%� �!& %� ���� � %#* %! �� �&$% �� ���� �� ! �

(!#� �!& ��#*� �� �� ��%$ � � � 	 �&$% �� ��

�� �$  !% �'������� ! ��%��# ��
 ���  �� � !# 
�

31 16

15 0

SG

SG

1

00

2

Bit Mnemonic Function
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STAT DMA Status

FFF8 D840 STAT – DMA0 Read/Write

FFF8 D940 STAT – DMA1

FFF8 DA40 STAT  – DMA2

FFF8 DB40 STAT  – DMA3

FFF8 DC40 STAT – DMA4

$.+ #8'897 �#$�$� 6+-/78+6 6+,1+)87 8.+ 78'897 4, 8.+ ��� ).'33+1�

15 14 13 12 11 0

IDI BERRSGERR PERR TRM CMP FLSG SEMSK2 MSK1 MSK0 Res SG RST DIR DIP

10 123456789

Bit Mnemonic Function
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Chapter 3
Interrupts
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CPU Interrupt Registers
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IST Interrupt Status

FFF8 4040 Read only
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MEM

23
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Bit Mnemonic Function
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Bit Mnemonic Function
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 �.&+%#4'3 4*#4 # 3/(47#2' +.4'22504 7#3 )'.'2#4'&�
	 �.&+%#4'3 4*#4 # 3/(47#2' +.4'22504 7#3 ./4 )'.'2#4'&�

� ��� �/(47#2' �.4'22504 �
�.' /( '+)*4 3/(47#2' +.4'225043�  *' +.4'22504 3'26+%' 2/54+.' &'(+.'3 4*'
��. 02+/2+48 ,'6',3�

 �.&+%#4'3 4*#4 # 3/(47#2' +.4'22504 7#3 )'.'2#4'&�
	 �.&+%#4'3 4*#4 # 3/(47#2' +.4'22504 7#3 ./4 )'.'2#4'&�


 ��
 �/(47#2' �.4'22504 

�.' /( '+)*4 3/(47#2' +.4'225043�  *' +.4'22504 3'26+%' 2/54+.' &'(+.'3 4*'
��. 02+/2+48 ,'6',3�

 �.&+%#4'3 4*#4 # 3/(47#2' +.4'22504 7#3 )'.'2#4'&�
	 �.&+%#4'3 4*#4 # 3/(47#2' +.4'22504 7#3 ./4 )'.'2#4'&�

	 ��	 �/(47#2' �.4'22504 	
�.' /( '+)*4 3/(47#2' +.4'225043�  *' +.4'22504 3'26+%' 2/54+.' &'(+.'3 4*'
��. 02+/2+48 ,'6',3�

 �.&+%#4'3 4*#4 # 3/(47#2' +.4'22504 7#3 )'.'2#4'&�
	 �.&+%#4'3 4*#4 # 3/(47#2' +.4'22504 7#3 ./4 )'.'2#4'&�

�%/.%,5&'&�



Interrupts

3–6 014–002076

IEN, IEN0, IEN1, IEN2 and IEN3 Interrupt Enable

FFF8 403C IEN Read/Write

FFF8 4004 IEN0

FFF8 4008 IEN1

FFF8 4010 IEN2

FFF8 4020 IEN3

�'$ �,1$//2.1 �, !*$ /$&(01$/0 ����� ���� � ���
� $, !*$  ,# + 0) (,1$//2.10 1- 1'$

���0� ���� � ���
 $, !*$ (,1$//2.10 1- 1'$ "-//$0.-,#(,& ��� ����� � ���
��

3'(*$ ��� $, !*$0 (,1$//2.10 1-  ** ���0� �- $, !*$  , (,1$//2.1� 3/(1$  � (,1- 1'$

"-//$0.-,#(,& !(1 (, 1'$  ../-./( 1$ (,1$//2.1 $, !*$ /$&(01$/� �- + 0)  , (,1$//2.1�

3/(1$  � (,1- 1'$ "-//$0.-,#(,& !(1 (, 1'$ (,1$//2.1 $, !*$ /$&(01$/� �'$ (,1$//2.1

$, !*$ /$&(01$/0  ,# 1'$ (,1$//2.1 01 120 /$&(01$/  /$ +(//-/ (+ &$0 -% $ "' -1'$/�

�'$ (,1$//2.1 $, !*$ /$&(01$/0  /$ "*$ /$# 1- � !4 0401$+ /$0$1� #(0 !*(,& (,1$//2.10�

31 30 29 28 27 26 25 24 23 22 21 1617181920

15 14 13 12 11 10 9 8 7 6 5 014

ABT ACF ATO DTI SI7 SI6 SI5 SI4 VME7 0 SF VME6 DI SHP

VME5 VME4 VME3 LM SLP VME2 VME1 SI1 SI0

KBD

0

MEM

23

SI2SI30 0 00

Bit Mnemonic Function


� ��� �!-/1 �20'!211-,
� �, !*$0 1'$  !-/1 .20'!211-, (,1$//2.1�
� � 0)0 1'$  !-/1 .20'!211-, (,1$//2.1�


� ��� �� � (*2/$
� �, !*$0 1'$  " .-3$/ % (*2/$ (,1$//2.1�
� � 0)0 1'$  " .-3$/ % (*2/$ (,1$//2.1�

	� ��� ���!20 �(+$-21
� �, !*$0 1'$ ���!20 1(+$-21 (,1$//2.1�
� � 0)0 1'$ ���!20 1(+$-21 (,1$//2.1�

	� ��� ����� �(+$/ �0401$+ "-,0-*$�
� �, !*$0 1'$ 0401$+ "-,0-*$ ����� 1(+$/ (,1$//2.1�
� � 0)0 1'$ 0401$+ "-,0-*$ ����� 1(+$/ (,1$//2.10

	
 ��
 �-%13 /$ �,1$//2.1 

� �, !*$0 0-%13 /$ (,1$//2.1 
�
� � 0)0 0-%13 /$ (,1$//2.1 
�

	� ��� �-%13 /$ �,1$//2.1 �
� �, !*$0 0-%13 /$ (,1$//2.1 ��
� � 0)0 0-%13 /$ (,1$//2.1 ��

	� ��� �-%13 /$ �,1$//2.1 �
� �, !*$0 0-%13 /$ (,1$//2.1 ��
� � 0)0 0-%13 /$ (,1$//2.1 ��

�"-,1(,2$#�



Interrupts

3–7014–002076

Bit Mnemonic Function

�	 ��	 �-%14 /$ �,1$//2.1 	
� �, !*$0 0-%14 /$ (,1$//2.1 	�
� � 0)0 0-%14 /$ (,1$//2.1 	�

�� ���� ��� �$3$* � �,1$//2.1
� �, !*$0 1'$ ���� (,1$//2.1 %/-+ ��� "-,1/-**$/0�
� � 0)0 1'$ ���� (,1$//2.1 %/-+ ��� "-,1/-**$/0�

�� ��� �$5!- /# �,1$//2.1
� �, !*$0 1'$ )$5!- /# (,1$//2.1�
� � 0)0 1'$ )$5!- /# (,1$//2.1�

�� �,20$#

�� �� �501$+ � (*2/$ �,1$//2.1
� �, !*$0 1'$ 0501$+ % (*2/$ (,1$//2.1�
� � 0)0 1'$ 0501$+ % (*2/$ (,1$//2.1�

�� ���� ��� �$3$* � �,1$//2.1
� �, !*$0 1'$ ���� (,1$//2.1 %/-+ ��� "-,1/-**$/0�
� � 0)0 1'$ ���� (,1$//2.1 %/-+ ��� "-,1/-**$/0�

�
 ��� �$+-/5 �//-/ �,1$//2.1
� �, !*$0 1'$ +$+-/5 (,1$//2.1�
� � 0)0 1'$ $+$+-/5 (,1$//2.1�

�� �� ����� �,1$//2.1 �0501$+ "-,0-*$�
� �, !*$0 1'$ 0501$+ "-,0-*$ ����� (,1$//2.1�
� � 0)0 1'$ 0501$+ "-,0-*$ ����� (,1$//2.1�

�� ��� �(&, * �(&' �/(-/(15 ����� (,1$//2.1
� �, !*$0 1'$ ��� (,1$//2.1�
� � 0)0 1'$ ��� (,1$//2.1�

�
 �,20$#

�	 ���
 ��� �$3$* 
 �,1$//2.1
� �, !*$0 1'$ ���
 (,1$//2.1 %/-+ ��� "-,1/-**$/0�
� � 0)0 1'$ ���
 (,1$//2.1 %/-+ ��� "-,1/-**$/0�

�� �,20$#

�� ���	 ��� �$3$* 	 �,1$//2.1
� �, !*$0 1'$ ���	 (,1$//2.1 %/-+ ��� "-,1/-**$/0�
� � 0)0 1'$ ���	 (,1$//2.1 %/-+ ��� "-,1/-**$/0�

�� �,20$#

�� ���� ��� �$3$* � �,1$//2.1
� �, !*$0 1'$ ���� (,1$//2.1 %/-+ ��� "-,1/-**$/0�
� � 0)0 1'$ ���� (,1$//2.1 %/-+ ��� "-,1/-**$/0�

� �,20$#


 �� �-" 1(-, �-,(1-/ �,1$//2.1
� �, !*$0 1'$ *-" 1(-, +-,(1-/ (,1$//2.1�
� � 0)0 1'$ *-" 1(-, +-,(1-/ (,1$//2.1�

� ��� �(&, * �-4 �/(-/(15 ����� �,1$//2.1
� �, !*$0 1'$ ��� (,1$//2.1�
� � 0)0 1'$ ��� (,1$//2.1�

� ���� ��� �$3$* � �,1$//2.1
� �, !*$0 1'$ ���� (,1$//2.1 %/-+ ��� "-,1/-**$/0�
� � 0)0 1'$ ���� (,1$//2.1 %/-+ ��� "-,1/-**$/0�


 �,20$#

�"-,1(,2$#�



Interrupts

3–8 014–002076

Bit Mnemonic Function

	 �

� �

 ��$�� � ��"�  #�"
� 
�����! "�� ���� ��"�  #�" � �� �

 ���" ���� !�
� 
�!�! "�� ���� ��"�  #�" � �� �

 ���" ���� !�

� ��� ���"%� � ��"�  #�" �
� 
�����! !��"%� � ��"�  #�" ��
� 
�!�! !��"%� � ��"�  #�" ��

� ��� ���"%� � ��"�  #�" �
� 
�����! !��"%� � ��"�  #�" ��
� 
�!�! !��"%� � ��"�  #�" ��

� ��� ���"%� � ��"�  #�" �
� 
�����! !��"%� � ��"�  #�" ��
� 
�!�! !��"%� � ��"�  #�" ��

� ��� ���"%� � ��"�  #�" �
� 
�����! !��"%� � ��"�  #�" ��
� 
�!�! !��"%� � ��"�  #�" ��

������#����



Interrupts

3–9014–002076

EXIST Extended Interrupt Status

FFF8 E040 Read only

�&# �51#+"#" �+1#//2-1 �1�120 ������� /#%'01#/ !,+1�'+0 '+1#//2-1 $)�%0 1&�1 �/# 0#1

1, �  6 "#3'!#0 /#.2#01'+% �+ '+1#//2-1 1, 1&# ���� �&#+ � "#3'!# /#.2#010 �+

'+1#//2-1� 1&# '+1#//2-1 /#.2#01 0'%+�) %,#0 1, '+1#//2-1 ),%'! 4&'!& 0#10 1&#

!,//#0-,+"'+% '+1#//2-1  '1 '+ 1&# ����� /#%'01#/� �&# '+1#//2-1 ),%'! �)0, '+1#//2-10

1&# ���� �&#+ '+1#//2-1#"� 1&# ��� *201 #5#!21# � -/'*�/6 '+1#//2-1 0#/3'!#

/,21'+# 1, $'+" ,21 4&�1 ('+" ,$ '+1#//2-1 '1 '0� �&# '+1#//2-1 0#/3'!# /,21'+# *�6 /#�"

�+ '+1#//2-1 #+� )# /#%'01#/ �0 4#)) �0 1&# '+1#//2-1 01�120 /#%'01#/� �$ '1 ",#0 /#�" �+

'+1#//2-1 #+� )# /#%'01#/� '1 *201 !,*-�/# 1&# 14, /#%'01#/0 1, $'+" �+6 #+� )#"

'+1#//2-1�0�� �&#  '10 '+ 1&# #51#+"#" '+1#//2-1 #+� )# /#%'01#/0 �+" 1&# #51#+"#"

'+1#//2-1 01�120 /#%'01#/ �/# *'//,/ '*�%#0 ,$ #�!& ,1&#/�

31 30 29 28 27 26 25 24 1617181920

15 14 13 12 11 9 8 6 5 04

RTC
OF

PIT3
OF

VIDEO

PIT2
OF

PIT1
OF

PIT0
OF

DMA
4C

Res. LAN0 LAN1 SCSI0 SCSI1

ZBUF DUART2 VDMA IOEXP1 IOEXP2 PDMA ReservedReserved Reserved

7

Res.
DMA
3C

DMA
2C

DMA
1C

2223 21

DMA
0C

Bit Mnemonic Function

	� ����� �#�) �'*# �),!( �3#/$),4
� �&# � ,/1 -20& 211,+ '+1#//2-1 '0 �00#/1#"�
� �&# � ,/1 -20& 211,+ '+1#//2-1 '0 +,1 �00#/1#"�

	� ���	�� ��� 	 �3#/$),4
� �&# ���	 ,3#/$),4 '+1#//2-1 '0 �00#/1#"�
� �&# ���	 ,3#/$),4 '+1#//2-1 '0 +,1 �00#/1#"�

�� ������ ��� � �3#/$),4
� �&# ���� ,3#/$),4 '+1#//2-1 '0 �00#/1#"�
� �&# ���� ,3#/$),4 '+1#//2-1 '0 +,1 �00#/1#"�

�� ������ ��� � �3#/$),4
� �&# ���� ,3#/$),4 '+1#//2-1 '0 �00#/1#"�
� �&# ���� ,3#/$),4 '+1#//2-1 '0 +,1 �00#/1#"�

�
 ������ ��� � �3#/$),4
� �&# ���� ,3#/$),4 '+1#//2-1 '0 �00#/1#"�
� �&# ���� ,3#/$),4 '+1#//2-1 '0 +,1 �00#/1#"�

�� �#0#/3#"

�� ���
� ��� �&�++#) 
 �,*-)#1#
� �&# ��� !&�++#) 
 !,*-)#1# '+1#//2-1 '0 �00#/1#"�
� �&# ��� !&�++#) 
 !,*-)#1# '+1#//2-1 '0 +,1 �00#/1#"�

�
 ���	� ��� �&�++#) 	 �,*-)#1#
� �&# ��� !&�++#) 	 !,*-)#1# '+1#//2-1 '0 �00#/1#"�
� �&# ��� !&�++#) 	 !,*-)#1# '+1#//2-1 '0 +,1 �00#/1#"�

�	 ����� ��� �&�++#) � �,*-)#1#
� �&# ��� !&�++#) � !,*-)#1# '+1#//2-1 '0 �00#/1#"�
� �&# ��� !&�++#) � !,*-)#1# '+1#//2-1 '0 +,1 �00#/1#"�

�� ����� ��� �&�++#) � �,*-)#1#
� �&# ��� !&�++#) � !,*-)#1# '+1#//2-1 '0 �00#/1#"�
� �&# ��� !&�++#) � !,*-)#1# '+1#//2-1 '0 +,1 �00#/1#"�

�!,+1'+2#"�



Interrupts

3–10 014–002076

Bit Mnemonic Function

	� ����� ��� �)$--'+ � �.,/+'2'
� �)' ��� %)$--'+ � %.,/+'2' *-2'003/2 *1 $11'02'&�
� �)' ��� %)$--'+ � %.,/+'2' *-2'003/2 *1 -.2 $11'02'&�

	� ��� �6-%)0.-.31 �.-20.++'0
� �)' 16-%)0.-.31 %.-20.++'0 *-2'003/2 *1 $11'02'&�
� �)' 16-%)0.-.31 %.-20.++'0 *-2'003/2 *1 -.2 $11'02'&�

�� ���� �2)'0-'2 �
� �)' �2)'0-'2 � *-2'003/2 *1 $11'02'&�
� �)' �2)'0-'2 � *-2'003/2 *1 -.2 $11'02'&�

�� ���� �2)'0-'2 �
� �)' �2)'0-'2 � *-2'003/2 *1 $11'02'&�
� �)' �2)'0-'2 � *-2'003/2 *1 -.2 $11'02'&�

�� ����� ���� �
� �)' ���� � *-2'003/2 *1 $11'02'&�
� �)' ���� � *-2'003/2 *1 -.2 $11'02'&�

�
 ����� ���� �
� �)' ���� � *-2'003/2 *1 $11'02'&�
� �)' ���� � *-2'003/2 *1 -.2 $11'02'&�

�� !���� !*&'.
� �)' 4*&'. *-2'003/2 *1 $11'02'&�
� �)' 4*&'. *-2'003/2 *1 -.2 $11'02'&�

�� #� � #��3(('0
� �)' #��3(('0 *-2'003/2 *1 $11'02'&�
� �)' #��3(('0 *-2'003/2 *1 -.2 $11'02'&�

�
 � ���	 � ��� 	
� �)' � ��� 	 *-2'003/2 *1 $11'02'&�
� �)' � ��� 	 *-2'003/2 *1 -.2 $11'02'&�

�	 !��� !*&'. ���
� �)' 4*&'. ��� *-2'003/2 *1 $11'02'&�
� �)' 4*&'. ��� *-2'003/2 *1 -.2 $11'02'&�

���� �'1'04'&

� ���"�� ��� �5/$-1*.- �
� �)' ��� '5/$-1*.- � *-2'003/2 *1 $11'02'&�
� �)' ��� '5/$-1*.- � *-2'003/2 *1 -.2 $11'02'&�

� �'1'04'&


 ���"�	 ��� �5/$-1*.- 	
� �)' ��� '5/$-1*.- 	 *-2'003/2 *1 $11'02'&�
� �)' ��� '5/$-1*.- 	 *-2'003/2 *1 -.2 $11'02'&�

� ���� �$0$++'+ �0*-2'0 ���
� �)' /$0$++'+ /0*-2'0 ��� *-2'003/2 *1 $11'02'&�
� �)' /$0$++'+ /0*-2'0 ��� *-2'003/2 *1 -.2 $11'02'&�

��� �'1'04'&

�%.-%+3&'&�



Interrupts

3–11014–002076

EXIEN, EXIEN0, EXIEN1, Extended Interrupt Enable
 EXIEN2 and EXIEN3

FFF8 E004 EXIEN Read/Write

FFF8 E008 EXIEN0

FFF8 E010 EXIEN1

FFF8 E020 EXIEN2

FFF8 E020 EXIEN3

�'$ �51$,#$# �,1$//2.1 �, !*$ /$&(01$/0 ������� ������ � ���
� $, !*$  ,# + 0)

1'$ $51$,#$# (,1$//2.10 1- 1'$ ���0� ������ � �����
 $, !*$ (,1$//2.10 1- 1'$

"-//$0.-,#(,& ��� ����� � ���
�� 4'(*$ ����� $, !*$0 (,1$//2.10 1-  ** ���0� �-

$, !*$  , (,1$//2.1� 4/(1$  � (,1- 1'$ "-//$0.-,#(,& !(1 (, 1'$  ../-./( 1$ (,1$//2.1

$, !*$ /$&(01$/� �- + 0)  , (,1$//2.1� 4/(1$  � (,1- 1'$ "-//$0.-,#(,& !(1 (, 1'$

(,1$//2.1 $, !*$ /$&(01$/� �'$ $51$,#$# (,1$//2.1 $, !*$ /$&(01$/0  ,# 1'$ $51$,#$#

(,1$//2.1 01 120 ������� /$&(01$/  /$ +(//-/ (+ &$0 -% $ "' -1'$/�

�'$ (,1$//2.1 $, !*$ /$&(01$/0  /$ "*$ /$# 1- � !6 0601$+ /$0$1� #(0 !*(,& (,1$//2.10�

31 30 29 28 27 26 25 24 1617181920

15 14 13 12 11 9 8 6 5 04

RTC
OF

PIT3
OF

VIDEO

PIT2
OF

PIT1
OF

PIT0
OF

DMA
4C

Res. LAN0 LAN1 SCSI0 SCSI1

ZBUF DUART2 VDMA IOEXP1 IOEXP2 PDMA ReservedReserved Reserved

7

Res.
DMA
3C

DMA
2C

DMA
1C

2223 21

DMA
0C

Bit Mnemonic Function


� ����� �$ * �(+$ �*-") �3$/%*-4
� �, !*$0 1'$  !-/1 .20'!211-, (,1$//2.1�
� � 0)0 1'$  !-/1 .20'!211-, (,1$//2.1�


� ���
�� ��� 
 �3$/%*-4
� �, !*$0 1'$ ���
 (,1$//2.1�
� � 0)0 1'$ ���
 (,1$//2.1�

	� ���	�� ��� 	 �3$/%*-4
� �, !*$0 1'$ ���	 (,1$//2.1�
� � 0)0 1'$ ���	 (,1$//2.1�

	� ������ ��� � �3$/%*-4
� �, !*$0 1'$ ���� (,1$//2.1�
� � 0)0 1'$ ���� (,1$//2.10

	� ������ ��� � �3$/%*-4
� �, !*$0 ���� (,1$//2.1�
� � 0)0 ���� (,1$//2.1�

	
 �$0$/3$#

	� ����� ��� �' ,,$* � �-+.*$1$
� �, !*$0 1'$ ��� "' ,,$* � "-+.*$1$ (,1$//2.1�
� � 0)0 1'$ ��� "' ,,$* � "-+.*$1$ (,1$//2.1�

�"-,1(,2$#�



Interrupts

3–12 014–002076

Bit Mnemonic Function

	� ���
� ��� �*$//(- 
 �0.1-(4(
� �/$%-(3 4*( ��� &*$//(- 
 &0.1-(4( +/4(22514�
� �$3,3 4*( ��� &*$//(- 
 &0.1-(4( +/4(22514�

	
 ���	� ��� �*$//(- 	 �0.1-(4(
� �/$%-(3 4*( ��� &*$//(- 	 &0.1-(4( +/4(22514�
� �$3,3 4*( ��� &*$//(- 	 &0.1-(4( +/4(22514�

		 ����� ��� �*$//(- � �0.1-(4(
� �/$%-(3 4*( ��� &*$//(- � &0.1-(4( +/4(22514�
� �$3,3 4*( ��� &*$//(- � &0.1-(4( +/4(22514�

	� ����� ��� �*$//(- � �0.1-(4(
� �/$%-(3 4*( ��� &*$//(- � &0.1-(4( +/4(22514�
� �$3,3 4*( ��� &*$//(- � &0.1-(4( +/4(22514�

	� ��� �8/&*20/053 �0/420--(2
� �/$%-(3 4*( 38/&*20/053 &0/420--(2 +/4(22514�
� �$3,3 4*( 38/&*20/053 &0/420--(2 +/4(22514�

�� ���� �4*(2/(4 �
� �/$%-(3 4*( �4*(2/(4 � +/4(22514�
� �$3,3 4*( �4*(2/(4 � +/4(22514�

�� ���� �4*(2/(4 �
� �/$%-(3 4*( �4*(2/(4 � +/4(22514�
� �$3,3 4*( �4*(2/(4 � +/4(22514�

�� ����� ���� �
� �/$%-(3 4*( ���� � +/4(22514�
� �$3,3 4*( ���� � +/4(22514�

�
 ����� ���� �
� �/$%-(3 4*( ���� � +/4(22514�
� �$3,3 4*( ���� � +/4(22514�

�� !���� !+'(0
� �/$%-(3 4*( 6+'(0 +/4(22514�
� �$3,3 4*( 6+'(0 +/4(22514�

�� #� � #��5))(2
� �/$%-(3 4*( #��5))(2 +/4(22514�
� �$3,3 4*( #��5))(2 +/4(22514�

�
 � ���	 � ��� 	
� �/$%-(3 4*( � ��� 	 +/4(22514�
� �$3,3 4*( � ��� 	 +/4(22514�

�	 !��� !+'(0 ���
� �/$%-(3 4*( 6+'(0 ��� +/4(22514�
� �$3,3 4*( 6+'(0 ��� +/4(22514�

���� �(3(26('

� ���"�� ��� �71$/3+0/ �
� �/$%-(3 4*( ��� (71$/3+0/ � +/4(22514�
� �$3,3 4*( ��� (71$/3+0/ � +/4(22514�

� �(3(26('


 ���"�	 ��� �71$/3+0/ 	
� �/$%-(3 4*( ��� (71$/3+0/ 	 +/4(22514�
� �$3,3 4*( ��� (71$/3+0/ 	 +/4(22514�

� ���� �$2$--(- �2+/4(2 ���
� �/$%-(3 4*( 1$2$--(- 12+/4(2 ��� +/4(22514�
� �$3,3 4*( 1$2$--(- 12+/4(2 ��� +/4(22514�

��� �(3(26('

�&0/&-5'('�
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CLRINT Clear Interrupt

Address FFF8 408C Write Only

�"� �$��* �&,�**-(, �������� *�!#+,�* �$��*+ ,"� ��'*,� ��  �#$� �&� +1+,�%  �#$

#&,�**-(,+� �"� ��'*, #&,�**-(, #+ !�&�*�,�� /"�& ,"� ��'*, (-+"�-,,'& #+ (*�++���

�"� ��  �#$ #&,�**-(, #+ !�&�*�,�� /"�& ,"� ('/�* +-(($1 �++�*,+ ,"� ������ $#&� '&

,"� ����-+� �"� +1+,�%  �#$ #&,�**-(, #+ !�&�*�,�� /"�& �&1 ��� �'&,*'$$�* �++�*,+

��������

�' �$��* �& #&,�**-(, *�)-�+,� /*#,� � � ,' ,"� �((*'(*#�,� �#, #& ,"� ������ *�!#+,�*�

�'* �0�%($�� ,' �$��* � +1+,�%  �#$-*� #&,�**-(, *�)-�+,� /*#,� � � #&,' ,"� ��� �#,�

�"#+ �$��*+ ,"� �1+,�% ��#$-*� ���� �#, #& ,"� �&,�**-(, �,�,-+ ����� *�!#+,�*�

��+�,+ �' &', �  ��, �������

0

SF

1

ACF

2

ABT

3

Unused

7

Bit Mnemonic Function

��
 �&-+��

	 ��
� �$��* ,"� �
�� �&,�**-(, ��)-�+,�
� �$��*+ ,"� �
�� #&,�**-(, *�)-�+,�
� ���.�+ ,"� �
�� #&,�**-(, *�)-�+, -&�"�&!���

� ���� �$��* ,"� ������ �&,�**-(, ��)-�+,�
� �$��*+ ,"� ��� #&,�**-(, *�)-�+,�
� ���.�+ ,"� ��� #&,�**-(, *�)-�+, -&�"�&!���

� ��� �$��* ,"� ������� �&,�**-(, ��)-�+,�
� �$��*+ ,"� �� #&,�**-(, *�)-�+,�
� ���.�+ ,"� �� #&,�**-(, *�)-�+, -&�"�&!���
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CLRSWI Clear Software Interrupt

FFF8 4084 Write Only

��� � ��$ �"�&(�$� �!&�$$'#& �������� $���%&�$ � ��$% %"�&(�$� �!&�$$'#&%� �" � ��$ �

%"�&(�$� �!&�$$'#&� %�& � ��& �! ������� ���% � ��$% &�� �"$$�%#"!��!� �!&�$$'#& �!

&�� �!&�$$'#& �&�&'% ����� $���%&�$� �" %�& � %"�&(�$� �!&�$$'#&� '%� &�� ��& �"�&(�$�

�!&�$$'#& �������� $���%&�$�

0123

CI7

7 6 5 4

CI6 CI5 CI4 CI1 CI0CI3 CI2

Bit Mnemonic Function


 ��
 � ��$ �"�&(�$� �!&�$$'#& 

� � ��$% %"�&(�$� �!&�$$'#& 
�
� �" ��&�"!�

� ��� � ��$ �"�&(�$� �!&�$$'#& �
� � ��$% %"�&(�$� �!&�$$'#& ��
� �" ��&�"!�

� ��� � ��$ �"�&(�$� �!&�$$'#& �
� � ��$% %"�&(�$� �!&�$$'#& ��
� �" ��&�"!�


 ��
 � ��$ �"�&(�$� �!&�$$'#& 

� � ��$% %"�&(�$� �!&�$$'#& 
�
� �" ��&�"!�

	 ��	 � ��$ �"�&(�$� �!&�$$'#& 	
� � ��$% %"�&(�$� �!&�$$'#& 	�
� �" ��&�"!�

� ��� � ��$ �"�&(�$� �!&�$$'#& �
� � ��$% %"�&(�$� �!&�$$'#& ��
� �" ��&�"!�

� ��� � ��$ �"�&(�$� �!&�$$'#& �
� � ��$% %"�&(�$� �!&�$$'#& ��
� �" ��&�"!�

� ��� � ��$ �"�&(�$� �!&�$$'#& �
� � ��$% %"�&(�$� �!&�$$'#& ��
� �" ��&�"!�
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SETSWI Set Software Interrupt

FFF8 4080 Write Only

��� ��' �#�'*�%� �"'�%%($' �������� %�� &'�% ��"�%�'�& &#�'*�%�  "'�%%($'&� �#

��"�%�'� � &#�'*�%�  "'�%%($'� &�' #"� #� '�� � ��' �)� !��!� ��' �#�'*�%� �"'�%%($'

����� � '&  " '�� ������ %�� &'�%� �� & &�'& '�� �#%%�&$#"� "�  "'�%%($'  " '��

�"'�%%($' �'�'(& ����� %�� &'�%� �# �!��% � &#�'*�%�  "'�%%($'� (&� '�� �!��% �#�'*�%�

�"'�%%($' �������� %�� &'�%�

0123

SI7

7 6 5 4

SI6 SI5 SI4 SI1 SI0SI3 SI2

Bit Mnemonic Function


 ��
 ��' �#�'*�%� �"'�%%($' 
�
� ��"�%�'�& � &#�'*�%�  "'�%%($' 
�
� �# ��' #"�

� ��� ��' �#�'*�%� �"'�%%($' ��
� ��"�%�'�& � &#�'*�%�  "'�%%($' ��
� �# ��' #"�

� ��� ��' �#�'*�%� �"'�%%($' ��
� ��"�%�'�& � &#�'*�%�  "'�%%($' ��
� �# ��' #"�


 ��
 ��' �#�'*�%� �"'�%%($' 
�
� ��"�%�'�& � &#�'*�%�  "'�%%($' 
�
� �# ��' #"�

	 ��	 ��' �#�'*�%� �"'�%%($' 	�
� ��"�%�'�& � &#�'*�%�  "'�%%($' 	�
� �# ��' #"�

� ��� ��' �#�'*�%� �"'�%%($' ��
� ��"�%�'�& � &#�'*�%�  "'�%%($' ��
� �# ��' #"�

� ��� ��' �#�'*�%� �"'�%%($' ��
� ��"�%�'�& � &#�'*�%�  "'�%%($' ��
� �# ��' #"�

� ��� ��' �#�'*�%� �"'�%%($' ��
� ��"�%�'�& � &#�'*�%�  "'�%%($' ��
� �# ��' #"�
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ISTATE Interrupt State

Address FFF8 4088 Read Only

�!� �%*�((+'* �*�*� �������� (� ")*�( )+''#"�) *!� �+((�%* )*�*+) &� *!� ��&(*� ��

��"#+(� �%� )-)*�$ ��"#+(� "%*�((+'*)�

��)�*) �& %&* �����* ����

7 0123

ABT ACF SFUnused

Bit Mnemonic Function

��
 �%+)��

	 �
� ��&(* 
+**&% �*�*+)
� �%�"��*�) *!�* *!� ��&(* ),"*�! ") *&  #���
� �%�"��*�) *!�* *!� ��&(* ),"*�! ") %&* *&  #���

� ��� ������ �*�*+)
� �%�"��*�) *!�* *!� ������ #"%� &% *!� ����+) ") �))�(*�� �#&,��
� �%�"��*�) *!�*� *!� ������ #"%� &% *!� ����+) ") %&* �))�(*�� �!" !��

� �� ������� �*�*+)
� �%�"��*�) *!�* *!� ������� #"%� &% *!� ����+) ") �))�(*�� �#&,�
� �%�"��*�) *!�* *!� ������� #"%� &% *!� ����+) ") %&* �))�(*�� �!" !��
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VME Interrupts
!�� &10641..(45 &$0 ,06(44726 6+( �� 8,$ 6+( )1..19,0*�

• !�� �06(44726 �(37(56 ���� .,0(5

• ������

• �#�����

• �.1%$. �10641. $0' �6$675 ����� 4(*,56(4

�;56(/ %1$4' ,06(44726 .1*,& /10,6145 6+( !��%75 )14 ,06(44726 4(37(565� "+(0 $0

,06(44726 4(37(56 ,5 $55(46('� 6+( ,06(44726 .1*,& 5(65 6+( $224124,$6( %,6�5� ,0 6+(

�06(44726 �6$675 ����� 4(*,56(4� &1/2$4(5 6+( ,06(447265 9,6+ 6+( ,06(44726 /$5-5� $0'

$55(465 6+( ��� .,0( 61 6+( �� ,) $ 8$.,' 70/$5-(' ,06(44726 (:,565�

"+(0 $ !�� &10641..(4 ,06(447265 6+( 5;56(/ %1$4' 8,$ 10( 1) 6+( 5(8(0 !��

�06(44726 �(37(56 .,0(5� 6+( ,06(44726 .1*,& 10 6+( 5;56(/ %1$4' 5(65 6+( &144(5210',0*

!�� �06(44726 �(37(56 �!���� %,6 ,0 6+( ��� 4(*,56(4 $0' $55(465 6+( ��� .,0( 61 6+(

�� � �+( ,06(44726 5(48,&( 4176,0( /756 $&-019.('*( 10( 1) 6+(5( ,06(447265 %;

4($',0* 6+( &144(5210',0* !�� �06(44726 �&-019.('*( $0' !(&614 �!��!�� 4(*,56(4�

"+(0 4($'� 6+( !��!� 4(*,56(4 $55(465 6+( ,06(44726 $&-019.('*( 5,*0$.5 ���� $0'

����� � 10 6+( !��%75� �+(5( ,06(44726 $&-019.('*( 5,*0$.5 64,**(4 6+( !��

&10641..(4 61 94,6( 6+( ,06(44726 8(&614 61 6+( !��%75� �+( !�� ,06(4)$&( .1*,&

94,6(5 6+,5 61 6+( �%75 )14 6+( �� 61 4($'�

"+(0 6+( 5;56(/ %1$4' ,06(447265 $ !�� &10641..(4� 6+( �� .1$'5 6+( !��

�06(44726 !(&614 �!�!� 4(*,56(4 9,6+ 6+( ,06(44726 8(&614� $0' .1$'5 6+( !�� �06(44726

�(37(56 �(8(. �!���� 4(*,56(4 9,6+ 6+( ,06(44726 .(8(.� �+( !�� &10641..(4

$&-019.('*(5 6+( ,06(44726 8,$ 6+( ���� $0' ����� � .,0(5� 6+(0 4($'5 6+(

,06(44726 8(&614 )41/ !�!� �5 $ �(.($5( �0 �&-019.('*( ����� ,06(44726(4� 9+(0 $0

���� &;&.( &1/2.(6(5� 6+( 5;56(/ %1$4' 4(/18(5 6+( ,06(44726 4(37(56 )41/ 6+(

!��%75�

Table 3–1  VME Interrupt Registers

Register Address

!��!� ���� ���


!��!� ���� ����

!��!	 ���� ����

!��!
 ���� ����

!��!� ���� ���


!��!� ���� ����

!��!
 ���� ����

!��� ���� ����

!�! ���� ����
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VIAVn VME Interrupt Acknowledge and Vector

FFF8 5004 VIAV1 Read Only

FFF8 5008 VIAV2

FFF8 500C VIAV3

FFF8 5010 VIAV4

FFF8 5014 VIAV5

FFF8 5018 VIAV6

FFF8 501C VIAV7

�(% ��� !#*-.6+%$'%2 )-3%114/32 !-$ ."3!)-2 ��� )-3%114/3 5%#3.12 5)! 3(% 2%5%-

��� �-3%114/3 �#*-.6+%$'% !-$ �%#3.1 ������� 1%')23%12� �!#( .& 3(% 2%5%-

)-3%114/3 1%04%23 +%5%+2 (!2 ! ����� 1%')23%1 !22.#)!3%$ 6)3( )3� �(%- ! ���

#.-31.++%1 )-3%114/32 3(% ��� 5)! .-% .& 3(% 2%5%- ��� )-3%114/3 1%04%23 +%5%+2� 3(%

��� !#*-.6+%$'%2 3(% )-3%114/3 1%04%23 !-$ ."3!)-2 3(% )-3%114/3 1%04%23 5%#3.1 5)!

3(% ����� 1%')23%1� �(%- 3(% ��� 1%!$2 ������ 3(% )-3%114/3 +.')# !22%132 3(%

)-3%114/3 !#*-.6+%$'% +)-%2 ����� !-$ �������� 3. 3(% ���"42� �(% ���

#.-31.++%1 1%2/.-$2 "7 61)3)-' 3(% )-3%114/3 5%#3.1 3. 3(% $!3! +)-%2 !-$ "7 !22%13)-'

3(% �!3! �1!-2&%1 �#*-.6+%$'% ������� 2)'-!+ .- 3(% ���"42� �& 3(% ����� 2)'-!+

)2 -.3 !22%13%$� 3(% 2723%, ".!1$ )-3%114/3 +.')# 2%32 3(% �-3%114/3 �#*-.6+%$'% �42

�11.1 ����� ")3 )- 3(% ����� 1%')23%1� �& ��� )2 2%3� 3(% ��� 6)++ $)21%'!1$ 3(%

)-3%114/3 5%#3.1� �& 3(% 2723%, ".!1$ (!2 36. ���2� !-$ )& ��� )2 2%3� 3(% ���

$)21%'!1$2 3(% )-3%114/3 !-$ 1%341-2 3. )32 /1%5).42 /1.#%22�

�%2%32 $. -.3 !&&%#3 3(% ����� 1%')23%12�

IBE

15 9 8 7 0

VMEIVUnused

Bit Mnemonic Function

�	�� �-42%$

� ��� ���� �42 �11.1
� �-$)#!3%2 3(!3 3(% +!23 ��� )-3%114/3 !#*-.6+%$'% ������ 6!2
3%1,)-!3%$ "7 ! ���"42 %11.1 �������
� �-$)#!3%2 3(!3 3(% +!23 ���"42 ���� #7#+% 6!2 24##%22&4++7
#.,/+%3%$� 3(% #7#+% 6!2 3%1,)-!3%$ "7 ! $!3! 31!-2&%1 !#*-.6+%$'%� �(%
��� ")32 #.-3!)- ! 5!+)$ )-3%114/3 5%#3.1�


�� ������
�� ��� �-3%114/3 �%#3.1
��� )2 3(% )-3%114/3 5%#3.1 &1., 3(% ��� #.-31.++%1 '%-%1!3)-' 3(%
)-3%114/3�

����
 ��� #.-3!)-2 ! 5!+)$ 5%#3.1 .-+7 6(%- 3(% ��� ")3 )2 #+%!1%$�
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SHP and SLP Interrupts
�&# $+((+3'*% /#.'#/ +$ /0#,/ �*" �'%1.#�	�� '((1/0.�0# &+3 � ��� !+*0.+((#. '*'0'�0#/

�* ��� +. ��� '*0#..1,0 0+ 0&# /5/0#)  +�."�

�� �&# ��� !+*0.+((#. !+*$'%1.#/ 0&# �"".#// )+"'$'#. ('*#/ $+. �* ��� �!!#//�

�� �&# ��� !+*0.+((#. 3.'0#/� 0+ 0&# � 1/� 0&# �"".#// +$ 0&# ������� .#%'/0#.�

	� �&# ��� !+*0.+((#. 3.'0#/� 0+ 0&# � 1/� 0&# "�0� 0+ �//#.0 #'0&#. ��� +. ��� +$

0&# ������� .#%'/0#.�


� �&# /5/0#)  +�." '*0#..1,0 (+%'! �//#.0/ 0&# '*0#..1,0 .#-1#/0  '0 ���� +. ���� '*

0&# �*0#..1,0 �0�01/ ����� .#%'/0#.�

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

,#*"'*%�

�� �&# ��� #4#!10#/ �* '*0#..1,0 /#.2'!# .+10'*# 0&�0 .#�"/ 0&# �*0#..1,0 �0�01/

����� .#%'/0#. �*" '"#*0'$'#/ 0&# '*0#..1,0�


� �&# ��� #4#!10#/ � ,.#�"#$'*#" '*0#..1,0 /#.2'!# /1 .+10'*# $+. 0&�0 '*0#..1,0�

VMEbus

A[15-0]
D[31-0]
AM[5-0]

Interrupt logic

System Board

Sets either SHI or SLI bit of the
Interrupt Status (IST) register.

Asserts INT line to the CPU.

Writes to the GLOBAL1
register and sets either the
SHP bit or the SLP bit.

VME controller writes:
• Address modifier for A16.
• A16 (16–bit) address of GLOBAL1 register.
• 8–bit data to assert either SHP or SLP.

Figure 3–1  VME Controller Initiating an SHP or SLP Interrupt
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IRQn Interrupts
��� !,+1/,))#/0 '+1#//2-1 #�!& ,1&#/ 3'� 1&# 0#3#+ ��� '+1#//2-1 /#.2#01 )'+#0

�������� ),!�1#" ,+ 1&# ��� 20� ���� &�0 1&# &'%&#01 '+1#//2-1 -/',/'16 �+" ����

&�0 1&# ),4#01 -/',/'16�

�&# $,)),4'+% 01#-0 #5-)�'+ &,4 � ��� !,+1/,))#/ '+'1'�1#0 � )#3#)�� '+1#//2-1 1, 1&#

0601#*  ,�/"�

�� �&# ��� !,+1/,))#/ �00#/10 1&# �+1#//2-1 �#.2#01 � ������ )'+# ,+ 1&# ��� 20�

	� �&# 0601#*  ,�/" '+1#//2-1 ),%'! 0#10 1&# '+1#//2-1 /#.2#01 )#3#)�� �����  '1 '+

1&# �+1#//2-1 �1�120 ����� /#%'01#/ &'%& ����


� �&# '+1#//2-1 ),%'! +,1'$'#0 1&# ���� 3'� 1&# ��� '+-21� 1&�1 �+ '+1#//2-1 /#.2#01

'0 -#+"'+%�


+ '+1#//2-1 0#/3'!# /,21'+# 0&,2)"�

�� �#�" 1&# ��� /#%'01#/ �+" $'+" 1&# '+1#//2-1�

	� �#�" 1&# !,//#0-,+"'+% ��� �+1#//2-1 
!(+,4)#"%# �+" �#!1,/ ���
��� /#%'01#/

1, �!(+,4)#"%# 1&# '+1#//2-1 �+" 1, %#1 1&# '+1#//2-1 3#!1,/�

�&#/# �/# 0#3#+ ��
�� /#%'01#/0� ,+# $,/ #�!& '+1#//2-1 )#3#)� �&#+ 1&# '+1#//2-1

0#/3'!# /,21'+# /#�"0 ��
�� '1 �)0, #5�*'+#0 1&# 01�1# ,$ 1&# �
�� �20 �//,/

�����  '1� �+ � *2)1'�-/,!#00,/ 0601#*� '$ 1&# ���  '1 '0 0#1� 1&# '+1#//2-1 0#/3'!#

/,21'+# "'0/#%�/"0 1&# '+1#//2-1 �+" /#12/+0 1, '10 -/#3',20 -/,!#00�


� �&# ��� #5#!21#0 1&# /,21'+# ),!�1#" �1 1&# 3#!1,/ , 1�'+#" $/,* 1&# ��
��

/#%'01#/�
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Interrupting a VME Controller
��� '-'(�! �#�&� ��" �"(�&&)$( ��� �#"(&#  �&' �"� &�%)�'( (��( (��- �,��)(�

�"(�&&)$( '�&*��� &#)(�"�'� ��� '-'(�! �#�&� �"�(��(�' (�� �"(�&&)$( *�� (�� ���


"(�&&)$( ��%)�'( ��*� ��
��� &���'(�&� �"� ')$$ ��' (�� �"(�&&)$(�� ��� �#"(&#  �&

+�(� �" �"(�&&)$( *��(#& *�� (�� ��� 
"(�&&)$( ���(#& ��
�� &���'(�&�

��� �#  #+�"� '(�$' ��'�&��� �#+ (# �"�(��(� �  �*� �� �"(�&&)$(�

�� �&�(� (�� �"(�&&)$( *��(#& �"(# (�� �
� &���'(�&�

	� �&�(� (�� �"(�&&)$(  �*� �"(# (�� �
�� &���'(�&�


� ��� '-'(�! �#�&� �"(�&&)$(  #��� �''�&(' (�� �$$&#$&��(� �"(�&&)$( &�%)�'(  �"�

�
�������� (# (�� ��� �#"(&#  �&�
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VIRL VME Interrupt Request Level

FFF8 5000 Read/Write

The VME Interrupt Request Level (VIRL) register defines the VME interrupt level when
interrupting a VME controller.  The interrupt levels are prioritized: level–7 interrupts have
the highest priority, level–1 interrupts have the lowest priority.  To interrupt a VME
controller, write the interrupt vector to the VIV register, then write the binary–coded
interrupt level into the VIRL register.  When the VME controller acknowledges the
interrupt, VIRL is reset to zero.

The VIRL register is cleared by both local reset and system reset.

����� �. -.3 61)3% 3. 3(% ��� �-3%114/3 �%#3.1 ����� 1%')23%1 4-+%22 ���� )2

#+%!1%$ 3. �� 3(% )-3%114/3 5%#3.1 #!--.3 "% #(!-'%$ 6()+% !- )-3%114/3 )2

/%-$)-'�

�& ! ��� #.-31.++%1 $.%2 -.3 !#*-.6+%$'% !- )-3%114/3 '%-%1!3%$ "8 3(%

2823%, ".!1$� #+%!1 3(% ���� ")32 3. � 3. 1%,.5% 3(% )-3%114/3�

Interrupt VME controllers as follows:

�� �%!$ ����� �& ���� )2 �� )-$)#!3)-' 3(!3 3(%1% )2 -. )-3%114/3 1%04%23 /%-$)-'�

61)3% 3(% )-3%114/3 5%#3.1 )-3. 3(% ��� 1%')23%1� �& ���� (!2 ! 5!+4% "%36%%- �

!-$ �� )-$)#!3)-' 3(!3 !- )-3%114/3 1%04%23 )2 /%-$)-'� 6!)3 4-3)+ 3(% %7)23)-'

��� )-3%114/3 #.,/+%3%2 !-$ 3(% ���� 1%')23%1 )2 #+%!1%$� �&3%1 ���� )2 #+%!1%$�

61)3% 3(% )-3%114/3 5%#3.1 )-3. 3(% ��� 1%')23%1�

	� �1)3% 3(% )-3%114/3 1%04%23 +%5%+ )-3. 3(% ���� 1%')23%1�


� �(% ��� #.-31.++%1 !#*-.6+%$'%2 3(% )-3%114/3 !-$ 1%!$2 3(% )-3%114/3 5%#3.1

&1., 3(% ��� 1%')23%1�

VIRL

7 023

Unused

Bit Mnemonic Function

��
 ������

	�� �����	�� ��� �-3%114/3 �%04%23 �%5%+
�-)3)!3%2 !- )-3%114/3 3. ! ��� #.-31.++%1� �(% )-3%114/3 (!2 ! 2/%#)&)#
+%5%+ !2 $%&)-%$ "%+.6� �%5%+�� (!2 3(% ()'(%23 /1).1)38� !-$ +%5%+�� (!2
3(% +.6%23 /1).1)38�

Bit 2 Bit 1 Bit 0 VME Interrupt
� � � �. )-3%114/3
� � � �%5%+��
� � � �%5%+�	
� � � �%5%+�

� � � �%5%+��
� � � �%5%+��
� � � �%5%+�

� � � �%5%+��
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VIV VME Interrupt Vector

FFF8 5020 Read/Write

�$!) %)/!--0+/%)# � ��� �*)/-*''!-� /$! ��� -!#%./!- +-*1% !. /$! %)/!--0+/ 1!�/*- /*

/$! ��� �*)/-*''!-� �*� /$! %)/!--0+/ 1!�/*- %)/* ��� �!"*-! %)%/%�/%)# � ���

%)/!--0+/ -!,0!./�

�3./!( �) '*��' -!.!/.  * )*/ �""!�/ ����

����
 �*0 ��))*/ 2-%/! /* ��� 0)'!.. ���� %. �'!�-! /* �� �$%. +-!1!)/. 3*0 "-*(

�$�)#%)# /$! %)/!--0+/ 1!�/*- 2$%'! �) %)/!--0+/ %. +!) %)#�

VIV

7 0

Bit Mnemonic Function

	�� ����	��� ��� �)/!--0+/ �!�/*-

*)/�%). /$! 1!�/*- *" /$!  !1%�! /$�/ %)%/%�/! /$! %)/!--0+/� �!"*-!
#!)!-�/%)# �) %)/!--0+/� -!� /$! �*)/!)/. *" ���� �(0./ �! �� /$!) 2-%/!
/$! %)/!--0+/ 1!�/*- %)/* ���� �$!) /$! ��� �*)/-*''!- ��&)*2'! #!. �)
%)/!--0+/� %" /$! �*)/!)/. *" �  -!.. �%/. ������ *" /$! ����0. (�/�$ /$!
-!,0!./ '!1!' �%/. %) ����� /$! ��� �*)/-*''!- 2%'' +0/ /$! �*)/!)/. *"
����	��� *) /$! ����0.  �/� �%/. ��	����
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Interrupt Logic
��� �)(.,)&& ,- ��( $(. ,,/*. .# ��� 0$� .# !)&&)1$("	

• ��� �(. ,,/*. � +/ -. ���� &$( -

• 
�

��

• ���

��

• �&)��& �)(.,)& �(� �.�./- ����� , "$-. ,

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

$(. ,,/*. , +/ -. $- �-- ,. �� .# $(. ,,/*. &)"$� - .- .# �**,)*,$�. �$.�-� $( .# 

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

�-- ,.- .# ��� &$( .) .# ��� $! � 0�&$� /('�-% � $(. ,,/*.  2$-.-�


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

�)�,��
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VMEbus

Interrupt logic

System Board

Compares the IST register with the
IEN register.

The VME controller asserts an
interrupt.

IRQn,
or ACFAIL,
or SYSFAIL

The VME controller writes a value to
set the SHP or SLP bit in the Global
Register 1 (GLOBAL1).

A[31–0]
D[31–0]
AM[5–0]

Interrupt logic asserts the INT line
to the CPU.

Sets the appropriate bit in the Inter-
rupt Status (IST) register.

Are there any
unmasked
interrupts?

Yes

No

or

Figure 3–2  System Board Interrupt Logic
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The system board interrupt logic
compares the bits in the IST register with
one of the Interrupt Enable (IEN, IENn)
registers.

The system board interrupt logic
asserts the interrupt (INT) line to
the CPU.

The VME controller
asserts an interrupt.

The system board interrupt logic
sets the appropriate bit in the
Interrupt Status (IST) register.

Are any enabled
interrupt bits set?

Yes

No

The interrupt service routine handles
the interrupt as described in the section,
“Handling Interrupts” later in this
chapter.

The VME controller writes a value to
set the SHP or SLP bit in the Global
Register 1 (GLOBAL1).

The controller has
initiated an SHP or

SLP interrupt

ACFAIL, SYSFAIL or
one of the seven
level interrupts?

Yes

No

Figure 3–3  Flow Diagram of VME Interrupts to the System Board
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Handling Interrupts
���! !��"��� !��%! ��% ��"�  #�" !� $���  �#"���! ��& �� !" #�"# �� "� !� $���

��"�  #�"!� 
���#!� "�� ��� ��! ��� ��"�  #�" ���� �
��� "� ��"��& �" �� � �������

��"�  #�"� ��� ��"�  #�"! � � !"� �� ��  ���!"� ! %���� "�� ���  ���! ��� ������!�

���# ����� ���#!" �"�! ��% ��"�  #�"! � � ������� �& � !&!"�� ��� � %�"� ��� ����

��� ���# ����	 ���#!" �"�! ��% "� !� $��� ��"�  #�"! �� � !&!"�� ��� � %�"� �� � "���

��� ����

Save the current processor state.

Read IST and EXIST and find the interrupt.

Is the interrupt
one of the seven

VME interrupt
levels?

Yes

No

Restore the processor state.

A device initiates an interrupt request.

The CPU halts the current process 
and branches to the interrupt service routine.

Get the interrupt vector from a vector
table.  Use the position of the interrupt
bit in IST to point to the vector.

Interrupt
Service
Routine

Determine the VME interrupt level.

Read the VME Interrupt Acknowledge
and Vector (VIAVn) register for the
interrupt level to generate an IACK to the
VME controller and to obtain the interrupt
vector.

On the basis of this vector, the CPU selects and
executes the appropriate interrupt service routine.

Interrupt logic sets a bit in the Interrupt Status
(IST or EXIST) register, and asserts the INT line
to the CPU.

Figure 3–4  Handling Interrupts with a Single–CPU System Board
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Yes

No

One of the CPUs halts its current process.

Is the interrupt
one of the seven VME

interrupt levels?

Interrupt
Service
Routine

Get the interrupt vector from a vector table.

A device initiates an interrupt request.

Determine the VME interrupt level.

Read the VME Interrupt Acknowledge and Vector (VIAVn)
register for the interrupt level to generate an IACK to the
VME controller and to obtain the interrupt vector.

Read the interrupt status registers and the ap-
propriate interrupt enable registers

Compare the interrupt status and interrupt enable registers.

Are all interrupts masked?
Yes

No

Restore the processor state.

Save the processor state.

Restore the processor state.

Yes

No

Is the interrupt already
being handled?

CPU returns to the previous
process.

The CPU, on the basis of this vector, selects and executes the appropriate
interrupt service routine.

Interrupt logic on the system board sets a bit in the appropriate
interrupt status register, and then asserts the INT line to the CPU.

Figure 3–5  Handling Interrupts with a Multiple–CPU System Board

�	� 
� ����
��
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Chapter 4
Global Resources

�)*2 $)"03&1 %&2$1*#&2 3)& (,/#", 1&2/41$&2 *.$,4%*.( 3)& �,/#", 1&(*23&12 ".% 3)&

�,/#", �/.31/, ".% �3"342 ����� 1&(*23&12�

�)& �,/#", 1&(*23&12 "1& &*()3 1&(*23&12 42&% #7 3)& 2723&- #/"1% '/1 " 5"1*&37 /' 3"2+2

24$) "2


• �&(4,"3*.(  �� "$$&22 3/ 3)& ��� 1&(*23&12 �%/.& #7 ����� 1&(*23&1��

• �&3&1-*.*.( 6)&3)&1 /1 ./3 3)&  �� "%%1&22 %&$/%&1 )"2 #&&. ,/"%&%�

�)& �,/#", �/.31/, ".% �3"342 ����� 1&(*23&12 "1& &*()3 1&(*23&12 "$$&22*#,& #7  ��

$/.31/,,&12 "2 6&,, "2 3)& 2723&- #/"1% ���2�

Global Registers
�)*2 2&$3*/. %&2$1*#&2 3)& �,/#", 1&(*23&12� �"#,&�
�� ,*232 3)& �,/#", 1&(*23&12 ".%

3)&*1 "%%1&22&2� �)& �,/#", 1&(*23&12 1&(4,"3& 24$) '4.$3*/.2 "2 3)& (,/#", 2723&-

1&2&3� 5",*%*37 /' 3)& "%%1&22 %&$/%&12� ".%  �� &11/12�

Table 4–1  Global Registers

Register Address

���� ���� 	���

!��� ���� 	���

��� ���� ����

����� ���� ���


������ ���� ����

��� ���� ����

����� ���� ���


!����� ���� ����

�������� ���� ����

�������� ���� ���


������ ���� ����



Global Resources

4–2 014–002076

BASAD Base Address

FFF8 7004 Read Only

�$3( �''2(33 ������� &0/4$,/3 4+( $''2(33 (/4(2(' ,/40 4+( �2051 �''2(33 �������

$/' �0$2' �''2(33 ������ ��� 37,4&+(3 -0&$4(' 0/ 4+( 3834(. %0$2'� �+(3( 6$-5(3

$2( 3402(' ,/ 4+( �2051 �''2(33 ����� $/' �0$2' �''2(33 ����� %,43 ,/ 4+( �����

2(*,34(2� �0*(4+(2� 4+(8 '(),/( 4+( 4+2(( .034�3,*/,),&$/4 /,%%-(3 0) 4+( ��
 $''2(33

4+$4  �� &0/420--(23 .534 53( 40 $&&(33 4+( �-0%$- �0/420- $/' �4$453 �����

2(*,34(23�

!+(/ $  �� &0/420--(2 /(('3 40 $&&(33 $ ��� 2(*,34(2� ,4 72,4(3 4+( ��
 $''2(33 0)

4+$4 2(*,34(2� $/' 4+(  �� ,/4(2)$&( -0*,& &0.1$2(3 $''2(33 %,43 �"����# 7,4+ 4+(

&0/4(/43 0) 4+( ����� 2(*,34(2� �) 4+( 470 $''2(33(3 $2( 4+( 3$.(� 4+( $''2(33 ,3 154

0/ 4+( �%53� $/' 4+(  �� &0/420--(2 &$/ 72,4( 40 02 2($' )20. 4+( ��� 2(*,34(2� �,43

�"
��# 3(-(&4 0/( 0) 4+( (,*+4 ��� 2(*,34(23�

!+(/ $  �� &0/420--(2 /(('3 40 $&&(33 $ ��� 2(*,34(2� ,4 '0(3 4+( )0--07,/* 7,4+,/ 0/(

%53 &8&-(�

�� �+(  �� &0/420--(2 72,4(3 4+( $''2(33 0) 4+( ��� 2(*,34(2 0/40 4+(  ��%53�

	� �+(  �� ,/4(2)$&( -0*,& &0.1$2(3 4+( 6$-5( ,/ ����� 7,4+ 4+( $''2(33 )20. 4+(

 �� &0/420--(2� �) 4+(8 $2( 4+( 3$.( $''2(33� 4+(  �� ,/4(2)$&( -0*,& 1$33(3 4+(

$''2(33 0/40 4+( �%53�


� �+(  �� &0/420--(2 2($'3 )20. 02 72,4(3 40 4+( $''2(33�

�834(. $/' -0&$- 2(3(43 '0 /04 $))(&4 4+( ����� 2(*,34(2�

GRPAD

15 8 7 034

BDAD Unused

Bit Mnemonic Function

���� �����"���# �2051 �''2(33
��� &0/4$,/3 $ &018 0) 4+( �2051 �''2(33 ������� 37,4&+ 3(44,/*3�

��� ����"
��# �0$2' �''2(33
��� &0/4$,/3 $ &018 0) 4+( �0$2' �''2(33 ������ 37,4&+ 3(44,/*3�


�� �/53(' �04 53(' %8 ������ 4+(3( %,43 10,/4 40 0/( 0) 4+( (,*+4 ��� 2(*,34(23�
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CCS CPU Control and Status

FFF8 8000 Read/Write

�!� ��� �&%*(&# �%� �*�*+) ����� (� ")*�(� -!�% (���� "%�"��*�) *!� )*�*+) &� *!�

��+) ���(�)) ���&�� #& "� �%� *!� ����+) 
��(�)) ���&��( ��
��� �+("% 

'&-�(�+'� *!� '&-�(�+' '(& (�$ #&��) *!� �
� �%� )�*) *!� �
�� �%� �
�� �"*)

"% *!� ��� (� ")*�(� ��**"% *!� �
�� �%� �
�� �"*) "%�"��*�) *!�* *!� ���(�))

���&�� ") (���/�

��� ") �#��(�� �/ )/)*�$ (�)�*� �%� ") %&* �����*�� �/ #&��# (�)�*�

����	��� �"� ��$#��� &��� ����!��� 
��� ��� ����� ����!��� 
��� ��"����"

��� ����!( ��  ��� ��� �� " #�� ��'# ��"#!$�#��� #� #�� ���# 
��
� 	�

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

7 012

MADV VADVUnused

Bit Mnemonic Function

��
 �%+)��

	 �
�� ��+) 
��(�)) ���&�� ��#"�
���"%�) -!�*!�( &( %&* *!� ��+) ���(�)) ���&�� #& "� ���&��) ��+)
���(�))�)�
	 �%��#�) *!� ��+) ���(�)) ���&�� #& "�� �/)*�$ ���(�)) )'��� (��#��*)
*!� ���(�))�) ���"%�� "% 
''�%�". 
� 0
��(�)) ��'��� +*"#"*/ )'��� ")
$�''�� *& ���� ���� � ���� �����
� �")��#�) *!� ��+) ���(�)) ���&�� #& "�� �%#/ *!� +*"#"*/ )'��� ")
����))"�#�� �%� "* ") $�''�� *& ���� ���� � ���� �����

� �
�� ����+) 
��(�)) ���&��( ��#"�
���"%�) -!�*!�( &( %&* *!� ����+) 
��(�)) ���&��( ��
�� �
� !�)
���% #&�����
	 �!� ����+) ���&��( �
� !�) ���% #&�����
� �!� ����+) ���&��( �
� !�) %&* ���% #&���� �%� ") "%,�#"��
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CONFIG I/O Gate Array Configuration

FFF8 FFFC Read/Write

!/, ��� �(9, �77(= �54-0.:7(9054 �������� 7,.089,7 +,-04,8 56,7(904. 6(7(3,9,78 -57

9/, 0�5 .(9, (77(=�

������ 08 *2,(7,+ )= 25*(2 7,8,9� (4+ 08 459 (--,*9,+ )= 8=89,3 7,8,9�

31 16

15 14 13 12 11 0

Unused

1Unused

29 28

1

0MEMEDF0EDF1EDF2EDF3EDF4EDF5EXE

2345678910

00110

VID

Bit Mnemonic Function

�	�
� #�� #,78054 �+,490-0*(9054
�4+0*(9,8 9/, 7,;08054 5- 9/, 0�5 .(9, (77(=�


��	
 "4:8,+

	� �%� �%):8 !03,5:9 �7757
$/,4 8,9 95 	� �%� 04+0*(9,8 9/(9 (4 �%):8 903,5:9 ,7757 /(8 5**:77,+
804*, 9/, 2(89 903, �%� <(8 *2,(7,+ 95 ��

	�  ,8,7;,+ �:89 ), 8,9 95 ��

	
�� ���&
��' �4()2, ��� �2:8/04.
$/,4 (4= ��� )09 08 8,9� 9/, *577,8654+04. ��� */(44,2 08 -2:8/,+�

� ��� �:8 �7757 �4()2,
��� 3:89 ), 8,9 95 	� 9/08 ,4()2,8 9/, ��� *5497522,7 95 8,48, �):8
,77578� �- 9/, ��� *5497522,7 +,9,*98 (4 �):8 ,7757 </02, 3(89,7 5- 9/,
�):8� 09 /(298 (4+ .,4,7(9,8 (4 049,77:69� �- *2,(7,+ 95 �� 9/, ���
*5497522,7 0.457,8 �):8 ,77578�


 ��� �(074,88 �7)097(9054
��� 3:89 ), 8,9 95 	 95 ,4()2, �):8 -(074,88 (7)097(9054�

� ��� �,357= �08()2,
$/,4 8,9 95 	� ��� +08()2,8 9/, 3,357= *54-0.:7(9054 7,.089,78 25*(9,+
<09/04 9/, (++7,88 7(4., ���� ���� � ���� �����

� ��� �54852, �08()2,
��� 3:89 ), *2,(7,+ 95 � 95 ,4()2, 9/, �"� !8 95 56,7(9, <09/04 9/,
(++7,88 7(4., ���� 
��� � ���� 
	��� $/,4 8,9 95 	� ��� +08()2,8 9/,
�"� !8�


 ��� �(709= �4()2,
��� 3:89 ), *2,(7,+ 95 � 95 +08()2, �):8 6(709= */,*104. )= 9/, 0�5 .(9,
(77(=� $/,4 8,9 95 	� ��� ,4()2,8 �):8 6(709= */,*104.��

	� �  ,8,7;,+ �:89 ), 8,9 95 )09 	 � 	� )09 � � ��
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ERROR Error

FFF8 8004 Read Only

�$! �--*- ������� -!#%./!- +-*1% !. �0. !--*- %)"*-(�/%*)� ����� %. �'!�-! 

�0/*(�/%��''4 �"/!- %/ %. -!� � /$!-!"*-! %/ �*)/�%). *)'4 !--*-. /$�/ $�1! *��0--! .%)�!

%/ 2�. '�./ -!� �

����� %. �'!�-! �4 .4./!( -!.!/� �) )*/ �""!�/! �4 '*��' -!.!/�

15 14 13 12 11 0

NELA VBEIOTO UnusedUnused

Bit Mnemonic Function

	
 ���� ���0. �%(!*0/
�!/ /* 	 %" �) %�* /-�).��/%*) /�&!. '*)#!- /$�) 	
��� µ.�

	� ���� �*)��3%./!)/ �*��' �  -!..
�!/ /* 	 %" �) ���!.. 2�. �//!(+/! /* � )*)�!3%./!)/ .4./!( �*�- 
�  -!..� �$%. �'.* ��0.!. � �0. "�0'/�

	� �)0.! 

	
 ��� ����0. �--*-
�!/ /* 	 %" � ����0. !--*- $�. *��0--! %) -!.+*).! /* � �0. -!,0!./ "-*(
/$! .4./!( �*�- �

		�� �)0.! 



Global Resources

4–6 014–002076

GLBRES Global Reset

FFF8 700C Write Only

��� ��!��� ��#�$ ��

���� "���#$�" �� �"�$�# � �'#$�� ��#�$ ������ &�� &"�$$� 

$!� �

��� "�#�$# $�� � $�"� #'#$��� � ��%�� � ��� ��� �! $"!���"#�

����	��� ������� �� �������� �� ��� �� ��� �
�
�� �������� ���� ����� ��� ������

� �����

31 16

15 0

GBR

GBR

Bit Mnemonic Function

	��� �
��	���� ��!��� ��#�$
�"�$� � $! � ' ��$ � �

��� "�#�$# $�� #'#$���



Global Resources

4–7014–002076

IOBRDIDn I/O Board ID

FFFC F000 IOBRDID0 Write Only

FFFC F004 IOBRDID1 Write Only

� � ��� �%�'� �� ��������$� '��!()�'( &'%+!�� � ���!) !��$)!�!��)!%$ +�"*� �%' ��� 

�,&�$(!%$ ��� ("%)� �� ) � �������$ '��!()�' �%' �$ �#&)- �,&�$(!%$ ��� ("%) !( '����

) � ���*( )!#�( %*)� �$� � �*( �''%' �+�"*� � �	�� !( "%���� !$)% ) � ����� '��!()�'�

7 0

IOBRDIDUnused

34

Bit Mnemonic Function


�� �$*(��


�� ������� �� �%�'� ��
�%$)�!$( ) � �%�'� �� �%' ) � �%''�(&%$�!$� �� �%�'��



Global Resources

4–8 014–002076

SRST Software Reset

FFF8 3100 Read/write

��� �"�%(�#� ��$�% ������ #���$%�# �$ &$�� %" #�$�% %�� ��)�"�#�� $)!��#"!"&$

�"  &!���%�"!$ �"!%#"���#� �!� �����$�

31 16

15 0

Unused

Unused

1234

KBDRST Reserved D2RST D1RST

Bit Mnemonic Function


��� �!&$��


 �
���� ��)�"�#� ��$�%
�#�%�!� � � %" �
���� #�$�%$ %�� ��)�"�#��

	 ��$�#'��

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

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



Global Resources

4–9014–002076

UCS Utility Control and Status

FFF8 7000 Read/Write

 ,) !6-.-6; �10641. %0( �6%675 �!��� 4)+-56)4 2418-()5 56%675 -0*14/%6-10 9,)0 4)%(

%0( '10641. 1* /%0; 5;56)/ &1%4( ,%4(9%4) *70'6-105 9,)0 94-66)0 61�  ,) !��

4)+-56)4 &-65 '%0 %.. &) 4)%( *41/ %0( 94-66)0 61 9-6, 6,) ):')26-10 1* 6,) �!� &-6� �*

94-6-0+ 61 �!�� ;17 '%0 10.; 5)6 �!�� ;17 '%0016 '.)%4 �!�� �0.; ,%4(9%4) '%0 '.)%4

�!��

PUP

15 14 13 12 11 10 9 8 7 6 5 01234

ASF BIR VAM RNVVRL FAIR ETO VTSVRM EWD WDAUnused

Bit Mnemonic Function

�� !075)(

�� �!� �19)4�72 �0-6-%.-<%6-10 �0(-'%614
�0(-'%6)5 9,)6,)4 14 016 %0 %' *%-.74) 1''74)(� �!� -5 5)6 9,)0 % "��
'10641..)4 %55)465 6,) ������ .-0) 1* 6,) "��&75�
� �0(-'%6)5 6,%6 %0 %' *%-.74) (-( 016 1''74 ������� 10 6,) "��&75
9%5 016 %55)46)(��
� �0(-'%6)5 6,%6 %0 %' *%-.74) 1''744)( ������� 9%5 %55)46)(��
�!� -5 016 %**)'6)( &; 5;56)/ 4)5)6 14 .1'%. 4)5)6�

�� �
 �!� -5 '.)%4)( 9,-.) ������ -5 %55)46)( 14 9,-.) 6,) 5;56)/ -5
219)4-0+ 72� �!� -5 5)6 &; 6,) ��! %*6)4 6,) 5;56)/ 219)45 72�
�0.; 6,) ��! '%0 5)6 �!��

�
 ��� �55)46 �;56)/ �%-.74)
#,)0 5)6� %55)465 % 5;56)/ *%-.74)�
� �)%8)5 5;56)/ *%-.74) 70',%0+)(�
� �55)465 % 5;56)/ *%-.74)� �* �0,-&-6 �$����� ����� 1* 6,) �������
4)+-56)4 -5 5)6 61 �� 6,) 5;56)/ &1%4( 9-.. 016 %55)46 6,) �$����� .-0) 10
6,) "��&75� �* ��� -5 �� 6,) 5;56)/ &1%4( 9-.. %55)46 6,) �$����� .-0) 10
6,) "��&75�
�.)%4)( &; )-6,)4 5;56)/ 4)5)6 14 .1'%. 4)5)6�

�� �
 ��� 9-.. .-+,6 6,) ���� ��� -* %55)46)( �'.)%4)( 61 ���

�	 ��� �41%('%56 �06)44726 �)37)56
!5)( 61 %55)46 % &41%('%56 -06)44726 4)37)56 18)4 6,) "��&75 8-% �����
� �55)465 �����
� �1)5 016 %55)46 �����
�.)%4)( &; )-6,)4 5;56)/ 4)5)6 14 .1'%. 4)5)6�

�� �
 ���� -5 %0 12)0�'1..)'614 .-0)� -6 '%0 &) %55)46)( &; %016,)4
-06)44726)4 )8)0 9,)0 ��� � ��

�� "�� "��&75 �4&-64%6-10 �1()
�).)'65 6,) "��&75 �4&-64%6-10 �1()� )-6,)4 �170( �1&-0 14 �4-14-6;�
75)( &; 6,) "��&75 %4&-6)4�
� �).)'65 �170( �1&-0 &75 %4&-64%6-10�
� �).)'65 �4-14-6; &75 %4&-64%6-10�
��� -5 '.)%4)( &; 5;56)/ 4)5)6 %0( 016 %**)'6)( &; .1'%. 4)5)6�

�'106-07)(�



Global Resources

4–10 014–002076

Bit Mnemonic Function

	��� $ �'	� �( $��*<:  -8<-:;��9)5; �-=-3
�-;-9415-: ;0- 9-8<-:; )5, /9)5; 3-=-3 ;0); ;0- :?:;-4 *6)9, >133 <:- ;6
)++-:: ;0- $��*<:� $��*<: 9-8<-:;: )9- ,1:+<::-, 15 ,-;)13 15 ��


������ ��
	
�
	��
���

VRL Level VMEbus Signals 
�� � � �� ������ ����#"
�	 	 � 	� ��	��� ��	�#"
	� 
 � 
� ��
��� ��
�#"
		 � � �� ������ ����#"

� � �<:  -8<-:; 315-:�
����� �<: �9)5; 315-: �157<; ;6 *6)9,:�� �694 ,)1:? +0)15 >1;0

��5�#" 315-:�
����#" �<: �9)5; 315-: �6<;7<; .964 *6)9,:�� �694 ,)1:? +0)15

>1;0 ����� 315-:�

$ � 1: :-; ;6 3-=-3 � *? :?:;-4 9-:-;� )5, 1: 56; )..-+;-, *? 36+)3 9-:-;�

��#"���� �6 56; +0)5/- $ � >013- ) $��*<: 9-8<-:; 1: 7-5,15/�

�  �$  -3-):- �-=-9
�-;-9415-: >0-;0-9 69 56; ;0- ��# 9-3-):-: )++-:: ;6 ;0- $��*<: ).;-9
;0- ��# 0): )+8<19-, ;0- *<:�
	 �5+- ;0- :?:;-4 *6)9, 0): )+8<19-, ;0- $��*<:� 1; >133 56; 9-3-):-
+65;963 6. ;0- *<:� "6 9-3-):- +65;963 6. ;0- $��*<:� +3-)9 ;0-  �$ *1;�
� "0- :?:;-4 *6)9, >133 9-3-):- +65;963 6. ;0- $��*<: ): ,-.15-, *? ;0-
��� )5, $ � *1;: �:-- ;0- ,-:+917;165: ;0); .6336>��
�3-)9-, *? :?:;-4 9-:-; )5, 56; )..-+;-, *? 36+)3 9-:-;�

� ��� �)195-:: �9*1;9);165
��� ,-.15-: >0-;0-9 69 56; ;0- :?:;-4 *6)9, <:-: �)195-:: *<:
)9*1;9);165 >0-5 )++-::15/ ;0- $��*<:� �. 67-9);15/ 15 �)195-:: 46,-�
;0- :?:;-4 *6)9, >133 56; 9-8<-:; )++-:: ;6 ;0- $��*<: 1. )56;0-9 9-8<-:;
1: )::-9;-,� ;0- ��# >)1;: <5;13 56 6;0-9 $��*<: 9-8<-:; 1: 7-5,15/�
	 "0- :?:;-4 *6)9, <:-: �)195-:: )9*1;9);165�
� "0- :?:;-4 *6)9, 9-8<-:;: )++-:: ;6 ;0- $��*<: ): 5--,-,�
�3-)9-, *? :?:;-4 9-:-; )5, 56; )..-+;-, *? 36+)3 9-:-;�


 $ � $��*<:  -3-):- �6,-
�-.15-: >0-5 ;0- :?:;-4 *6)9, 9-3-):-: +65;963 6. ;0- $��*<:�
	 "0- :?:;-4 *6)9, 4)15;)15: +65;963 6. ;0- $��*<: 653? .69 ;0- ;14-
1; ;)2-: ;6 +6473-;- ;0- ;9)5:)+;165� "01: 1:  -3-):-�%0-5��65- � %��
46,-�
� "0- :?:;-4 *6)9, 9-3-):-: +65;963 6. ;0- $��*<: >0-5 )56;0-9 $��
+65;9633-9 9-8<-:;: )++-:: ;6 ;0- $��*<:� 69 >0-5 ;0- ;9)5:)+;165 1:
+6473-;-,� "01: 1:  -3-):-��5� -8<-:; � � � 46,-�
�3-)9-, *? :?:;-4 9-:-; )5, 56; )..-+;-, *? 36+)3 9-:-;�

� �"� �5)*3- $��*<: �9*1;9);165 "14-6<;
"0- *<: )9*1;-9 +65;)15: ) ;14-9 ;0); 4-):<9-: ;0- ;14- *-;>--5 ;0-
1::<)5+- 6. ) �<: �9)5; *? ;0- *<: )9*1;-9 )5, ;0- )::-9;165 6. ) �<: �<:?
:1/5)3 ���!&� *? ;0- 9-:765,15/ +65;9633-9� "0- �"� *1; ,-;-9415-:
>0-;0-9 69 56; ;0- $��*<: )9*1;-9 >133 9-46=- ;0- �<: �9)5; 1. ;0-
+65;9633-9 ,6-: 56; )::-9; �<: �<:? ���!&� >1;015 65- :-+65,�
	 �5)*3-: ;0- 65-�:-+65, $��*<: )9*1;9);165 ;14-6<;� �. �<: �<:?
���!&� 1: 56; )::-9;-, >1;015 65- :-+65, 6. ;0- 1::<)5+- 6. ) �<: �9)5;�
;0- $�� )9*1;-9 >133 9-46=- ;0- �<: �9)5;�
� �1:)*3-: ;0- 65-�:-+65, $��*<: )9*1;9);165 ;14-6<;�
�3-)9-, -1;0-9 *? :?:;-4 9-:-; 69 36+)3 9-:-;�

��"�� �5 �9*1;-9 "14-6<; �� �"�� 15;-99<7; 1: /-5-9);-, >0-5 ) *<:
/9)5; 1: 9-46=-, ): ;0- 9-:<3; 6. ) *<: ;14-6<;�

�+65;15<-,�



Global Resources

4–11014–002076

Bit Mnemonic Function


� 	 ������ �� ���!31 � 2 �0 ,1%$0 �(+$-32 �$*$"2
��� #$2$0+(,$1 2'$ *$,&2' -% 2(+$ 2' 2 2'$ � 2 �20-!$1 ����  ,# ����
+312 !$  11$02$# -, 2'$ ���!31 !$%-0$ 2'$ 1512$+ !- 0#  11$021  �31
�00-0 ������� �% 2'$ �512$+ �- 0# �-" 2(-, ����� !(2 (, 2'$ ����
��
0$&(12$0 (1 1$2 2- �� 2'$ 2(+$0 (1 #(1 !*$#�

VTS Length of Data Strobes
�� 	� µ1
�� �
 µ1
�� ��� µ1
�� �(1 !*$# �(,%(,(25�

��� (1 1$2 !5 1512$+ 0$1$2  ,# ,-2  %%$"2$# !5 *-" * 0$1$2�

� ��� �, !*$ � 2"'#-& �(+$0
�'$ 4 2"'#-& 2(+$0 "'$")1 %-0 0$1.-,1$1 2- ��� (,2$003.2 0$/3$121� �% 2'$
��� #-$1 ,-2 0$1.-,# 2-  ��� (,2$003.2 0$/3$12 4(2'(, -,$ 1$"-,#� 2'$
4 2"'#-& 2(+$0 (1 1$2� �'(1 0$13*21 (,  ,  "2(-,  1 #$2$0+(,$# !5 2'$
��
��� �� !(21 -% 2'(1 0$&(12$0� ��,%-0+ 2(-, -, 2'$ ��
 !(21 %-**-41��
� �, !*$1 0$ "2(-,1 2- 4 2"'#-& 2(+$-321� �'$, 2'$ 4 2"'#-& 2(+$0 (1
$, !*$#  ,# 1$2�  ,  "2(-, #$%(,$# !5 2'$ ��
 !(21 (1 .$0%-0+$#�
� �(1 !*$1 0$ "2(-,1 2- 4 2"'#-& 2(+$-321� �'$ 4 2"'#-& 2(+$0 " , !$
31$# %-0 -2'$0 2(+(,& %3,"2(-,1�
��� (1 "*$ 0$# !5 $(2'$0 1512$+ 0$1$2 -0 *-" * 0$1$2�

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

Value in
WDA Action
�� �'$ 1512$+ .$0%-0+1  1512$+ 0$1$2�
�� �'$ 1512$+ .$0%-0+1  *-" * 0$1$2�
�� �'$ 1512$+ .$0%-0+1  *-" * 0$1$2  ,# '-*#�
�� �'$ 4 2"'#-& 2(+$0 (1 #(1 !*$#�

��
 (1 1$2 !5 1512$+ 0$1$2  ,# (1 ,-2  %%$"2$# !5 *-" * 0$1$2�

�"-,"*3#$#�



Global Resources

4–12 014–002076

WDTO Watchdog Timeout

FFF8 3108 Write Only

��� ��!����� �����"! ������ ���� !�� ������!� � �" !����"!  ����� !��! ������� 

�� ��!��� ������� �% !�� ��!����� 	�!��� ���	� ��! �� !�� �!���!% 
��!��� ��� 
!�!" 

��

� ���� !���

���� � ��! �����!�� �% ��!���  % !�� �� �! �� ����� �� �!�

31 16

15 0

WDTO

WDTO

Bit Mnemonic Function

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



Global Resources

4–13014–002076

WHOAMI Who Am I

FFF8 8018 Read Only

������ #$%(-$1 2'$ ��� ".-%(&30 2(.-  -#  +1. #$%(-$1 5'("' ��� (1 "300$-2+6

, 12$0 .% 2'$ �!31� �'$ ��� ".-%(&30 2(.- #$%(-$1 '.5 , -6 ���1  -# ����1  0$

.- 2'$ 1612$, !. 0#�

������ (1 -.2  %%$"2$# !6 $(2'$0 1612$, 0$1$2 .0 +." + 0$1$2�

CPC

7 034

CMM

Bit Mnemonic Function

��� ����
��� ��� �.-%(&30 2(.-
�'$ ��� �.-%(&30 2(.- ����� !(21 #$%(-$ 2'$ ��� ".-%(&30 2(.-  1
%.++.51�

CPC CPU Configuration

�
 	 ���� �	 ����
��
 	 ���� � ����
��
 � ���� 
 ����
��
 � ���� 	 ����

����� �'$ ��� ".-%(&30 2(.- (1 1$2 4( )3,/$01 .- 2'$ 1612$, !. 0#
5'$- 2'$ ��� !. 0#�1� (1 (-12 ++$#� �% ��� #.$1 -.2 0$%+$"2 6.30
".-%(&30 2(.-� "'$"* 2'$ ��� ".-%(&30 2(.- )3,/$01� �$$ 2'$
, -3 +� ������� ��� ��������� 
�������� ��� �����������

����
� ��� ��� ���� ������ 	�������� %.0 (-%.0, 2(.- .- 2'$
)3,/$01�


�� ����
��� �300$-2 �!31 � 12$0
�'$ ��� !(21 (-#(" 2$ 5'("' ��� (1 "300$-2+6 2'$ , 12$0 .% 2'$ �!31�
�'$ ".-2$-21 .% 2'$ ��� !(21  0$ 4 +(# .-+6 #30(-&  # 2 "6"+$ 5'$-  
��� (1 (-(2( 2(-& 2'$ 0$ # .0 50(2$ 2'0.3&' (21 # 2 ����� ��� (1 -.2
4 +(# #30(-&  - (-1203"2(.- 0$ # .0 50(2$� .0 5'(+$  ��� ".-20.++$0 (1
, 12$0 .% 2'$ �!31�

CMM Mbus Master
��
 ���� (1 , 12$0 .% 2'$ �!31�
	�
 ���� (1 , 12$0 .% 2'$ �!31�



Global Resources

4–14 014–002076

Global Control and Status (GCS) Registers

"/08 8,*9054 +,8*70),8 9/, �25)(2 �549752 (4+ !9(9:8 ���!� 7,.089,78� "/, ��!

7,.089,78 (7, (**,88,+ )= $�� *5497522,78 (8 <,22 (8 )= 9/, 8=89,3 )5(7+ ��#� "/,

8=89,3 )5(7+ (4+ $�� *5497522,78 6(88 04-573(9054 ;0( 9/, ��! 7,.089,78 (8 -5225<8�

• "/, � ��� 7,.089,7 6(88,8 9/, 8=89,3 )5(7+ ���

• "/, ������� 7,.089,7 6(88,8 9/, 25*(9054 35409578�

• "/, ������	 7,.089,7 /(4+2,8 8=89,3 -(02 �!�� 049,77:698 95 9/, $��):8� /(4+2,8

25*(2 7,8,98� 6(88,8 !�� (4+ !�� 049,77:698 95 9/, 8=89,3 )5(7+� (4+ 6(88,8 9/,

8=89,3 )5(7+ 25*(9054 95 $�� *5497522,78�

• "/, ���!% 7,.089,78 6(88 :8,7�+,-04,+ +(9(�

"5 (**,88 9/, ��! 7,.089,78� ( $�� *5497522,7 <709,8 ( 	��)09 (++7,88 5- 9/, ��!

7,.089,7 (4+ +,-04,8 9/, (++7,88 (8 (4 �	� (++7,88 ;0( 9/, (++7,88 35+0-0,78 ��&
��'�

"/, 9/7,, 3589�80.40-0*(49 40))2,8 5- 9/, (++7,88 3:89 ), 9/, 8(3, (8 9/, ;(2:,

+,-04,+ )= 9/, ��!�� 7,.089,7� </0*/ 08 25(+,+ )= 9/, �75:6 �++7,88 �� ���� (4+

�5(7+ �++7,88 ������ 8<09*/,8 54 9/, 8=89,3 )5(7+� %/,4 9/, $�� *5497522,7

+,-04,8 (4+ <709,8 (4 �	� (++7,88� 9/, $�� 049,7-(*, 25.0* 54 9/, 8=89,3 )5(7+

*536(7,8 9/, (++7,88 <09/ 9/, ;(2:, 8957,+ 04 9/, �(8, �++7,88 ���!��� 7,.089,7� �-

9/, 9<5 (++7,88,8 (7, 9/, 8(3,� 9/, (++7,88 08 62(*,+ 54 9/, �):8� �098 �&���' 5- 9/,

(++7,88 8,2,*9 54, 5- 9/, ,0./9 ��! 7,.089,78�

#4201, 9/, 59/,7 8=89,3 )5(7+ 7,.089,78� 9/, ��! 7,.089,78 (7, 459 54 <57+ ���)=9,�

)5:4+(70,8� �- ( $�� *5497522,7 (99,3698 95 <709, 57 7,(+ ( <57+� ( ):8 ,7757 08

7,9:74,+� �- 9/, 8=89,3 )5(7+ ��# (**,88,8 ( <57+� 9/, ��! 25.0* 7,9:748 9<5 *560,8

5- 9/, 7,.089,7�8 *549,498� "()2,���
 20898 9/, ��! 7,.089,78 (4+ 9/,07 (++7,88,8�

Table 4–2  GCS Registers

Register Address

������� ���� ���	

������	 ���� ����

� ��� ���� ���


���!� ���� ����

���!	 ���� ����

���!
 ���� ����

���!� ���� ����

���!� ���� ����

�
�����	 �!�% ���(�))"% � 
�� (� ")*�( �(&$ *!� ���� �& %&* +)� *!� �.�!�% �

��$&(/ -"*! �� ")*�( ������ "%)*(+�*"&% �.��'* ,"� 
�� �)!&(* ����

)'���� �!") �%)+(�) *!�* %& &*!�( ��� $�)*�() ����)) *!� 
�� (� ")*�()

��*-��% *!� ���� #&�� �%� )*&(� &'�(�*"&%)�

"/, -5225<04. 6(.,8 +,-04, 9/, �25)(2 �549752 (4+ !9(9:8 7,.089,78�



Global Resources

4–15014–002076

BRDID Board ID

FFF8 6005 Read/Write (as noted)


"�$� �� �
����� �"!&��!% &�� %)%&� �"�$� ���!&�����&�"! !' ��$� '%�� �) &��

��
�'% &" ���!&��) &�� %)%&� �"�$��

����$�� �) %)%&� $�%�& �!� !"& �����&�� �) �"��� $�%�&�

BRDID

7 0

Bit Mnemonic Function

	�� 
���� 
"�$� ���!&�����&�"!
��
�'% ���� "!�)� ��'% ������$�&�
�'$�!� #"(�$'#� &�� ��� ($�&�% &�� %)%&� �"�$� ���!&�����&�"! �!&" 
���
��� ��
�'% ��! &��! $��� 
�� &" ��& &�� %)%&� �"�$� ���
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GLOBAL0 Global Register 0

FFF8 6001 Read/Write (as noted)

�(+ �( �#%'./#- � �����
��� "#$'*#. /&# ./�/# +$ /&# (+!�/'+* )+*'/+-. �*" /&#

��� 0. '*/#-$�!# !&', '"#*/'$'!�/'+* *0) #-�

LM

7 034

CID

Bit Mnemonic Function

��� ���
��� ��� 0. �+!�/'+* �+*'/+-.
�#�"��-'/# 	�
�#$'*#. 1&#/&#- +- *+/ /&# (+!�/'+* )+*'/+- "#/#!/#" �* �!!#..�
	 
 (+!�/'+* )+*'/+- �!!#.. 1�. *+/ "#/#!/#"�
� 
 (+!�/'+* )+*'/+- �!!#.. 1�. "#/#!/#"�
�#/ /+ 	  2 .2./#) -#.#/ �*" *+/ �$$#!/#"  2 (+!�( -#.#/�


�� ����
��� ��� 0.�� 0. �&', �"#*/'$'!�/'+* �0) #-
�#�" +*(2�
�&# ���  '/. �-# .#/ /+ 				� '*"'!�/'*% /&�/ /&# �(+ �( �+*/-+( �*" �/�/0.
����� -#%'./#-. 0.# /&# �+/+-+(� �#$#-#*!# �/�*"�-"�
�+/ �$$#!/#"  2 #'/&#- .2./#) -#.#/ +- (+!�( -#.#/�
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GLOBAL1 Global Register 1

FFF8 6003 Read/Write (as noted)

$0- �� ���� 8-/19:-8 9-:9 :0- �*;9 8-9-:� +65:863� )5, 9:):;9 +65,1:1659 )5, 15.6849

:0- �!% 6. :0- 9:):;9 6. :0-9- +65,1:1659�

R&H

7 6 5 01234

SBL ISF BDF 0 0 SHP SLP

Bit Mnemonic Function

� "�� �6+)3 "-9-:�)5,��63,
"-),	'81:- *6:0 &��*;9 )5, �*;9�
%9-, :6 8-9-: :0- �!% )5, ���%9�
� "-9-:9 :0- �!% )5, ���%9�
�3-)8-, *? 9?9:-4 8-9-: )5, 56: )..-+:-, *? 36+)3 8-9-:�

� #�� #?9:-4 �6)8, �6+):165
"-), 653? *6:0 &��*;9 )5, �*;9�
#�� 19 0)8,=18-, :6 9=1:+0 �� �#� �� 6. ��! 9=1:+0 #� ������� '0-5
8-),� #�� 4;9: *- ) �� 15,1+):15/ :0): :0- 9?9:-4 *6)8, 19 15 &�� 936: 

)5, 9;773?15/ #(#��� )5, ���" :6 :0- &��*;9� �. #�� 19 
� +0-+2 :0-
#� � 9=1:+0�
� �5,1+):-9 :0): :0- #� � 9=1:+0 19 65� :0- 9?9:-4 *6)8, 19 15 &�� 936:

 )5, 9;773?15/ #(#��� )5, ���" :6 :0- &��*;9��

 �5,1+):-9 :0): :0- #� � 9=1:+0 19 6..� :0- 9?9:-4 *6)8, 19 56: 15 936: 

)5, 19 56: 9;773?15/ #(#��� )5, ���" :6 :0- &��*;9�
�6: )..-+:-, *? 8-9-:9�

� �#� �501*1: :0- #(#���� 6;:7;: :6 :0- &��*;9
"-),	'81:- *6:0 &��*;9 )5, �*;9�
�-:-8415-9 =0-:0-8 68 56: :0- 9?9:-4 *6)8, =133 7)99 ) 9?9:-4 8-9-: 65 :6
:0- &��*;9 �#(#"�#�$ 315-��
� $0- 9?9:-4 *6)8, =133 56: )99-8: #(#���� 65 :0- &��*;9�

 �99-8: #(#���� 1. �#� 6. :0- %�# 8-/19:-8 19 )99-8:-, 68 1. :0-
=):+0,6/ :14-8 0)9 ->718-,�
�3-)8-, *? 9?9:-4 8-9-: )5, 56: )..-+:-, *? 36+)3 8-9-:�

� ��� �6)8, �)13 #:):;9
"-), 653? *6:0 &��*;9 )5, �*;9�
�5,1+):-9 =0-:0-8 :0- 9?9:-4 *6)8, 19 151:1):15/ ) 9?9:-4 .)13;8- �1�-�� 1:
15,1+):-9 :0- 9:):- 6. :0- �#� *1: 6. :0- %�# 8-/19:-8 )5, :0- 6;:7;: 9:):-
6. :0- =):+0,6/ :14-8��
� �99-8: #?9:-4 �)13;8- ��#�� 6. :0- %�# 8-/19:-8 19 )99-8:-, �
�� 68 :0-
=):+0,6/ :14-8 19 9-: �:0- :14-8 0)9 ->718-,��

 �#� 19 56: )99-8:-,� )5, :0- =):+0,6/ :14-8 6;:7;: 19 +3-)8-,�
�6: )..-+:-, *? 8-9-:9� ��� )3=)?9 8-.3-+:9 :0- 9:):- 6. �#� )5, :0-
=):+0,6/ :14-8 6;:7;:�


� � "-9-8<-, �3=)?9 


�+65:15;-,�
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Bit Mnemonic Function


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

 �$!*!�*�) �$ ��� !$*�((+&* (�'+�)* - �$ )�* *% 
 �. � ��� �%$*(%""�(�
�))�(*) * � �!�$�" �!� �(!%(!*. ����� !$*�((+&* �!* !$ * � �$*�((+&*
�*�*+) ����� (��!)*�(�
	 �$ ��� !$*�((+&* (�'+�)* $%* &�$�!$��

"��(�� �. ).)*�# (�)�*� �$� $%* �����*�� �. "%��" (�)�*�

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

 �$!*!�*�) �$ ��� !$*�((+&* (�'+�)* - �$ )�* *% 
 �. � ��� �%$*(%""�(�
�))�(*) * � �!�$�" �%- �(!%(!*. ����� !$*�((+&* �!* !$ * � �$*�((+&* �*�*+)
����� (��!)*�(�
	 �$ ��� !$*�((+&* (�'+�)* !) $%* &�$�!$��

"��(�� �. ).)*�# (�)�*� �$� $%* �����*�� �. "%��" (�)�*�

��%$�"+����
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GPCSn General–Purpose Control and Status

FFF8 6007 GPCS0 Read/Write

FFF8 6009 GPCS1 Read/Write

FFF8 600A GPCS2 Read/Write

FFF8 600C GPCS3 Read/Write

FFF8 600E GPCS4 Read/Write

�# � ' *�%��-*)(+ 
(',*(% �'� �,�,-+ ���
��� * "$+, *+ �%%(/

)*("*�&& *�� !$' � �(',*(% �'� +,�,-+ $'!(*&�,$(' ,( � )�++ � !*(& (' ���

�(',*(%% * ,( �'(,# * (. * ,# ����-+� �! � ��� �(',*(%% * /*$, + �(',*(% �'� +,�,-+

$',( � ��
�� * "$+, *� (,# * �(',*(%% *+ ��' * �� ,# ��
�� * "$+, * �'� -+ ,# 

$'!(*&�,$('� �# )*("*�&& * � !$' + ,# !-'�,$('+ (! ,# �$,+ $' ,# + * "$+, *+�

����� �(* "((� )*("*�&&$'" +,*-�,-* � ,# ��
�� * "$+, *+ +#(-%� � -+ � ('%0 ,(

)�++ �(',*(% �'� +,�,-+ $'!(*&�,$(' � ,/  ' ��� �(',*(%% *+ �$'�%-�$'" ,# 

+0+, & �(�*���

GPCS

7 0

Bit Mnemonic Function


�� ��
��
1�� � ' *�% �-*)(+ 
(',*(% �'� �,�,-+
�# )*("*�&& * � !$' + ,# !-'�,$(' (! ,# ��
��
1�� �$,+�
� +0+, & * + , + ,+ ��
�� ,( ��� � +0+, & * + , �% �*+ ��
�� ,#*(-"#
��
�	� �(��% * + ,+ �( '(, �!! �, ,# ��
�� * "$+, *+�

�'� (! 
#�), *
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Chapter 5
Memory

�# ,1,- ' #�, 
 � ��
 ��1- , )! �1(�'$� +�(�)'2��� ,, ' ')+1 ������ &)��- �

)( ,$("& $(2&$( ' ')+1 ')�.& , �����,�� �# ,1,- ' �)�+� #�, �++)+ 
# �%$("

�(� 
)++ �-$)( ��

� &)"$�� �)+ $(!)+'�-$)( )( -# �

� ,  -#$, �#�*- + �(� -# 

�
� ����
��� 

�� 
��������� ���	�� ����� ��������� ��� 
��������� 
������

,* �$!$��-$)(�

�# ,1,- ' �)�+� #�, 	�� ��1- , )! �+)"+�''��& � ����(&1 � ')+1 ������

0#$�# �)(-�$(, �))- �)� � �- �&,) #�, ()(�/)&�-$& ��� �������� -#�- �)(-�$(,

,1,- ' �)(!$".+�-$)( *�+�' - +,�

��� ,, -) ' ')+1 $, + ".&�- � �1 ' ')+1 '�*,� �# 
�� ��( ��� ,, �&& )! ' ')+1�

�.- ��� �)(-+)&& +, ��( ��� ,, )(&1 + ,).+� , �&&)0 � �1 -# ��� ���+ ,, '�*�
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Accessing Blocks of Memory
��,� ��& �� ,*�&+%",,�� �+ �$'�#+ /",! �& ���*�++ �++�*,�� �, ,!� �� "&&"& '� ,!�

�$'�#� � �$'�# "+ ,!� +�%� �+ � ���� ���!� $"&�� �!� '&$1 �0��(,"'& "+ '& ,!�

����-+� ����-+ �$'�#+ ��& �� �+ $�* � �+ 	�
 �1,�+�

�!� ����+ ,*�&+��* ��/'*� ��
 �1,�� �$'�#+ '� ��,�� � ���� ���!� $"&� ��$'�#� "+

�'-* 
	2�", /'*�+ ,!�, /!�& *��� �*'% '* /*",,�& ,' %�%'*1� �*� �$" &�� '& �& �.�&

���*�++ /!'+� $��+,�+" &"�"��&, &"��$� �� "&+ �, ���*�++ ��
� �" -*����� "$$-+,*�,�+

���� ���!� $"&�+�

1 block = 4 words = 16 bytes

1 word

1 word

1 word

1 word

1 block

1 word

1 word

1 word

1 word

00

04

08

0C

10

14

18

1C

Block address range is 0 to F.

Figure 5–1  CMMU Cache Lines

�!�& � ���� *���+ '* /*",�+ � �$'�# '� ��,� -+"& �& �$" &�� *��� '* /*",�� ,!� *���

'* /*",� /"$$ �'%($�,� /",!"& �� �-+ �1�$�+� �� ,!� *��� '* /*",� �*'++�+ �*'% '&� �$'�#

,' �&',!�* ���$$�� � �$'�# �*'++"& �� ,!� ,*�&+��* *�)-"*�+ �& ���","'&�$ �-+ �1�$��
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Reading from Memory
�"�' � �., &�,-�+ +���, ��-�  +(& &�&(+2� &�&(+2 ,(.+��, -"� ��-� �- � +�-� ( ('�

0(+� )�+ �., �2�%� .'-#% #- +���#/�, �' ��� ��'� ( ��*.�,-�  +(& -"� &�,-�+ (+ .'-#%

-"� +��� �+(,,�, -( � '�0 �%(�$ ( ��-�� � �%(�$ �+(,,#'! (��.+,  #+,-� &�&(+2 �,,�+-,

�'� ( ��-� ������ �%(�$ �+(,,#'!, �+� ��,�+#��� #' -"� 3��-� �%(�$, �'� �%(�$

�+(,,#'!� ,��-#(' ��+%#�+ #' -"#, �"�)-�+�

�"�' ��-� #, +���  +(& &�&(+2� -"� ��� �('-+(%%�+ �1�&#'�, -"� ��-�  (+ ,#'!%���#-

�'� &.%-#)%���#- �++(+,� �"�' � &.%-#)%���#- �++(+ (��.+,� � �., �++(+ #, �,,�+-�� �'�

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

�(++��-#(' %(!#� �,,�+-, -0( 0�#- ,-�-�, 0#-"#' 0"#�" -"� %(!#� �(++��-, -"� ��-� �'�

0+#-�, -"� �(++��-�� ��-� -( -"� ��-� �.,� �"� �++(+ %(!#� �%,( '(-# #�, -"� #'-�++.)-

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

.)��-� -"� �++(+ %(! �'� 0+#-� -"� �(++��-�� ��-� ���$ -( &�&(+2� ��� #, )�+ (+&��

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

�'� �(++��-#(' ������ ,��-#(' %�-�+ #' -"#, �"�)-�+ ��,�+#��, -"� �++(+ �"��$#'!

)+(��,, #' !+��-�+ ��-�#%�

�"�' +���#'! � �%(�$ ( ��-�  +(& &�&(+2� -"�  (%%(0#'! (��.+,�

�� �"� &�,-�+ 0+#-�, -"� ��!#''#'! ���+�,, -( &�&(+2�

	� � &�&(+2 ��''(- +�,)('� 0#-"#' ('� �%(�$ �2�%�� &�&(+2 #',�+-, 0�#- ,-�-�,�

�"� ��-� -+�', �+ �('-#'.�, 0"�' -"� 0�#- ,-�-� #, +�&(/���


� �"� &�,-�+ +���, � 0(+� ( ��-�  +(& &�&(+2�

�� ��&(+2 �.-(&�-#��%%2 #'�+�&�'-, -"� ���+�,, -( -"� '�1- 0(+�� -"�' 0+#-�, -"�-

0(+� -( -"� ��.,� �-�), 
� �'� �� �+� +�)��-�� .'-#% -"� �'-#+� �%(�$ #, +����

Writing to Memory
��&(+2 +���#/�, ��-� �#' �2-�,� "�% �0(+�, (+ 0(+�,� .'-#% #- +���#/�, �' �'� ( 

��*.�,- ����� (+ .'-#% � �%(�$ �+(,,#'! (��.+,�

�"� �., &�,-�+ )%���, � 0(+� (' -"� ��-� �., �'� -"� ���+�,,�� &�&(+2 +���#/�, -"�

��-�� �"� ��� �('-+(%%�+ !�'�+�-�, -"� ��� �#-, �'� 0+#-�, -"�& -( &�&(+2 �%('!

0#-" -"� ��-�� � -"� ��-� -+�', �+ #, � �2-� (+ "�% �0(+�� -"� ��� )�+ (+&, �

+����&(�# 2�0+#-� ()�+�-#(' -( !�'�+�-� -"� ��� �#-,� �����&(�# 2�0+#-�

()�+�-#(', �1-�'� -"� 0+#-� �2�%� �2 ���#'! �%(�$ �2�%�,�

�"�' 0+#-#'! � �%(�$ ( ��-� -( &�&(+2� -"�  (%%(0#'! (��.+,�

�� �"� &�,-�+ 0+#-�, -"� ��!#''#'! ���+�,, -( &�&(+2�

	� � &�&(+2 ��''(- +�,)('� -( -"� ���+�,, 0#-"#' ('� �%(�$ �2�%�� #- #',�+-, 0�#-

,-�-�,� �"� ��-� -+�', �+ �('-#'.�, 0"�' -"� 0�#- ,-�-� #, +�&(/���


� �"� &�,-�+ 0+#-�, � 0(+� ( ��-� -( &�&(+2� �'� -"� ��� �('-+(%%�+ !�'�+�-�,

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

�� ��&(+2 �.-(&�-#��%%2 #'�+�&�'-, -"� ���+�,, -( -"� '�1- 0(+�� �-�), 
� �'� ��

�+� +�)��-�� .'-#% -"� �'-#+� �%(�$ #, +����
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Cache Coherency
��� �


� ��� ��� ����� �����% ��  �������% � �����  � ����� !� ��� �!� ���

�$��! ���� 	�  �� ����� ��  !���� ����  �� ��
 �� ���� � ����� �% #� � �����%� ����

 �� ����� ��  !���� ���  �� ��
 ����� ���� ��� #�� ��  � �����%  ���!��  �� ������

����  �� ����� ��  !���� ���  �� �


� !��� � �����% !���� �� ��� ��� � ���!��

�� ���%���� ����� ����  �� ����� �� ����� ��� �� ��� � ���!�� ����� ���

�������� ����  �  �� ����� ��� ������� ��% #��  ��  � �����%� ����  �� ����� ��

����� ��� �� ���%���� ����� ���%  �� ���� �������� ��� �� ���� ����� ���� ��� ��

#��  ��  � �����%�

	�  �� ����� ��  !���� ���� �� ��  �� ����� �� �� ��� �� ��� � ���!�� ����� �����% ��

��#�%� �!���� ����!��  �� ��
� #�� � ������� �� � ����� �%  � �����%� 	�  �� �����

�� �� ��� !��� �� �� ���%���� ����� ���� ���� �� �����% ��% �� �� �!���� ����!��

 �� ������� �� � �� #��  �� ���%  �  �� ������ �"� ������ ��  �  �� �����%�

	�  �� ����� �� �� ��� �� ���%���� �����  �� �


� �����  �� 
�!� ��� ��������  �

���� ����  �� ��"� ���� �������� �% � ��
� 	� � �������� ���� ��� �� �����  ��

��������� � �


 !��� ��  �� ���� ��� ������  �� ���� �� ������ ��� ���!������

���!� �� �� ����� ��������%� ��� �!� ��� ������� ��� �� ����� ��������% ��� 
�!�

��������� ���  �� 	������ ����
�	
���� 	����
�
�� 
��� 
�
��� 	������

A device writes an address to the Mbus.

The CMMU snoops the Mbus address and checks
the cache location to determine if the data has been
modified. Yes

No

The device reads the data from
memory.

The CMMU issues a RETRY signal via the
SS[3–0] lines.  This prevents the device
from reading the memory location until after
the CMMU has updated the memory
location.

The CMMU updates the memory location,
writing from cache to memory.

The CMMU clears the cache modify bit to 0.

The CMMU relinquishes the Mbus.

Is the data in
cache?

Has the data
been modified?

Yes

No

Figure 5–2  Cache Coherency
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Error Checking and Correction (ECC)
��� &*&'�! �#�%� $�%�#%!& 
%%#% ������"� �"� �#%%��'�#" �
��� �#% �  �	�� �'

�����& �#% &�"� ����' �"� !( '�$ ����' �%%#%&� �"� �#%%��'& &�"� ����' �%#%&�

�( '�$ ����' �%%#%& ��""#' �� �#%%��'��� ���(%����� #(' �"�& '�� �#%%��'�#" $%#��&&

�#% &�"� ����' �%%#%&�

The ECC controller detects
and corrects a single–bit error.

The ECC controller interrupts the CPU.

The corrected data is passed to the requestor.

The interrupt service routine must do the following:

1. Log the address of the error.
2. Mask the ECC interrupt to prevent further interrupts.
3. Read memory to get the corrected data.
4. Write the entire cache line back to memory.
5. Clear the ECC interrupt and clear the mask of the ECC interrupt.

The interrupt service routine (CPU) reads the
error address register (ERA) for the address of
the error.

Figure 5–3  Correcting Single–Bit Memory Errors

Registers
���& &��'�#" ��&�%���& '�� ��!#%* ����"#&'�� �#"'%# ����� %���&'�%� ��!#%*

����"#&'�� �'�'(& ����� %���&'�%� 
�� 
%%#% 	��%�&& �

	� �"� 

	�� %���&'�%&�


�� ����� 
�'& �
�
� %���&'�%� �"� '�� ����"#&'�� ��'�� 
"�� � ���
� %���&'�%� ���

�#  #)�"� $���& ��&�%��� '��&� %���&'�%&�
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MDC Memory Diagnostic Control

FFF8 FF00 Write only

!-* �*135; �.&,2367.( �327530 ����� 5*,.67*5 4539.)*6 (327530 +35 7-* ����� &2) &063

6*0*(76 7-* 64**) 3+ 7-* 9.)*3 132.735�

��!�� ��� 3((84.*6 7-* 6&1* 03(&7.32 &6 7-* �� 5*,.67*5� ��� .6 :5.7* 320; &2)

�� .6 5*&)�320;�

!-* ��� 5*,.67*5 .6 (0*&5*) 73 � '; 5*6*76�

7 0

EMS10

6

FDMA0

5 4

EMS0

3

Unused

2 1

ECE MSSFDMA2

Bit Mnemonic Function

� �*6*59*) �867 '* ��

� ����
 �086- ��� �-&22*0 

�086-*6 5*1&.2.2, ';7*6 +531 ��� (-&22*0 � 73 1*135;�  ** 7-* ���
�-&22*0 � &2) 
 #5.7* 73 �*135; )*6(5.47.32 .2 �-&47*5���
� �086- 7-* )&7&�
	 �3 &(7.32�


 ����� �086- ��� �-&22*0 �
�086-*6 5*1&.2.2, ';7*6 +531 ��� (-&22*0 � 73 1*135;�  ** 7-* ���
�-&22*0 � &2) 
 #5.7* 73 �*135; )*6(5.47.32 .2 �-&47*5���
� �086- 7-* )&7&�
	 �3 &(7.32�

�� � �� 	� �� � ��� �3)*  *0*(7
"6*) .2 (32/82(7.32 :.7- ����%�� 73 6*0*(7 7-* ��� 34*5&7.2, 13)*6
)*+.2*) -*5*�

EMS1 EMS0 ECE Rd/Wr ECC Operating Mode
� � $ #5.7* �351&0 ��� �82(7.32
	 � $ #5.7* � �
� � � �*&) � �
� 	 � �*&) � �
� � 	 �*&) � �
� 	 	 �*&) � �
	 	 � �*&) �&66�!-538,-
� 	 $ #5.7* �.&,2367.( �*2*5&7*
	 � � �*&) �.&,2367.( �*7*(7 �20;
	 � 	 �*&) �.&,2367.( �*7*(7 &2) �355*(7
	 	 	 #5.7* �2.7.&0.<*� 23 ���


 �*6*59*)

	 ��� ��� �355*(7.32 �2&'0*
"6*) .2 (32/82(7.32 :.7- �� 	 &2) �� � 73 6*0*(7 &2 ��� 34*5&7.2,
�3)*�
	 �2&'0*6 ��� *5535 (355*(7.32�
� �2-.'.76 ��� *5535 (355*(7.32�

� �  �32.735  4**)  *0*(7
	 �� �< 132.735�
� �� �< 132.735 �)*+&807��
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MDS Memory Diagnostic Status

FFF8 FF00 Read only

 +( �(024: �,$*1256,& �6$675 ����� 4(*,56(4 4(67415 6+( ',$*1256,& 56$675 2) 6+(

0(024:� 3/75 6+( 5(/(&6(' 021,624 53(('�

�� �� ��� 2&&73,(5 6+( 5$0( /2&$6,21 $5 6+( ��� 4(*,56(4� ��� ,5 4($'�21/: $1'

��� ,5 94,6( 21/:�

7 0

EMS1EWE

6

Reserved

5 4

EMS0

3

Unused

2 1

ECE MSSMEAMEBSEASEBMS Reserved

8915 13 12 11 10

Bit Mnemonic Function

����
 ��	�� �(024: ���� �2'7/(5
�1',&$6(5 6+( 170%(4 2) �
<�%:6( ����5 ,156$//('�

MS2 MS1 MS0 # of SIMM Modules
� � � �
� � � 	
� � � �
� � � 

� � � �

�	 �(5(48('

�� ��� �,1*/(��,6 �4424 �$1. �
� � 5,1*/(�%,6 (4424 +$5 2&&744(' ,1 0(024: %$1. ��
� �2 (4424�

�� ��� �,1*/(��,6 �4424 �$1. �
� � 5,1*/(�%,6 (4424 +$5 2&&744(' ,1 0(024: %$1. ��
� �2 (4424�

� ��� �7/6,3/(��,6 �4424 �$1. �
� � 07/6,3/(�%,6 (4424 +$5 2&&744(' ,1 0(024: %$1. ��
� �2 (4424�

� ��� �7/6,3/(��,6 �4424 �$1. �
� � 07/6,3/(�%,6 (4424 +$5 2&&744(' ,1 0(024: %$1. ��
� �2 (4424�

� �"� �����"4,6( �1$%/(
� �1$%/(5 94,6(5 62 6+( ������
� �1+,%,65 94,6(5 62 6+( ������


� � �(5(48('

�� 
 ����� ���� ��� �2'( �(/(&6
!5(' ,1 &21-71&6,21 9,6+ ����#��� ���1 '(),1( 6+( 23(4$6,1* 02'(5
5(/(&6('� �(( 6+( 6$%/( 9,6+,1 6+( '(5&4,36,21 2) 6+( ��� 4(*,56(4�

	 �(5(48('

� ��� ��� �244(&6,21 �1$%/(
�(),1(5 9+(6+(4 24 126 ��� (4424 &244(&6,21 ,5 (1$%/('�
� ��� (4424 &244(&6,21 ,5 (1$%/('�
� ��� (4424 &244(&6,21 ,5 ,1+,%,6('�

� ��� �21,624 �3((' �(/(&6
� �� �; 021,624 5(/(&6('�
� 
� �; 021,624 5(/(&6(' �'()$7/6��
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EEAL, EEAU ECC Error Address

FFF8 FF08 EEAL Read only

FFF8 FF0C EEAU Read only

�# ��� �++(+ ���+ ,, �(/ + �'� �)) + ����� �'� ����� + "$,- +, �('-�$' -# 

���+ ,, (! -# !$+,-  ++(+ -#�- (��.++ � ,$'� -# %�,- -$& -#�- -# ��� + �� -# 

+ "$,- +,�

����� ���� �'� ���� /$%% '(- ,-(+ � ' /  ++(+ ���+ ,, .'-$% -#  0$,-$'" ���+ ,,

#�, �  ' + ��� �! &(+ -#�' ('  ++(+ (��.+, � -/  ' + ��,� ('%1 -# !$+,-

 ++(+ ���+ ,, $, ,-(+ �
 ,.�, *. '-  ++(+ ���+ ,, , �+ '(- + �(+� ��

EEAL:

EEAL

15 0

Bit Mnemonic Function

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

EEAU:

EEAU

15 0

Unused

1011

Bit Mnemonic Function

�
��� �'., � �%/�1, �,

���� �����	����� ��� �++(+ ���+ ,, �)) +
�('-�$', �$-, �	����� (! -# ���+ ,, (! � ,$'"% ��$- (+ &.%-$)% ��$-  ++(+�
�#$,  ++(+ $, -# !$+,-  ++(+ -#�- (��.++ � ,$'� -# %�,- -$& -#�- -# ���
+ �� ���� �.�, *. '-  ++(+ ���+ ,, , �+ '(- %�-�# � $'-( ����
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ECB ECC Check Bits

FFF8 FF04 Read only

� � ��� � ��" �!*) ����� (��!)*�( (�*+(%) * � � ��" �!*)� &� �&* ��%") � �%� �� �&(

* � �!()* )!%�#� &( $+#*!'#� �!* �((&( * �* &��+((�� )!%�� * � ��� ���
� ����	

 ���	�

������ (��!)*�( -�) #�)* (���� ��� !) �#��(�� *& � - �% ���� !) (���� � �% * �

$�$&(. )+�).)*�$ -(!*�) � ,�#+� !%*& ���� !* -!## %&* -(!*� �%&* �( ,�#+� +%*!# * �

���� (��!)*�(  �) ���% (���� � � ��$&(. �!��%&)*!� �*�*+) ����� (��!)*�( ���!%�)

- !� $�$&(. ��%"  �) * � �((&(�

7 06

ECBAECBB1

15

1

814

Bit Mnemonic Function

�
 �%+)�� �#-�.) �

�	�
 ���� ��%" � ��� � ��" �!*)
�&%*�!%) * � ��� � ��" �!*) �&( ��%" ��

� �%+)�� �#-�.) �

��� ���� ��%" � ��� � ��" �!*)
�&%*�!%) * � ��� � ��" �!*) �&( ��%" ��
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DLE Diagnostic Latch Enable

FFF8 FF04 Write only

�$! �%�#)*-.%� ��.�$ �)��'! ����� ,!#%-.!, %- � (!�)- .* 1,%.!  �.� .* .$!  %�#)*-.%�

'�.�$ *" .$! ��� �*).,*''!,� �!! .$! �
� ����
��� 

�� 
��������� ���	�� �����

��������� ��� 
��������� 
������ -+!�%"%��.%*)

7 06

CBEUnusedDLE

15 14

Bit Mnemonic Function

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

���� �)/-! 


�� ����
��� �$!�& �%.- �)��'!
����
��� !)��'!- �)  %-��'!- �$!�& �) -2) ,*(! �%.- %) .$! ���
�*).,*''!,� �$! �*).!).- *" ��� �
��� �,! '�.�$! %).* .$! ��� �*).,*''!,
0%� .$! ��� �%.�

CBE Check Bit
� �
� �
	 �

 	
� �
� �

 �


�) *" �$�+.!,
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Chapter 6
Programming the

Color Graphics Subsystem

 +,4 &+$25(3 '(4&3,%(4 5+( )1..18,0* 512,&4�

•  +( &1.13 *3$2+,&4 46%4:45(/�

• �$0'4+$-,0* %(58((0 5+( ��! $0' 5+( &1.13 *3$2+,&4 46%4:45(/�

• �18 51 231*3$/ 5+( &1.13 *3$2+,&4 46%4:45(/�

•  +( 125,10$. #�%6))(3 *$5( $33$: $0' +18 51 231*3$/ 5+( #�%6))(3 3(*,45(34�

Features of the Color Graphics Subsystem
 +( &1.13 *3$2+,&4 46%4:45(/ '3,7(4 $ %,5�/$22(' &1.13 *3$2+,&4 /10,513� $0' +$4 5+(

)1..18,0* )($563(4�

• �3,7(4 $ 
��	 9 
	�
 2,9(. /10,513� �	 13 �	 �; 010,05(3.$&(' 3()3(4+ 3$5(�

&1/2.,$05 8,5+ !���� �$0$',$0� $0' �6312($0 "� 45$0'$3'4�

�� ��  +( ',42.$: /10,513 42((' ��	��	 �;� /645 %( 231*3$//(' ,051 5+( �(/13:

�,$*0145,& �10531. ����� 3(*,45(3 $4 '(4&3,%(' ,0 �+$25(3��� <�(/13:��

•  +( &1.13 2$.(55( ,4 ��� ���%,5� 13 
����/,..,10 ��
�%,5� &1.134�

• ��%,5 4:45(/4 +$7( $ )3$/( %6))(3 1) 
��� 9 
	�
 2,9(.4 9 
	 2.$0(4� $0' �
�%,5

4:45(/4 +$7( $ )3$/( %6))(3 1) �	
� 9 
	�
 2,9(.4 9 �� 2.$0(4�  +( 2.$0(4 &104,45

1) � 13 �
 &1.13 2.$0(4 $0' 581 51 )163 17(3.$: 2.$0(4�  +( )3$/( %6))(3 2317,'(4

(953$ 1))�4&3((0 4513$*( $3($ )13 )1054� /(064� $0' .11-=62 5$%.( ��! � (053,(4�

• �=%,5 &1.13 *3$2+,&4 &$0 *(0(3$5( $0' ',42.$: �� 13 ��� 536( &1.134� 8+,.( �
�%,5

4:45(/4 &$0 *(0(3$5( ��
 13 
��� /,..,10 536( &1.134�

• �0&13213$5(4 4(7(3$. *3$2+,&4 &1//$0'4 46&+ $4 �,5 �.1&-  3$04)(3 ��� �� � $0'

�,0( �3$8 ������ 51 3(.,(7( 5+( ��! 1) 5+(4( )60&5,104�

• �3$84 �163$6'�4+$'(' 21.:*104�

• �1(4 8,0'18,0* $0' 2,&- 7,$ &.,22,0* 3(&5$0*.(4�
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Components of the Color Graphics
Subsystem

�� ) )��* &% ��)�( ��) *�� $�!&( �&$'&%�%*) &� *�� �&#&( �(�'� �) )+�).)*�$�

� �+(��
�� �%� � �+(��
��  ##+)*(�*� ��� * �%� �	�� * �&#&( �(�'� �) )+�).)*�$)�

��� �&$'&%�%*) �(��

• �&#&( �(�'� �) �&%*(&##�(�

• �(�$� �+���( ���
���

• �
��
� -� �� �&%*� %) � �&&" �' ���#� �����  % �
�� �%� � � � *�# *& 
%�#&�

�&%,�(*�( ��
���

• �#&�" ��%�(�*&(�

• ���+���( �&'* &%�#��

Mbus (32 Bits Address/Data)

Color Graphics
Controller

Clock
Generator

Z–buffer (optional)

Frame Buffer
(VRAM)

CD A

A = Address Lines

D = Data Lines

C = Control Lines

R = Red Output

G = Green Output

B = Blue Output

R G B

Lookup Table
and

D/A Converters

RAMDAC
Bt458

Figure 6–1  Color Graphics Subsystem (8–Bit)



Programming the Color Graphics Subsystem

6–3014–002076

Mbus (32 Bits Address/Data)

Color Graphics
Controller 0

Clock
Generator

R G B

Z–Buffer
(optional)

Color Graphics
Controller 1

Color Graphics
Controller 2

Frame Buffer
(VRAM)

Frame Buffer
(VRAM)

Frame Buffer
(VRAM)

C

D

C C

D

A AA

MUX MUX MUX

� � ���#!�� 
���" � � ��� �$# $#

� � ���!�"" 
���" 	 � 	!��� �$# $#

� � ��#� 
���" � � ��$� �$# $#

� � �%�!��' 
����"

O

D

Lookup Table
and

D/A Converter

RAMDAC 0
Bt461

Lookup Table
and

D/A Converter

RAMDAC 1
Bt461

Lookup Table
and

D/A Converter

RAMDAC 2
Bt461

Figure 6–2  Color Graphics Subsystem (24–Bit)

The Color Graphics Controller
��� ����! �!� ���" ���#!����! ���� $��#�" ���!�""�" ��� ��#�� ����!�#�" ���#!��

"�����"� ���  !���""�" �!� ���" �������"� ��#� ������� ��#�!%��#��� �!�� #�� �
��

#�� �!� ���" ���#!����! �!�&" ����"� ����" �� " ������� �!��"� ��� ���� $��#�" �����" ��

��#�� ��� ����! �!� ���" ���#!����! ����$����#�" &�#� #�� �
� %�� #�� ��$"�
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The Frame Buffer
#-* +6&1* '9++*6 36 '.81&4 7836*7 4.<*0 :&09*7 8-&8 43.28 .283 8-* 033/94 8&'0* ��$#��

#-* �$#� 36 (3036 4&0*88*� (328&.27 :&09*7 8-&8 )*+.2* (30367 83 '* ).740&=*)�

#-* +6&1* '9++*6 (327.787 3+ %.)*3 !&2)31��((*77 �*136= �%!��� ;-.(- -&7 8;3

�� 43687� 32* 4368 (322*(87 83 8-* (3036 ,6&4-.(7 (3286300*6� &2) 8-* 38-*6 (322*(87 83

8-* �$# ;.8-.2 8-* !������

#-* +6&1* '9++*6 -&7 (3036 40&2*7 &2) 3:*60&= 40&2*7� �3036 40&2*7 )*+.2* 8-* (30367 83

'* ).740&=*)� &2) 3:*60&= 40&2*7 8*1436&6.0= 7836* 794*6.1437*) .1&,*7 ;.8-398

)*7863=.2, 92)*60=.2, .1&,*7� ��'.8 (3036 -&7 � (3036 40&2*7 &2) � 3:*60&= 40&2*7�

�
�'.8 (3036 -&7 �
 (3036 40&2*7 &2) 
 3:*60&= 40&2*7� �&(- 40&2* .7 32* '.8 )**4�

The RAMDAC
�38- �@'.8 &2) �
@'.8 (3036 7=78*17 97* �633/86** !����� �!&2)31 �((*77 �*136=

&2) �.,.8&0 83 �2&03, �3286300*6� (-.47� �@'.8 78&8.327 97* 32* �633/86** �8
��

!������ &2) �
@'.8 78&8.327 97* 8-6** �633/86** �8
�
 !�����7� �&(- !�����

(327.787 3+ & 033/94 8&'0* ��$#� &2) & ).,.8&0 83 &2&03, (32:*68*6 ������

The Lookup Table (LUT)

#-* 033/94 8&'0* ��$#� .7 & (3036 4&0*88*� .8 (328&.27 :&09*7 8-&8 )*+.2* (30367 83 '*

).740&=*)� �@'.8 7=78*17 -&:* 32* �@'.8 �$#� &2) �
@'.8 7=78*17 -&:* 8-6** �@'.8 8&'0*7

�32* +36 *&(- 46.1&6= (3036��

The Digital to Analog Converter (DAC)

�38- ��'.8 &2) �
@'.8 (3036 7=78*17 -&:* 8-6** -.,-�74**) �@'.8 �.,.8&0@83@�2&03,

�32:*68*67 ����7�� #-* 398498 3+ *&(- ��� )6.:*7 &2 !"@�
�� .28*6+&(* +36 6*)�

,6**2� 36 '09*�

The Clock Generator
#-* (3036 ,6&4-.(7 79'7=78*1 79443687 �
@/�> &2) �� /�> 132.8367 :.& 7*4&6&8*

37(.00&8367 .2 8-* ,6&4-.(7 (03(/ ,*2*6&836� #-* 37(.00&8367 &6* 
	����� ��> +36 �
@/�>

132.8367 &2) 
���			 ��> +36 ��@/�> 132.8367�

� #�� #-* ).740&= 132.836 74**) ��	��	 �>� 1978 '* 463,6&11*) .283 8-* �*136=

�.&,2378.( �328630 ����� 6*,.78*6 &7 )*7(6.'*) .2 �-&48*6��� ?�*136=��

�2 �@'.8 7=78*17� ;-*2 =39 +.678 43;*6@94 8-* 7=78*1� 7*0*(8 8-* (03(/ '= *28*6.2,

�(860� : 
 +36 �
@/�> 36 �(860� : � +36 ��@/�>� #-.7 94)&8*7 8-* ,6&4-.(7 (3286300*6

&2) '338 ! � 73 8-&8 +9896* '3387 )*+&908 83 8-* 2*; (03(/�

�2 �
@'.8 7=78*17� 320= 32* 37(.00&836 .7 -&6);.6*) 83 8-* (03(/ (.6(9.86=� 8-*6*+36* 83

(-&2,* 8-* +6*59*2(=� 7;&4 8-* 37(.00&8367 32 8-* (3036 ,6&4-.(7 '3&6) '*+36*

43;*6.2,@94 8-* 7=78*1� �+8*6 =39 43;*6@94 8-* 7=78*1� *28*6 �(860� : 
 +36 �
@/�>

36 �(860� : � +36 ��@/�>� #-.7 94)&8*7 8-* ,6&4-.(7 (3286300*6 &2) '338 ! � 73 8-&8

+9896* '3387 )*+&908 83 8-* 2*; (03(/�
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The Z–Buffer
��� ���*���' �#)�'%$!�)�( �#� ()$'�( ��/��) ����%)� +�!*�( *(�� �$' �����# !�#� �#�

(*'���� '�"$+�! �# '�#��'�#� )�'��/��"�#(�$#�! �"���(� ��� �/�*���' �$#)'$!!�'

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

+�!*�( �'$" %!�#� )$ %!�#��

Programming Conventions
���( (��)�$# ��(�'���( %'$�'�""�#� �$#+�#)�$#( )$ *(� ,�)� )�� �$!$' �'�%���(

(*�(.()�"� ��� "��$' )$%��( �# )��( (��)�$# �#�!*���

• ��#�(�� �#�

• 	$#)�-) �,�)���#�

• ����((�#� �$!$' �'�%���( '�($*'��(

• ��-���%$�#) #*"��'(

• 
#)�''*%)(

���# )�� 	�� ����((�( )�� �$!$' �'�%���( (*�(.()�"� )�� ���'�(( %��(� �$�( #$)

'�&*�'� �-)'� ,��) ()�)�(� ,��!� )�� ��)� %��(� '�&*�'�( $#� $' "$'� ,��) ()�)�( �$'

����((�( )$ )�� '���()�'( $' �'�"� �*���'� 
�)� %��(� ����((�( )$ )�� ���
�	 '�&*�'�

�-)'� ,��) ()�)�(�

��� �'�%���( �$#)'$!!�' ��( �*�!)��# �$""�#�( )$ �'��)� $����)( �#� ���!�(� "$+�

�!$� ( $� ��)� ,�)��# )�� �'�"� �*���'� �#� )'�#(��' ��)� ��),��# )�� �'�"� �*���' �#�

(.()�" "�"$'.�

��� �$!$' �'�%���( �$#)'$!!�' ��#$'�( %�'�). ��)( ,��# ,'�))�# )$�
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Handshaking
��+"/&�('+%  #03##+ 0&# ��� �+" 0&# !,),. %.�-&'!/ /1 /5/0#* '/ .#%1)�0#" 1/'+%  '0

� ����� �+"  '0 	 ����� ,$ 0&# �,+0.,) �+" �0�01/ �#%'/0#. � ������� /&,3+ &#.#�

Bit Mnemonic Function

	 ��� �.�3'+% �+ �.,%.#// ��#�"�
�&# !,),. %.�-&'!/ !,+0.,))#. '/ -#.$,.*'+% � ".�3'+% ,-#.�0',+� �&#!(
��� 3&#+ 3.'0'+% -�.�*#0#./ 0&�0 !�++,0  # -'-#)'+#"�
	 �+"'!�0#/ 0&# !,+0.,))#. '/ #4#!10'+% � !,**�+"�
� �+"'!�0#/ 0&# !,+0.,))#. '/ +,0 #4#!10'+% � !,**�+"� �&# $,)),3'+%
!,+"'0',+/ 0#.*'+�0# !,**�+"/�
� �&# !,**�+" !,*-)#0#" '0/ $1+!0',+ �+" �)) $.�*#  1$$#. �!!#//#/

.#)�0#" 0, '0 &�2#  #%1+�
� �&# !)'--'+%  ,1+"�.5 3�/ !.,//#"�

� 
 !,+0#40 /3'0!& ,!!1..#"�

� ��� �1/5 ��#�"��.'0#�
�+"'!�0#/ 3&#0&#. ,. +,0 0&# !,),. %.�-&'!/ !,+0.,))#. '/  1/5� �+" 3&#0&#.
,. +,0 0&# -�.�*#0#. .#%'/0#./ ��
��� � �
��	
� !�+  # ),�"#"�
	 �+"'!�0#/ 0&# !,+0.,))#. '/  1/5 �+" !�++,0 �!!#-0 +#3 -�.�*#0#./� '�#��
", +,0 3.'0# 0, 0&# -�.�*#0#. .#%'/0#./� ��� '/ /#0 3&#+ � !,**�+" '/
#4#!10#"�
� �+"'!�0#/ 0&# !,+0.,))#. !�+ �!!#-0 +#3 -�.�*#0#./� '0 +, ),+%#. +##"/
0&# #4'/0'+% -�.�*#0#./�

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

0, +,+-'-#)'+#" .#%'/0#./� *�(# /1.# 0&�0 ��� '/ !)#�.#" 0, �� �&#0&#. ,. +,0 0,

-'-#)'+# 0&# -�.�*#0#. .#%'/0#./ ��
��+� "#-#+"/ ,+ 0&# !,**�+"  #'+% #4#!10#"

�+" 0&# !,**�+" 0,  # #4#!10#"� �+ %#+#.�)� ", +,0 -'-#)'+# %), �) .#%'/0#./�

�'-#)'+'+% !�+  # &�+")#" 1/'+% 03, *�/(/ �,+# $,. /#01- �+" ,+# $,. #4#!10',+� $,.

#�!& !,**�+"� "#/!.' '+% 0&# .#%'/0#./ '0 +##"/ 0, �!!#//� �5 (##-'+% 0&# *�/( $,. 0&#

#4#!10',+ -�.0 ,$ 0&# !,**�+" !1..#+0)5 .1++'+%� �+" -#.$,.*'+% � ),%'!�) 
�� ,$

0&'/ *�/( �+" 0&# /#01- *�/( ,$ 0&# +#40 !,**�+"� 5,1 !�+ "#0#.*'+# 3&#0&#. '0 '/

+#!#//�.5 0, 3�'0 $,. ��� ,. ����

�&#+ 1/'+% ��������� �/## �,**�+" .#%'/0#. "#/!.'-0',+�� 5,1 /&,1)" +,0 -'-#)'+#

!,**�+"/� �&#+ 0&# !)'-  ,1+"�.5 '/ !.,//#"� 0&# �)'--'+% �,1+"�.5 �����  '0 3'))

 # /#0 �+" 0&# !,**�+" /0,--#"� �$ 5,1 &�2# -'-#)'+#" � /#!,+" !,**�+"� '0 3'))

'**#"'�0#)5 #4#!10# 0&# +#3 !,**�+" �+" !)#�. 0&# ���  '0�
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Context Switching
�  +*0"40 /3&0 % +  1./ 3%"* �* +,".�0&+* � +*0"40� &/ 0"),+.�.&(5 /0+,,"!

�&*0"..1,0"!� �*! .",(� "! 3&0% �*+0%". +,".�0&+* � +*0"40�� �%" /0�0" +# 0%" /0+,,"!

 +*0"40 )1/0 �" /�2"! �"#+." "4" 10&*$ 0%" *"3  +*0"40�

�# �  +))�*! 0".)&*�0"/ �0 0%" /�)" 0&)" 0%�0 � �0+,  +))�*! &/ &//1"!� 0%" ������

."$&/0". &/ �10+)�0& �((5 )+!&#&"! 0+ �,,"�. �/ � �+ �,".�0&+* �����  +))�*!�

�%"* 0%" *"3  +*0"40 &/ ."/0�.0"!� 0%" ���  +))�*! 3&(( &))"!&�0"(5 0".)&*�0" �*!

/1�/"-1"*0  +))�*!/ 3&((  +*0&*1"�

����� �"#+." ."�!&*$ 0%"  +(+. $.�,%& / ."$&/0"./� "&0%". !&/��(" ,�.&05  %" '&*$ +.

&$*+." 0%" ,�.&05 0.�,/ �&*0"..1,0/�� �+. &*#+.)�0&+* +* !&/��(&*$ ,�.&05� /""

0%" ������� 	����� �

�
��

����� �+*0"40 /3&0 %&*$  �* �" 1/"! 3&0% ,&,"(&*"!  +))�*!/�

�+*0"40 /3&0 %&*$ &/  +*0.+(("! 2&� 0%" �0+, ����� �*! �"/1)" ����� �&0/ +# 0%" ����

."$&/0".� �+  %�*$" �  +*0"40�

�� ���� �"$&/0".� �"0 0%" ��� �&0 � 0+ ��

	� ���� �"$&/0".� ��&0 1*0&( ��� �&0 � &/  ("�."! 0+ ��


� ��2" 0%"  1.."*0  +*0"40�

�� �+�! 0%" *"3  +*0"40�

�%"* � *"3  +*0"40 &/ *+0 �2�&(��("� ,10 0%"  +*0.+((". &* &0/ &!(" /0�0" �5�

�� ���� �"$&/0".� �("�. 0%" ��� �&0 � 0+ ��

	� ���� �"$&/0".� �("�. 0%" ��� �&0 � 0+ ��

STOP register:

Bit Mnemonic Function

� ��� �"/1)"
�"/1)" � /0+,,"!  +))�*!�
� �+ +,".�0&+*�
� �"/1)" 0%" "4" 10&+* +# � /0+,,"!  +))�*! �#0". �  +*0"40 /3&0 % &/
 +),("0"!� �%"  +*0.+((". �10+)�0& �((5  ("�./ 0%" ��� �&0 �#0". 0%"
 +))�*! ."/1)"/�

� ��� �0+,
�0+, 0%"  1.."*0 +,".�0&+*�
� �+ +,".�0&+*� �%"*  ("�."! 0+ �� 0%" ���� ��� �&0 &*!& �0"/ 0%�0 0%"
 +*0.+((". &/ /0+,,"!� � /0+, +  1..&*$ /&)1(0�*"+1/(5 3&0% � *+.)�(
 +))�*! 0".)&*�0&+* &/ %�*!("! �/ � *+.)�( 0".)&*�0&+*
 � %�.!3�."
)" %�*&/) "*/1."/ 0%�0 3%"* ."/0�.0"!� � 6*+ +,".�0&+*� �����
 +))�*! &/ "4" 10"!� �%" ��� �&0 &/ *+.)�((5  ("�."! 0+ � �5 0%"
 +*0.+((". �#0". 0%"  +*0.+((". ."/1)"/ "4" 10&+* ���� �&0��
� �%"* /"0 0+ �� !&." 0/ 0%"  +(+. $.�,%& /  +*0.+((". 0+ /0+, "4" 10&+* �0
0%" "�.(&"/0 ,+//&�(" 0&)"� �%" 0&)" &/  +))�*! !","*!"*0� ������ �*!
���� 3&(( /0+, �0 0%" *"40 "*! +# � / �* (&*"
 ���� 0.�*/#"./ 3&(( /0+, �0
0%" *"40 ,&4"(�
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Accessing Color Graphics Resources
�&'/ /#!0',+ "#/!.' #/ *#0&,"/ ,$ �!!#//'+% .#/,1.!#/ ,$ 0&# !,),. %.�-&'!/ /1 /4/0#*�

�&# *�(,. 0,-'! '/  .,�"!�/0 �+" '+"'2'"1�) �!!#//#/�

Broadcast Accesses and Individual Accesses

�&# ��� �!!#//#/ 0&# !,),. %.�-&'!/ .#%'/0#./ 1/'+% #'0&#. � �	�����
� �!!#// ,. �+

����
����� �!!#//� �+ 	�5 '0 !,),. /4/0#*/� �  .,�"!�/0 �!!#// 3.'0#/ � 3,." ,$ "�0� 0,

�)) 0&.## !,+0.,))#./�  10 #�!& !,+0.,))#. 1/#/ ,+)4 0&# -,.0',+ ,$ 0&# 3,." .#)#2�+0 0,

'0� �1.'+% �  .,�"!�/0 .#�"� #�!& ,$ 0&# 0&.## !,+0.,))#./ 3.'0#/ ,+#  40# 0, 0&# "�0�

 1/� �+" 0&# ��� .#�"/ �)) 0&.##  40#/ �0 0&# /�*# 0'*# �/ � 3,."� �+ '+"'2'"1�)

�!!#// '/ 3&#+ 0&# ��� 3.'0#/ 0, ,. .#�"/ $.,* � .#%'/0#. '+ ,+)4 ,+# !,+0.,))#.�

�'%&05 '0 !,),. /4/0#*/ ", +,0 "'/0'+%1'/&  #03##+  .,�"!�/0 �+" '+"'2'"1�) �!!#//#/�

�'0& �+ 
� '0 !,),. %.�-&'!/ /1 /4/0#*�  .,�"!�/0 �!!#//#/ !�+  # 1/#" 0, *�'+0�'+

!,*-�0' ')'04 '$ 1-%.�"#" 0, 	�� '0 !,),.�

�� )#���� "#$'+#/ 0&#  �/# �"".#//#/ 1/#" 3&#+ �!!#//'+% !,),. %.�-&'!/ !,+0.,))#./�

�&# �,/'0',+ ������  '0/ '+ �,+0.,) �+" �0�01/ �#%'/0#. � ������ "#$'+# 0&#  �/#

�"".#// 1/#" "1.'+% �+ '+"'2'"1�) �!!#//�

Table 6–1  Base Addresses of the Color Graphics Controllers

�0�.0/ �0 ���
 ���� ���
 ���� ���
 �	�� ���
 �
��

�+"/ �0 ���
 ���� ���
 ���� ���
 �	�� ���
 �
��

Individual

Broadcast POSN 00 POSN 01 POSN 10

Access Guidelines

�#2#.�) $�!0,./ "#$'+# &,3 0, �!!#// � !,),. %.�-&'!/ .#/,1.!#� 0&#/# �.#

• �&�0 0&# .#/,1.!# '/ �.#%'/0#.� $.�*#  1$$#.� ,. ����

• �&# +1* #. ,$  '0/ '+ 0&# .#/,1.!# �
� '0/ ,. 
	� '0/�

• �&# 04-# ,$ !,),. %.�-&'!/ /1 /4/0#* �
� '0 ,. 	�� '0 !,),.�

• �&# 04-# ,$ �!!#// � .,�"!�/0 ,. '+"'2'"1�)��
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�+ ���!(0 ",),. /5/0$*/� 0'$ .$&(/0$./  +# 0'$ %. *$ !1%%$.  .$  ""$//$#  / %,)),3/�

8–bit registers:

broadcast accesses:
�/ /',3+ (+ �(&1.$���
� ��!(0 .$&(/0$./ ,+ $ "' ",),. &. -'("/ ",+0.,))$. .$"$(2$

%.,* ,. 0. +/*(0 0, 0'$ ",..$"0 !50$ ,% 0'$ !1/  / #$0$.*(+$# !5 0'$ ",+0.,))$.�/

-,/(0(,+� � "' ",+0.,))$.�/ -,/(0(,+ (/ #$%(+$# !5 0'$ �,/(0(,+ ������ !(0/ (+ 0'$

�,+0.,)  +# �0 01/ �$&(/0$. � �������

Byte 2 Byte 1 Byte 0

8–bit
Register

Graphics
Controller

2

Graphics
Controller

0

Graphics
Controller

1

8–bit
Register

8–bit
Register

LSBMSB

32–bit data

Figure 6–3  Broadcast Data Transfers of 8–bit Registers with 24–bit Color

individual accesses:
�+ ��!(0 .$&(/0$. 3()) .$"$(2$ ,. 0. +/*(0 0'$ )$ /0 /(&+(%(" +0 !50$ �!(0/ ��
�

.$& .#)$// ,% 0'$ ���� !(0/ (+ �����

32–bit registers:

broadcast accesses:

��!(0 .$&(/0$./ ,+ $ "' ",),. &. -'("/ ",+0.,))$. .$"$(2$ 0'$ $+0(.$ 
� !(0/ ,% # 0 �

!10 0. +/*(0 0'$ )$ /0 /(&+(%(" +0 !50$ ,% # 0 (+ 0'$ -,/(0(,+ 0' 0 ",..$/-,+#/ 0,

0'$ ",+0.,))$.�/ ���� 2 )1$�

individual accesses:

��!(0 .$&(/0$./ ,+ $ "' ",),. &. -'("/ ",+0.,))$. .$"$(2$ ,. 0. +/*(0 0'$ $+0(.$ 
�

!(0/ ,% # 0 �

Frame buffer:

broadcast accesses:
�'$ %. *$ !1%%$. .$"$(2$/ ,. 0. +/*(0/ � !50$ (+ 0'$ !50$ 0' 0 ",..$/-,+#/ 0, 0'$

",+0.,))$.�/ ���� 2 )1$�

individual accesses:
�'$ %. *$ !1%%$. .$"$(2$/ 0'$ !50$ ,% # 0 0' 0 ",..$/-,+#/ 0, 0'$ ",+0.,))$.�/

-,/(0(,+� !10 0. +/*(0/  !50$ ,% # 0 .$-)(" 0$# %,1. 0(*$/ (+ 0'$ # 0 3,.#�

� !)$���� #$%(+$/ 0'$  ##.$//$/  +# ,%%/$0/ ,% 0'$ &. -'("/ ",+0.,))$. .$&(/0$./�  +#

 )/, #$%(+$/ 0'$  ##.$//(+&  +# ",+0$40 /3(0"' "' . "0$.(/0("/ ,% 0'$ ",),. &. -'("/

.$&(/0$./� �'$ .(&'0*,/0 03, '$4 #$"(* ) #(&(0/ ,%  +  ##.$//  .$ 0'$ .$&(/0$.�/ ,%%/$0

�$�&� �� (/ 0'$ ,%%/$0 %,. 0'$ ���� .$&(/0$.�� �'$ 6�., #" /0	�+#(2(#1 )� %($)# (+#(" 0$/

3'$0'$. 0'$ .$&(/0$. /',1)# !$  ""$//$# 1/(+&  !., #" /0 ���  ""$// ,.  + (+#(2(#1 )

���  ""$//� � � 2$ (+ 0'$ �,+0$40 �3(0"' %($)# (+#(" 0$/ 0' 0 0'$ .$&(/0$. /',1)# !$

/ 2$# #1.(+&  ",+0$40 /3(0"'�
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��"�� �()13( 3($',0* 5+( &1.13 *3$2+,&4 3(*,45(34� (,5+(3 ',4$%.( 2$3,5: &+(&-,0* 13

,*013( 5+( 2$3,5: ,05(336254� �13 ,0)13/$5,10 10 ',4$%.,0* 2$3,5:� 4(( 5+(

������� 	����� �

�
��

Table 6–2  Color Graphics Registers

Broadcast/ Context
Address Individual Switch Name Function

���� ���� � !$7( �! � �10531. $0' !5$564  (*,45(3 �

���� ���� � !$7( !"�� !512� (46/(  (*,45(3

���� ���� � !$7( �! 	 �10531. $0' !5$564  (*,45(3 	

���� ���� � !$7( ��� �1//$0'  (*,45(3

���� ��	� � !$7( ��!� �.$0( �$4-  (*,45(3

���� ��	� � !$7( ���� �$&-*3160' �1.13  (*,45(3

���� ��	� � !$7( ���" �,0( �$55(30  (*,45(3

���� ��	� � !$7( ���#�� �$55(30 �10531.�#��  (*,45(3

���� ��
� � ; � "� � " �10531.  (*,45(3 �

���� ��
� � ; � "	 � " �10531.  (*,45(3 	

���� ��
� � ; � "
 � " �10531.  (*,45(3 


���� ��
� ; ; ;  (4(37('

���� ���� � !$7( !"�"�� �05(30$. !5$5( �

���� ���� � !$7( !"�"�	 �05(30$. !5$5( 	

���� �����
���� ���� ; ; ;  (4(37('

���� ���� � !$7( �� �� �$3$/(5(3  (*,45(3 �

���� ���� � !$7( �� �	 �$3$/(5(3  (*,45(3 	

���� ���� � !$7( �� �
 �$3$/(5(3  (*,45(3 


���� ���� � !$7( �� �� �$3$/(5(3  (*,45(3 �

���� ��
� ��� 	 !$7( �� �� �$3$/(5(3  (*,45(3 �

���� ��
� ��� 	 !$7( �� �
 �$3$/(5(3  (*,45(3 


���� ��
� � !$7( �� �� �$3$/(5(3  (*,45(3 �

���� ��
� � !$7( �� �� �$3$/(5(3  (*,45(3 �

���� ���� � !$7( �� �� �$3$/(5(3  (*,45(3 �

���� ���� ��� 	 !$7( �� �� �$3$/(5(3  (*,45(3 �

���� ���� � !$7( �� �	� �$3$/(5(3  (*,45(3 	�

���� ���� � !$7( �� �		 �$3$/(5(3  (*,45(3 		

���� ���� ��� 	 !$7( �� �	
 �$3$/(5(3  (*,45(3 	


���� ���� ��� 	 !$7( �� �	� �$3$/(5(3  (*,45(3 	�

���� ���� ��� 	 !$7( �� �	� �$3$/(5(3  (*,45(3 	�

���� ���� � !$7( �� �	
 �$3$/(5(3  (*,45(3 	


���� �����
���� ���� ; ; ;  (4(37('

���� ���� � ; ��"� �$5$ �135  (*,45(3

	 �(2(0',0* 10 5+( &1//$0' %(,0* (9(&65('� 5+(4( 3(*,45(34 /$: %( 83,55(0 51 64,0* (,5+(3 $
%31$'&$45 $&&(44 13 ,0',7,'6$. $&&(44(4� �63,0* $ &105(95 48,5&+� 5+(: 4+16.' %( 3($' $0' 83,55(0
,0',7,'6$..:�

�&105,06('�
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Table 6–2  Color Graphics Registers

Broadcast/ Context
Address Individual Switch Name Function

���� �	�
 � ;  �#	  %.(44(  1,04(2 	

���� �	�� � ;  �#
  %.(44(  1,04(2 


���� �	�� � ; ���� �.,0- �10421. !(*,34(2

���� �	�	�
���� �	�� ; ; ; !(3(26('

Bt458 RAMDAC Registers: (8-Bit Color)

���� �	�	 � ���	 �''2(33 !(*,34(2

		 �6(2.%9 �1.12 	

	
 �6(2.%9 �1.12 


	� �6(2.%9 �1.12 �

	� �6(2.%9 �1.12 �

	
 !(%' �%3- !(*,34(2

	� �.,0- �%3- !(*,34(2

	� �1//%0' !(*,34(2

	� �10421.�#(34 !(*,34(2

���� �	�
 � ���
 �1.12  %.(44( !��

���� �	�� � ���� �10421. !(*,34(2

���� �	�� � ���� �6(2.%9  %.(44( !��

Bt461 RAMDAC Registers: (24-Bit Color)

���� �	�	 �''2(33 !(*,34(2 �17

���� �	�
 �''2(33 !(*,34(2 �,*+

				 � 		�� �.4(20%4( �1.12  %.(44(

	
		 �6(2.%9 �1.12 	

	

� �6(2.%9 �1.12 �


	�		 �� !(*,34(2

	�	
 �1//%0' !(*,34(2 	

	�	� �1//%0' !(*,34(2 


	�	� �1//%0' !(*,34(2 �

	�	
  ,8(. !(%' �%3- !(*,34(2 �17

	�	�  ,8(. !(%' �%3- !(*,34(2 �,*+

	�	�  ,8(. �.,0- �%3- !(*,34(2 �17

	�	�  ,8(. �.,0- �%3- !(*,34(2 �,*+

	�	� �6(2.%9 !(%' �%3- !(*,34(2

	�	� �6(2.%9 �.,0- �%3- !(*,34(2

	�	� #(34 !(*,34(2

���� �	�	�
���� �	�� ; ; ; !(3(26('

���� �	�	� � "%6( ; $��5))(2 !(*,34(23
���� �
�	 �3(( 4+( 3(&4,10� : 21*2%//,0* 4+(

$��5))(2 !(*,34(23���

�
�

�
�

�&10&.5'('�
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Fixed–Point Numbers
�)7%$�/.)-3 -4,"%12 !1% 1%04)1%$ 6)3( 2.,% /!1!,%3%12� %2/%#)!++8 #.+.1 2(!$)-'

/!1!,%3%12 !-$ ,!-8 /!1!,%3%12 !22.#)!3%$ 6)3( 3(% ��� #.,,!-$� �(% 2314#341%

.& 3(%2% &)7%$�/.)-3 -4,"%12 )2 2(.6- (%1%�

�
��� �.3 ),/+%,%-3%$�

���
� �.23 2)'-)&)#!-3 6.1$ ��-3%'%1 �.13).-��



�
� �.3 ),/+%,%-3%$�


��	 �%!23 2)'-)&)#!-3 6.1$ ��1!#3).-!+ /.13).-��

Bit Contents

�!1!,%3%12 42)-' &)7%$�/.)-3 -4,"%12 !22)'- 
� ")32 %!#( 3. )-3%'%1 !-$ &1!#3).-!+

/!132� �()2 
���
�� %-241%2 3(!3 +%22 3(!- .-% )-3%'%1 ")3 .& %11.1 6)++ !##4,4+!3% 6(%-

2#!--)-' !2 ,!-8 !2 �
�� /)7%+2� �(% 1!-'% .& 5!+4%2 )- 3()2 &.1,!3 )2 &1., ��
���	

3. ��
�
�����

�(% &.++.6)-' /1.#%$41% #.-5%132 ! &+.!3)-'�/.)-3 5!+4% 3. &)7%$�/.)-3�


� �4+3)/+8 3(% &+.!3)-'�/.)-3 -4,"%1 "8 �
���

�� �.-5%13 3(% &+.!3)-'�/.)-3 -4,"%1 3. )-3%'%1�

�� �()&3 ")32 
� 3(1.4'( �
 .& 3(% 1%24+3 3(1%% ")32 3. 3(% +%&3�

Interrupts
�(% #.+.1 '1!/()#2 24"2823%, ,!8 )-3%114/3 3(% ��� 6(%- ! $1!6)-' )2 #.,/+%3%$� !

$1!6)-' )2 "%)-' 61)33%- .432)$% 3(% #+)//)-' !1%!� .1 ! 5%13)#!+ "+!-* 23!13%$�

�(%- !- )-3%114/3 .##412� 1%!$ 3(% �.-31.+ !-$ �3!342 �%')23%1 
 ����
�� )3 )$%-3)&)%2

3(% #!42% .& )-3%114/32� �(% )-3%114/32 #!- "% ,!2*%$ 3(1.4'( ")32 )- 3(% ���


1%')23%1� )& !- )-3%114/3 )2 ,!2*%$� 3(% #.+.1 '1!/()#2 #.-31.++%1 6)++ -.3 /!22 3(%

)-3%114/3 1%04%23 3. 3(% )-3%114/3 #.-31.+ +.')#�

�)-#% 3(% '1!/()#2 24"2823%, $.%2 -.3 &+!' %11.1 #.-$)3).-2� 3(% #.+.1 '1!/()#2

/1.'1!, ,423 %-241% 3(!3 3(% ��� 2%-$2 #.11%#3 /!1!,%3%12 3. 3(% 24"2823%,�
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Registers
�5&4-.(6 5*,.67*5 4539.)* & 9&5.*7< 3+ +82(7.326 +531 6*77.2, 84 &2) *;*(87.2, ,5&4-.(6

(311&2)6 73 4&66.2, &2) .)*27.+<.2, ,5&4-.(6 .27*558476� #-* 5*,.67*56 &5* 1*135<

1&44*) 32 ���'.7 '382)&5.*6� "31* 3+ 7-* 5*,.67*56 86* &00 ���'.76� 37-*56 86* 320< �

'.76� �00 5*,.67*56 1867 '* &((*66*) &6 :35)6� 7-*5*+35* 7-* 453,5&11*5 1867 '*

(&5*+80 73 5*&) 35 :5.7* 7-* (355*(7 '.76�

��#�� #3 *2685* (314&7.'.0.7< :.7- +8785* -&5):&5* 5*9.6.326� :5.7* 	6 73 &00

5*6*59*) 35 82.140*1*27*) '.76� $-*2 5*&).2, 5*,.67*56� .,235* 7-* 5*6*59*)

'.76�

#-* ,5&4-.(6 68'6<67*1 4.4*0.2*6 5*,.67*56� .�*� .7 -&6 7:3 )840.(&7* 6*76 3+ 5*,.67*56�

32* 6*7 (&2 '* 453,5&11*) :-.0* 7-* 37-*5 .6 86*) 73 *;*(87* &2 34*5&7.32� #-*6* 6*76

&5* 7-* 9.6.'0* 5*,.67*56 &2) :35/.2, 5*,.67*56 &6 .008675&7*) .2 �.,85*���
� #-*

34*5&7.2, 6<67*1 (31182.(&7*6 :.7- 7-* 9.6.'0* 5*,.67*56� #-* :35/.2, 5*,.67*56 &5*

(34.*6 3+ 7-* 9.6.'0* 5*,.67*56 &2) &5* &((*66*) 320< '< 7-* ,5&4-.(6 68'6<67*1� #-*

,5&4-.(6 68'6<67*1 :5.7*6 7-* (327*276 3+ 7-* 9.6.'0* 5*,.67*56 .273 7-* :35/.2,

5*,.67*56 &6 2**)*) �.�*�� 7-* 5*,.67*56 &5* ����������� �;(*47 .2 631* (&6*6� 7-* 9.6.'0*

5*,.67*56 (&2 '* 453,5&11*) :.7- 2*: )&7& :-.0* 7-* 68'6<67*1 .6 *;*(87.2, &

(311&2) 86.2, 7-* =35.,.2&0� )&7&�

Visible RegistersCPU Working Registers VRAM

Figure 6–4  Pipelined Registers

#-* (3035 ,5&4-.(6 (3275300*5 (327&.26 7-* +3003:.2, 5*,.67*56�

Global Registers:

���� �&(/,5382) �3035 5*,.67*5

��#� �&7&4357 5*,.67*5

� �# �.2*  &77*52 5*,.67*5

��"�  0&2* �&6/ 5*,.67*5

 �%$��  &77*52 �327530�$.2)3: �� 5*,.67*5

Command and Status Registers:

�"!2 �327530 &2) "7&786 !*,.67*56 	 &2) 


�!#2 �!# #.1.2, 5*,.67*56 	 7-538,- �

"#�#�2 �27*52&0 "7&7* 5*,.67*56 	 &2) 


"#� "734 5*,.67*5

 �!�2  &5&1*7*5 5*,.67*56 	 7-538,- 
�

��� �311&2) 5*,.67*5

�*6(5.47.326 3+ 7-*6* 5*,.67*56 +3003:�
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Global Registers
��� ��"��� $���%&�$% ����!� #�$� �&�$% &��& �����& #�*�� (��'�%� ��!� #�&&�$!�!�� �!�

#��!�  �%��!��

	����
�� ��� ������ !���"#�!" �!� ��#  � ������� #��!���!� �� ��# �����' #���!

���#��#" $�#�� #�� 
!�&��� �� �!��!�"" �
��� ��# �� 	��� �" �� ������#���

#��# �!�&��� �" ����#�%��

��%�$�#&�"!% "� &�� ��"��� $���%&�$% �"��")�

BACK Background Color

FFF8 9014 Read/Write

��� �����$"'!� �"�"$ ��
��� $���%&�$ �"!&��!% &�� �����$"'!� �"�"$ (��'� �"$

#�&&�$!�� ��!� �!� %&�##��� �$�) "#�$�&�"!%�

�%� � �$"����%& ���$�%% &" ����%% &�� �
�� $���%&�$� �! 	����& �"�"$� &��% ���")% +"'

&" $��� "$ )$�&� &�� ����& �
�� $���%&�$ "� ���� �"!&$"���$ )�&� � %�!��� ����%%�

31 16

15 0

BACK

BACK

2324

Unused

Bit Mnemonic Function


��	� �!'%��

	
�� �
�� �����$"'!� �"�"$
�"!&��!% &�� �����$"'!� �"�"$ (��'� �"$ '%� �'$�!� #�&&�$!�� ��!� �!�
%&�##��� �$�) "#�$�&�"!%�
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DATA Dataport

FFF8 90A0 Read/Write

� � 
�+�'&)+ �
���� )��!*+�) !* ,*�� �0 + � �&#&) �)�' !�* �&%+)&##�) �,)!%� ��+�

+)�%*��)* ������ �%� ����� �&$$�%�*�� � � �&%+)&##�) )�'��+��#0 )���* �)&$ �%�

.)!+�* +& + !* )��!*+�) �,)!%� �#&�" +)�%*��)* ��+.��%  &*+ $�$&)0 �%� -!��& $�$&)0�


,)!%� � +)�%*��)� 0&, $,*+ .)!+� &) )��� �## '!/�#* )�(,�*+�� ���&)� *+�)+!%� �%0 &+ �)

�&$$�%�� &+ �).!*� !+ .!## �� %���**�)0 +& )�*�+ &) *+&' + � �&#&) �)�' !�* �&%+)&##�)�

� !* )��!*+�) !* -!�.�� �* �% ���!+ )��!*+�) . �)� � !* + � %,$��) &� �)�$� �,���)

'#�%�* !$'#�$�%+�� !% + � *0*+�$� �!+ � �&))�*'&%�* +& '!/�# �!+* �&) '#�%� �
 �!+ � �&)

'#�%� �� �%� *& &%� �!+ + � ������� �!+ *�+ �%� � ����� �&$$�%� ��+!-�� &%#0 �!+

� &� + !* )��!*+�) !* ,*��� �% + !* ��*�� .)!+!%� � � &) � +& + !* �!+ )�*,#+* !% �

���"�)&,%� ��� &) �&)��)&,%� ��� '!/�# -�#,� ��!%� +)�%*��))�� +& + � �)�$� �,���)� �+

)�*�+ +!$�� + � �&%+�%+* &� + !* )��!*+�) �)� ,%"%&.% �%� ,%� �%����

31 16

15 0

DATA

DATA

Bit Mnemonic Function

	��� 
��� 
�+�'&)+

�+�'&)+ !* + � ��+� +)�%*'&)+ !%+�)���� �&) �#&�" +)�%*��)* ��+.��%  &*+
$�$&)0 �%� -!��& $�$&)0�
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LPAT Line Pattern

FFF8 9018 Read/Write

�"� �#'� ��,,�*' ������ *�!#+,�* �� #'�+ ,"� )�,,�*' -+�� ."�' �*�.#'! � %#'�� 
#, �

( ,"� ���� *�!#+,�* *�)*�+�',+ ,"�  #*+, )#/�% #' � %#'� �# ,"� ��������� �#, #' ,"�

�(&&�'� *�!#+,�* #+ +�, ,( ��� ���" �#, #' ,"� )�,,�*' �(',�#'+ � �  (* ���$!*(-'�

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

�' ���� ���� )�,,�*' #' ,"� ���� *�!#+,�* (* �0 +�,,#'! ,"� ����� �#, #' ,"�

�(&&�'� *�!#+,�* ,( ��

�' 	���#, �(%(* +0+,�&+� -+� � �*(����+, ����++ ,( �'+-*� ,"�, ,"� ,"*�� �(',*(%%�*+

!�'�*�,� #��',#��% %#'� )�,,�*'+� �( (�,�#' �#  �*�', %#'� )�,,�*'+� .*#,� ,( ,"� ����

*�!#+,�* #' ���" ( ,"� ,"*�� �(',*(%%�*+ #'��)�'��',%0�

31 16

15 0

LPAT

LPAT

Bit Mnemonic Function


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



Programming the Color Graphics Subsystem

6–17014–002076

MASK Plane Mask

FFF8 9010 Read/Write

� � �#�%� ��)" ������ (��!)*�( �##&,) -&+ *& ,(!*� *& )'��!�!�� '#�%�) ,!* !% * �

�(�$� �+���(� � � �(�$� �+���( ��% �� '�(*!*!&%�� !%*& #&�!��# '#�%� �(&+')� ��� &�

, !� ��% �� !%��'�%��%*#- $&�!�!��� � � ���� (��!)*�( !) �% ���!* (��!)*�( , �(�

� !) * � %+$��( &� �(�$� �+���( '#�%�) !$'#�$�%*��� �!* � �&%*(&#) * � $�)"!%� �&(

'#�%� �
 �!* � �&( '#�%� �� �%� )& &%�

�)� � �(&����)* ���(�)) *& ����)) * � ���� (��!)*�(� �% 	���!* �&#&(� * !) �##&,) -&+

*& (��� &( ,(!*� * � ���!* ���� (��!)*�( &� ��� �&%*(&##�( ,!* � )!%�#� ����))�

31 16

15 0

MASK

MASK

Bit Mnemonic Function


��� ���� �#�%� ��)"
��)") �%� �%��#�) * � �+���( '#�%�)�
� ��)") * � �+���( '#�%��
� �%��#�) * � �+���( '#�%��
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PC_WID Pattern Control/Window ID

FFF8 901C Read/Write
 ,) �%66)41 �21642/�"-1(29 �� ���$"��� 4)+-56)4 '21642/5 /-1) 3%66)41 23)4%6-215

%1( 53)'-*-)5 9-1(29 �� '/-33-1+ 3%4%0)6)45�  ,) �%66)41 �21642/ &-65 �� �� �

��� �� � %1( � �� � 5%8) %1( 4)5624) 6,) '216):6 2* % =56233)(� �-1) '200%1(�

 ,) "-1(29 �� &-65 �"����#� "������ %4) 8%/-( 21/; -* 6,) "��$������ &-6 -1

6,) �200%1( 4)+-56)4 -5 5)6� �74-1+ % (4%9-1+ 23)4%6-21� % 3-:)/ 9-// &) 02(-*-)( -*

6,) '244)5321(-1+ "�� 0%5. 0%6',)5 6,) "����# &-65�

�1 �
�&-6 +4%3,-'5 5;56)05� 75) % &42%('%56 %'')55 62 )1574) 6,%6 )%', '21642//)4 75)5

-()16-'%/ /-1) 3%66)415� "����� %1( "����# %4) 5-+1-*-'%16 21/; *24 '21642//)45

'21*-+74)( %5 0%56)45 �5/%8) '21642//)45 -+124) 6,)5) &-65��

15 0

WIDMSK

31 16

PTCNT

8 7

WIDKEY

19 1822 21

CRPTCNT

27 26

PTPNTReserved

Bit Mnemonic Function

�
��� �)5)48)( �756 &) <)42)5 9,)1 94-66)1 62� %1( 71()*-1)( 9,)1 4)%( *420�

����� � �� �%66)41 32-16)4
�2-165 62 6,) '744)16 &-6 9-6,-1 6,) /-1) 3%66)41�

�
�
� ��� �� �744)16 3%66)41 4)3)%6 '2716�


��
� � �� �%66)41 4)3)%6 '2716�
�//295 325-6-8) 5'%/-1+ 2* 6,) '744)16 /-1) 3%66)41�  ,) 8%/7) '244)5321(5
62 )%', 3%66)41 &-6 &)-1+ 4)3)%6)( 
�� 6-0)5�
Bits Operation
			 �240%/ /-1) (4%9-1+� 12 564)6',
		
 :� 564)6',
	
	 :� 564)6',
	

 :
 564)6',

		 :� 564)6',

	
 :� 564)6',


	 :� 564)6',



 :� 564)6',


��� "����# 
 "-1(29 .);
�216%-15 6,) 8%/7) 62 &) '203%4)( 9-6, 6,) �� 4)%( *420 6,) ���28)4/%;
3/%1)5 (74-1+ % 4)%(�02(-*;�94-6) ���"� *4%0) &7**)4 ';'/)� �* 6,)
710%5.)( &-65 4)%( *420 6,) �� 3/%1)5 0%6', 6,25) 2* 6,) "����#� 6,)
��" ';'/) 9-// 4)3/%') 6,) ):-56-1+ 3-:)/ �12 '/-3�� 26,)49-5) 6,) ��"
';'/) 9-// 4)6%-1 6,) ):-56-1+ 3-:)/ �'/-33-1+ 2''745��

��	 "����� "-1(29 �� 0%5.
�3)'-*-)5 9,-', ���28)4/%; 3/%1)5 62 75) (74-1+ 6,) '/-33-1+ 342')55�


 !175)( &-65 0756 &) 	� *24 -156%1')� 924.56%6-215 5733246-1+ � &-65 2* 9-1(29 �� -1*240%6-21 75) 21/;
"����# &-65 � %1( � %1( "����� &-65 
 %1( 	�
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Command and Status Registers
�"� '�0,  �/ )�!�+ ��+�*#�� ,"� �(&&�'� �'� +,�,-+ *�!#+,�*+�

CSR0 Control and Status Register 0

FFF8 9000 Read/Write

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

Reserved

Reserved

31 16

15

BND DIP

2 1 03

BSY

Bit Mnemonic Function

�	�� ��+�*.�� �-+, �� 2�*(�+ /"�' /*#,,�' ,(�


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

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

�������� �#, �
(&&�'� *�!#+,�*� /�+ '(, +�,�

	 ��� �*�/#'! �' �*(!*�++ ������
�"� �(%(* !*�)"#�+ �(',*(%%�* #+ )�* (*&#'! � �*�/#'! ()�*�,#('� 
"��$
,"#+ �#, /"�' /*#,#'! ,( *�!#+,�*+ ,"�, �*� '(, )#)�%#'���
	 �'�#��,�+ ,"�, ,"� �(',*(%%�* #+ �0��-,#'! � �(&&�'��
� �'�#��,�+ ,"�, ,"� �(',*(%%�* #+ '(, �0��-,#'! � �(&&�'��

� ��� �-+1 �������*#,��

(%(* !*�)"#�+ �(',*(%%�* #+ �-+1� �"� �0��-,#(' ( � �(&&�'� +�,+ ,"#+
�#,� �"� �(%(* !*�)"#�+ �(',*(%%�* �%��*+ ,"#+ �#, /"�' ,"� �(',*(%%�* '(
%('!�* '���+ ,"� )�*�&�,�*+�
	 �'�#��,�+ ,"�, ,"� �(',*(%%�* #+ �-+1 �'� ��''(, ����), '�/
)�*�&�,�*+�
� �'�#��,�+ ,"�, ,"� �(',*(%%�* ��' ����), '�/ )�*�&�,�*+�
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CSR1 Control and Status Register 1

FFF8 9008 Read/Write

�+( �10531. $0' �5$564 �(*,45(3 	 ����	� 3(56304 5+( 45$5( 1) 5+( &1.13 *3$2+,&4

46%4945(/ $4 8(.. $4 ,0)13/$5,10 10 &10),*63$5,10� ,05(336254� $0' 5,/,0*�

15 2

PSIZE

1 0

FBSIZE

5 4

WST POSN

7 610 9 8

CLM DDI

13 12 11

DDMMST

14

CLI

31

VSN HSN

18 17 16

BtS

1920

VBLCBR

23 22

NMN

30

Reserved

VBI VBM IMK

Bit Mnemonic Function

�	 ��� �10531. �,*0$.4 �0$%.( ��($'�"3,5(�
"+(0 83,55(0 51� ,5 (0$%.(4 13 ',4$%.(4 5+( )3$/( %6))(3 &10531. 4,*0$.4�
"+(0 3($' )31/� ,5 ,0',&$5(4 8+(5+(3 5+( &10531. 4,*0$.4 $3( (0$%.(' 13
',4$%.('�
� "3,5( ',4$%.(4 5+( 4,*0$.4�
�($' ,0',&$5(4 5+$5 5+( 4,*0$.4 $3( ',4$%.('�
	 "3,5( (0$%.(4 5+( 4,*0$.4�
�($' ,0',&$5(4 5+$5 5+( 4,*0$.4 $3( (0$%.('�

���
� �(4(37(' �645 %( :(31(4 8+(0 83,55(0 51�



�
� ��� ��� �()13( ��� ��($'�
�0',&$5(4 5+( 06/%(3 1) ��� 3()3(4+ &9&.(4 2(3 4&$0 .,0(�

CBR Cycles CBR Cycles
��� � 	�� �
��	 	 	�	 

�	� 
 		� �
�		 � 			 �

	� !�� !(35,&$. �.$0- ��($'�
�0',&$5(4 5+( �633(05 45$564 1) 5+( 7(35,&$. %.$0- �!������ 4,*0$.�
� !����� ,4 $&5,7(�
	 !����� ,4 ,0$&5,7(�

	� !�� !(35,&$. �90& ��($'�
�0',&$5(4 5+( &633(05 45$564 1) 5+( 7(35,&$. 490& �!�#��� 4,*0$.�
� !�#�� ,4 $&5,7(�
	 !�#�� ,4 ,0$&5,7(�

	� ��� �13,:105$. �90& ��($'�
�0',&$5(4 5+( &633(05 45$564 1) 5+( +13,:105$. 490& ���#��� 4,*0$.�
� ��#�� ,4 $&5,7(�
	 ��#�� ,4 ,0$&5,7(�

	� �5� �92( 1) ��� $0' � � ��($'�
�0',&$5(4 5+( 592( 1) ������ %(,0* 64('�
� ��%,5 &1.13 64(4 $ �31-53(( �5�
� ������ $0' 
��%,5 &1.13 64(4
�311-53(( �5��	 ������4�

	
 ��� �$45(3 13 �.$7( ��($'�
�0',&$5(4 8+(5+(3 5+,4 ,4 /$45(3 13 4.$7( &10531..(3 �
��%,5 &1.13 *3$2+,&4
10.9��
� �.$7( &10531..(3�
	 �$45(3 &10531..(3�

�&105,06('�
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Bit Mnemonic Function

	� ��� �0.44.2, �28*66948 � *&)�$6.8*�
�2).(&8*7 ;-*8-*6 36 238 4.<*07 -&:* '**2 (0.44*)�
� �.<*07 -&:* 238 '**2 (0.44*)�
	 �2* 36 136* 4.<*07 -&:* '**2 (0.44*)�

	� ��� �0.44.2, �28*66948 �&7/ � *&)�$6.8*�
�2&'0*7�).7&'0*7 8-* (0.44.2, .28*66948�
� �.7&'0*7 (0.44.2, .28*66948 ������
	 �2&'0*7 (0.44.2, .28*66948 ������

	
 ��� �6&;.2, �32* �28*66948� � *&)�$6.8*�
�2).(&8*7 ;-*8-*6 36 238 8-* (3036 ,6&4-.(7 (3286300*6 -&7 (3140*8*) &
)6&;.2, 34*6&8.32� �073 7** 8-* �6&;.2, �2 �63,6*77 ����� '.8 .2 �! ��
� "-* (3286300*6 -&7 238 (3140*8*) & )6&;.2, 34*6&8.32�
	 "-* (3286300*6 -&7 (3140*8*) & )6&;.2, 34*6&8.32�

		 ��� �6&;.2, �32* �&7/ � *&)�$6.8*�
�2&'0*7�).7&'0*7 8-* )6&;.2, )32* .28*66948�
� �.7&'0*7 .28*66948 ;-*2 )6&;.2, )32*�
	 �2&'0*7 .28*66948 ;-*2 )6&;.2, )32*�

	� #�� #*68.(&0 �0&2/ �28*66948� � *&)�$6.8*�
�2).(&8*7 ;-*8-*6 36 238 & :*68.(&0 '0&2/ -&7 3((966*)�
� #*68.(&0 '0&2/ -&7 3((966*)�
	 #*68.(&0 '0&2/ -&7 238 3((966*)�

� #�� #*68.(&0 �0&2/ �&7/ � *&)�$6.8*�
�2&'0*7�).7&'0*7 8-* :*68.(&0 '0&2/ .28*66948�
� �.7&'0*7 :*68.(&0 '0&2/ .28*66948 �#����
	 �2&'0*7 :*68.(&0 '0&2/ .28*66948 �#����

� ��� �28*66948 �&7/ � *&)�$6.8*�
�2&'0*7�).7&'0*7 &00 .28*66948 6*59*787�
� �.7&'0*7 .28*669487�
	 �2&'0*7 .28*669487�

� $!" $&.8 !8&8*7 � *&)�
�2).(&8*7 8-&8 &2 &)).8.32&0 ;&.8 78&8* .7 .27*68*) .283 8-* �'97 )&8&
4-&7*�
� �<86& ;&.8 78&8*�
	 �3 *<86& ;&.8 78&8*�

��
 ��!� �37.8.32 � *&)�
�3036 ,6&4-.(7 (3286300*6 '&7* &))6*77� �*+.2*7 8-* 437.8.32 &2) &))6*77 3+
8-* ,6&4-.(7 (3286300*6� �+ ��'.8 (3036� ��!� .7 7*8 83 ��� �+ 
��'.8 (3036�
��!� .7 7*8 83 �� +36 6*)� �	 +36 '09*� &2) 	� +36 ,6**2�
�� ���� �	��
�	 ���� �
��
	� ���� ����

��
 ��!�%� �6&1* �9++*6 !.>* � *&)�
"=4* &2) 7.>* 3+ +6&1* '9++*6�
��� 
� < 	�� ��� < � # ��
��	 	� < 
	
� ��� < � # ��
�	� 
� < 	�� 

�� < � # ��
�		 
� < 
�� 

�� < � # ��
	�� �� < 
�� 

�� < � # ��

	�� �!�%� �.<*0 !.>* � *&)�
�91'*6 3+ '.87�4.<*0�
�� � '.87 4*6 4.<*0
	� 
� '.87 4*6 4.<*0

��"�� �!�%� .7 7*8 94 )96.2, 43;*6�94 6*7*8�

�(32(09)*)�
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CRT0, CRT1, CRT2 CRT Timing

FFF8 9020 CRT0 Read/Write

FFF8 9024 CRT1

FFF8 9028 CRT2

�(% ��� �),)-' ����-� 1%')23%12 #.-3!)- /!1!,%3%12 &.1 3(% #.,/.2)3%

28-#(1.-)9!3).- 2)'-!+ !-$ #.,/.2)3% "+!-* 2)'-!+�  (%- ! -.-)-3%1+!#%$ $)2/+!8 )2

42%$� 3(%2% 2)'-!+2 24//.13 ! 5!1)%38 .& 2#1%%- 1%2.+43).-2� � 3),)-' %7!,/+% &.++.62

3(% $%2#1)/3).-2 .& 3(% 3),)-' 1%')23%12�

CRT0 Register

���� $%&)-%2 3(% 3),)-' .& 3(% (.1)9.-3!+ 28-# 2)'-!+� �(% (.1)9.-3!+ 3),)-' 4-)32 !1%

	�� .& 3(% /)7%+ #+.#* 1!3% �� /)7%+ 3),%2 � 	 �4-)3��

31

HTOTAL HBSTRT

23 16

HBSTRT

15

HBEND HSEND

14 6 07

24

Bit Mnemonic Function

�	�
� ������ �.1)9.-3!+ �.3!+
�4,"%1 .& �4-)32 &1., 3(% 23!13 .& ! (.1)9.-3!+ 28-# 2)'-!+ 3. 3(% 23!13 .&
3(% -%73 (.1)9.-3!+ 28-# 2)'-!+ �3(% +)-% /%1).$�� �1.'1!, 3()2 5!+4% 6)3(

 +%22 3(!- 3(% 1%04)1%$ -4,"%1 .& �4-)32� ���� #.-3!)-2 3(% +.6%1 �
")32� ���	 #.-3!)-2 3(% 3./ ")3�


��	
 ������ �.1)9.-3!+ �+!-* �3!13
�4,"%1 .& �4-)32 &1., 3(% 23!13 .& ! (.1)9.-3!+ 28-# 2)'-!+ 3. 3(% %-$ .&
3(% 5)%6!"+% $)2/+!8 !1%! �23!13 .& (.1)9.-3!+ "+!-* 2)'-!+�� �1.'1!, 3()2
5!+4% 6)3( � +%22 3(!- 3(% 1%04)1%$ -4,"%1 .& �4-)32�

	��� ����� �.1)9.-3!+ �+!-* �-$
�4,"%1 .& �4-)32 &1., 3(% 23!13 .& ! (.1)9.-3!+ 28-# 2)'-!+ 3. 3(% 23!13 .&
3(% 5)%6!"+% $)2/+!8 !1%! �%-$ .& (.1)9.-3!+ "+!-* 2)'-!+�� �1.'1!, 3()2
5!+4% 6)3( � +%22 3(!- 3(% 1%04)1%$ -4,"%1 .& �4-)32�

��� ����� �.1)9.-3!+ �3!13 3. �-$
�4,"%1 .& �4-)32 &1., 3(% 23!13 .& ! (.1)9.-3!+ 28-# 2)'-!+ 3. 3(% %-$ .&
3(% (.1)9.-3!+ 28-# 2)'-!+� �1.'1!, 3()2 5!+4% 6)3( 
 +%22 3(!- 3(%
1%04)1%$ -4,"%1 .& �4-)32�
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CRT1 Register

���� "#$'*#/ 0&# 0')'*% +$ 0&# 2#.0'!�( /5*! /'%*�(� �#.0'!�( 0')'*% '/ ,.+%.�))#" '*

1*'0/ +$ &+.'6+*0�( .�/0#./�

31

VBSTRT VBEND

24 16

15

VBEND VSEND HTOTAL

13 12 1 0

25

Bit Mnemonic Function

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

�
��	 ����� �#.0'!�( �#.'+"
�1) #. +$ .�/0#./ $.+) 0&# /0�.0 +$ 0&# 2'#3� (# �.#� 0+ 0&# /0�.0 +$ 0&#
*#40 2'#3� (# �.#� �0&# 2#.0'!�( ,#.'+"�� �.+%.�) 0&'/ 2�(1# 3'0& � (#//
0&�* 0&# .#-1'.#" *1) #. +$ .�/0#./ ,(1/ 0&# *1) #. '* �����

���� ����� �#.0'!�( �0�.0 0+ �*"
�1) #. +$ .�/0#./ $.+) 0&# /0�.0 +$ 0&# 2'#3� (# �.#� �0&# #*" +$
������� 0+ 0&# #*" +$ 0&# *#40 2#.0'!�( /5*! /'%*�(� �.+%.�) 0&'/ 2�(1#
3'0& 0&# .#-1'.#" *1) #. +$ .�/0#./ ,(1/ 0&# *1) #. '* �����

� ������ �+0�( �+.'6+*0�( �5*! �'%*�(
�1) #. +$ �1*'0/ $.+) 0&# /0�.0 +$ &+.'6+*0�( /5*! /'%*�( 0+ 0&# /0�.0 +$
0&# *#40 &+.'6+*0�( /5*! /'%*�( �0&# ('*# ,#.'+"�� �.+%.�) 0&'/ 2�(1# 3'0&
� (#// 0&�* 0&# .#-1'.#" *1) #. +$ �1*'0/� ���� !+*0�'*/ 0&# (+3#. 

 '0/� ���� !+*0�'*/ 0&# 0+,  '0�
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CRT2 Register

16

VTOTAL VBSTRT

5 4 0

FRCBLK

31

ENSYNC 0 VADJ See below
VTOTAL

30 29 28 17 16

Bit Mnemonic Function


� �������� �36') �0%2/ �-8�
� �36')7 8,) '31437-8) &0%2/ 7-+2%0 03;� 8,97 &0%2/-2+ 8,) 7'6))2�
� �2%&0)7 7'6))2 (-740%=� �38) 8,%8 "��� 6)*6)7, %2( (6%;-2+
34)6%8-327 ;-00 '328-29) ):)2 -* 8,) (-740%= -7 &)-2+ &0%2/)(�
�������� -7 '0)76)( &= 6)7)87�


� �� $�� �2%&0)  =2' �-8�
#,)2 7)8 83 �� )2%&0)7 8,) 7=2' 7-+2%0 %2( &0%2/ +)2)6%8-32 ;-8,-2 8,)
'3036 +6%4,-'7 '3286300)6�  )8 8,-7 &-8 83 � 83 )2%&0) 8-1-2+ 320= %*8)6
463+6%11-2+ 8,) ��! 6)+-78)67�
�� $�� -7 '0)76)( &= 6)7)87�

	� �)7)6:)( !,-7 &-8 7,390( %0;%=7 &) ��

	���� "��� ")68-'%0 �(.978
�91&)6 03%()( -283 %2 -28)62%0 '3928)6 46-36 83 8,) 78%68 3* 8,) *-678
(-740%=)( 6%78)6� !,-7 :%09) ()8)61-2)7 ;,-', 63; ;-8,-2 8,) :-()3 ���7
-7 86%27*)66)( 83 8,) "��� 7)6-%0 4368 -2 46)4%6%8-32 *36 8,) *-678 0-2) 3*
%'8-:) :-()3� !,) 38,)6 :)68-'%0 8-1-2+ 4%6%1)8)67 ()4)2( 32 8,-7 :%09)
�2361%00= ���

�
�� "!�!�� ")68-'%0 !38%0
�91&)6 3* 6%78)67 *631 8,) 78%68 3* 8,) :-);%&0) %6)% 83 8,) 78%68 3* 8,)
2)<8 :)68-'%0 7=2' 7-+2%0� �63+6%1 8,-7 :%09) ;-8, 8,) 6)59-6)( 291&)6 3*
6%78)67 4097 8,) 291&)6 -2 "����

��� "� !�! "-);%&0)  8%68 83 �2(
�91&)6 3* 6%78)67 *631 8,) 78%68 3* 8,) :-);%&0) %6)% 83 8,) )2( 3* 8,)
:-);%&0) %6)%� �63+6%1 8,-7 :%09) ;-8, � 0)77 8,%2 8,) 6)59-6)( 291&)6 3*
6%78)67 4097 8,) 291&)6 -2 "���� ��!� '328%-27 8,) � 03;)6 &-87� ��!	
'328%-27 8,) � 834 &-87�
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#.+ ,4114;/3- +<'251+ )'1)91'8+7 :'19+7 ,46 ' ����> )4146 243/846�

#.+ 8/2/3- :'19+7 ,46 8./7 243/846 '6+

�46/>438'1 6+74198/43 �	�� 5/<+17

%+68/)'1 6+74198/43 ��	� 6'78+67

 /<+1 )14)0 ��	� ��>� ���
	� ��> � 
� 37 �� �93/8�

�46/>438'1 1/3+ 5+6/4* �
�
�	 µ7 � 	�� �93/87

�46/>438'1 ,6438 546). ����	 µ7 � � �93/87

�46/>438'1 7=3) ���	� µ7 � �
 �93/87

�46/>438'1 (')0 546). ���

 µ7 � 	��93/87

�46/>438'1 */751'= ')8/:+ �	�� 5/<+17 � �
� �93/87

%+68/)'1 5+6/4* ���� 6'78+67 848'1

%+68/)'1 ,6438 546). � 6'78+6

%+68/)'1 7=3) � 6'78+67

%+68/)'1 (')0 546). �	 6'78+67

%+68/)'1 */751'= ')8/:+ ��	� 6'78+67

$7/3- 8.+7+ :'19+7 �;/8. %��� � �� ;+ )'1)91'8+ 8.+ ,4114;/3- 392(+67 ,46 8.+ 8/2/3-

5'6'2+8+67�

�"��� .46/>438'1 7=3) ;/*8. � 	 � �
 � 	 � ��

����� .7=3) � .46/>438'1 (')0 546). � 
 � �
 � 	� � 
 � 
�

��"#!# .7=3) � (')0 546). � */751'= ')8/:+ � 
 � �
 � 	� � �
� � 
 � ���

�#�#�� .46/> 1/3+ 5+6/4* � 	 � 	�� � 	 � 	�


%"��� :+68 ')8/:+ � ,6438 546). � :7=3) � ��	� � � � � � ��	�

%���� :+68 5+6/4* � � � ���� � � � ����

%�"#!# :+68 ')8/:+ 8/2+ � � � ��	� � � � ��	


%#�#�� :+68 ')8/:+ � (')0 546). � ��	�

%��� �

 64-6'2 8.+ 8/2/3- 6+-/78+67 '7 ,4114;7�

�� �1+'6 8.+ ��"&�� '3* ��!����� (/87 /3 �!#	 84 ��

	�  64-6'2 8.+ 8/2/3- 5'6'2+8+67 /3 '3= 46*+6�


� "+8 8.+ ��"&�� '3* ��!����� (/87 /3 �!#	 84 ��
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STATE0, STATE1 Internal State

FFF8 9030 STATE0 Read Only

FFF8 9034 STATE1

��� �!&�$!�� �&�&� ���
��!� $���%&�$% �"!&��! �'$$�!& (��'�% �"$ �$�)�!� "#�$�&�"!%�

��
��� �"!&��!% &�� �'$$�!& ������  �%�� ��$��&�"! �!� %���& (��'�%� ��
���

�"!&��!% � �"#+ "� &�� �"  �!� $���%&�$� ���! %)�&���!� �"!&�*&� %�(� &�� ��
��!

$���%&�$% �!� $�%&"$� &�� ��&�$ �" #��&�!� &�� �"!&�*& %)�&��� ���! $�%�&� &��

�"!&�!&% "� ��
��� �!� ��
��� �$� '!�!")! �!� '!���!����

STATE0

31 16

15 0

STATE0

STATE0

Bit Mnemonic Function

	��� ��
��� �!&�$!�� �&�&� �
�"!&��!% &�� �'$$�!& ��& ��"�� &$�!%��$ ��������  �%�� ��$��&�"! �!� %���&
(��'�%�

STATE1

31 16

15 0

STATE1

STATE1

Bit Mnemonic Function

	��� ��
��� �!&�$!�� �&�&� �
�"!&��!% � �"#+ "� &�� �"!&�!&% "� &�� �"  �!� ���
� $���%&�$�
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STOP Stop

FFF8 9004 Read/Write

��� �!�� ���� !�� ���!��� ���!�%!  $�!������

15 2 1 03

Reserved STP

31 16

Reserved

RESRST

Bit Mnemonic Function

���� �� ��#�� �" ! �� &���� $��� $��!!�� !�� ��� "�������� $��� ���� �����

� ��� �� �!
�� �! !�� ����� ������� ���!�������
� �� �����!����
� 
������ �  ��!$��� �� �! ��� �� !� !�� ����  !�!��

� �
� �� "��
�� "�� �����!��� �����$��� � ���!�%!  $�!���
� �� �����!����
� �� !��! �"����! ���!�%!	 �"!���!�� ������

� ��
 �!��
�!�� !�� �"����! �����!����
� �� �����!����
� �!�� !�� �"����! ���$��� �����!��� ��� �� !� !�� ����  !�!��
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PARM0–PARM15 Parameter

FFF8 9040 PARM0 Read/Write

FFF8 9044 PARM1

FFF8 9048 PARM2

FFF8 904C PARM3

FFF8 9050 PARM4

FFF8 9054 PARM5

FFF8 9058 PARM6

FFF8 905C PARM7

FFF8 9060 PARM8

FFF8 9064 PARM9

FFF8 9068 PARM10

FFF8 906C PARM11

FFF8 9070 PARM12

FFF8 9074 PARM13

FFF8 9078 PARM14

FFF8 907C PARM15

��� 

�
����� �
��	�� ��������� �����# �
�
������ ��� ��� ����� ��
����� ����
����

����� �����
����� ��� ����
�� ��������� �����
� ��� �
�
����� ��������� �� �����#

�
�
������ ��� ��� ����
�� �� �� �"������� ��� �������� �� ��� �
�
����� ���������

 
���� ���� ����
�� �� ����
���

��� �
�
����� ��������� �
# �� ������� ���� �!� �
��������� ��� �����
� �
�
�����

��������� 
�� ��� !������ ���������� ��� �����
� �
�
����� ��������� �����# ���

��
����� ���������� !��� ����� ������
���� ���� !��� �"������� 
 ����
��� ���

 
���� �� ����� ��������� ���
�� ����
���� ���������� ��� �"������� �� ��� ����
���

��� !������ ��������� 
�� ��
���� �# ��� ��
����� ���������� 
� ������ !���

�"������� 
 ����
��� ���� �� ���  ������ ���
��� ��� ��
����� ���������� ��
���� ���

 
���� �� ��� �
�������� �
�
����� ���������� ��� ���������� ��������� 
�� ����

����
�����

������ �� ��� 
����� ��� �������� �� ��� �
�
����� ����������
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CMD Command

FFF8 900C Read/Write

 .+ �533'4* 7+-/89+7 86+)/,/+8 ' )533'4* 95 (+ +=+):9+* (> 9.+ )5257 -7'6./)8

)5497522+7�  .+ )533'4*8 '7+

���� �7'<8 897'/-.9 2/4+8 </9./4 ' )2/66/4- 7+)9'4-2+�  .+8+ 2/4+8 3'>

(+ 852/* 57 6'99+74+*� 8/4-2+�)5257 57 8.'*+*�

����� �7'<8 897'/-.9 2/4+8� 852/* 57 6'99+74+*� </9.5:9 )2/66/4-�

���$ �7'<8 ' ,2'9�9566+* 97/'4-2+ :8/4- �5:7':*�8.'*/4- 57 ' 852/*

)5257� '4* 6'99+74 '4* 89/662+ 569/548�

�� �� �5;+8 ' 7+)9'4-:2'7 '7+' 5, 6/=+28 </9./4 9.+ ,7'3+ (:,,+7�  .+

?�997/(:9+8� ,/+2* 86+)/,/+8 6'99+74/4- '4* 89/662/4- 569/548�

�� �� /8 '285 :8+* 95 *7'< 9+=9� ' 6579/54 5, 9.+ ,7'3+ (:,,+7

8.5:2* )549'/4 ).'7')9+78 9.'9 )'4 (+ )56/+*�

�#���� "#���  7'48,+7 6/=+28 (+9<++4 9.+ .589 3+357> '4* 9.+ ,7'3+ (:,,+7�

�/=+28 '7+ 97'48,+77+* /4 +/9.+7 %�35*+ 57 /4 ' 2/3/9+* #$�35*+

�<7/9+ 97'48,+78 542>� </9. 9.+ 2+'89 8/-4/,/)'49 (/9 8+2+)9/4- +/9.+7

(')1-75:4* 57 ,57+-75:4* )52578�

15 03

OP

31 16

Attributes

48 7

Reserved

1112

LU_OPReserved

Bit Mnemonic Function

�	�	� �997/(:9+8  .+ ,5225</4- '997/(:9+8 '7+ :8+* /4 )540:4)9/54 </9. 9.+ )533'4*8
*+,/4+* (> 9.+ 56+7'4* ���� (/98�

�	 �+8+7;+*

�� ����� �662/+8 �5:7':* 8.'*/4- 95 ���� '4* ���$ *7'</4-�
	 �662> 8.'*/4-�
� �5 45 '662> 8.'*/4-�


� ��&��� ".+4 *7'</4- ' 2/4+� 67+;+498 9.+ 2'89 6/=+2 5, 9.+ 2/4+ ,753 (+/4-
*7'<4� � 8/4-2+�6/=+2 2/4+ </9. 9./8 (/9 8+9 </22 .';+ 45 6/=+28 *7'<4�
 ./8 ,:4)9/54 /8 :8+,:2 <.+4 *7'</4- 652>2/4+8 </9. 9.+ #�� ��!
,:4)9/54�
	 �5 459 *7'< 2'89 6/=+2�
� �7'< 2'89 6/=+2�



 �� &���� �:7/4- 2/4+ 56+7'9/548 )':8+8 9.+ 6'99+74 65/49+7 95 7+8+9 95 9.+ ,/789
(/9 5, 9.+ 6'99+74 ,57 +;+7> 4+< 2/4+�
	 �+8+9 95 ,/789 (/9 5, 9.+ 6'99+74�
� �5 459 35*/,> 6'99+74 65/49+7 �:8+,:2 ,57 652>2/4+8��

�)549/4:+*�
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Bit Mnemonic Function

�	�	� �::80);:,9
�*65:05;,+�

!/, -6336=05. (::80);:,9 (8, ;9,+ 05 *651;5*:065 =0:/ :/, *644(5+9
+,-05,+ )? :/, 67,8(5+ ���� )0:9�


� &�"�'������ �5()3,9 :/, &�);--,8 05:,8-(*, =0:/ :/, &�);--,8 *6�786*,9968�
�;805. ( ��!��! 67,8(:065� 0- :/,  ���� )0: �)0: 
�� 09 (396 9,:� :/09
9,3,*:9 :/, &�);--,8 A-(9: *3,(8� 46+,� �53? ��� 9,80,9 9:(:0659
9;7768: &�);--,8 67,8(:0659�
	 �5()3,9 :/, &�);--,8 05:,8-(*,�
� �09()3,9 :/, &�);--,8 05:,8-(*,�


��
�  �"���'����� Selects one of eight planes for use as the source plane during stippled
operations.


�  ���� #/,5 9,:� :/, .8(7/0*9 *65:8633,8 +6,9 56: 8,7,(:,+3? 8,(+ :/, 96;8*,
73(5, +;805. ( ��!��!� :/09 67:040@,9 :/, ��!��! -68 *3,(8 (5+ -033
67,8(:0659�
	 �6 56: 8,(+ :/, 96;8*, 73(5,�
� �,(+ :/, 96;8*, 73(5,�



 !��� �����! �;805. ( 9:0773,+ 68 305, 67,8(:065 ;9,9 :/, 96;8*, +(:( 68 :/, 305,
7(::,85 :6 ,0:/,8 46+0-? :/, )0: �=/,5 +(:( 09 	� 68 8,=80:, :/, )0:
;546+0-0,+ �=/,5 +(:( 09 ���
	 �,8-684 !��� �����! 67,8(:065�
� �6 56: 7,8-684 !��� �����! 67,8(:065�


	  !����� �;805. ��!��!� ���%� (5+ :8(59-,8 67,8(:0659� -68*,9 96;8*, (8,( :6
), :8,(:,+ (9 ( 65,�73(5, )0:4(7 8(:/,8 :/(5 ( 70>4(7�
	 �,8-684  !������
� �6 56: 7,8-684  !������


� ����'��!!��� �68*,9 :/, 96;8*, +(:( +;805. ��!��! (5+ ���% 67,8(:0659 :6 ),
:8,(:,+ (9 ( �
 > �
 (8,( 7(::,85� !/, 9:68,+ 7(::,85 4;9: ), (30.5,+
96 :/(: :/, ;77,8�3,-: *685,8 /(9 :/, 
 3,(9: 90.50-0*(5: )0:9 (9 �� )6:/
05 $ (5+ %� %6; *(5 786.8(4 :/, 050:0(3 6--9,: 05:6 :/, 7(::,85� (9
97,*0-0,+ 05 :/, 8,97,*:0<, *644(5+9� :6 4(2, (30.54,5: 8,3(:0<, :6
9*8,,5� =05+6=� 68 6)1,*:�
	 �,8-684 ����'��!!����
� �6 56: 7,8-684 ����'��!!����

	� #��'������ �5()3,9 *307705. ;905. :/, 6<,83(? 73(5,9� !6 ;9, :/09 -;5*:065� :/,
��'#�� 8,.09:,8 4;9: -089: ), 786.8(44,+ =0:/ :/, (7786780(:,
73(5, 4(92 (5+ 2,?� #�� 09 (<(03()3, 65 (33 67,8(:0659�
	 �5()3, *307705. =0:/ :/, 6<,83(? 73(5,9�
� �09()3, #��'�������

	� ����' !�� �;805. 305, 67,8(:0659� 9,3,*:9 =/,:/,8 ,>,*;:065 9:679 68 *65:05;,9
=/,5 :/, *307705. )6;5+(8? 09 *8699,+�
	  :67 (5+ 9,: �307705. �6;5+(8? ���� 05 8,.09:,8 � ��� =/,5
*307705. 6**;89�
� �6 56: 9:67 =/,5 *307705. 6**;89�

	��	� ����'���!��� �,:,8405,9 /6= *307705. 09 ;9,+�
�� �8(= 0590+, *307705. 8,*:(5.3,�
�	 �6 56: *307�
	� �8(= 6;:90+, *307705. 8,*:(5.3, �70*2��
		 �6 56: *307�

	
�	
 �,9,8<,+ �;9: ), @,86,9 =/,5 =80::,5 :6� (5+ ;5+,-05,+ =/,5 8,(+ -864�

�*65:05;,+�
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Bit Mnemonic Function

���� �!&�� ��! �5+6'8/43
�5+)/,/+7 8.+ 8=5+ 4, ��! 45+6'8/43 84 (+ 5+6,462+* (+8;++3 8.+ 7496)+
'3* *+78/3'8/43 *'8'�

Value
(Hex) Mnemonic Logical Function
� ����� � �>+64�
� ��� 7496)+ ��� *+78/3'8/43
	 ��� ��"���� 7496)+ ��� �� *+78/3'8/43

 ���% 7496)+
� ��� ��"�� �� �� 7496)+ ��� *+78/3'8/43
� ��� *+78/3'8/43

 $�� 7496)+ $�� *+78/3'8/43
� �� 7496)+ �� *+78/3'8/43
� ��� �� 7496)+ ��� �� *+78/3'8/43
� ��!�" �� 7496)+ $�� *+78/3'8/43
� ��"�� �� *+78/3'8/43
� �� ��"���� 7496)+ �� �� *+78/3'8/43
� ���% ��"�� �� �� 7496)+
� �� ��"�� �� �� 7496)+ �� *+78/3'8/43
� ���� �� 7496)+ �� �� *+78/3'8/43
F SET 1 (one)

��� �+7+6:+* �978 (+ >+64+7 ;.+3 ;6/88+3 84� '3* 93*+,/3+* ;.+3 6+'* ,642�


�� �� �5+6'8/43
�5+)/,/+7 8.+ 45+6'8/43 84 (+ +<+)98+*�

Value
(Hex) Operation Function
� ��� �4 45+6'8/43
� �� �� �/8 (14)0 86'37,+6
	 ���� �6'; 1/3+

 ����� �438/39+ 1/3+ ',8+6 )1/5
� ���% �41=-43 '77/78
� �+7+6:+*

 �$���  6'37,+6 ,642 ,6'2+ (9,,+6 84 .478
� #$���  6'37,+6 ,642 .478 84 ,6'2+ (9,,+6
��� �+7+6:+*

�)43)19*+*�
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!()3,�
�� +,9*80),9 :/, �644(5+ )0:9� #0:/05 :/, :()3,� :/, +(9/ �A� 05+0*(:,9 :/(:

:/, <(3;, 6- :/09 )0: +6,9 56: (--,*: :/, *644(5+�

Table 6–3  Color Graphics Command Bits

Line Command Register Bits
Stipple Ptn Mbus Data

Command Bit 
 Bit Bit LU_OP SOLID STIPPLE TRANS Source 2 Description

���� A 	 A ��! � 	 A 	 ���� �684(3 +8(=

A 
 A ��! 	 A 	 ����

A 	 A ��! 	 A 
 �� ! �8(=
:8(597(8,5:

A 
 A ��! 	 A 
 ����

A A A A 
 A A ���� �8(= 9630+
�7(::,85 � A�

���% A A A ��! 	 	 A ���� �684(3 ���%

A A A A 
 A A ����  630+ -033 ���%

	 A A ��! 	 
 	 ����  :0773, 46+,


 A A ��! 	 
 	 ����

	 A A ��! 	 
 
 �� !  :0773, 46+,


 A A ��! 	 
 
 ���� �:8(597(8,5:�

��!��! A A A ��! 	 	 A  ��� �684(3
��!��!

A A A A 
 A A ����  630+ -033

	 A A ��! 	 
 	 ����  :0773, 46+,


 A A ��! 	 
 	 ����

	 A A ��! 	 
 
 �� !  :0773, 46+,


 A A ��! 	 
 
 ���� �:8(597(8,5:�

#��$��� A A A ��! 	 	 A ����! &��6+,

�&��6+,� A A A A 
 	 A ����! &��6+,

#$��� A A 	 ��! 	 
 	 ���� $%��6+,

�$%�46+,� A A 
 ��! 	 
 	 ���� ��);9 )0: 	�

A A 	 ��! 	 
 
 �� ! !8(597(8,5:
$%��6+,

A A 
 ��! 	 
 
 ���� ��);9 )0: 	�

A A A A 
 
 A ���� $%��6+,
�-033 9630+�

#$��� A A A A A A A ���!� �69: 


-8(4, );--,8


  :0773, �0:�
���%�  05.3, )0: 9,3,*:,+ -864 ( 65,�73(5, 9:0773, 7(::,85�
��!��!� �;3:073,�)0: =68+ 9,3,*:,+ -864 ( 65,�73(5, 9:0773, 7(::,85�

� �(:(  6;8*,� �8(4, );--,8 =80:, @+(:( 96;8*,�� :/09 +(:( 4(? ), 46+0-0,+ )? :/, �" 67*6+,�
���� � �(*2.86;5+ *6368�
���� � �68,.86;5+ *6368�
�� ! � �0>,3 +(:( 78,-,:*/,+ -864 -8(4, );--,8�
����! � �(:(768: �,.09:,8�
 ��� � ��!��! 96;8*, +(:(�
���!� � �69:�:6�-8(4,�);--,8 =80:, +(:(�

� ��!� �(:(7(:/ 36.0* ;50: @(*:0<,�� 96;8*, +(:( 09 9;)1,*: :6 46+0-0*(:065 (**68+05. :6 *;88,5: ��"
67,8(:065 *6+, ��"'67��
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Color Graphics Commands

��� ��� ��� ���������  �� ����� �������� ���������

LINE 	��� ���#� � � ����� ���� #� ��� �������� ��!��������

CLINE ��� ��!� 	��� �� �� ���� ���#� � � ����� ����  �� #�� ���"��!��$ ���#�

�$ 	�
�� �! �	�
� ������� �������� ��!��������

POLY ���$��� ���#� � ������ ���$����

BITBLT �� ����� 
������� ��"�� ������ �� �� � #� ���  �� ����� �!�����

RXFER ���� 
�������  �������� �� � ����  �� ����� �!����  � �$� �� �����$�

WXFER ��� � 
�������  �������� �� � ���� �$� �� �����$  �  �� ����� �!�����
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LINE
Line Draw

�+( ���� &0..$/' '2$63 342$,*+4 -,/(3� 30-,' 02 1$44(2/('� 3,/*-(�&0-02 02 3+$'('

6,4+,/ $ &-,11,/* 2(&4$/*-(� �+,3 &0..$/' 53(3 $ .0',),(' �2(3(/+$.�3 �-*02,4+. 40

(/352( 4+$4 -,/(3 '2$6/ )20. 10,/4 � 40 10,/4 � (7$&4-8 .$4&+ -,/(3 '2$6/ )20. 10,/4

� 40 10,/4 �� ���� ',2(&4-8 $&&(143 4+( !�" &002',/$4(3 0) $ 3052&( $/' '(34,/$4,0/

10,/4� 40*(4+(2 6,4+ 4+( !�" 02,*,/ 4+(8 $2( ,'(/4,),(' 6,4+�

�+( ���� &0..$/'�

• �5110243 34,11-,/*�

• �5110243 �� 34$/'$2' -0*,& 01(2$4,0/3 '(),/(' %8 4+( !  ,/'06 �834(. �

• �$/ '2$6 4+( -$34 1,7(- ,/ 4+( -,/(�

• �2$63 3+$'(' 02 30-,' -,/(3�

• �5110243  �� &-,11,/*�

PARM6

Clipping Rectangle

PARM7

WindowPARM0

PARM1

PARM2

The dotted portion is
not drawn.

Initial Parameter Registers

����� �2,*,/#! �2,*,/#" �11(2�-()4 &002',/$4(3 0) '2$6,/* 6,/'06�

����� �052&(#! �052&(#" �,/( 34$24,/* &002',/$4(3�

����� �(34#! �(34#" �,/( (/',/* &002',/$4(3�

����	 �02( �02(*205/' 1,7(- &0-02 )02 /0/3+$'(' -,/(3�

����
 �02(#� �02(#� �/,4,$- )02(*205/' &0-02 )02 3+$'(' -,/(3�

����� �,/&#� �,/&#� �02(*205/' &0-02 ,/&2(.(/4 )02 3+$'(' -,/(3�

����� �-,1��#! �-,1��#" �11(2�-()4 &002',/$4(3 0) &-,11,/* 2(&4$/*-(�

����
 �-,1��#! �-,1��#" �06(2�2,*+4 &002',/$4(3 0) &-,11,/* 2(&4$/*-(�

���� #� � �/4(*(2 $/' #� � �2$&4,0/�

Register MSBytes LSBytes Description
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Working Registers

"�#�� �"+( �"+) �>;;07= 9847=0; �.88;/47,=0< 81 =30 5,<= 94A05 /;,@7��

"�#�� �05=,+( �05=,+) �>;;07= 7>6-0; 81 94A05< 47 =30 ( ,7/ ) /4;0.=487�

"�#�
	 �;;8;+( �;;8;+) �;0<073,6�< �;;8; 47 ( ,7/ ) /4;0.=487�

"�#�

 �47.+( �47.+) �;0<073,6�< �;;8; 47.;0607= 47 ( ,7/ ) /4;0.=487�

"�#�

 �.>;;+� �.>;;�+�� �>;;07= 18;02;8>7/ .858; C �7 <3,/0/ 5470<� =30 �$� .87=,47<

=30 47=020; 9,;=� 47 787<3,/0/ 5470<� =30 �$� 4< =30 <,60 ,< =30

474=4,5 18;02;8>7/ .858; ?,5>0 �47 "�#�
��

Register MSBytes LSBytes Description

%30 �� � .866,7/ .,5.>5,=0< =30 70A= 94A05 ,//;0<< ><472 , 68/4140/ �;0<073,6�<

�528;4=36� "�#�� �.>;;07= 9847=0;� .87=,47< =30 5,<= 94A05 /;,@7� ,7/ ,= =30 07/ 81

=30 .866,7/ @455 0:>,5 8;4247�/0<=47,=487�

Global Registers

%30 �� � .866,7/ ><0< =30 18558@472 258-,5 ;024<=0;<�

����

��$�

�"�%

"�+'��

Command Register

%30 �� � .866,7/ ><0< =30 18558@472 -4=< 47 ����

Bit Mnemonic

�	 $����

��  !+��$%

�� "�%+#�$�%

�� *�&�+� ����

����
 $!&#��+"�� �

�� $!���

�� %#� $"�#� %


� '��+� ����


��
� �==;4->=0<� ���"+�! %#!� �
��
��� ���"+$%!" �
��



�� �&+!"

��	 !" � �

%30  !+��$% ,==;4->=0 50,?0< =30 �" ,= =30 /0<=47,=487 94A05� ->= /80< 78= /;,@ 4=� �1

"�%+#�$�% 4< <0=� =30 9,==0;7 9847=0; ,7/ .8>7=0; @455 ;0<0= =8 =30 14;<= 9,==0;7 -4=

-018;0 /;,@472 ,7B 94A05� 8=30;@4<0� =30 5470 @455 -0 /;,@7 @4=3 , 9,==0;7 @34.3 4< ,

.87=47>,=487 81 =30 9;0?48>< .866,7/�
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Executing the LINE Command

�6336= :019 786+-,;8- :6 ->-+;:- :0- ���� +644)5,�

	� �. 1: 19 5-+-99)8? :6 ;7,):- :0- /36*)3 8-/19:-89�  �!���  �!�� 68  �!���

+65:15;- =1:0 9:-79 	) )5, 	*� 6:0-8=19- +65:15;- =1:0 9:-7 
�

)�  633 :0- �� *1: 15 �"!�� =)1: .68 1: :6 +3-)8 :6 ��

*� $81:- :0- 5-+-99)8? 7)8)4-:-89 :6 :0- /36*)3 8-/19:-89 ���"�� ����� � �#

)5,  �($����  �!���  �!�� )5,  �!���


�  633 :0- �"& *1: 15 �"!� .68 ��

��  86/8)4 :0- �644)5, 8-/19:-8�

��  86/8)4  �!���  �!�	 )5,  �!���


�  86/8)4  �!�
� #0- ���� +644)5, =133 );:64):1+)33? ->-+;:- =0-5  �!�


19 =81::-5 :6�

Interrupts

$0-5 :0- +65:8633-8 +6473-:-9 :0- ���� +644)5,� 1: /-5-8):-9 ) ,8)=15/ ,65-

15:-88;7: ������

�. +317715/ 19 -5)*3-, )5, ) 71>-3 19 ,8)=5 6;:91,- :0- +317715/ *6;5,)81-9� :0-

+65:8633-8 /-5-8):-9 ) +317 15:-88;7:� #019 ,-7-5,9 65 :0- +317 +65:863 )::81*;:-9 15 :0-

��� 8-/19:-8� =0-5 :0- ��� ("#� *1: 19 9-:� 315- ,8)=15/ 9:679 )5, :0- ��� *1: 15

�"!� 19 9-:�

Notes/Exceptions

�. ?6; 97-+1.? :0- ��(��"# .;5+:165� :0- 7)::-85 7615:-8 =133 56: 15+8-4-5: .68 :0-

71>-3 56: ,8)=5� #019 19 +65919:-5: =1:0 :0- ,-918-, .;5+:165)31:?�

�3:06;/0 :0- %& .8)4- *;..-8 )5, :0- $���6<-83)? .8)4- *;..-8 90)8- ) +64465

+668,15):- 9?9:-4 �=1:0 :0- $���6<-83)? *-36= :0- %& )5, 9:)8:15/ ): % � �� & �

������ 315-9 4;9: *- ,8)=5 -1:0-8 +6473-:-3? 15 :0- %& 68 15 :0- $���6<-83)? 9-+:1659�

#0): 19� 56 315-9 +)5 *- 97-+1.1-, :0): ->:-5, .864 :0- %& 15:6 $���6<-83)? 9-+:165 68

<1+-�<-89)�

&6; +)5 56: 717-315- :0- �15+ �.68-/86;5, +6368 15+8-4-5:� 7)8)4-:-8 15  �!�
 .68

90),-, 315-9�

�. :8)597)8-5+? 19 -5)*3-,� :8)597)8-5: 71>-39 )8- 56: ,8)=5� :0): 19� 56 4-468? +?+3-

19 ->-+;:-, .68 :0-4� �5 ��� 9-81-9 9:):1659� 1. '�*;..-815/ 19 -5)*3-,� :8)597)8-5+?

:)2-9 78-+-,-5+- 6<-8 '�*;..-815/� 8-9;3:15/ 15 :8)597)8-5: 71>-39 8-:)1515/ :0-18 63,

'�<)3;-� 8-/)8,3-99 6. :0- '�+647)81965�
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CLINE
Continue Line After Clip

�/.3*.4& �*.& �'3&1 �,*0 ������� 1&%1"62 " 01&5*/42,8 %1"6. ".% $,*00&% ,*.& 42*.(

.&6 $,*00*.( #/4.%"1*&2�

�' " ,*.& *2 $,*00&%� 40%"3& ����� ".% ����� ".% *224& 3)& ����� $/--".%�

�/ ./3 0*0&,*.& 3)& ����� $/--".%� *3 *2 4.+./6. *' 3)& ,*.& 6*,, 23&0 /432*%& /' 3)&

6*.%/6� /1 *.3/ 6)*$) "1&" *3 6*,, (/ .&73�

Clipping rectangle

PARM6

PARM7

WindowPARM0

PARM1

PARM2

Initial Parameter Registers

����� �,*0��!� �,*0��! �00&1�,&'3 $//1%*."3&2 /' $,*00*.( 1&$3".(,&�

����� �,*0��!� �,*0��! �/6&1�1*()3 $//1%*."3&2 /' $,*00*.( 1&$3".(,&�

Register MSBytes LSBytes Description

Working Registers

Register MSB LSB Description

����
 ��!� ��! �411&.3 0/*.3&1 �$//1%*."3&2 /' 3)& ,"23 0*7&, %1"6.��

����� �&,3"!� �&,3"! �411&.3 .4-#&1 /' 0*7&,2 *. 3)& � ".%  %*1&$3*/.�

����	� �11/1!� �11/1! �1&2&.)"-�2 �11/1 *. � ".%  %*1&$3*/.�

����		 �*.$!� �*.$! �1&2&.)"-�2 �11/1 *.$1&-&.3 *. � ".%  %*1&$3*/.�

����	
 �$411!� �$411�!�� �411&.3 '/1&(1/4.% $/,/1 9 �. 2)"%&% ,*.&2� 3)& ��� $/.3"*.2

3)& *.3&(&1 0"13� *. ./.2)"%&% ,*.&2� 3)& ��� *2 3)& 2"-& "2 3)&

*.*3*", '/1&(1/4.% $/,/1 5",4& �*. ����
��
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Global Registers

%2/ ��� � -755+6. =;/; <2/ 07447?361 147,+4 :/13;</:;�

��$�

����

�"�%

"�*'��

Command Register

%2/ ��� � -755+6. =;/; <2/ 07447?361 �755+6. :/13;</: ,3<;�

Bit Mnemonic

�	 $����

��  !*��$%

�� )�&�*� ����

�� $!���

�� %#� $"�#� %


� '��*� ����


��
� �<<:3,=</;� ���"*�! %#!� �
��
��� ���"*$%!" �
��



�� �&*!"

��	 !" � �

Modes of Operation

%2/ ��� � -755+6. -+4-=4+</; <2/ 6/@< 83@/4 +..:/;; =;361 + 57.303/. �:/;/62+5�;

�417:3<25� %2/ -=::/6< 8736</: :/13;</: �"�#��� -76<+36; <2/ 4+;< 83@/4 <7 ,/ .:+?6�

+6. +< <2/ /6. 70 <2/ -755+6. ?344 /9=+4 7:3136�./;<36+<376�

%2/ 436/ 8+<</:6 ��"�%� :/13;</: 3; :/0/::/. <7� ;7 ;743. 436/; 5=;< 2+>/ <2/ 8+<</:6 70

���� ����� %2/ ;+5/ +:1=5/6< +8843/; <7 ;2+./. 436/;� %2/  !*��$% +<<:3,=</

4/+>/; <2/ �" +< <2/ ./;<36+<376 83@/4� ,=< .7/; 67< .:+? 3<�

Executing the CLINE Command

�7447? <23; 8:7-/.=:/ <7 /@/-=</ <2/ ��� � -755+6.�


� "744 <2/ ��" ,3< +6. <2/ � � ,3< 36 �$#	�

+� "744 <2/ ��" ,3< 36 �$#	� ?+3< 07: 3< <7 -4/+: <7 	�

+� "744 <2/ � � ,3< 36 �$#	� ?+3< 07: 3< <7 ;/< <7 
�

�� ":71:+5 <2/ 8+:+5/</: :/13;</:; �"�#�� +6. "�#��� +6. <2/ 147,+4 :/13;</:;�

"�#�� +6. "�#�� +:/ <2/ -4388361 ,7=6.+:3/;�

�� "744 <2/ �$( ,3< 36 �$#	 07: 	�


� ":71:+5 <2/ �755+6. :/13;</:� <2/ -755+6. ?344 /@/-=</ +=<75+<3-+44A�
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Interrupts

�*'/ 4*' %0/420--'2 %0.1-'4'3 4*' ����� %0..#/&� +4 )'/'2#4'3 # &2#7+/) &0/'

+/4'22514 ������

�( %-+11+/) +3 '/#$-'& #/& # 1+8'- +3 �1033+$-9� &2#7/ 0543+&' �02 +/3+&'� 4*' %-+11+/)

$05/&#2+'3� 4*' %0/420--'2 )'/'2#4'3 4*' %-+1 +/4'22514� ��*+3 +3 &'1'/&'/4 0/ 4*'

3'44+/) 0( 4*' %-+1 %0/420- #442+$54'3�� �( 4*' ����"���� $+4 +3 #-30 3'4� -+/' &2#7+/)

34013 #/& 4*' ��� $+4 +/ ���� +3 3'4�

Notes/Exceptions

�( 905 31'%+(9 4*' ��"���� (5/%4+0/� 4*' 1#44'2/ 10+/4'2 7+-- /04 +/%2'.'/4 (02 4*'

1+8'- /04 &2#7/�

�-4*05)* 4*' � (2#.' $5(('2 #/& 4*' ����06'2-#9 (2#.' $5(('2 3*#2' # %0..0/

%002&+/#4' 3934'. �7+4* 4*' ����06'2-#9 $'-07 4*' � #/& 34#24+/) #4 � � ��  �

	����� -+/'3 .534 $' &2#7/ '+4*'2 %0.1-'4'-9 +/ 4*' � 02 +/ 4*' ����06'2-#9 3'%4+0/3�

�*#4 +3� /0 -+/'3 %#/ $' 31'%+(+'& 4*#4 '84'/& (20. 4*' � +/40 ����06'2-#9 3'%4+0/ 02

6+%'�6'23#�

 05 %#/ /04 1+1'-+/' 4*' �+/% �(02')205/& %0-02 +/%2'.'/4� 1#2#.'4'2 +/ ����
 (02

3*#&'& -+/'3�

�( 42#/31#2'/%9 +3 '/#$-'&� 42#/31#2'/4 1+8'-3 #2' /04 &2#7/
 4*#4 +3� /0 .'.029 %9%-'

+3 '8'%54'& (02 4*'.� �( !�$5(('2+/) +3 #-30 '/#$-'&� 42#/31#2'/%9 4#,'3 12'%'&'/%'

06'2 !�$5(('2+/)� 2'35-4+/) +/ 42#/31#2'/4 1+8'-3 2'4#+/+/) 4*'+2 0-& !�6#-5'�

2')#2&-'33 0( 4*' !�%0.1#2+30/� �04' 4*#4 0/-9 	�� 3'2+'3 34#4+0/3 3511024

!�$5(('2+/) (02 *+&&'/ 352(#%' 2'.06#-�
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POLY
Polygon Assist

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

�%*'�(!��� �!�*'� ,!) ),% &�'�""�" (!��(� ,!) ) � &�'�""�" (!��( %$  %'!.%$)�" &"�$�(�

�,% )'�&�.%!�( �'� $����� )% �'�, � )'!�$�"� �(�� 
!�*'�������

� � ���� �%##�$�


• �*&&%')( �"�) ( ��!$� �$� �%*'�*� ( ��!$� �"!$��' !$)�'&%"�)!%$��

• �*&&%')( ()!&&"!$� �$� )'�$(&�'�$�-�

• �*&&%')( ��� �"!&&!$��

� � �%""%,!$� �!�*'� !""*()'�)�( ) � �"%��" &�'�#�)�'( ) �) #*() �� ���!$�� , �$

�'�,!$� � &%"-�%$�

PARM0 PARM6

PARM7

Window

Clipping rectangle

Screen

Figure 6–5  Global Elements of the POLY Command


!�*'����� !""*()'�)�( (%#� %� ) � "%��" &�'�#�)�'( *(�� !$ �'�,!$� � &%"-�%$�

����	� ) � !$!)!�" (��$� ���!$�( , �'� !$ ) � �"!&&!$� '��)�$�"� )% ���!$ ) � (��$� � �

�'�& !�( �%$)'%""�' !$�'�#�$)( ����	 ��)�' ��� (��$ )% (��$ �%,$ ) '%*� ) �

�"!&&!$� '��)�$�"�� �� ) � )%& %� ) � &%"-�%$ !( �"!&&��� ����	 ( %*"� ()�') ,!) ) �

(�#� +�"*� �( ����� �( %,$ !$ 
!�*'������� ) � )%& "��) �%'$�' %� ) � �"!&&!$�

'��)�$�"��
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xx,y

left slope right slope

Polygon A

PARM1 PARM2

POLY writes the polygon fill into memory using repetitive seeks and scans as defined by the
upper and lower bounds of the polygon.

Polygon A

Polygon B

Pixels

PARM10 PARM11
Scan Line

PARM10 and
PARM11 are the
same at this point.

Pixels

PARM9 and PARM 10

PARM11

Seek

Pixels

PARM9 and PARM 10

PARM11

Scan

Seek – Seeks the representative row in memory from right to
left through the polygon until it reaches  location outside the
left edge of the polygon.  As the seek passes through thre
polygon, it sets the pixels within the polygon.

Scan – Scans the representative row in memory from left to
right and sets the characteristics of the pixels.  Pixels that fall
within the polygon are assigned the appropriate
characteristics for that location.  The line is scanned until it
reaches a pixel located outside the polygon.

Figure 6–6  Local Elements of the POLY Command
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Initial Parameter Registers

Register MSBytes LSBytes Description

 �!�� �71/14(& �71/14(' $66-7�2-.9 +557,14)9-8 5. ,7)<14/ <14,5<�

 �!�	 �&	(� �&	(� "256- 5. 2-.9 -,/- �,=�,>��

 �!�
 �&
(� �&
(� "256- 5. 71/09 -,/- �,=�,>��

 �!�� ? �2)9 �57-/75:4, 61=-2 +5257 .57 .2)9 80),14/ �:4:8-,� 149-/-7��

 �!�� ��&(� ��&(� �49-4819> +0)4/- .57 ) 658191;- 89-6 14 90- &�,17-+9154�

 �!�
 ��'(� ��'(� �49-4819> +0)4/- .57 ) 658191;- 89-6 14 90- '�,17-+9154�

 �!�� �216#�(& �216#�(' #56�2-.9 +557,14)9-8 5. +216614/ 7-+9)4/2-�

 �!�� �216�!(& �216�!(' �59953�71/09 +557,14)9-8 5. +216614/ 7-+9)4/2-�

 �!�� "6(& "6(' �4191)2 8+)4 2-.93589 65149-7 �&� '��

 �!�	� �	(� �	(� &�;)2:- 5. 2-.9 -,/- 14 14191)2 8+)4�

 �!�		 �
(� �
(� &�;)2:- 5. 71/09 -,/- 14 14191)2 8+)4�

 �!�	� �8(� �8(� �49-4819> )9 8+)4 65149-7 �"6��

 �!�	� 44(	 44(
 �:3*-7 5. 8+)48 14 2-.9 )4, 71/09 -,/-8 �149-/-78��

 �!�	
  )974(&  )974(' "91662- 6)99-74 65149-7 �&� '��

��#� (� � �49-/-7 )4, (� � �7)+9154 <0-4 805<4 :4,-7 �"� )4, �"��

Working Registers

 �!�� �6(& �6(' �:77-49 61=-2 65149-7 �&� '��

 �!�� "6(& "6(' �:77-49 8+)4 2-.93589 65149-7 �&� '��

 �!�	� �	(� �	(� &�;)2:- 5. 90- 2-.9 -,/- 14 +:77-49 8+)4�

 �!�		 �
(� �
(� &�;)2:- 5. 90- 71/09 -,/- 14 +:77-49 8+)4�

 �!�	
 �+(� �+(� �49-4819> )9 +:77-49 61=-2�

 �!�	� �8(� �8(� �49-4819> )9 8+)4 65149-7 �"6��

��#� (� � �49-/-7 )4, (� � �7)+9154 <0-4 805<4 :4,-7 �"� )4, �"��

Register MSBytes LSBytes Description

Global Registers

#0-  ��' +533)4, :8-8 90- .5225<14/ /25*)2 7-/189-78�

����

��"�

 �(%�� �%�� .1-2,8 542>�

#0-  ��' +533)4, ,5-8 459 616-214- 7-/189-78� 90-7-.57- 9-89 90- �� *19 *-.57-

675/7)3314/ 90- 7-/189-78�
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Command Register

#1.  ��' ,866*7- =;.; <1. /8558?270 �866*7- :.02;<.: +2<;�

Bit Mnemonic


� "����

	� (�$�)������

	
�	� "�$!��) ����

	
�	� �255 ;<A5. +2<;� "���� �	
�� #!��" �!��# �		�� "#�  �� �	��

�� %��)������

����
 �<<:2+=<.;� ��� )���#!�� �����
�� ��� )"#� � � ����

���� �$)� 


�� � � �

Modes of Operation

#8 ,*5,=5*<. *--:.;;.; /8: 92@.5; 27;2-. <1. <:2*705.� <1.  ��' ,866*7- ;<.9; <1:8=01

.>.:A ;,*7 527. *7- .@.,=<.; /2:;< * ;..4� *7- <1.7 * ;,*77270 91*;.� �=:270 <1. ;..4

91*;.� <1. "9 � �!��� 9827<.: �?2<1 27<.7;2<A �;� 2; /2:;< 68>.- 5./< =7<25 2< 9827<; <8

<1. 92@.5 3=;< <8 <1. 5./< 8/ <1. 5./< .-0.� *7- <1.7 :201<� =7<25 2< 2; *< <1. /2:;< 92@.5 ?2<1

*7 &�>*5=. 0:.*<.: <1*7 <1. 5./< .-0. �*< <1. ;*6. <26.� <1. 27<.7;2<A 2; *-3=;<.-��

#1. �9 � �!��� 2; *;;207.- <1. >*5=. 8/ "9� *7- ;,*77270 ;<*:<;� 27,:.6.7<270 <1.

&�>*5=. 8/ �9 *7- <1. 27<.7;2<A �, � �!��	� =7<25 *55 92@.5; <8 <1. 5./< 8: *< <1. :201<

.-0. *:. -:*?7� %1.7 <1. .7- 8/ <1. ;,*7 527. 2; :.*,1.-� <1. '�>*5=. 8/ "9 2;

27,:.6.7<.-� *7- �; *-3=;<.-� *7- 77)� *7- 77)	 � �!���� *:. -.,:.6.7<.-� �/

.2<1.: 77)� 8: 77)	 +.,86. �� .@.,=<287 ;<89;� �<1.:?2;.� <1. .-0. 9827<.:; ��

� �!���� *7- �	 � �!���� *:. *-3=;<.- +A �&� � �!��� *7- �&	 � �!�	�� *7-

<1. 7.@< ;,*7 527. 2; <1.7 -:*?7�

�/ ;<2995270 2; .7*+5.-� .>.:A 92@.5 ?255 +. -:*?7 27 .2<1.: <1. /8:.0:8=7- ,858: �/5*< 8:

;1*-.-� 8: <1. +*,40:8=7- ,858: �<:*7;9*:.7<�� #1.  *<<.:7 9827<.: 6=;< 9827< <8 *

<25. *5207.- 27 * 
	 @ 
	 +8=7-*:A� #1. � 5.*;< ;2072/2,*7< +A<.; 8/ <1. ,*5,=5*<.- 92@.5

*--:.;; *:. *--.- �68-=58 
	� <8 <1. 9*<<.:7 9827<.:� *7- <1.7 <1. "�$!��) ����

2; =;.- <8 ;.5.,< * +2< 27 <1. 9*<<.:7 92@.5� ?12,1 <1.7 ;.5.,<; /8:.0:8=7- 8:

+*,40:8=7-�

Executing the POLY Command

�8558? <12; 9:8,.-=:. <8 .@.,=<. <1.  ��' ,866*7-�

��  855 <1. �� +2< 27 �"!�� ?*2< /8: 2< <8 ,5.*: <8 ��

	� %:2<. <1.  ��' 89,8-.� 5802, 89,8-.� *7- -.;2:.- *<<:2+=<.; 27<8 <1. �866*7-

:.02;<.:�


�  :80:*6 <1. 9*:*6.<.: :.02;<.:;  �!���  �!���  �!�
� �!���

 �!��� �!���� *7-  �!��
� �!����  �!��� �!�� *:. 89<287*5�

��  :80:*6  �!�	� #1.  ��' ,866*7- ?255 *=<86*<2,*55A .@.,=<. ?1.7  �!�	

2; ?:2<<.7 <8�



Programming the Color Graphics Subsystem

6–44 014–002076

�� �24 6,) 5)'21( ,%/* 2* 6,) 64-%1+/)�

%� �2// 6,) ��� &-6 -1 ���� *24 ��

&�  3(%6) ������ ������� ������� %1( �����
�


� �42+4%0 ����	� �,) ������ '200%1( 9-// %7620%6-'%//; ):)'76) 9,)1

����	 -5 94-66)1 62�

Interrupts

!,)1 6,) '21642//)4 '203/)6)5 6,) ���" '200%1(� -6 +)1)4%6)5 % (4%9-1+ (21)

-16)44736 ������

�* '/-33-1+ -5 )1%&/)( %1( % 3-:)/ -5 �3255-&/;� (4%91 2765-() �24 -15-()� 6,) '/-33-1+

&271(%4-)5� 6,) '21642//)4 +)1)4%6)5 6,) '/-3 -16)44736� ��,-5 -5 ()3)1()16 21 6,)

5)66-1+ 2* 6,) '/-3 '21642/ %664-&76)5��

Notes/Exceptions

�* 64%153%4)1'; -5 )1%&/)(� 64%153%4)16 3-:)/5 %4) 126 (4%91� 6,%6 -5� 12 0)024; ';'/)

-5 ):)'76)( *24 6,)0� �* #�&7**)4-1+ -5 %/52 )1%&/)(� 64%153%4)1'; 6%.)5 34)')()1')

28)4 #�&7**)4-1+� 4)57/6-1+ -1 64%153%4)16 3-:)/5 4)6%-1-1+ 6,)-4 2/( #�8%/7)�

4)+%4(/)55 2* 6,) #�'203%4-521� �26) 6,%6 21/; ��� 5)4-)5 924.56%6-215 5733246

#�&7**)4-1+ *24 ,-(()1 574*%') 4)028%/�

�,) ����$���� &-6 0756 &) � *24 6,-5 '200%1(�

�,) ����� &-6 9-// 28)44-() 6,) ����� &-6 %1( */%6 5,%(-1+ 9-// 2''74�



Programming the Color Graphics Subsystem

6–45014–002076

BITBLT
Bit Block Transfer

�'$ ������ "-++ ,# +-3$0 !*-")0 -% # 1 4(1'(, 1'$ %/ +$ !2%%$/� �'$ 1/ ,0%$/

. / +$1$/0  /$ 2..$/�*$%1 "--/#(, 1$0 -% 1'$ 0-2/"$  ,# #$01(, 1(-,  /$ 0  ,# 1'$

'$(&'1  ,# 4(#1' -% 1'$  /$ 0� �'$ "-*-/ &/ .'("0 "-,1/-**$/ "-+.21$0 -1'$/

. / +$1$/0�

������ " , "-.6 %/-+ %-,1 1 !*$0� ("-,0�  ,# . 11$/,0 01-/$# (,  , -%%�0"/$$, .-/1(-,

-% 1'$ %/ +$ !2%%$/�  ,# " , 0$1 4(,#-4 ��  ,#�-/ "-*-/ -3$/* 6 3 *2$0 (, 1'$

���-3$/* 6 %/ +$ !2%%$/ .* ,$0�

�'$ ������ "-++ ,#�

• �2..-/10 	
 01 ,# /# *-&(" -.$/ 1(-,0 #$%(,$# !6 1'$ � �(,#-4 �601$+�

• �2..-/10 % 01  /$ %(**0 4(1' 0$*$"1 !*$ .(5$* 3 *2$0�

• �2..-/10 �
 .(5$* 5 �
 .(5$* . 11$/,0�

• �2..-/10 "-*-/ $5. ,0(-, �01(..*(,&� %/-+  0(,&*$ 0$*$"1 !*$ 0-2/"$ .* ,$ (,1-

+2*1(.*$ .* ,$0� 4(1' -/ 4(1'-21 . 11$/,(,&�

• �2..-/10 0"/$$,�#--/ 1/ ,0. /$,"6 (, 01(..*$ +-#$�

• �2..-/10 ��� "*(..(,&�

PARM0

PARM1

PARM4

PARM2

Initial Parameter Registers

����� �/(&(,�� �/(&(,�� �..$/�*$%1 "--/#(, 1$0 -% #/ 4(,& 4(,#-4�

����	 �-2/"$�� �-2/"$�� �..$/�*$%1 "--/#(, 1$0 -% ������ 0-2/"$ /$"1 ,&*$�

����
 �$01�� �$01�� �..$/�*$%1 "--/#(, 1$0 -% ������ #$01(, 1(-, /$"1 ,&*$�

����� �-/$ �-/$&/-2,# .(5$* "-*-/ �%-/ 0-*(# %(**0  ,# %-/$&/-2,# "-*-/

#2/(,& 01(..*(,&��

����� �(7$�� �(7$�� �(#1'  ,# '$(&'1 -% ������ /$"1 ,&*$�

Register MSBytes LSBytes Description



Programming the Color Graphics Subsystem

6–46 014–002076

Working Registers

�� �� � 6<9 �;4*-8 6. 86<9 8-4)1515/ :6 *- :8)59.-88-,�

�;8$8 �;4*-8 6. 71=-39 <68,9 8-4)1515/ :6 *- <81::-5 :6 :0- +;88-5:

,-9:15):165 86<�

�� �� �6368 �67> 6. .68-/86;5, +6368 8-/19:-8�

�;8 , �;4*-8 6. 71=-39 <68,9 8-4)1515/ :6 *- 8-), .864 :0- +;88-5:

96;8+- 86<�

�� ��� �;8!8+(% �;8!8+(& �;88-5: 96;8+- :8)59.-8 +668,15):-9�

�� ��� �;8�9:(% �;8�9:(& �;88-5: ,-9:15):165 :8)59.-8 +668,15):-9�

�� ��	 $ <,9 �;4*-8 6. ,-9:15):165 71=-3 <68,9 :6 *- <81::-5 :6 -)+0 86<�

�� ��
  �<,9 �;4*-8 6. 96;8+- 71=-3 <68,9 :6 *- 8-), .864 -)+0 86<�

�� ��� "%98+(% "%98+(& "8)593):-, +668,15):-9 6. 96;8+- 8-+:)5/3- ).:-8 ),2;9:15/ .68

9+)5 ,18-+:165�

�� ��� "%,9:(% "%,9:(& "8)593):-, +668,15):-9 6. ,-9:15):165 )8-) 8-+:)5/3- ).:-8

),2;9:15/ .68 9+)5 ,18-+:165�

Register MSBytes LSBytes Description

Global Registers

"0- ��"��" +644)5, ;9-9 :0- .6336<15/ /36*)3 8-/19:-89�

����

��!�

��($�� �$�� .1-3,9 653>�

Command Register

"0- ��"��" +644)5, ;9-9 :0- .6336<15/ �644)5, 8-/19:-8 *1:9�

Bit Mnemonic

	� '�#�(������

	
�	� !�# ��(�����

	
�	� �133 9:>3- *1:9� !���� �	
�� " ��!�� ��" �		�� !"����� �	��

	� � ��(��""� �

�� $��(������

���� �#(��


�� �� � �



Programming the Color Graphics Subsystem

6–47014–002076

Modes of Operation

�)& �0.."/% 3&(*45&3 %&'*/&4 8)*$) 0' '063 .0%&4 5)& ������ $0.."/% 64&4 <

�03."-� �3&"!'*--� �5*11-&� 03 �"55&3/�

Normal �4&% 8)&/ /0/& 0' 5)& �0.."/% 3&(*45&3 #*54 *4 4&5� �)*4 .0%& .0%*'*&4

1*9&- 7"-6&4 8*5)*/ 5)& %&45*/"5*0/ 3&$5"/(-& "$$03%*/( 50 5)& $633&/5 -0(*$

6/*5 01&3"5*0/ $0%& ���!���� �)& 1*9&- 7"-6&4 83*55&/ "3& " �00-&"/

'6/$5*0/ 0' 4063$& "/% %&45*/"5*0/ 1*9&- 7"-6&4�

Area_fill �4&% 8)&/ 5)& ����� #*5 *4 4&5� �&46-54 */ 5)& %&45*/"5*0/ 3&$5"/(-&

#&*/( '*--&% 8*5) 5)& 1*9&- $0-03 7"-6& 41&$*'*&% */ 5)& -&"45 4*(/*'*$"/5 #:5&

0' ����� ������� �)& �������� ������������ "/% ��!�� #*54 "3&

*(/03&%� �3&"!'*-- 01&3"5*0/4 %0 /05 /&&% 50 "$$&44 4063$& %"5"�

Stipple �4&% 8)&/ 5)& ������� #*5 *4 4&5� �91"/%4 5)& $0-03 0' " 4*/(-&�#*5

1-"/& */50 .6-5*1-&�#*5 1-"/&4� �&-&$5 5)& 4063$& 1-"/& 50 #& &91"/%&%

8*5) 5)& ��#*5 ������!����� '*&-% 0' 5)& �0.."/% 3&(*45&3� �)&

1*9&- 7"-6&4 64&% '03 $0-03 &91"/4*0/ "3& 4611-*&% #: 5)& ����� �������

"/% ���� 3&(*45&34� �)& ���� "/% ���� $0-034 $033&410/% 50 	4 "/% �4

3&41&$5*7&-:� "4 3&"% '30. 5)& 4063$& 1-"/&� �*.*-"3-:� 8*5) 5)& �������

"/% ����������� #*54 4&5� " ;4$3&&/�%003� 53"/41"3&/$: 8*-- 3&46-5

#: 64*/( &9*45*/( %&45*/"5*0/ %"5" */ 1-"$& 0' 5)& ���� $0-03 '03 4063$&

1-"/& �4�

�/ .6-5*1-& $0-03 (3"1)*$4 803,45"5*0/4� &"$) $0/530--&3 .645 )"7& " $01:

0' 5)& 45*11-& 1"55&3/ */ 0/& 0' *54 '3".& #6''&3 1-"/&4� �"55&3/*/( "/%

��!�1 #*54 "''&$5 5)& 01&3"5*0/ 0' 5)*4 .0%&
 "/% 5)& ����� #*5 .645 #&

$-&"3�

Pattern �)& ������ %&45*/"5*0/ 3&$5"/(-& *4 .0%*'*&% #"4&% 0/ " 4063$& 1"55&3/�

/03."--: 4503&% */ "/ 0''�4$3&&/ 1035*0/ 0' 5)& '3".& #6''&3� �)& 4063$&

1"55&3/4 "3& 3&453*$5&% 50 " �
 1*9&- 9 �
 1*9&- 3&$5"/(-& "/% .645 #&

"-*(/&% 50 �
�1*9&- '3".& #6''&3 #06/%"3*&4 */ #05) � "/%  � 46$) 5)"5

4$3&&/ $003%*/"5& #*54 ����� "/%  �� � .645 &26"- �� �"55&3/4 "3&

'6--�%&15) 1*9&- 7"-6&4
 8*5) 5)& ������� #*5 4&5� 4*/(-&�1-"/& 1"55&3/4

$"/ #& 64&% "4 4063$&4 '03 45*11-*/(� 64*/( ���� "/% ���� "4 %&4$3*#&%

*/ 5)& 13&7*064 �5*11-*/( %&4$3*15*0/� �)& �������� ����������� �

"/% ��!�1 #*54 "''&$5 5)& 1"55&3/ .0%&
� "/% 5)& ����� #*5 .645 #&

$-&"3&% 50 �� �"55&3/4 8*5)*/ 5)& %&45*/"5*0/ 3&$5"/(-& $"/ #& "-*(/&% #:

41&$*':*/( 5)& "113013*"5& "%%3&44 0' 5)& 4063$& 1"55&3/� �: 41&$*':*/(

5)& 611&3�-&'5 $003%*/"5& 0' 5)& 4063$&� "-*(/.&/5 0' 1"55&3/4 8*-- #& 0/ "

1&3 0#+&$5 #"4*4� 8)&3&"4 41&$*':*/( 5)& "113013*"5& 10*/5 8*5)*/ 5)&

1"55&3/ 8*-- 3&46-5 */ "-*(/.&/5 0/ " 4$3&&/ #"4*4�



Programming the Color Graphics Subsystem

6–48 014–002076

Executing the BITBLT Command

�7447? <12; 8:7,.-=:. <7 .@.,=<. <1. ��"��" ,755*6-�

	� �/ 6.,.;;*:A� =8-*<. <1. 047+*4 :.02;<.:; *; -.;,:2+.- 26 	* *6- 	+� 7<1.:?2;.

,76<26=. ?2<1 ;<.8 
�

*� �744 <1. ��� +2< 26 �! �� ?*2< /7: 2< <7 ,4.*: <7 ��

+� #8-*<. <1. 047+*4 :.02;<.:;� <1.6 8:7,..- <7 ;<.8 
�


� �744 <1. �!' +2< 26 �! �� ?*2< /7: 2< <7 ,4.*: <7 ��

�� �:70:*5 <1. �755*6- :.02;<.: ?2<1 <1. ��"��" 78,7-.� 4702, 78,7-.� *6-

*<<:2+=<.;�

�� �:70:*5 �� ��� �� �	� �� �� *6- �� ���


� �:70:*5 �� �
� "1. ��"��" ,755*6- ?244 *=<75*<2,*44A .@.,=<. ?1.6

�� �
 2; ?:2<<.6 <7�

Interrupts

%1.6 <1. ,76<:744.: ,7584.<.; * +2< +47,3 <:*6;/.:� 2< 0.6.:*<.; * -:*?260 -76.

26<.::=8< ������

Notes/Exceptions

"1. ��"��" ,755*6- ,*6 57>. <.@< <7 /:75 <*+4.; ;<7:.- 26 *6 7//�;,:..6 87:<276 7/

<1. /:*5. +=//.:� "7 *,12.>. 78<25=5 ,1*:*,<.: <:*6;/.: :*<.;� *4206 <1. ,1*:*,<.:; 26

<1. /:*5. +=//.: 76 ��82@.4 ,74=56 +7=6-*:2.; ;7 <1*< <1. ;,:..6 ,77:-26*<.; &
�&�

� ��

�=:260 * ��"��"� <1. &' �4288260 57-. 2; 67< *>*24*+4.� �7?.>.:� %26-7? ��

,4288260 2; ;=887:<.-�

!.<<260 <1. �755*6- :.02;<.: ()�6*+4. +2< -7.; 67< *//.,< ��"��" 78.:*<276;� �/ <1.

!���� +2< 2; *4;7 ;.<� <1. ,75+26*<276 ;.4.,<; <1. (�+=//.: 0*<. *::*A C/*;< �4.*:�

57-. <7 9=2,34A ;.< <1. (�+=//.: <7 * -.;2:.- >*4=.�

��"��" 78.:*<276; ?244 /*24 2/ * ;7=:,. *:.* ;<*:<; ?2<126 �� 82@.4; 7/ * +*63 +7=6-*:A

26 <1. & -2:.,<276� "1. +*63 +7=6-*:A 7,,=:; .>.:A 
	
 17:2B76<*4 82@.4; /7: ���@�

$ ��; *6- .>.:A 
� 17:2B76<*4 82@.4; /7: 

��@� $ ��;�



Programming the Color Graphics Subsystem

6–49014–002076

RXFER
Read Transfer

�*' � ��� %/--#.& %/.42/,3 4*' 42#.3('2 /( &#4# (2/- 4*' (2#-' $5(('2 4/ 4*' �$53�

�/ 0'2(/2- # 2'#& 42#.3('2�

�� �0'%+(8 4*' *'+)*4� 6+&4*� #.& 500'2�,'(4 %//2&+.#4'3 /( 4*' 42#.3('2 #2'#�

	� �'#& 4*' 2'35,4+.) &#4# (2/- 4*' �#4#0/24 2')+34'2 �������


� �*' )2#0*+%3 %/.42/,,'2 )'.'2#4'3 4*' (2#-' $5(('2 #&&2'33'3 #.& -'-/28 %8%,'3�

02'('4%*'3 4*' 2'15'34'& &#4#� #.& #6#+43 4*' 35$3'15'.4 �$53 #%%'33�

Initial Parameter Registers

Register MSBytes LSBytes Description

����� �2+)+." �2+)+."! �00'2�,'(4 %//2&+.#4'3 /( &2#6+.) 6+.&/6�

����	 �.42" �.42"! �00'2�,'(4 %//2&+.#4'3 /( 42#.3('2 2'%4#.),'�

����� �+9'" �+9'"! �+&4* #.& *'+)*4 /( 42#.3('2 2'%4#.),'�

Working Registers

����
 �#&23" �#&23"! �522'.4 #&&2'33 /( (2#-' $5(('2 2'#& &#4#�

����� �3+9'" �3+9'"! �522'.4 3+9' /( 2'-#+.+.) 42#.3('2 #2'#�

������  '.4 �5-$'2 /( 0+7',3 0'2 2/6 /( 42#.3('2 #2'#�

������ �'(4"  #&&2'33 #4 ,'(4 '&)' /( 42#.3('2 #2'#�

�����	 �#&23" �#&23"! �&&2'33 /( ,#34 ('4%*'& (2#-' $5(('2 6/2& �53'& #3 %522'.4

#&&2'33 6*'. 2'35-+.) %/--#.&��

�����
 �3+9'" �3+9'"! �+9' /( 42#.3('2 2'%4#.),' 02+/2 4/ ,#34 (2#-' $5(('2 2'#& �53'& #3

%522'.4 3+9' 6*'. 2'35-+.) %/--#.&��

Register MSBytes LSBytes Description

Global Registers

�*' � ��� %/--#.& 53'3 /.,8 4*' ���� 2')+34'2�

Command Register

�*' � ��� %/--#.& 53'3 4*' (/,,/6+.) �/--#.& 2')+34'2 $+43�

Bit Mnemonic


�� �� � �



Programming the Color Graphics Subsystem

6–50 014–002076

Modes of Operation

�)& � ��� $/--".% )"3 ./ 30&$*", -/%&3 /' /0&2"4*/.� �.$& 4)& $/--".% *3

*.*4*"4&%� 4)& 2&15&34&% '2"-& #5''&2 %"4" $". #& *--&%*"4&,8 2&"% '2/- 4)& �"4"0/24

2&(*34&2� !/5 %/ ./4 .&&% 4/ 0/,, 4)& ��! /2 ��� #*43 *. ����� �)& 2&"% %"4" /2%&2*.(

6*,, #& '2/- ,&'4�4/�2*()4� 4/0�4/�#/44/- 6*4)*. 4)& 30&$*'*&% 42".3'&2 "2&"� �"$)

2&"% "$$&33 6*,, 2&35,4 *. /.& %"4" #*4 0&2 -&-/28 0,".&� %"4" 6*,, #& 2*()4 +534*'*&%

6*4)*. 4)& 6/2%� 35$) 4)"4 #*4 � $/22&30/.%3 4/ 0,".& �� #*4 � 4/ 0,".& �� ".% 3/ /.�

�/4& 4)"4 8/5 $". ./4 0*0&,*.& � ��� $/--".%3� �.$& 4)& $/--".% *3 42*((&2&%� *4

-534 $/-0,&4& ���� � �� #&'/2& 8/5 *335& "./4)&2 $/--".%�

Executing the RXFER Command

�/,,/6 4)*3 02/$&%52& 4/ &7&$54& 4)& � ��� $/--".%�

�� �/,, 4)& ��! #*4 *. ���� '/2 ��

	� �2*4& 4)& � ��� /0$/%& *.4/ 4)& �/--".% 2&(*34&2�


� �2/(2"- 4)& 0"2"-&4&2 2&(*34&23 ����� ".% ������

�� �2/(2"- ����	� �)& � ��� $/--".% 6*,, "54/-"4*$",,8 &7&$54& 6)&. ����	

*3 62*44&. 4/�

�� �&"% 4)& 2&15&34&% '2"-& #5''&2 %"4" '2/- 4)& �"4"0/24 2&(*34&2� �,, 30&$*'*&%

6/2%3 -534 #& 2&"%� /4)&26*3& 8/5 -534 2&3&4 4)& $/,/2 (2"0)*$3 $/.42/,,&2 4/

4&2-*."4& 4)& $/--".%�


� �"*4 '/2 4)& ��� #*4 *. ���� 4/ $,&"2 #&'/2& &7&$54*.( "./4)&2 $/--".%�

Interrupts

�)&. 4)& $/.42/,,&2 $/-0,&4&3 4)& � ��� $/--".%� *4 (&.&2"4&3 " %2"6*.( %/.&

*.4&22504 ������

Notes/Exceptions

!/5 -534 2&"% ",, 0*7&,3 2&15&34&% #&'/2& 34"24*.( ".8 /4)&2 $/--".%� /4)&26*3& *4

6*,, #& .&$&33"28 4/ 2&3&4 /2 34/0 4)& $/,/2 (2"0)*$3 $/.42/,,&2�



Programming the Color Graphics Subsystem

6–51014–002076

WXFER
Write Transfer

 -* "5.7*  5&16+*5 �"#���� (200&1) (21752/6 7-* 75&16+*5 2+ )&7& +520 6<67*0

0*025< 72 7-* +5&0* '8++*5�  -* -267 &33/.(&7.21 +.567 63*(.+.*6 7-* -*.,-7� :.)7-� &1)

833*5�/*+7 (225).1&7* 2+ 7-* 7&5,*7 +5&0* '8++*5 &5*&� 7-*1 :5.7*6 7-* 5*48.5*) )&7&

.172 7-* �&7&3257 5*,.67*5�  -* (21752//*5 ,*1*5&7*6 7-* &(78&/ +5&0* '8++*5 &))5*66*6

&1) 0*025< (<(/*6 &1) 3*5+2506 '8++*5*) :5.7*6 2+ 7-* �'86 )&7&�  -* 23*5&7.21 2+

7-* "#��� (200&1) 5*6*0'/*6 7-&7 2+ & �� �� (200&1) :.7- 7-* -267 5&7-*5 7-&1

7-* +5&0* '8++*5 &6 7-* )&7& 6285(*� �((25).1,/<� 0267 2+ 7-* �� �� )5&:.1, 02)*6

&5* &9&./&'/*�

Initial Parameter Registers

Register MSBytes LSBytes Description

����� �5.,.1%# �5.,.1%$ !33*5�/*+7 (225).1&7*6 2+ )5&:.1, :.1)2:�

����	 �175%# �175%$ !33*5�/*+7 (225).1&7*6 2+ 75&16+*5 5*(7&1,/*�

����
 �25* �25*,5281) (2/25 9&/8* �86*) .1 #$�02)*��

����� �.=*%# �.=*%$ ".)7- &1) -*.,-7 2+ 75&16+*5 5*(7&1,/*�

����� �/.3 �%# �/.3 �%$ !33*5�/*+7 (225).1&7*6 2+ (/.33.1, 5*(7&1,/*�

����
 �/.3��%# �/.3��%$ �2:*5�5.,-7 (225).1&7*6 2+ (/.33.1, 5*(7&1,/*�

Working Registers

����� �&)56%# �&)56%$ �855*17 &))5*66 2+ +5&0* '8++*5 :5.7* )&7&�

����� �6.=*%# �6.=*%$ �855*17 6.=* 2+ 5*0&.1.1, 75&16+*5 &5*&�

������ #*17 �80'*5 2+ 3.;*/6 3*5 52: 2+ 75&16+*5 &5*&�

������ �*+7%# # &))5*66 &7 /*+7 *),* 2+ 75&16+*5 &5*&�

�����
 �6.=*%# �6.=*%$ �.=* 2+ 75&16+*5 5*(7&1,/* &+7*5 7-* /&67 +5&0* '8++*5 :5.7* �86*)

&6 (855*17 6.=* :-*1 5*680.1, (200&1)��

Register MSBytes LSBytes Description

Global Registers

 -* "#��� (200&1) 86*6 7-* +2//2:.1, ,/2'&/ 5*,.67*56�

����

�� �

����

��%"�� �"�� +.*/)6 21/<�
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Command Register

!/, #$��� *533(4+ :8,8 9/, -5225<04. �533(4+ 7,.089,7 )098�

Bit Mnemonic

	
�	� �022 89=2, )098�  ���� �	
�� !��� �����! �		��  !����� �	��

�� #��'������

��� �� �9970):9,� ����'���!���

���
 �"'��


�� �� � �

Modes of Operation

�,6,4+04. 54 9/, 8,9904. 5- *,79(04 )098 04 9/, �533(4+ 7,.089,7� 9/, #$���

*533(4+ 56,7(9,8 04 54, 5- -5:7 35+,8 > &�35+,� $%�35+, �<09/5:9 97(486(7,4*=�

$%�35+, �<09/ 97(486(7,4*=�� (4+ �206604.�

!/, -5225<04. +,9(028 (662= 95 (22 35+,8 5- 9/, #$��� *533(4+� �4*, ( #$���

*533(4+ 08 970..,7,+� 9/, �):8 +(9( *(4 ), 033,+0(9,2= <7099,4 0495 9/, �(9(6579

7,.089,7� %5: +5 459 4,,+ 95 7,6,(9,+2= 6522 9/, � �� � % 57 ��� )098� %5: *(4 459

606,204, #$��� *533(4+8� �4*, 9/, *533(4+ 08 970..,7,+� 09 3:89 *5362,9, ���� �

�� ),-57, =5: 088:, (459/,7 *533(4+�

Z–MODE
�4 9/08 35+, 9/, -7(3, ):--,7 08 <7099,4 <09/ +(9( <57+8 8:6620,+ )= 9/, �):8�

!/, <709, +(9( 57+,704. <022 ), -753 2,-9�95�70./9� 956�95�)59953 <09/04 9/,

86,*0-0,+ 97(48-,7 (7,(� !/, ���� (4+ ����
 -57,.75:4+ *52578 (7, 0.457,+ (4+

4,,+ 459 ), 86,*0-0,+ 04 9/08 35+,� �(*/ �):8 <709, <022 7,8:29 04 54, +(9( )09

<7099,4 6,7 3,357= 62(4,� +(9( <022 ), 70./9�1:890-0,+ <09/04 9/, <57+� 85 9/(9 )09

� *577,8654+8 95 62(4, �� )09 � 95 62(4, �� (4+ 85 54�

XY–MODE (without transparency)
�*90;(9, 9/08 35+, )= 8,9904. 9/,  !����� )09 04 9/, �533(4+ 7,.089,7� !/,

;(2:, 5- +(9( <57+8 <7099,4 95 9/, -7(3, ):--,7 <022 ), 86,*0-0,+ )= 9/, �):8 +(9(

)09 �� </,7, ( ;(2:, 5- � (4+ � *577,8654+ 95 9/, ���� (4+ ���� *5257 7,.089,78

7,86,*9-:22= (8 +(9( 85:7*,8� �):8 +(9( )098 
��� (7, 0.457,+ 04 9/08 35+,�

XY–MODE (with transparency)
�*90;(9, 9/08 35+, )= 8,9904. 9/,  !����� (4+ !��� �����! )098 04 9/,

�533(4+ 7,.089,7� �8 04 9/, 45497(486(7,49 35+,� 9/, ;(2:, 5- +(9( <57+8

<7099,4 95 9/, -7(3, ):--,7 <022 ), 86,*0-0,+ )= 9/, �):8 +(9( )09 �� </,7, ( ;(2:,

5- � *577,8654+8 95 9/, ���� *5257 7,.089,7 (8 9/, +(9( 85:7*,� ( ;(2:, 5- ��

/5<,;,7� 86,*0-0,8 9/(9 9/, 570.04(2 +(9( (9 9/, +,8904(9054 7,3(04 :435+0-0,+�

�):8 +(9( )098 
��� (7, 0.457,+ 04 9/08 35+,�
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CLIPPING
�/*&5.1, 7-* ����%������ '.7 .1 7-* �200&1) 5*,.67*5 :.// 7851 21 7-* (/.3

+81(7.21� 7-* ����%����! '.7 .1 7-* �200&1) 5*,.67*5 (21752/6 (/.33.1, 5*/&7.9*

72 7-* )*+.1*) (/.3 5*(7&1,/*� �/.33*) �'86 )&7& :25)6 &5* +/86-*) :.7-.1 7-* (2/25

,5&3-.(6 (21752//*5� &1) .+ *1&'/*)� & �/.3 �17*55837 :.// '* ,*1*5&7*) &7 7-.6 7.0*�

�27* 7-&7 7-* � ��%��� ��!� +81(7.21 ��200&1) 5*,.67*5� .6 .,125*)� &1)

7-&7 7-* ��� '.7 .1 ���� -&6 12 6.,1.+.(&1(* )85.1, *;*(87.21 2+ 7-* "#���

(200&1)�

Executing the WXFER Command

�2//2: 7-.6 352(*)85* 72 *;*(87* 7-* "#��� (200&1)�

	� �2// 7-* ��$ '.7 .1 ���� +25 ��


� �52,5&0 7-* �200&1) 5*,.67*5�

�� �52,5&0 ����� �)*+.1.1, 75&16+*5 &5*&�� ����� �+25*,5281) (2/25 = +25

#$�02)* 21/<�� ������ ����� �(/.3 5*(7&1,/* = 21/< :.7- (/.33.1, *1&'/*)�

&1) ������

�� �52,5&0 ����
�  -* "#��� (200&1) :.// &8720&7.(&//< *;*(87* :-*1

����
 .6 :5.77*1 72�


� "5.7* 68((*66.9*/< 72 7-* �&7&3257 5*,.67*5� �// )&7& 63*(.+.*) 0867 '* :5.77*1�

27-*5:.6* <28 0867 5*6*7 7-* (2/25 ,5&3-.(6 (21752//*5 72 7*50.1&7* 7-* (200&1)�

�� "&.7 +25 7-* ��� '.7 .1 ���� 72 (/*&5 '*+25* *;*(87.1, &127-*5 (200&1)�

Interrupts

 -* "#��� (200&1) ,*1*5&7*6 )5&:.1, )21* ����� &1) �/.3 .17*558376�  -* ���

.17*55837 .6 &66*57*) &+7*5 75&16+*5 2+ 7-* /&67 :25) +520 7-* -267�  -* �/.3 .17*55837

:.// '* ,*1*5&7*) :-*1 (/.33.1, .6 *1&'/*) &1) & (/.3 '281)&5< .6 *1(2817*5*) )85.1,

+5&0* '8++*5 :5.7.1,�

Notes/Exceptions

$28 0867 :5.7* &// 3.;*/6 5*48*67*) '*+25* 67&57.1, &1< 27-*5 (200&1)� 27-*5:.6* .7

:.// '* 1*(*66&5< 72 5*6*7 25 6723 7-* (2/25 ,5&3-.(6 (21752//*5�
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Programming the Frame Buffer
 -* ,5&4-.(6 (3275300*5 1&< 453,5&1 7-* +5&1* '8++*5 &6 7-* 5*6807 3+ &2 34*5&7.32� 35

7-* ,5&4-.(6 453,5&1 1&< 453,5&1 7-* +5&1* '8++*5 9.& 7-* ,5&4-.(6 (3275300*5�

 -* +5&1* '8++*5 .6 & (327.,8386 '03(/ 3+ 1*135< 35,&2.=*) .273 (3035 40&2*6 &2)

39*50&< 40&2*6� �3035 40&2*6 (327&.2 (3035 )&7& &2) 39*50&< 40&2*6 7*1435&5.0< 6735*

684*5.1436*) .1&,*6 :.7-387 )*6753<.2, 7-* 82)*50<.2, .1&,*6� �3035 )&7& 3((84.*6

&))5*66*6 �


 



 � �
�� ����� &2) 39*50&< )&7& 3((84.*6 &))5*66*6 ��

 



 �

���� �����

�9*50&< 40&2*6 &5* +35 7-* (85635� 434>84 1*286� &2) (0.44.2, 73 2325*(7&2,80&5

:.2)3: '382)&5.*6�

Frame Buffer Size

".7- �>'.7 (3035� 7-* +5&1* '8++*5 .6 ��
� ; �
�� 4.;*06 ; �
 '.76	4.;*0 �� '.76 (3035 )&7&

&2) � '.76 39*50&< )&7&�� �20< 7-* 0*+71367 ���
 ; �
�� 4.;*06 &44*&5 32 7-* 6(5**2�

7-* 5*1&.2.2, ��� ; �
�� 4.;*06 &5* &9&.0&'0* +35 6735.2, +3276� 67.440* 4&77*526� 7.0*

4&77*526� &2) �! )&7&�

".7- ��>'.7 (3035� 7-* +5&1* '8++*5 .6 �
�� 53:6 �5&67*56� ; �
�� (308126 ; �� '.76	4.;*0

��� '.76 (3035 )&7& &2) � '.76 39*50&< )&7&�� �20< 7-* 0*+71367 ���
 ; �
�� 4.;*06

&44*&5 32 7-* 6(5**2� 7-* 5*1&.2.2, ��� ; �
�� 4.;*06 &5* &9&.0&'0* +35 6735.2, +3276�

67.440* 4&77*526� 7.0* 4&77*526� &2) �! )&7&�

"-*2 :5.7.2, 73 35 5*&).2, +531 7-* +5&1* '8++*5� 86* 
� '.7 :35)6 &0.,2*) 32 :35)

'382)&5.*6� 37-*5 &((*66*6 &5* 237 &003:*) &2) 1&< ,*2*5&7* 8286&'0* )&7&� �&(-

&((*66 5*&)6 35 :5.7*6 )&7& +35 32* 4.;*0� �,235* 8286*) '.76 :-*2 5*&).2, +531 7-*

+5&1* '8++*5�

 3 +.2) 387 7-* 6.=* 3+ 7-* +5&1* '8++*5� 5*&) 7-* ����%� '.76 3+ 7-* ���� 5*,.67*5 �6**

7-* )*6(5.47.32 3+ ������

Frame Buffer Addresses

 -* &))5*66 3+ *&(- 4.;*0 (&2 '* (&0(80&7*) &6 +3003:6�

&))5*66 � '&6* &))5*66 � � � � $ � �
�� � � # � � � �

:-*5*�

• 7-* '&6* &))5*66*6 &5*�

�


 



 +35 7-* +5&1* '8++*5

��

 



 +35 7-* 39*50&< 40&2*6

��

 



 +35 7-* %>'8++*5

• # &2) $ &5* 7-* 6(5**2 (335).2&7*6 3+ 7-* 4.;*0� # &2) $ &5* 
 &7 7-* 734 0*+7 4.;*0

&2) .2(5*1*27 &(5366 �#� &2) )3:2 �$� 7-* 6(5**2
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Frame Buffer Access Restrictions
��� ����� � ���� ����!��# � �� �� ��������� ������ ��������� ��� ����� � �����

������ ��������� ��� ����� � ����� ������� ��� ���� ����� ��� ��� ����� � ���� �����#

������ ��� ����������� �� ��������� ��� ������ ��� ���������� ��

�� �	��	��

��������� ��� ����� � ���� ���"� ���"��� ��� � �� 	�� ���� ����������� �� #� 

������ ���# ��� ������# ������� ����� � ���� ��������� �� � �� 	�� ���� ��# ���

�������� � ���� � 
�	�
��



Programming the Color Graphics Subsystem

6–56 014–002076

Programming the Lookup Table
�( &3#8+/) # (+'-& 5*#5 +4 #-- 0/' %0-03� 5*' (3#.' $6(('3 10+/5'34 (03 5*#5 %0-03 10+/5 50

5*' 4#.' ��� -0%#5+0/� �*+4 '/#$-'4 5*' 130)3#..'3 50 %*#/)' 5*' %0-03 0( # (+'-& $:

%*#/)+/) 5*' 0/' %0-03 7#-6' +/ 5*' ����

�*' ��� %#/ $' -0#&'& &63+/) 7'35+%#- $-#/, +/5'37#-4�  +&'0 .'.03: %:%-'4 #3'

/''&'& 8*'/ -0#&+/) 5*' ���� 5*'3'(03' 5*' &3#8+/) +/ 130)3'44 8+-- 4-08 &08/ 8*+-'

-0#&+/) 5*' 1#-'55'�

�4+/) �;$+5 %0-03� 5*' �5��� *#4 # 	�
 %0-6./ 9 	� 308 %0-03 1#-'55'� �30)3#..+/) 5*'

'/5+3' %0-03 1#-'55' 3'26+3'4 �
� �	�
 %0-6./4 9 
 �;$+5 3084� '/53+'4�

�4+/) 	�;$+5 %0-03� '#%* 0( 5*3'' �5�
�4 *#4 # ��	� %0-6./ 9 � 308 %0-03 1#-'55'�

�30)3#..+/) 5*' '/5+3' %0-03 1#-'55' 0( 5*' 5*3'' �5�
�4 3'26+3'4 
��	 ���	� %0-6./4

9 
 �5�
�4� �;$+5 '/53+'4�

Automatic LUT Load (ALL)
�650.#5+% ��� -0#& ����� #650.#5+%#--: -0#&4 (3#.'�$6(('3 3'4+&'/5 %0-03 1#-'55'4

+/50 5*' ���� �*' �#-'55'"� �0+/5'3 ������� �#-'55'"� �0+/5'3 ������� #/& �����

3')+45'34 %0/530- 5*' ����

��� 46110354 �#-'55' �0#&+/) #/& �-+/,+/)�

• �#-'55' �0#&+/) $')+/4 #5 5*' -'#&+/) '&)' 0( 5*' 7'35+%#- $-#/, 1'3+0& (0--08+/) #/

��� %0..#/& #/& %0/5+/6'4 8+5*065 (635*'3 *045 +/5'37'/5+0/� �*' %0-03 )3#1*+%4

%0/530--'3 #650.#5+%#--: 3'#&4 5*' 1#-'55' '/53+'4 (30. 5*' (3#.'�$6(('3 #/& 83+5'4

5*'. 50 5*' ���� �*' '/5+3' 1#-'55' 53#/4('3 %0.1-'5'4 8+5*+/ # 7'35+%#- $-#/,�

5*'3'$: 13'7'/5+/) 6/&'4+3#$-' 0/�4%3''/ #35+(#%54�

• �-+/,+/) (6/%5+0/4 -+,' �#-'55' �0#&+/)� $65 +/45'#& 0( -0#&+/) 5*' 1#-'55' 0/%'�

-0#&+/) +4 %0/5+/6064� #-5'3/#5+/) $'58''/ 580 %0-03 1#-'55'4� 5*64 130&6%+/) 5*'

$-+/,+/) '(('%5� �*' &+41-#: 1'3+0& 0( '#%* 1#-'55' +4 #/ +/&'1'/&'/5 130)3#..#$-'

(6/%5+0/ 0( 5*' .0/+503 (3#.' 3#5'� #/& 5*64 #--084 %0.1-'5' %0/530- 0( 1#-'55'

$-+/,�3#5' #/& &65:�%:%-'�

ALL Registers

�*3'' 3')+45'34 )07'3/ 5*' 01'3#5+0/ 0( 5*' ���� �#-'55'"� �0+/5'3 ������� �#-'55'"�

�0+/5'3 ������� #/& ������ �5 3'4'5 5+.'� 5*' %0/5'/54 0( 5*'4' 3')+45'34 #3'

6/,/08/ #/& 6/%*#/)'&�

�*' 580 %0-03 1#-'55'4 10+/5'& 50 $: ���� #/& ���� #3' #-5'3/#5'-: -0#&'& +/50 5*'

��� #%%03&+/) 50 5*' 7#-6'4 +/ 5*' ����� 3')+45'3� �*' 5+.+/) 7#-6' +/ '+5*'3 ����

03 ���� +4 -0#&'& +/50 5*' ��� $+54� �*' ��� 7#-6' %06/54 &08/ #5 7'35+%#-

(3'26'/%:� !*'/ ��� 3'#%*'4 �� 5*' 05*'3 1#--'55' +4 -0#&'& +/50 5*' ���� #/& +54

5+.+/) 7#-6' +4 -0#&'& +/50 ���� �*+4 %:%-' %0/5+/6'4 6/5+- 5*' �����"������ $+5

+/ ���	 +4 4'5 50 �� �05' 5*#5 0/-: 5*' %0-03 &#5# +4 -0#&'&� /05 5*' 07'3-#: &#5# 03 5*'

%0/530- 3')+45'34�
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Blinking
�!�# �#� �)($"�(���!!- '+�(���' ��(+��# (+$ %�!�((�' �( � '%������� �&�"� &�(� ($ �!�# 

�$!$&'� �!�# �#� �' �$#(&$!!�� *�� (�� ����� &���'(�&� �)&#�#� (�� �!�# �)#�(�$# $��

�#� %)((�#� (�� %�!�((� ���#�� $%�&�(�$# )#��& %&$�&�" �$#(&$! !$��' (�� %�!�((� �(

(�� #�,( *�&(���! �#(�&*�! �$!!$+�#� %&$�&�" �$""�#��

Double–Buffering

$)�!�.�)���&�#� '��"�#(' (�� �&�"� �)���& �#($ (+$ �)���&'� ���� $� +���� ��# ��

�#��!�� ($ ��'%!�- �(' �$#(�#(' +�(�$)( &�!$���#� (�� �&�"� �)���&� �# �.��( �$!$&

�&�%���'� ���� �)���& ��' 
 ��('�%�,�!� �# 	
.��( �$!$& �&�%���'� ���� �$!$& ��� �� �� ��'


 ��('�%�,�!� �'� (�� ����� ����� �#� ����� &���'(�&' ($ %&$�&�" �#� )'� �$)�!�

�)���&�#��
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PLT0 Palette_0 Pointer

FFF8 90A4 Read/Write

��� �� �''��� �#�"'�% ������ %���&'�% �#"'��"& '�� &'�%'�"� � �"� � �##%��"�'�& #�

$� �''� � �" '�� �%�!� �(���%� ��� �##%��"�'�& �#%�� '�� $� �''� '�� � #%���"& '# '��

($$�%� ��' �#%"�% #� '�� $� �''��

15 2 0

Reserved P0_Y

13 12

31 1623

Reserved

242728

P0_X Reserved – Always 0

3

Reserved – Always 0

Bit Mnemonic Function


��	
 ��&�%)�� �(&' �� ,�%#�& *��" *%�''�" '#� �"� ("����"�� *��" %��� �%#!�

	��	� ���� � ��� � &'�%'�"� �##%��"�'� �#% $� �''� ��
�#%%�&$#"�& '# &�%��" ���##%��"�'� ��'& ���
 ���'& ��� �%� � *�+& ���

	
��
 ��&�%)�� �(&' �� ,�%#�& *��" *%�''�" '#� �"� ("����"�� *��" %��� �%#!�

�	�
 ���� � ��� � &'�%'�"� �##%��"�'� �#% $� �''� ��
�#%%�&$#"�& '# &�%��" ���##%��"�'� ��'& �	�
 ���'& 	�� �%� � *�+& ���

	�� ��&�%)�� �(&' �� ,�%#�& *��" *%�''�" '#� �"� ("����"�� *��" %��� �%#!�
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PLT1 Palette_1 Pointer

FFF8 90A8 Read/Write

��� �� �''��� �#�"'�% ������ %���&'�% �#"'��"& '�� &'�%'�"� � �"� � �##%��"�'�& #�

$� �''� �� ��� �##%��"�'�& �#%�� '�� $� �''� '�� � #%���"& '# '�� ($$�%� ��' �#%"�% #�

'�� $� �''��

15 2 0

Reserved P1_Y

13 12

31 1623

Reserved

242728

P1_X Reserved

3

Reserved

Bit Mnemonic Function


��	
 ��&�%)�� �(&' �� ,�%#�& *��" *%�''�" '#� �"� ("����"�� *��" %��� �%#!�

	��	� ���� � ��� � &'�%'�"� �##%��"�'� �#% $� �''� ��
�#%%�&$#"�& '# &�%��" ���##%��"�'� ��'& ���
 ���'& ��� �%� � *�+& ���

	
��
 ��&�%)�� �(&' �� ,�%#�& *��" *%�''�" '#� �"� ("����"�� *��" %��� �%#!�

�	�
 ���� � ��� � &'�%'�"� �##%��"�'� �#% $� �''� ��
�#%%�&$#"�& '# &�%��" ���##%��"�'� ��'& �	�
 ���'& 	�� �%� � *�+& ���

	�� ��&�%)�� �(&' �� ,�%#�& *��" *%�''�" '#� �"� ("����"�� *��" %��� �%#!�
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BLINK Blink

FFF8 90AC Read/Write

 *' �-+/, ������� 3')+45'3 %0/530-4 1#-'55' -0#&+/) #/& $-+/,+/)� ����� ���� ���

#/& �� %0/530- 1#-'55' -0#&+/)� #/& ��� ���� ����� #/& ���� %0/530- $-+/,+/)�

"*'/ -0#&+/) 5*' 1#-'55'� �� '/#$-'4 1#-'55' -0#&+/)� �� 4'-'%54 1#-'55' � 03 1#-'55' ��

��� 41'%+(+'4 5*' /6.$'3 0( 53#/4('3 3084� #/& ���� 4'-'%54 5*' 611'3 1#-'55'

#&&3'44'4 +/ 	�;$+5 %0-03�

"*'/ $-+/,+/)� �� '/#$-'4 5*' �-+/, .0&'� ���� #/& ���� 41'%+(: 5*' #%5+7' 1'3+0&4

(03 1#-'55' � #/& 1#-'55' �� #/& ��� +/&+%#5'4 5*' 5+.' 3'.#+/+/) (03 5*' %633'/5

1#-'55'�  *'4' (+'-&4 %0/530- 5*' $-+/,;3#5' #/& &65:;%:%-'�

31 29 27

RPAB FBR

15 8 7 0

P0FAP1FA

1630 25

BE, PL

26

PP

24 23

BDC

Bit Mnemonic Function


�� 
� ���� �#-'55' �&&3'44 �+54
������ 1#-'55' #&&3'44 $+54 � #/& � ��'5 50 ��	 8+5* �5�
� �	�;$+5 %0-03��
%-'#3 50 ��	 8+5* �5��� ��;$+5 %0-03���

	��	� ��� �3#.' �6(('3 �084
�6.$'3 0( (3#.' $6(('3 3084 50 53#/4('3�

	
� 	� ��� �� �-+/, �/#$-'� �#-'55' �0#&
�'-'%54 5*' 1#-'55' -0#& .0&' 03 5*' $-+/, .0&'�
�� �+4#$-' $05* �-+/, .0&' #/& �#-'55' �0#& .0&'�
�� �/#$-'4 �#-'55' �0#& .0&'�
�� �/#$-'4 �-+/, .0&'�

	� �� �#-'55' 10+/5'3
� �'-'%54 1#-'55' ��
� �'-'%54 1#-'55' ��

	
��
 ��� �-+/, �63#5+0/ �06/5

���� ���� �#-'55' � �3#.'4 �%5+7'
�6.$'3 0( #%5+7' 1#-'55' � (3#.'4�

��� ���� �#-'55' � �3#.'4 �%5+7'
�6.$'3 0( #%5+7' 1#-'55' � (3#.'4�

Notes

"*'/ #/ ��� %0..#/& '9'%65'4� +5 %0/5+/6'4 6/5+- #-- 1#-'55' '/53+'4 #3' 53#/4('33'&

50 5*' �! �  *' ��� 3')+45'34 #3' /05 1+1'-+/'&� &0 /05 .0&+(: 5*'+3 %0/5'/54 8*+-'

5*' �! +4 #%5+7'� �'' 5*' (0--08+/) �#-'55' �0#& #/& �-+/, �30%'&63'�  *' '9%'15+0/

+4 5*#5 &63+/) �-+/, .0&'� 5*' 1#-'55' 3')+45'3 0( 5*' +/#%5+7' 1#-'55' .#: $' -0#&'&

8+5* # /'8 #&&3'44 +( 5*' $-+/, &63#5+0/ %06/5 ����� +4 '26#- 50 03 )3'#5'3 5*#/ 	 �5*+4

)+7'4 5*' *045 # .+/+.6. 0( �� .+--+4'%0/&4 50 -0#& 5*' /'8 1#-'55' #&&3'44 $'(03' 5*'

�! #%%'44'4 +5��  *+4 '/#$-'4 $-+/,+/) 8+5* .03' 5*#/ 580 %0-034�
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�$! +�'!..! %- '*� !  /,%)# 0!,.%��' �'�)& ����
��� +!,%* -� ��'!..! �*� .,�)-"!,-

�!#%) �. .$! '!� %)#�! #! *" .$! "%,-. ���
�� �".!, .$! ��'!..! �*� ���� �%. %- -!.�

�$! �*'*, #,�+$%�- �*).,*''!, �'!�,- �� %((! %�.!'3 �".!, �*(+'!.%)# � +�'!..! '*� �


'' �'%)& .,�)-"!,- -.�,. 1%.$ +�'!..! �� �) !2!�/.! �. .$! '!� %)# ! #! *" .$! "%,-.

���
�� �".!, .$! �'%)& �)��'! ���� �%. %- -!.�

Palette Load and Blink Procedure

�$! +,*�! /,!- "*, .$! ��'!..! �*� (* ! �) .$! �'%)& (* !  %""!, *)'3 %) .$!

�*).!).- *" .$! �'%)& ,!#%-.!,� �*, !%.$!, (* !� +!,"*,( .$! "*''*1%)#�

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

�'!�,! .* ��

	� �*� .$! �*'*, +�'!..! %).* .$! ",�(! �/""!,� �" .$!  !-%,! ��� %- )*. �',!� 3

,!-% !).� '*� .$! ��� %).* .$! ",�(! �/""!,� �*.! .$! ��*0!(!).%*)! 

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


� �*� .$! �++,*+,%�.! +�'!..! +*%).!, ,!#%-.!, ���'!..!�� �*%).!, *, ��'!..!��

�*%).!,� 1%.$ .$! �  ,!-- *" .$! ��� -+!�%"%! %) �.!+ 	��

�� �)��'! !%.$!, .$! �'%)& (* ! *, .$! +�'!..! '*� (* ! 0%� .$! �� �) �� �%.- *"

.$! ����� ,!#%-.!,�
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Programming the Bt458 RAMDAC (8-Bit Color)
",-6 6)'7-21 (-6'866)6 ,2: 72 352+5%0 7,) �522.75)) �7�
�  ����� *281( -1 �=&-7

'2/25� �25 ()7%-/6 21 7,) �7�
�  ������ 6)) 7,) �
����


 �
�	��� ���������

#6-1+ �=&-7 '2/25� 7,) �7�
� ,%6 % 

� '2/801 ; 
� 52: '2/25 3%/)77)� �52+5%00-1+ 7,)

)17-5) '2/25 3%/)77) 5)48-5)6 ��� �

� '2/8016 ; � �=&-7 52:6� )175-)6�

",) �7�
� '217%-16 7,) *2//2:-1+ 5)+-67)56�

Table 6–4  Bt458 Registers

���� ���� �((5)66  )+-67)5  )%(�$5-7)

���� ���� �2/25 �%/)77)  )%(�$5-7)

��  )%( �%6.  )+-67)5  )%(�$5-7)

�
 �/-1. �%6.  )+-67)5  )%(�$5-7)

�� �200%1(  )+-67)5  )%(�$5-7)

�� �21752/�")67  )+-67)5  )%(�$5-7)

�� �9)5/%< �2/25 �  )%(�$5-7)

�	 �9)5/%< �2/25 	  )%(�$5-7)

�
 �9)5/%< �2/25 
  )%(�$5-7)

�� �9)5/%< �2/25 �  )%(�$5-7)

Internal RAMDAC
Address Address Register Type

���� ����

���� ����

��"�� $5-7) 7,) �17)51%/  ����� �((5)66 -172 7,) �((5)66 5)+-67)5 &)*25)
:5-7-1+ 72 7,) '2/25 3%/)77)�  ����� 5)+-67)56 25 29)5/%< 3/%1)6�

��"�� !)) 7,) �
����


 �
�	��� �������� *25 ()7%-/)( ()6'5-37-216 2* 7,)

 ����� 5)+-67)56�

",) '2/25 3%/)77) %1( 29)5/%< 3%/)77) %5) 352+5%00)( 86-1+ 7,)  �� �2() ()6'5-&)(

&)/2: %1( -1 7,) �
����


 �
�	��� ���������

"2 :5-7) (%7% 72 7,) '2/25 3%/)77)� :5-7) 7,) �17)51%/  ����� �((5)66 72 &) 02(-*-)(

72 ���� ����� 7,)1 :5-7) 7,) 5)(� +5))1� %1( &/8) (%7% �-1 7,%7 25()5� 72 ���� �����

$,)1 7,) &/8) (%7% -6 :5-77)1� 7,) �7�
� :5-7)6 %// 7,5)) '2/25 9%/8)6 72 7,) 3%/)77)

6-08/7%1)286/< � 7,)5)*25) <28 0867 :5-7) %// 7,5)) '2/256 72 ',%1+) % 3%/)77) 9%/8)�

$,)1 7,) �7�
� 83(%7)6 7,) 3%/)77)� -7 %/62 -1'5)0)176 7,) %((5)66 32-17)5 72 7,) 1);7

3%/)77) /2'%7-21 -1 35)3%5%7-21 *25 %127,)5 :5-7) 25 5)%(� "2 :5-7) 72 25 5)%( *520

'216)'87-9) 3%/)77) /2'%7-216� -7 -6 21/< 1)')66%5< 72 :5-7) 7,) %((5)66 2* 7,) *-567

/2'%7-21�

 )%(-1+ (%7% *520 7,) '2/25 3%/)77) -6 6-0-/%5 72 :5-7-1+ (%7%� $5-7) 7,) �17)51%/

 ����� �((5)66 2* 7,) *-567 /2'%7-21 72 &) 5)%( 72 ���� ����� 7,)1 5)%(

���� ���� 7,5)) 7-0)6 *25 7,) 5)(� +5))1� %1( &/8) (%7% �-1 7,%7 25()5�� ",) %((5)66

32-17)5 %8720%7-'%//< -1'5)0)176 %*7)5 )%', %'')66 72 3)50-7 6)48)17-%/ %'')66)6�

 )%(-1+ %1( :5-7-1+ 7,) 29)5/%< (%7% -6 6-0-/%5 72 5)%(-1+ %1( :5-7-1+ 7,) '2/25 (%7%�

$5-7) 7,) �17)51%/  ����� �((5)66 72 ���� ����� 7,)1 5)%( 25 :5-7) ���� �����

",) %((5)66 32-17)5 %8720%7-'%//< -1'5)0)176 %*7)5 )%', %'')66 72 3)50-7 6)48)17-%/

%'')66)6�
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"*' �4�
� %0/4#+/3 (052 %0/420- 2')+34'23 � '#& �#3,� �-+/, �#3,� �0..#/&� #/&

"'34� #3 &'3%2+$'& +/ "#$-'���
� "0 #%%'33 # %0/420- 2')+34'2� 72+4' +43 �/4'2/#-

 ����� �&&2'33 40 ���� �	�	� 4*'/ 2'#& 02 72+4' ���� �	��� "*' #&&2'33 10+/4'2

&0'3 /04 +/%2'.'/4 7*'/ 905 #%%'33 4*' %0/420- 2')+34'23�

Table 6–5  Bt458 Control Registers

Address Name Function

	�  '#& �#3, �/#$-'3 02 &+3#$-'3 # $+4 1-#/' (20. #&&2'33+/) 4*' %0-02 1#-'44'  ��� �+4
	 %022'310/&3 40 1-#/' 	� $+4 
 40 1-#/' 
� #/& 30 0/�
	 �+3#$-'3 $+4 1-#/' #&&2'33+/)�

 �/#$-'3 $+4 1-#/' #&&2'33+/)�

	
 �-+/, �#3, �/#$-'3 02 &+3#$-'3 # $+4 1-#/' (20. $-+/,+/) #4 4*' 2#4' 31'%+(+'& +/ 4*'
�0..#/& 2')+34'2� �+4 	 %022'310/&3 40 1-#/' 	� $+4 
 40 1-#/' 
� #/& 30
0/�
0 Disables blinking.
1 Enables blinking.

	� �0..#/& !1'%+(+'3 #  ����� %0..#/&� "*' $+43 #/& 4*'+2 6#-5'3 #2' #3 (0--073�

Bit Function
7 Pixel multiplexing

0 4:1 (color graphics controller value)
1 5:1

6 Source of color data
0 Use overlay color 0 if the overlay input is 0.
1 Use color palette RAM.

5,4 Controls blink rate cycle time and duty cycle (in units of vertical syncs)
00 16 on, 48 off
01 16 on, 16 off
10 32 on, 32 off
11 64 on, 64 off

3 Enables/disables blinking of overlay plane 1
0 Disables.
1 Enables.

2 Enables/disables blinking of overlay plane 0.
0 Disables.
1 Enables.

1 Enables/disables display of overlay plane 1
.0 Disables.
1 Enables.

0 Enables/disables display of overlay plane 0.
0 Disables.
1 Enables.

	� "'34 "'343 4*' &#4# 1#4* 4*205)* 4*'  ������ !'' 4*' ����

�		 ������


��
����
 (02 &'4#+-3�

��"�� !'' 4*' ����

�		 ������
 ��
����
 (02 &'4#+-'& &'3%2+14+0/3 0( 4*'3'

2')+34'23�

RAMDAC Access Restrictions

�0 /04 #%%'33 4*'  ����� 7*+-' 1'2(02.+/) #/ ��� �%0/4'/4+0/ .#9 2'35-4� 02 7*+-'

&2#7+/) �4'34 4*' ��� $+4 +/ �! 	 (02 	�� "0 4'34 7*'4*'2 02 /04 # &2#7+/) 01'2#4+0/

+3 +/ 120)2'33� '8'%54' 4*' (0--07+/) � %0&'�

7*+-' �2') � %32	 � 	8	�� :;
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Programming the Bt461 RAMDAC (24-Bit Color)
",-6 6)'7-21 (-6'866)6 ,2: 72 352+5%0 7,) �522.75)) �7��	  �����6 *281( -1 
�=&-7

'2/25� �25 ()7%-/6 21 7,) �7��	  ������ 6)) 7,) �
����


 �
�	��� ���������

#6-1+ 
�=&-7 '2/25� )%', 2* 7,5)) �7��	6 ,%6 % 	�
� '2/801 ; � 52: '2/25 3%/)77)�

�52+5%00-1+ 7,) )17-5) '2/25 3%/)77) 2* 7,) 7,5)) �7��	6 5)48-5)6 ���
 �	�
� '2/8016

; � �7��	6� �=&-7 )175-)6�

",) �7��	 '217%-16 7,) *2//2:-1+ 5)+-67)56�

Table 6–6  Bt461 Registers

���� ���� �((5)66  )+-67)5 �2:  )%(�$5-7)

���� ���� �((5)66  )+-67)5 �-+,  )%(�$5-7)

���� � ���� �/7)51%7) �2/25 �%/)77)  )%(�$5-7)

�	�� �9)5/%< �2/25 �  )%(�$5-7)

�	�� �9)5/%< �2/25 	
  )%(�$5-7)

�		� � �		� #186)(

�
�� ��  )+-67)5  )%(�$5-7)

�
�	 �200%1(  )+-67)5 �  )%(�$5-7)

�
�
 �200%1(  )+-67)5 	  )%(�$5-7)

�
�� �200%1(  )+-67)5 
  )%(�$5-7)

�
�� �-;)/  )%( �%6.  )+-67)5 �2:  )%(�$5-7)

�
�
 �-;)/  )%( �%6.  )+-67)5 �-+,  )%(�$5-7)

�
�� �-;)/ �/-1. �%6.  )+-67)5 �2:  )%(�$5-7)

�
�� �-;)/ �/-1. �%6.  )+-67)5 �-+,  )%(�$5-7)

�
�� �9)5/%<  )%( �%6.  )+-67)5  )%(�$5-7)

�
�� �9)5/%< �/-1. �%6.  )+-67)5  )%(�$5-7)

�
�� ")67  )+-67)5  )%(�$5-7)

���� ���� �5-0%5< �2/25 �%/)77)  )%(�$5-7)

�
�

Internal RAMDAC
Address Address Register Type

�
�

�
�

���� ����

��"�� $5-7) 7,) �17)51%/  ����� �((5)66 -172 7,) �((5)66  )+-67)56 ��2: %1( �-+,�
&)*25) :5-7-1+ 72 7,) '2/25 3%/)77)�  ����� 5)+-67)56 25 29)5/%< 3/%1)6�

��"�� !)) 7,) �
����


 �
�	��� �������� *25 ()7%-/)( ()6'5-37-216 2* 7,)6)

5)+-67)56�

",) '2/25 3%/)77) %1( 29)5/%< 3%/)77) %5) 352+5%00)( 86-1+ 7,) �250%/ �2()

()6'5-&)( &)/2: %1( -1 7,) �
����


 �
�	��� ���������

",) �250%/ 02() -6 % &52%('%67 %'')66 2* 7,)  ����� 5)+-67)56� :5-7-1+ 72 %// 7,5))

5)+-67)56 :-7,-1 21) :5-7) '<'/)� $5-7) 72 25 5)%(  ����� 5)+-67)56 %6 *2//2:6�

	� $5-7) 7,) �17)51%/  ����� �((5)66 72 7,) �((5)66  )+-67)56 ��2: %1( �-+,��

$5-7) 7,) /)%67=6-+1-*-'%17 &<7) 72 ���� ���� %1( 7,) 0267=6-+1-*-'%17 &<7) 72

���� ����� $-7,-1 )%', 6<67)0 %((5)66� 5)3)%7 7,) -17)51%/  ����� %((5)66 -1

&<7)6 �� 	� %1( 
 62 7,%7 7,) %((5)66 -6 %33/-)( 72 %// 7,5))  �����6�


� $5-7) 72 25 5)%( 7,) %335235-%7) 6<67)0 %((5)66 ����� ���� *25 7,) %/7)51%7)

'2/25 3%/)77)� 29)5/%<� 25  ����� 5)+-67)56� 25 ���� ���� *25 7,) 35-0%5< '2/25
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-�)#00#�� �//1*'+% 0&�0  50# � '/ 0&# )#�/07/'%+'$'!�+0  50#� 3.'0# ,. .#�" 0&# "�0�

3'0& 0&# .#" "�0� '+  50# �� 0&# %.##+ "�0� '+  50# �� �+" 0&#  )1# "�0� '+  50# 	�


� �&# !,+0#+0/ ,$ 0&# �"".#// .#%'/0#./ �10,*�0'!�))5 '+!.#*#+0 0, -,'+0 0, 0&# +#40

),!�0',+� 0&#.#$,.# '$ 5,1 �.# 3.'0'+% ,. .#�"'+% �  ),!( ,$ "�0�� .#-#�0 �0#- 	� �/

+##"#"�

�,. #4�*-)#� '$ 5,1 3�+0 0, 3.'0# ���� 0, �,**�+" �#%'/0#. � ��+0#.+�) ������

�"".#// � �	���� 3.'0# ���������� 0, ���
 ����� 0&#+ 3.'0# ���	�	�	�� 0, ���


����� 0&#+ 3.'0# ���������� 0, ���
 ���
�

Initializing the Registers
�$0#. � &�."3�.# .#/#0� 0&# -,3#.�1- !,"# '+'0'�)'6#/ 0&# "'/-)�5� �&# -.,%.�*

#+� )#/ 0&# ".'2#./ $,. 0&# $.�*#  1$$#. !,+0.,) /'%+�)/� '+'0'�)'6#/ 0&# ������ /,

0&�0 ,+)5 -)�+#/ 	�� �.# 2�)'" �+" *�5  # 3.'00#+ 0,� '+'0'�)'6#/ 0&# ),,(�1- 0� )#/ /,

0&�0 #�!& ,+# !,..#/-,+"/ 0, ,+# ,$ 0&# 0&.## -.'*�.5 !,),./ �.#"� %.##+�  )1#�� #+� )#/

0&# /5+! -1)/#/ 0, -�// 0, 0&# *,+'0,.� !)#�./ 0&# /!.##+� �+" /#0/ 0&# ��������  '0

'+ ���	 &'%&�

�&# ������ .#%'/0#./ �+" *#*,.5 �.# +,0 '+'0'�)'6#" "1.'+% -,3#.1-�
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Programming the Z–Buffer
�%" *+.&*)�' ���/##", -/++*,.- .%,""�!&(")-&*)�' �++'& �.&*)- 1&.% %&!!") '&)" �)!

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


	����
� �����!��� �!!�!" ��' !�"$�# &�#� � �)%��$� ���! (�!�� ��#��! $"� #��

�)�$���! �" � ��)��# �$���! &�#� ��# � "�# #� �� �! ��%��� ���� #�  !�%��# �

�)%��$� �� (�!��

�%" ���/##",�

• ��- � 	����4 ��/- &).",#� "�

• ��- -"'" .��'" �� *, 	
�+'�)" ���/##", /-&)$ 	��� 2 
 ������

• ��- #&2"! &).",)�' 	
��&. ,"-*'/.&*)�

• ��- #�-. ," .�)$/'�, �'"�,��". (*!" 1&.%  *'*, $,�+%& -  *).,*''", �--&-.�) "�

• ��- +,*$,�((��'" �&.%", �)! �*)  '&++&)$ +'�)"-�

• �/++*,- �.*+��"-/(" *+",�.&*)- � *)."2. -1&. %&)$��

• �"(*,3 *,$�)&4�.&*) �)! ,"-*'/.&*)  �) �"  *)#&$/,"! .* -/++*,. �'' - ,"")

,"-*'/.&*)-�

• �%" ��� %�- !&," . ,"�!�1,&." �  "-- .* .%" ���/##", �,,�3�

Components of the Z–Buffer
�- -%*1) &) �&$/,"���
� .%" ���/##", $�." �,,�3 &- +�,.&.&*)"! &).* #*/, (*!/'"-� �)

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

Mbus (32 Bits Address/Data)

Mbus Interface

Z–Controller

Datapath/ALU Memory Controller

Color Graphics
Controller

Figure 6–7  The Z–Buffer
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Mbus Interface

�(% �"31 ),2%0&!#% %,!"*%1 !##%11 2- 2(%  �"3&&%0 0%')12%01 !,$ +%+-07� �** 0%')12%01

!,$ +%+-07 !0% !##%11%$ !1 �
�")2 5-0$1� �(%, 0%!$� 2(%  :"3&&%0 '%,%0!2%1 .!0)27

")21� "32 5(%, 50)22%, 2-� )2 )',-0%1 .!0)27 ")21�

����� �(% #-*-0 '0!.()#1 #-,20-**%0 $%#-$%1 2(% 0%')12%0 !,$ !00!7 !$$0%11%1 !,$

'%,%0!2%1 1-+% -& 2(% �"31 #-,20-* 1)',!*1 &-0 2(%  :#-,20-**%0�

Z–Controller

�(%  �#-,20-**%0 +-,)2-01 !,$ ),2%0.0%21 2(%  �.0-2-#-* ")21� �%.%,$),' -, 2(% 12!2%

!,$ 1%/3%,#% -& 2(%1% ")21� 2(%  �#-,20-**%0 12%%01 $!2! !,$ ��� -.#-$%1 5)2(), 2(%

$!2!.!2(� �-0 %6!+.*%� 2(%  �#-,20-**%0 +!7 1%*%#2 2(% #-,2%,21 -& 2(% � ��� 0%')12%0

2- $%#0%+%,2 2(% #300%,2  �4!*3%�

Datapath/ALU

�(% $!2!.!2(���� #-,1)121 -& 0%')12%01� #-+.!0!2-01� $!2! +3*2).*%6%01� $!2! *!2#(%1�

!,$ !, !$$%0� �2 .0-4)$%1 $!2! .!2(1 2- 0%!$ !,$ 50)2% 2(%  �"3&&%0� 3.$!2%  �4!*3%1�

!,$ #-+.!0% ,%5  :4!*3%1 5)2( #*)..),' .*!,%1 !,$ -*$  :4!*3%1� �(% �"31�

 :#-,20-**%0� !,$ +%+-07 #-,20-**%0 1(!0% 2(% $!2!.!2(� �(% �"31 31%1 )2 2- !##%11

0%')12%01� 2(%  �#-,20-**%0 31%1 )2 2- ),#0%+%,2�$%#0%+%,2  �4!*3%1� !,$ 2(% +%+-07

#-,20-**%0 31%1 )2 2- "3&&%0  �4!*3%1 "%25%%, 2(%  �"3&&%0 !,$ 2(% &0!+% "3&&%0�

Memory Controller

�(% +%+-07 #-,20-**%0 '%,%0!2%1 #-,20-* 1)',!*1 &-0 2(%  �!00!7 !,$ ),2%0,!* 1)',!*1

2- 12%%0 !,$ *!2#(  �$!2! 5)2(), 2(% �!2!.!2( 3,)2� �(% #-*-0 '0!.()#1 #-,20-**%0

),)2)!2%1 !** !#2)4)2)%1 -& 2(% +%+-07 #-,20-**%0� �2 2(% "%'),,),' -& !**  �"3&&%0 !,$

&0!+% "3&&%0 !##%11%1� 2(% #-*-0 '0!.()#1 #-,20-**%0 1%,$1 ! 9#7#*% 27.%�� �& 2(% 27.%

#-00%1.-,$1 2- !  �"3&&%0 0%/3%12� 2(% +%+-07 #-,20-**%0 !##%11%1 2(%  �"3&&%0�

�(%1% !##%11%1 -##30 ), .!0!**%* 2-� !,$ !0% 17#(0-,)8%$ 5)2( #-*-0 '0!.()#1 #-,20-**%0

&0!+% "3&&%0 !##%11%1�

����� �-0 !**  �"3&&%0 !##%11%1� 2(% #-*-0 '0!.()#1 #-,20-**%0 !,$ 2(%  �"3&&%0 "-2(

.%0&-0+ +%+-07 #7#*%1�

�(%  �"3&&%0 +%+-07 !00!7 #-,1)121 -& �� 6 �� .)6%*1 *-#!2%$ !2 

		 				 � 
���

�����

Configuration Logic

�(% #-,&)'30!2)-, *-')# #-,20-*1  �"3&&%0 &3,#2)-,1 2(!2 $%.%,$ -, 2(% '0!.()#1

#-,&)'30!2)-,� �(% (-12 ��� *-!$1 2(% #-,&)'30!2)-, .!0!+%2%01 ),2- 2(%

�-,&)'30!2)-, ������ 0%')12%0 5(%, 2(%  �"3&&%0 )1 ),)2)!*)8%$�
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Programming the Z–Buffer Registers
"0- '�*:..-7 0)8 90179--4 �
�*19 7-),�<719- 7-/189-78 )8 805<4 14 ")*2-�
���

��"�!� $0-4 <71914/ 95 90- '�*:..-7 7-/189-78� :8- *75),+)89 ),,7-88-8�

$719- �8 95 :4:8-, *198� #4:8-, *198 )7- :4,-.14-, <0-4 7-),�

�75/7)3 90- '�*:..-7 �54.1/:7)9154 �'����� 7-/189-7 *-.57- 7-),14/ 57

<71914/ )4> 5. 90- 590-7 '�*:..-7 7-/189-78� &5: 3)> <719-�7-), 90-

7-3)1414/ 7-/189-78 14 )4> 57,-7�

�22 '�;)2:-8 )7- 9<58 +5362-3-49 4:3*-78 90)9 7-67-8-49 '�86)+- ��190-7 � &54��

"0- '�*:..-7 ,-690 +)4 *- -190-7 	
�*198 57 
��*198� 90- 	
�*19 ,-690 7)4/- 18 ����

� ���� )4, 90- 
��*19 ,-690 7)4/- 18 �� ���� � �� ����� �4 
��*19 8>89-38�

'�;)2:-8 )7- 
��*19 149-/-78� 14 	
�*19 8>89-38� '�;)2:-8 +548189 5. ) 	
�*19 149-/-7

)4, )4 ��*19 .7)+9154�

"0- '�*:..-7 7-/189-78 )7- 25+)9-, )9 ���� ���� � ���� �	���

Context Switching

�549-=9 8<19+014/ 5++:78 <0-4 90- ��# 8-98 90- !956 �!"�� *19 14 90- !"�� 7-/189-7

5. 90- +5257 /7)601+8 +5497522-7� "0- +5257 /7)601+8 +5497522-7 8:86-4,8 198 +:77-49

56-7)9154 )4, +2-)78 90- �7)<14/ �4 �75/7-88 ����� *19 14 �! �� "0- ��# 3)> 45<

8);- 90- 89)9-8 5. 90- +5257 /7)601+8 +5497522-7 )4, 90- '�*:..-7� "5 8);- 90- 89)9-8 5.

90- '�*:..-7� 7-), )4, 8);- 90- '�*:..-7 7-/189-78�

"5 7-8957- 90- +549-=9 5. ) 89566-, +533)4,�

	�  -25), 90- +5257 /7)601+8 +5497522-7 )4, '�*:..-7 7-/189-78�


� �88:- )  -8:3- +533)4, 95 90- +5257 /7)601+8 +5497522-7 �8-9 90-  �! *19 14 90-

!"��  -/189-7��

Table 6–7  Z–buffer Registers

Address Name Function

���� ���� ! !0),5< �9018 18 90- 8)3- ),,7-88 )8 90-
�549752 )4, !9)9:8  -/189-7 	� �! 	��

���� ���� '��� �533)4,

���� ���� '� �49-77:69

���� ���� '(��!" '��5489)49

���� ���� '(���" �4191)2 '�,-690

���� ���� '(%��� �'��%

���� ���� '(&��� �'��&

���� ���� ���� �190-7 �216

���� ���� &��� &54 �216

���� �	�� '���� �54.1/:7)9154

���� �	�� !"� !9)9- �

���� �	�� !"	 !9)9- 	

���� �	�� !"
 !9)9- 


���� �	�� !"� !9)9- �
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ZCMD Z–Buffer Command

FFF8 90E0 Read/Write

�-* �311&2) ����� 6*,.78*6 .7 97*) 83 13).+= 8-* *<*(98.32 3+ $��9++*6 (311&2)7�

31 18 17

Unused RST

15 14 13

Z_UNF

12 11 10 9 8 7 6 5 4 3 2 1 0

HCLOP CMPOPZ_OVF YCLOP INTENCLRMDCMPENHCLENYCLENB_SLCT

16

16
See
B_SLCT

Bit Mnemonic Function


����  297*) �978 '* ;6.88*2 &7 �7 &2) 6*&) &7 92)*+.2*)�

�� ��� $��9++*6 �*7*8
�&97*7 &2 .28*62&0 $�'9++*6 6*7*8� &00 34*6&8.327 .2 463,6*77 &6* -&08*)
&2) 8-* (328*287 3+ &00 6*,.78*67 &6* 92)*+.2*)�
� �&97*7 & $�'9++*6 6*7*8�

�
� �� �%���� �&2/ �*0*(8
�4*(.+.*7 8-* 1&44.2, 3+ 8-* $�'9++*6 83 8-* +6&1* '9++*6 '&2/� �-*7*
'.87 &6* 320= 97*) .2 7=78*17 ;.8- 	�<	� &2) 	�<�� +6&1* '9++*67� �2
8-*7* 7=78*17� 8-* 	�<�� $�'9++*6 &))6*77 74&(* ;.00 '* 1&44*) 83 8-*
7*0*(8*) 	�<�� +6&1* '9++*6 '&2/� �38* 8-&8 8-*7* '.87 &6* .,236*) +36
	�<�� &2) ��<��	 +6&1* '9++*67�
�� $�'9++*6 1&44*) 83 +6&1* '9++*6 '&2/ ��
�� $�'9++*6 1&44*) 83 +6&1* '9++*6 '&2/ ��
�� $�'9++*6 1&44*) 83 +6&1* '9++*6 '&2/ 	�
�� $�'9++*6 1&44*) 83 +6&1* '9++*6 '&2/ 
�

��� �
 $% �� $� 2)*6+03;
�4*(.+.*7 8-* &(8.32 83 8&/* .+ 8-* (&0(90&8.32 3+ $��*; 6*79087 .2 &2
&6.8-1*8.( 92)*6+03;�
�� "6.8* 1.2.191 $�:&09* &2) ;6.8* 2*; 4.<*0 :&09*�
�� "6.8* 1.2.191 $�:&09* &2) 6*8&.2 30) 4.<*0 :&09*�
�� �*8&.2 8-* 30) $�:&09* &2) ;6.8* 2*; �.<*0 :&09*�
�� �*8&.2 8-* 30) $�:&09* &2) 30) 4.<*0 :&09*�

�	� �� $%�!� $��:*6+03;
�4*(.+.*7 8-* &(8.32 83 8&/* .+ 8-* (&0(90&8.32 3+ $��*; 6*79087 .2 &2
&6.8-1*8.( 3:*6+03;�
�� "6.8* 1&<.191 $�:&09* &2) ;6.8* 2*; 4.<*0 :&09*�
�� "6.8* 1&<.191 $�:&09* &2) 6*8&.2 30) 4.<*0 :&09*�
�� �*8&.2 8-* 30) $�:&09* &2) ;6.8* 2*; 4.<*0 :&09*�
�� �*8&.2 8-* 30) $�:&09* &2) 30) 4.<*0 :&09*�

��� � #���� #32 �0.4 �4*6&8.32
�328&.27 8-* (0.44.2, (314&6.732 8-&8 )*8*61.2*7 ;-*2 & 4.<*0 .7 83 '*
(0.44*) &,&.278 8-* #32 40&2*�
�� �0.4 .+ $��*; 0*77 8-&2 #32 (0.44.2, 40&2* $�
�� �0.4 .+ $��*; 0*77 8-&2 36 *59&0 83 #32 (0.44.2, 40&2* $�
�� �0.4 .+ $��*; ,6*&8*6 8-&2 #32 (0.44.2, 40&2* $�
�� �0.4 .+ $��*; ,6*&8*6 8-&2 36 *59&0 83 #32 (0.44.2, 40&2* $�

�(328.29*)�
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Bit Mnemonic Function

� %���� %43 �1/55/3- �3'(1+*
�3'(1+8	*/8'(1+8 )1/55/3- '-'/389 9.+ %43 ��,9� 51'3+ 85+)/,/+* /3 9.+ %43
�1/5 !+-/89+7�

 �/8'(1+8 %43 51'3+ )1/55/3-�
� �3'(1+8 %43 51'3+ )1/55/3- ���� (/98 �
 '3* � 85+)/,> 9.+ )43*/9/438
:3*+7 <./). ' &�)1/5 9'0+8 51')+��

�� � ���� �/9.+7 �1/5 �5+7'9/43
�439'/38 9.+ )1/55/3- )425'7/843 9.'9 *+9+72/3+8 <.+3 ' 5/=+1 /8 94 (+
)1/55+* '-'/389 9.+ �/9.+7 51'3+�


 �1/5 /, &��+< 1+88 9.'3 �/9.+7 )1/55/3- 51'3+ &�

� �1/5 /, &��+< 1+88 9.'3 47 +6:'1 94 �/9.+7 )1/55/3- 51'3+ &�
�
 �1/5 /, &��+< -7+'9+7 9.'3 �/9.+7 )1/55/3- 51'3+ &�
�� �1/5 /, &��+< -7+'9+7 9.'3 47 +6:'1 94 �/9.+7 )1/55/3- 51'3+ &�

� ����� �/9.+7 �1/55/3- �3'(1+*
�3'(1+8	*/8'(1+8 )1/55/3- '-'/389 9.+ �/9.+7��47+� 51'3+ 85+)/,/+* /3 9.+
�/9.+7 �1/5 !+-/89+7�

 �/8'(1+8 �/9.+7 51'3+ )1/55/3- �,47)+8 ' ?</3 ;49+� /394 9.+ &�$/3
14-/)�� �

� �3'(1+8 �/9.+7 51'3+ )1/55/3- ���� (/98 � '3* � 85+)/,> 9.+ )43*/9/438
:3*+7 <./). ' &�)1/5 9'0+8 51')+��

�� 
 �� � �425'7+ �5+7'9/43
"5+)/,/+8 9.+ &��:,,+7 )425'7/843 94 *+9+72/3+ ' &�$/3� �



 $/3 /, &��+< 1+88 9.'3 &��1*�

� $/3 /, &��+< 1+88 9.'3 47 +6:'1 94 &��1*�
�
 $/3 /, &��+< -7+'9+7 9.'3 &��1*�
�� $/3 /, &��+< -7+'9+7 9.'3 47 +6:'1 94 &��1*�

� �� �� �425'7+ �3'(1+
�3'(1+8	*/8'(1+8 9.+ &�)425'7+ 45+7'9/43� $.+3 &��425'7+ /8 */8'(1+*
34 &�94:73'2+39 9'0+8 51')+ '3* ' ?</3 ;49+� /8 ,47)+* /394 9.+ &�$/3
14-/)� $.+3 +3'(1+*� ��� (/98 � '3* 
 85+)/,> 9.+ )43*/9/438 ,47 ' &�</3��


 �/8'(1+8 &��425'7+8�
� �3'(1+8 &��425'7+8�

� ��!�� �1+'7 �4*+
�3'(1+8	*/8'(1+8 9.+ '(/1/9> 4, '11 &��:,,+7 2+247> <7/9+ 45+7'9/438 94
:8+ 9.+ ;'1:+ 8947+* /3 9.+ &��4389'39 !+-/89+7 ,47 9.+ &��:,,+7 <7/9+
*'9'� #./8 24*+ -+3+7'9+8 ' &�$/3 4:95:9 94 9.+ 8>89+2 )4147 -7'5./)8
)4397411+7� 8:55479/3- 8/2:19'3+4:8 )1+'7/3- 4, 9.+ &�(:,,+7 '3* ,7'2+
(:,,+7 '7+'8� �, "���� '3* ��!�� '7+ 8+9 *:7/3- ' ��#��#� 9.+
)4397411+7 </11 *4 ' ?,'89 )1+'7��

 �/8'(1+8 �1+'7 �4*+�
� �3'(1+8 �1+'7 �4*+�


 ��#�� �39+77:59 �3'(1+
�3'(1+8	*/8'(1+8 9.+ �(:8 ,742 /39+77:59/3- �,47 '3> 4, 9.+ ,4:7
:32'80+* /39+77:59 84:7)+8��

 �/8'(1+8 /39+77:598�
� �3'(1+8 /39+77:598�

� � 3+< 5/=+1 '3* &�;'1:+ </11 7+51')+ 9.+ +=/89/3- 5/=+1 '3* &�;'1:+ 431> <.+3 9.+ ,4114</3- )43*/9/43 /8
97:+ @ &��425'7+ $/3 � �/9.+7 �1/5 $/3 � %43 �1/5 $/3�

�)43)1:*+*�
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ZIR Z–Buffer Interrupt

FFF8 90E4 Read/Write
�)& �.3&11403 �&(*23&1 ���� $/.3"*.2 *.3&11403 -"2+ ".% 23"342 #*32�

31 16

Unused

15

Unused

8 7 6 5 4 3 2 1 0

OVFMSKUNFMSKHITHMSKUNFINT YONMSKOVFINTHCLINTYCPINT

Bit Mnemonic Function

	��� �.42&% �423 #& 61*33&. "2 �2 ".% 1&"% "2 4.%&'*.&%�


 !����� !/. �,*0 �.3&11403
�.%*$"3&2 6)&3)&1 /1 ./3 " $,*0 "("*.23 3)& 8/. 0,".& )"2 /$$411&%� � 1&"%
/' 3)& �� 1&(*23&1 1&2&32 3)*2 #*3�
� �/ $,*0�
� �,*0 )"2 /$$411&%�

� ������ �*3)&1 �,*0 �.3&11403
�.%*$"3&2 6)&3)&1 /1 ./3 " $,*0 "("*.23 3)& )*3)&1 0,".& )"2 /$$411&%� �
1&"% /' 3)& �� 1&(*23&1 1&2&32 3)*2 #*3�
� �/ $,*0�
� �,*0 )"2 /$$411&%�

� ������ �.%&1',/6 �.3&11403
�.%*$"3&2 6)&3)&1 /1 ./3 ". 4.%&1',/6 )"2 /$$411&%� � 1&"% /' 3)& ��
1&(*23&1 1&2&32 3)*2 #*3�
� �/ 4.%&1',/6�
� �.%&1',/6 )"2 /$$411&%�


 � ���� �5&1',/6 �.3&11403
�.%*$"3&2 6)&3)&1 /1 ./3 ". /5&1',/6 )"2 /$$411&%� � 1&"% /' 3)& ��
1&(*23&1 1&2&32 3)*2 #*3�
� �/ /5&1',/6�
� �5&1',/6 )"2 /$$411&%�

	 !����� !/. �,*0 �"2+
�/.31/,2 6)&3)&1 /1 ./3 *.3&114032 "1& (&.&1"3&% '/1 0*7&,2 $,*00&% "("*.23
3)& 8/. $,*0 0,".&�
� �&.&1"3& ". *.3&11403 �4.-"2+&%��
� �/ ./3 (&.&1"3& ". *.3&11403 �-"2+&%��

� ������� �*3)&1 �,*0 �"2+
�/.31/,2 6)&3)&1 /1 ./3 *.3&114032 "1& (&.&1"3&% '/1 0*7&,2 $,*00&% "("*.23
3)& )*3)&1 $,*0 0,".&�
� �&.&1"3& ". *.3&11403�
� �/ ./3 (&.&1"3& ". *.3&11403�

� ������ �.%&1',/6 �.3&11403 �"2+
�/.31/,2 6)&3)&1 /1 ./3 *.3&114032 "1& (&.&1"3&% 6)&. ". "1*3)-&3*$
4.%&1',/6 /$$412�
� �&.&1"3& ". *.3&11403�
� �/ ./3 (&.&1"3& ". *.3&11403�

� � ���� �5&1',/6 �.3&11403 �"2+
�/.31/,2 6)&3)&1 /1 ./3 *.3&114032 "1& (&.&1"3&% 6)&. ". "1*3)-&3*$
/5&1',/6 /$$412�
� �&.&1"3& ". *.3&11403�
� �/ ./3 (&.&1"3& ". *.3&11403�
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Z_CNST Z–Buffer Constant

FFF8 90E8 Read/Write

� � ���%$()�$) �������� '��!()�' �%$)�!$( ) � ),%( �%#&"�#�$) +�"*� )% �� ,'!))�$

)% ) � ���*���' �*'!$� ) � �"��' #%��� �%' ���*���' �"��'!$�� "%�� ) � "�'��()

	���!)� &%(!)!+� ��+�"*� �
� ������ �(� �$- �'�!)'�'- +�"*� )% &'�(�) �'��( %� ) �

���*���'�

31 16

Unused

15

Z_CNST

24 23

0

Z_CNST

Bit Mnemonic Function


��	� �$*(�� �*() �� ,'!))�$ �( �( �$� '��� �( *$���!$���

	
�� ������ � �%$()�$)
�,%( �%#&"�#�$) +�"*� ��!) 	
 !( ) � (!�$ �!)��
�%' ���&"�$� ���*���'(� �!)( 	
�� �%$)�!$ ) � ����!) ������ �$� �!)(

�� �'� !�$%'���
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Z_INIT Z–Depth Initial

FFF8 90EC Read/Write

��� ���!�&��� �������� $���%&�$ �"!&��!% &�� �!�&��� ����#&� (��'� �%%"���&�� )�&� &��

!�*& ��!� "$ #"�+�"! &" �� $�!��$��� 
"$ �"&� �����& �!� 	����& � ��� 	� ��&% �	
���

 '%& �� %#��������

31 16

Unused

15

Z_INIT

24 23

0

Z_INIT

Bit Mnemonic Function


��	� �!'%�� �'%& �� )$�&&�! �% �% �!� $��� �% '!����!���

	
�� ������ �!�&��� �����'�
������ &)"% �" #�� �!& (��'� ���& 	
 �% &�� %��! ��&��
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Z_XINC DZ/DX

FFF8 90F0 Read/Write

�&# ����� ������
� -#%'./#- !+*/�'*. /&# .(+,# +$ � 2'/& -#.,#!/ /+ �� �����
 '.

0.#" $+- �'*# ������ �*" �+(3%+* ������ +,#-�/'+*.�

31 16

Unused

15

DZ/DX

24 23

0

DZ/DX

Bit Mnemonic Function


��	� �*0.#" �0./  # 2-'//#* �. �. �*" -#�" �. 0*"#$'*#"�

	
�� ����� �(+,# +$ � �'/& �#.,#!/ /+ �
�2+. !+),(#)#*/ ��1�(0# � '/ 	
 '. /&# .'%*  '/�� �,#!'$3 �(( 	�  '/. $+-
 +/& ��� '/ �*" 	�� '/ �� 0$$#-.�
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Z_YINC DZ/DY

FFF8 90F4 Read/Write

�%" ����� ������
� ,"$&-.",  *).�&)- .%" -'*+" *# � 1&.% ,"-+" . .* �� �����
 &-

/-"! #*, �&)" ������ �)! �*'2$*) ������ *+",�.&*)-�

31 16

Unused

15

DZ/DY

24 23

0

DZ/DY

Bit Mnemonic Function


��	� �)/-"! �/-. �" 1,&..") �- �- �)! ,"�! �- /)!"#&)"!�

	
�� ����� �'*+" *# � �&.% �"-+" . .* �
�1*-  *(+'"("). ��0�'/" ��&. 	
 &- .%" -&$) �&.�� �+" &#2 �'' 	� �&.- #*,
�*.% ����&. �)! 	���&. ���/##",-�
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HCLP Hither Clip

FFF8 90F8 Read/Write

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

"�� �� ���� �$ &$�� ! �) (�� ��%��# ���""� � �$ � ����� ���
 ��% � �$ ���

31 16

Unused

15

HCLP

24 23

0

HCLP

Bit Mnemonic Function

	���
 � &$�� �&$% �� (#�%%� �$ �$ � � #��� �$ & ���� ���

�	�� ���� ��%��# ���"
�(!$ �!�"���� % ��'��&� ���% �	 �$ %�� $�� ��%��
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YCLP Yon Clip

FFF8 90FC Read/Write

��� �! ���" ������ #���$%�# �! %�� $ %�� ���!!#�� �%� !� %�� )! ���""� � "�� ��

���� �$ &$�� ! �) (�� �! ���""� � �$ � ����� ���
 ��% � �$ ���

31 16

Unused

15

YCLP

24 23

0

YCLP

Bit Mnemonic Function

	���
 � &$�� �&$% �� (#�%%� �$ �$ � � #��� �$ & ���� ���

�	�� ���� �! ���"
�(!$ �!�"���� % ��'��&� ���% �	 �$ %�� $�� ��%��
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ZCNFG Z–Buffer Configuration

FFF8 91E0 Read/Write
 +( #��5))(2 �0/),*52$4,0/ �#����� 2(*,34(2 &0/4$,/3 4+( *2$1+,&3 +$2'7$2(

&0/),*52$4,0/� ,/&-5',/* 4+( /5.%(2 0) #�1-$/(3� /5.%(2 0) �%53 7$,4 34$4(3� (4&�

"2,4( 40 #���� ,/,4,$--8 40 &002',/$4( 4+( #�%5))(2 $/' 4+( &0-02 *2$1+,&3 &0/420--(2�

31 16

Unused

15 10 9 8 6 5 3 2 1 0

ZBDZCBR FBSIZE ZWSTEMOUnused Unused

Bit Mnemonic Function

�	�	� !/53(' �534 %( 72,44(/ $3 �3 $/' 2($' $3 5/'(),/('�

� ��� �/$%-( �(.028 �54154
�/$%-(3�',3$%-(3 .(.028 0541543� � 2(3(4 (/$%-(3 .(.028 0541543�
� �,3$%-(3 .(.028 0541543�
	 �/$%-(3 .(.028 0541543�

��� #��� #��5))(2 ��� �8&-(3
�534 .$4&+ 4+( /5.%(2 0) ��� ��$3��()02(��$3� 2()2(3+ &8&-(3
120*2$..(' ,/ 4+( &0-02 *2$1+,&3 &0/420--(2 ���� %,43 0) ���	��
����0 ��� &8&-(3 1(2)02.('�

��	 	 ��� &8&-( 1(2 3&$/ -,/(�
�	� 
 ��� &8&-(3 1(2 3&$/ -,/(�
�		 � ��� &8&-(3 1(2 3&$/ -,/(�
	�� � ��� &8&-(3 1(2 3&$/ -,/(�
	�	 
 ��� &8&-(3 1(2 3&$/ -,/(�
		� � ��� &8&-(3 1(2 3&$/ -,/(�
			 � ��� &8&-(3 1(2 3&$/ -,/(�


�� ����#� �2$.( �5))(2 �,9(
�()-(&43 4+( )2$.( %5))(2 3,9( 0) 4+( &0-02 *2$1+,&3 &0/420--(2�  +(
#�%5))(2 53(3 4+,3 ,/)02.$4,0/ )02 #��5))(2 $''2(33 .$11,/*�

000 2K x 1K 64K x 4 VRAMS.
001 1K x 512 64K x 4 VRAMS.
010 2K x 1K 256K x 4 VRAMS.
011 2K x 2K 256K x 4 VRAMS.
100 4K x 2K 256K x 4 VRAMS.


 !/53('

	 #"� #��5))(2 "$,4 �4$4(3
�1(&,),(3 4+( .,/,.5. /5.%(2 0) �%53 7$,4 34$4(3 ,/3(24(' ,/ 4+( '$4$
1+$3(� �04( 4+$4 $ 107(251 3(43 � 7$,4 34$4(3 )02 4+( #�%5))(2� �,/&( 4+,3
6$-5( .$8 /04 .$4&+ 4+( /5.%(2 0) 7$,4 34$4(3 )02 4+( &0-02 *2$1+,&3
&0/420--(2� 4+( ),234 �%53 $&&(33 40 4+( #�%5))(2 .534 72,4( 4+(
$112012,$4( /5.%(2 0) 7$,4 34$4(3�
� � 7$,4 34$4(3 ,/3(24('�
	 	 7$,4 34$4( ,/3(24('�

� #�� #��5))(2 �(14+
�1(&,),(3 4+( '(14+ 0) 4+( #��5))(2 .(.028 �2($'�0/-8�� �0$'(' 7+(/
2(3(4 40 ,/',&$4( 4+( /5.%(2 0) #�1-$/(3�
� 	� %,4 #�%5))(2 '(14+�
	 
� %,4 #�%5))(2 '(14+�
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ST0 State 0

FFF8 91E4 Read/Write

��� �&�&�� ����� $���%&�$ �"!&��!% &�� �'$$�!& ����#&� (��'� "� �! �!&�$$'#&�� �$�)

�"  �!�� ��� �"!&�!&% "� &��% $���%&�$ �$� '%�� �'$�!� �&"# �!� ��%' � "#�$�&�"!%�

31 16

Unused

15

IZDEPTH

24 23

0

IZDEPTH

Bit Mnemonic Function

	���
 �!'%�� �'%& �� )$�&&�! �% �% �!� $��� �% '!����!���

�	�� ������
 �!&�$$'#&�� ��'���$ ��#&��
�)"% �" #�� �!& ��(��'� ���& �	 �% &�� %��! ��&��
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ST1 State 1

FFF8 91E8 Read/Write

��� �%�%�� ����� #���$%�# �! %�� $ %�� �&##� % ����� '��&� !� � � %�##&"%�� �#�(

�!��� �� ��� �! %� %$ !� %��$ #���$%�# �#� &$�� �&#� � �%!" � � ��$&�� !"�#�%�! $�

31 16

Unused

15

IDZ/DX

24 23

0

IDZ/DX

Bit Mnemonic Function


��	� � &$�� �&$% �� (#�%%� �$ �$ � � #��� �$ & ���� ���

	
�� 
����� 
 %�##&"%�� ��!"� !� � (�%� ��$"��% %! �
�(!$ �!�"���� % ��'��&� ���% 	
 �$ %�� $�� ��%��
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ST2 State 2

FFF8 91EC Read/Write

��� �%�%�	 ���	� #���$%�# �! %�� $ %�� �&##� % ����� '��&� !� � � %�##&"%�� �#�(

�!��� �� ��� �! %� %$ !� %��$ #���$%�# �#� &$�� �&#� � �%!" � � ��$&�� !"�#�%�! $�

31 16

Unused

15

IDZ/DY

24 23

0

IDZ/DY

Bit Mnemonic Function


��	� � &$�� �&$% �� (#�%%� �$ �$ � � #��� �$ & ���� ���

	
�� 
����� 
 %�##&"%�� ��"!� !� � (�%� ��$"��% %! �
�(!$ �!�"���� % ��'��&� ���% 	
 �$ %�� $�� ��%��
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ST3 State 3

FFF8 91F0 Read/Write

��� �%�%�� ����� #���$%�# �! %�� $ � �!") !� %�� �&##� %�) ��%�'� �#�( �!��� �� ���

�! %� %$ !� %��$ #���$%�# �#� &$�� �&#� � �%!" � � ��$&�� !"�#�%�! $�

31 16

Unused

15

IADRAW

04 3

Unused

Bit Mnemonic Function

���	 � &$�� �&$% �� (#�%%� �$ �$ � � #��� �$ & ���� ���

��� 

��
� 
 %�##&"%�� �#�( �!��� �
�!��� � �"�!�� �$�� %�� �!�!# �#�"���$ �!��� � #���$%�# �!# %��
!"�!��$��
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SHADOW Shadow

FFF8 9008 Read/Write

��� ����#) ����&'�% ���� �#"'��"& � �#$* #� '�� �$�#�� ��'& ����� �%#! '��

�#!!�"� %���&'�%� �� �& )%�'��#" *
 #" * '�� �# #% �%�$���& �#"'%%#  �% ��" %��� �'�

31 16

Unused

15

IDRAW

04 3

Unused

Bit Mnemonic Function

���	 �"(&�� �(&' �� )%�''�" �& �& �"� %��� �& ("����"���

��� �
��� 
%�)�"� �"&'%(�'�#"
�#!!�"� �$�#�� �&�� '�� �# #% �%�$���& �#!!�"� %���&'�% �#% '��
#$�#��&��

�"� #� ���$'�%
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Chapter 7
Programming the Keyboard

Interface

���� ���� �� ���������  �� ��$����� �� ������ ��� ��#  � ������� � �

Overview
��� ��$����� �� ������ �!���� � �� � �������� ���� ��� 	������� �������� ����

��$������� ��� ��$����� �� ������ ��� � !��"����� ��$�������!� �����"��� ������  ��

�
���� #���� ������ �� � ����  �� ��$����� �� ������  �  �� �

� ��� ����� ���

�$� �� �!� ������ ����!���� ��� #� �  �� ��$����� ��� �� �����  �� ��$�����

���� ������
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Keyboard Interface
�- -$*1) %) �%#/,!����� .$! &!3�*�, %).!,"��! �*)-%-.- *" � ����� �  ,!--  !�* !

�) �*).,*' '*#%�� �) �'*�& �) .%(%)# '*#%��

Clock &
Timing Logic

IObus

8 bits

Address Decode &
Control Logic

UART
SCN2661

8 bits

DISABLE_CLK

ENABLE_TXC
DSR

DCD

TXEMT

DTR

RxRDY

RxD
TxD

KBD_INT
(to interrupt
logic)TxC

RxC
KBD_CLOCK

KBD_DATA

DATA[7–0]

A0
A1

DISABLE_DATA

FUSE

Figure 7–1  Keyboard Interface

UART
�$! ���� %- � �%#)!.%�- ���	

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

�*).,*''!,� �. ,!�!%0!- -!,%�'  �.� ",*( .$! &!3�*�, �) �*)0!,.- %. .* +�,�''!'  �.�� �.

�'-* �*)0!,.- +�,�''!'  �.� .* -!,%�' �) .,�)-(%.- %. .* .$! &!3�*�, �

Clock and Timing Logic
�$! �'*�& �) .%(%)# '*#%� �*).�%)- .$! �%-��'! �'*�& �����
��������� ,!#%-.!, �) 

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

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

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

+,*#,�( .* �*).,*' 1$!.$!, *, )*. .$! &!3�*�, �'*�& -*/,�!- .$! �����- �2� %)+/.�
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Programming the Keyboard Interface
��� ��,�#�&� &#)(�"� �#"(&# ' (�� �"(�&���� *�� �	�� &���'(�&'� �' +�  �' (�� ��'�� �


 #�� &���'(�& �"� (�� �"�� � �&�"'!�( 
 #�� &���'(�&� ��� ��,�#�&� &#)(�"� !)'(

�#"���)&� (�� �	�� $�&�!�(�&' (�&#)�� (�� �	�� &���'(�&'�

��� ��,�#�&� &#)(�"� !)'( !��"(��" � $&#(#�# (# �#!!)"���(� �#&&��( , +�(� (��

��,�#�&�� �( ���#!$ �'��' (��' �, !�"�$) �(�"� (�� ��,�#�&� � #�� �"� ��(�  �"�' �(

(�� �$$&#$&��(� (�!�'� ��,�#�&� '#�(+�&� !)'( �#"*�&( '��" �#��' �"(# !��"�"��) 

���&��(�&' #& �"'(&)�(�#"'�

���
�	�� ��� #��� �!� �� ���!� ���!�� ��� ����� ������ #�� ��  �  �� ����� ���

����!�� ��  �� �� !�  ����� ���� �����#�� � ���� �"�  � �����#�� � �� �"�

 �� ����� ��� ��������� ���  �� ���
� 
!  #� �������� �"� ��� �!� ����

�� #��� ����� �� ������ ����� �� #�� ���

Clock and Data Lines
��� 
�� �"� ��,�#�&� �#!!)"���(� #*�& (�� ��,�#�&� � #�� �"� ��(�  �"�'� +����

��(��& (�� 
�� �*�� (�� ��,�#�&� �"(�&����� #& (�� ��,�#�&� ��" �#&��  #+ ��"��(�*���

���" "# �#!!)"���(�#" �' #��)&&�"�� �#(� (�� � #�� �"� ��(�  �"�' �&� ���� ���(�*���

��� 
�� '�"�' ��(� (# (�� ��,�#�&� �, ��&'( ��)'�"� (�� ��,�#�&� �"(�&���� (# �#&��

(�� ��(�  �"�  #+ �&�%)�'( (# '�"��� �"� (��" &� ��'�"� (�� � #��� �  #+�"� �( (# �# ����

'# (�� ��,�#�&� ��" �&�*� (�� � #��� ��� ��,�#�&� �&�*�' (�� � #�� +��" � #���"� ��(�

�" #& #)(� ��� 
�� ��)'�' (�� ��,�#�&� �"(�&���� (# �#&�� (�� � #��  �"�  #+ (# �"����(

��,�#�&� (&�"'!�''�#"� ��� ����� ����"�' (�� '(�(�' #� (�� � #�� �"� ��(�  �"�'�

Table 7–1  Keyboard Clock and Data Lines

Clock Data Port Control  Function


 
 	  #+' ��,�#�&� (# (&�"'!�( ��(��

� 
 �"����(' ��,�#�&� �&#! (&�"'!�((�"� ��(��

� � �"����(�' (��( (�� 
�� �' &�%)�'(�"� (# (&�"'!�( � �#!!�"� (# (��
��,�#�&��


 � 	  #+' ��,�#�&� (# &����*� ��(��
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Data Format
��!&  50# ,$ "�0� .#!#'2#"  5 0&# ���� !,+/'/0/ ,$ 		  '0/ �/ "#$'+#" '+ �� )#���
�

�&# ���� /0.'-/ 0&# /0�.0  '0 �+" /0,-  '0� !&#!(/ 0&# -�.'05  '0� /&'$0/ 0&# /#.'�) "�0�

 '0/ '+0, � /&'$0 .#%'/0#.� �+" +,0'$'#/ 0&# ��� 0&�0 '0 &�/ �  50# ,$ "�0�� �&# (#5 ,�."

.,10'+# *1/0 0&#+ .#�" 0&#  50# ,$ "�0� �+" '+0#.-.#0 0&# "�0��

Table 7–2  Keyboard Data Format

Bit Function

	 �0�.0  '0 ��)3�5/ ��


 ��0�  '0 � �)#�/0 /'%+'$'!�+0  '0�

� ��0�  '0 	

� ��0�  '0 



 ��0�  '0 �

� ��0�  '0 �

� ��0�  '0 


� ��0�  '0 �

� ��0�  '0 � �*,/0 /'%+'$'!�+0  '0�

	� ��.'05  '0 �,""�

		 �0,-  '0 ��)3�5/ 	�

Registers
�� )#���� /&,3/ 0&# .#%'/0#./ �+" 0&#'. �"".#//#/� �&# �'/� )# �),!( .#%'/0#. �+" 0&#

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

'+ 0&# �����

Table 7–3  Keyboard Registers

Address Register Type

���� 
��� �#!#'2# �,)"'+% �#%'/0#. ��4��� �#�"

�.�+/*'0 �,)"'+% �#%'/0#. ��4��� �.'0#

���� 
��� �0�01/ �#%'/0#. ���� �#�"

���� 
��� �,"# �#%'/0#. 	 ���	� �#�"��.'0#

�,"# �#%'/0#. 
 ���
� �#�"��.'0#

���� 
��� �,**�+" �#%'/0#. ���� �#�"��.'0#

���� 
�	� �'/� )# �),!( ����� �.'0#

���� 
�
� �+� )# �.�+/*'0 �),!( ���4�� �.'0#

�,. *,.# '+$,.*�0',+ ,+ 0&# ���� .#%'/0#./� /## 0&# �'%+#0'!/����
��
��


� ����

��	����
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RxHR Receive Holding Register

FFF8 2800 Read Only

!*' �'%'+7' �0-&+/) �')+45'3 ��9��� 5'.103#3+-: 4503'4 # $:5' 0( &#5# 53#/4.+55'& $:

5*' ,':$0#3&� !*' 4'%5+0/ <�':$0#3&  %#/ �0&'4� &'(+/'4 5*' 4%#/ %0&' &#5#

53#/4.+55'& $: 5*' ,':$0#3&� !#$-'���
 +&'/5+(+'4 5*' 3'410/4' %0&'4�

07

Data

Bit Mnemonic Function

��	 �#5# �0-&4 &#5# 4'/5 (30. 5*' ,':$0#3& (03 5*' ��"�

Table 7–4  Keyboard Responses

�� �%,/08-'&)' �����
 '/5 #4 5*' 45#/&#3& 3'410/4' 50 53#/4.+44+0/4 (30. 5*' *045� !*' '9%'15+0/4 #3'
5*' �%*0 #/& �'4'/& %0..#/&4� 8*+%* *#7' 41'%+#-+;'& 3'410/4'4 �4'' �� #/& ��
%0&'4��

�� �'410/4'
 '/5 +/ 3'1-: 50 5*' �%*0 %0..#/& (30. 5*' *045�

�	 �3'#, %0&' 13'(+9
 '/5 8*'/ # ,': +4 3'-'#4'& 8*+-' 5*' ,':$0#3& +4 64+/) '+5*'3 4%#/ %0&' 4'5 � 03
4%#/ %0&' 4'5 �� !*+4 +4 5*' (+345 $:5' 0( # ��$:5' 4'26'/%'� 5*' 4'%0/& $:5' +4 5*'
4%#/ %0&' 0( 5*' ,': 3'-'#4'&�

		 �7'336/
�/&+%#5'4 5*#5 5*' ,':$0#3&�4 
��$:5' $6(('3 *#4 07'3(-08'&� #/& #5 -'#45 0/'
,':4530,' +4 -045�

�� �'4'/&
 '/5 8*'/ 5*' ,':$0#3& &'5'%54 # 1#3+5: '3303 03 +--')#- %0..#/& (30. 5*' *045�
!*' *045 4*06-& 3'410/& $: 3'53#/4.+55+/) +54 .045 3'%'/5 53#/4.+44+0/�

�� �#4+% #4463#/%' 5'45 ���!� %0.1-'5+0/
�/&+%#5'4 5*#5 5*' ,':$0#3& *#4 46%%'44(6--: %0.1-'5'& +54 4'-(�5'45 3065+/'4�
�/05*'3 3'410/4' %0&' �'�)� ��
�� #(5'3 4'-(�5'45 +/&+%#5'4 # (#+-63' *#4 $''/
&'5'%5'&�

��� �� �':$0#3& ��
 '/5 +/ 3'410/4' 50 5*' �'#& �':$0#3& �� %0..#/&�

	�� 	� �': �0&' .0&'
 '/5 +/ 3'410/4' 50 5*' �'#& �': �0&' �0&' %0..#/&� !*+4 7#-6' %033'410/&4 50
5*' 4%#/ 4'5 /6.$'3 �	�
� � 4'5 �� 	�
� � 4'5 ���
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TxHR Transmit Holding Register

FFF8 2800 Write Only

�&# �/�+0*'1 �,)"'+% �#%'01#/ ��5��� 1#*-,/�/')6 01,/#0 !,**�+"0 1,  #

1/�+0*'11#" 1, 1&# (#6 ,�/"� �� )#�
�� )'010 1&# !,**�+" !,"#0�

07

Data

Bit Mnemonic Function


�� ��1� �,)"0 "�1� 0#+1 $/,* 1&# ��� 1, 1&# (#6 ,�/"�

Table 7–5  Commands

Code
(hex) Command

�� �!&,
�#.2#01 1&# (#6 ,�/" 1, 1/�+0*'1 �+ ��� �&'0 !,**�+" '0 $,/ "'�%+,01'! 20# ,+)6 �1&# (#6 ,�/"
!,+1'+2#0 0!�++'+% '$ '1 4�0 -/#3',20)6 #+� )#"��

��� �	 ���
�#.2#01 1&# (#6 ,�/" 1, 1/�+0*'1 �+ �� 1, 1&# &,01 �0 �!(+,4)#"%#*#+1 ,$ /#!#-1',+� �&# (#67
 ,�/" 1�(#0 +, ,1&#/ �!1',+�

�� �#0#1
��)10 1&# (#6 ,�/" �!#�0# 0!�++'+% 1&# (#6 �//�6�� �!(+,4)#"%# 1&'0 !,**�+"  6 1/�+0*'11'+%

�+ ��� �+" 4�1!& 1&# !),!( �+" "�1� )'+#0� �$  ,1& )'+#0 /#*�'+ &'%& $,/ ��� *0� 1&# (#6 ,�/"
-#/$,/*0 � 0#)$�1#01� �$ #'1&#/ )'+# %,#0 ),4 "2/'+% 1&'0 -#/',"� 1&# �#0#1 ,-#/�1',+ '0 � ,/1#"
�+" 1&# (#6 ,�/" !,+1'+2#0 �0  #$,/# 1&'0 !,**�+"� �&# 0#)$�1#01 �������� *0 '+ "2/�1',+�
'+!)2"#0 � !&#!(02* 1#01 ,$ ��� �+" � 1#01 ,$ ���� �&# (#6 ,�/" ���0 12/+ ,+ $,/ 
�� *0�
�+" 1&#+ ,$$� �-,+ 02!!#00$2) !,*-)#1',+ ,$ 1&# 0#)$�1#01� 1&# (#6 ,�/" 1/�+0*'10 ��� �$ 1&#
0#)$�1#01 $�')0� 1&# (#6 ,�/" 1/�+0*'10 1&# �--/,-/'�1# !,"#� �&# (#6 ,�/" 1&#+ 0#10 1&# 16-#7
*�1'! /#-#�1 "#)�6 �+" /�1# 1, 1&# "#$�2)1 3�)2#0� !)#�/0 1&# ,21-21  2$$#/� �+"  #%'+0 1, 0!�+ 1&#
(#6 �//�6� �2/'+% 1&# 0#)$�1#01� 1&# (#6 ,�/" �)),40 �),!( �+" ��1� 1, $),�1 &'%&�

�� �#0#+"
�#.2#010 1&# (#6 ,�/" 1, /#0#+" 1&# *,01 /#!#+1 1/�+0*'00',+� �&'0 !,**�+" '0 +,1 3�)'" '$ 1&#
&,01 &�0 0#+1 � 1/�+0*'00',+ *,/# /#!#+1)6 1&�+ 1&# (#6 ,�/"� ,/ '$ 1&# &,01 &�0 #+� )#" 1&#
'+1#/$�!# �$1#/ 1&# *,01 /#!#+1 (#6 ,�/" 1/�+0*'00',+� �$ 1&# (#6 ,�/"�0 *,01 /#!#+1 1/�+0*'07
0',+ 4�0 � �#0#+" !,**�+"� 1&# (#6 ,�/" 4')) /#1/�+0*'1 1&#  61# '1 1/�+0*'11#"  #$,/# 1&#
�#0#+" !,**�+"� �,2 20# 1&'0 !,**�+" 4&#+ 1&# &,01 "#1#!10 � -�/'16 #//,/ '+ � 1/�+0*'00',+
$/,* 1&# (#6 ,�/"�

�!,+1'+2#"�
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Table 7–5  Commands

Code
(hex) Command

�� '.< <A8.5*<2, :.8.*< -.4*A�:*<.
'.< <1. <A8.5*<2, -.4*A <25. *6- <1. :*<. 7/ :.8.*<
 (1.;. 8*:*5.<.:; *:. ,7-.- 26<7 * +A<. <1*<
/7447?; <1. �� ,755*6-
 (1. C-.4*A� 26-2,*<.; 17? 4760 * 3.A 5*A ;<*A -7?6 +./7:. <1. <A8.D
5*<2, :.8.*< /.*<=:. 2; *,<2>*<.-
 (1. C:*<.� 26-2,*<.; 17? 7/<.6 <1. 3.A,7-. 2; :.8.*<.- */<.:
<1. -.4*A 8.:27- .4*8;.;
 )1.6 <1. 3.A+7*:- :.,.2>.; <1. �� ,755*6-� 2< ;<78; ;,*66260 <1. 3.A
*::*A� <:*6;52<; *6 �� <7 <1. 17;<� *6- ?*2<; /7: <1. ;.,76- +A<.
  / <1. 57;< ;2062/2,*6< +2< 7/
<1. ;.,76- +A<. 2; 
� <1. �� ,755*6- 2; *+7:<.-� *6- <1. 3.A+7*:- <:.*<; <1. ;.,76- +A<. *; *
6.? ,755*6-
  / <1. 57;< ;2062/2,*6< +2< 7/ <1. ;.,76- +A<. 2; �� <1.6 <1. 47?	7:-.: +2<; *:.
26<.:8:.<.- *;

Bit Meaning

� �4?*A; �

�� � �.4*A
(1. 3.A+7*:- *--; 
 <7 <12; 6=5+.: *6- -2>2-.; <1. ;=5 +A � <7 7+<*26 <1. -.4*A 8.:2D
7-
 (1=;� <1. -.4*A 8.:27- 5*A >*:A /:75 ��� 5; ����� <7 
 ; �

��
 (1. -./*=4< -.4*A
2; ��� 5; ��
��


�� � &*<.
�@876.6<2*4 ,75876.6< ��� 7/ <1. :*<. ,*4,=4*<276


�	� &*<.
$//;.< ��� 26 <1. 426.*: ,75876.6< 7/ <1. :*<. ,*4,=4*<276
 (1. :*<. 2; <1. :.,28:7,*4 7/
<1. 8.:27-� ?12,1 2; ,*4,=4*<.- *,,7:-260 <7 <1. /7:5=4*�
%.:27- � �
���
� � �� � �� � ������ ;�,1*:*,<.:
(1. :*<. ,*6 >*:A /:75 � �B �




�� <7 �� �B ��������
 (1. -./*=4< 2; 
�
� �B
��
�

��


�/<.: :.,.2>260 * >*42- 8*:*5.<.: +A<.� <1. 3.A+7*:- ;.6-; *6 �� <7 <1. 17;<
  / <1. 3.A+7*:-
?*; 67< 1*4<.- ?1.6 2< :.,.2>.- <1. ��� <1. 3.A+7*:- :.;=5.; ;,*66260 <1. 3.A *::*A
 �44 <A8.D
5*<2, ;8.,2/2,*<276; 5*A >*:A ��	 ���


�� '.<�&.;.< 57-. 26-2,*<7:;
'8.,2/A 6.? ;<*<.; �76 7: 7//� /7: <1. <1:.. "��; 76 <1. 3.A+7*:-
 (1. /2:;< +A<. 7/ <12; �	+A<.
,755*6- ,*=;.; <1. 3.A+7*:- <7 ,.*;. ;,*66260 <1. 3.A *::*A *6- <:*6;52< *6 �� <7 <1. 17;<

 / <1. ;.,76- +A<. 2; * >*42- ,755*6- �* >*4=. 7/ �� 7: 1201.:�� <1. �� ,755*6- 2; *+7:<.-� *6-
<1. 3.A+7*:- .@.,=<.; <1. 6.? ,755*6- ?2<17=< ,1*60260 <1. ;<*<.; 7/ <1. "��;
  / <1. 3.AD
+7*:- ?*; 67< 1*4<.- +./7:. :.,.2>260 <1. �� ,755*6-� 2< ,76<26=.; ;,*66260 <1. 3.A *::*A

 / <1. ;.,76- +A<. 2; 67< * >*42- ,755*6-� <1. � 4.*;< ;2062/2,*6< +2<; -.<.:526. <1. 6.? ;<*<.; 7/
<1. "��;
 � 1201 �
� +2< 5.*6; <1. ,7::.;876-260 "�� ;17=4- +. 76� * 47? ��� +2< 26-2,*<.; <1.
"�� ;17=4- +. 7//


Bit LED
�	� &.;.:>.-
� �*8; 47,3

 #=5 47,3
� ',:744 47,3

(1. 3.A+7*:- ;.6-; *6 �� <7 <1. 17;< <7 *,367?4.-0. :.,.28< 7/ <1. ;.,76- +A<.� ;.<; <1. "��;
<7 <1.2: 6.? ;<*<.;� *6- :.;=5.; ;,*66260 <1. 3.A *::*A �2/ <1. 3.A+7*:- ?*; 67< 1*4<.- +./7:.
:.,.2>260 <1. �� ,755*6-�
 (1. -./*=4< ;<*<. 7/ *44 <1:.. "��; 2; 7//


�� &.*- 3.A+7*:-  �
&.9=.;< <1. 3.A+7*:- <7 *,367?4.-0. <12; ,755*6- ?2<1 *6 �� /7447?.- +A <1. <?7 3.A+7*:-
 � +A<.;� �� *6- ��� *6- <1.6 :.;=5. ;,*66260 2/ 8:.>27=;4A .6*+4.-


�� '.<�&.*- !.A �7-. 57-.
&.9=.;< <1. 3.A+7*:- <7 *,367?4.-0. <12; ,755*6- ?2<1 *6 ��� <1.6 ?*2< /7: *6 78<276 ,7-.
/:75 <1. 17;<
 (1. 3.A+7*:- :.;876-; <7 <1. 78<276 ,7-. ?2<1 *6 ��
  / <1. 78<276 ,7-. 2; ���
<1. 3.A+7*:- ;.6-; 7=< * +A<. 26-2,*<260 <1. .@2;<260 3.A ,7-. 57-. ;<*<=; ��� � ;,*6 ;.< �� ��
� ;,*6 ;.< ��
  / <1. 78<276 57-. 2; �� 7: ��� <1. 3.A+7*:- ;.<; <1. ,7-. 57-. ;<*<=; <7 ;,*6 ;.<
� 7: �� :.;8.,<2>.4A


�,76<26=.-�
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Table 7–5  Commands

Code
(hex) Command

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

�� �!"�/'.  %-��'!
��/-! .$! &!3�*�, .* +!,"*,( �'' "/)�.%*)- *" .$! �!. �!"�/'. �*((�) ��
�� !2�!+. .$�. .$!
&!3�*�,  *!- )*. ,!-/(! -��))%)# .$! &!3 �,,�3 �".!, !2!�/.%)# .$! �*((�) � �$%- %- .$!
$�'.! -.�.! *" .$! &!3�*�, �

�� �)��'!
��/-! .$! &!3�*�, .* .,�)-(%. �) ��� �'!�, %.- */.+/. �/""!,� �) -.�,. .* -��) .$! &!3 �,,�3�

��� �� �3+!(�.%� &!3 ,!-!. �� 	
��/-! .$! &!3�*�, .* ,!-+*) 1%.$ �) ��� -.*+ -��))%)#� �) 1�%. "*, .$! *+.%*) �* !� 1$%�$
-+!�%"%!- .$! &!3 .* �! -!.� �$! &!3�*�, ,!-+*) - .* .$! *+.%*) �* ! 1%.$ �) ��� �$%- �*(4
(�) ��)�!'- .$! .3+!(�.%� "/)�.%*)� .$!) -!.- .$! &!3 .3+! *" .$! -+!�%"%! &!3 .* !%.$!, ��&!�
�,!�& ��*((�) ��� *, ��&! ��*((�) ���� �$%- �*((�) �++'%!- *)'3 .* -��) -!. 
�

�� �3+!(�.%� &!3 -!.
��/-! .$! &!3�*�, .* ,!-+*) 1%.$ �) ��� -.*+ -��))%)#� �) 1�%. "*, .$! *+.%*) �* ! -+!�%"34
%)# .$! &!3 .* �! -!.� �$! &!3�*�, ,!-+*) - .* .$! *+.%*) �* ! 1%.$ �) ��� �" .$! -��) -!. %- 
�
.$! �*((�) -!.- .$! &!3 .3+! *" .$! -+!�%"%! &!3 .* .3+!(�.%�� �$! &!3�*�, ,!(�%)- $�'.! 
�".!, .$! �*((�) �

����� �'' &!3 .3+!(�.%� �*).,*'
��/-! .$! &!3�*�, .* ,!-+*) 1%.$ ��� !)��'! *,  %-��'! .$! .3+!(�.%� "/)�.%*)� �) �''*1 *,
%)$%�%. .$! .,�)-(%--%*) *" � �,!�& �* ! 1$!) � &!3 %- ,!'!�-! � �$! *+!,�.%*) %-  !+!) !). *)
.$! ��./�' �* ! �- "*''*1-�

Typematic Break Code
Command Function Sending
�� !)��'!  %-��'!
��  %-��'! !)��'!
��  %-��'!  %-��'!
�� !)��'! !)��'!

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

�

��*)�'/ ! �
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Keyboard Scan Codes
�$! &!4�*�- /-�).(%/. � .��) �* ! 2$!) � &!4 %.  !+-!..! � �" � &!4 %. $!'  *2) .*

/$�/ %/ .�/%."%!. /$! -!,0%-!(!)/. *" /$! /4+!(�/%� "0)�/%*)� /$! .��) �* ! %. -!+!�/! 

0)/%' /$! &!4 %. -!'!�.! � �$! .��) �* !. �-! '%)&! /* /$! +*.%/%*) *" /$! &!4.� )*/ /*

/$! �$�-��/!- *) /$! &!4� �$! *+!-�/%)# .4./!( (0./  !�* ! /$! .��) �* !. �) �..%#)

�$�-��/!-. /* /$! �* !.� �%#0-!�
�
 %''0./-�/!. /$! &!4. *) � &!4�*�- � �) ���'!�
��

% !)/%"%!. /$! .��) �* !. "*- /$! &!4.�

�$! .4./!(  !"�0'/. /* .��) .!/ 
� �0/ ��) �! .2%/�$! /* .��) .!/ �� �!! /$!

 !.�-%+/%*) *" /$! �!�!%1! �*' %)# ��3�� -!#%./!-� �%/$ .��) �* ! .!/ �� !��$ &!4 .!) .

*)'4 	 .��) �* !� �) )* &!4. �-! �""!�/! �4 /$! ./�/! *" �)4 */$!- &!4.�

�$! 1�'0!. %) .��) �* ! .!/ � -!(�%) �*)./�)/ -!#�- '!.. *" /$! ./�/! *" /$! .$%"/ &!4.�

��)4 �* !. %) .��) .!/ 
 �) .��) .!/ � �-! % !)/%��'� �$! ./�/! *" /$! .$%"/ &!4. ��/-'�

�'/� �) �$%"/� �) /$! �0( �*�& &!4 �""!�/ /$! 1�'0!. %) .��) �* ! .!/ 
�

Make %. /-�).(%//! 2$!) /$! &!4 %. +-!..! � ���$ &!4 $�. � 0)%,0! ���%/ (�&! .��)

�* !�

Break %. /-�).(%//! 2$!) � &!4 %. -!'!�.! � �$! �-!�& �* ! %. 
 �4/!. '*)# �/$! "%-./

�4/! �'2�4. �*)/�%). /$! �-!�& �* ! +-!"%3� ��� /$! .!�*) �4/! %. /$! .�(! �. /$!

(�&! .��) �* ! "*- /$�/ &!4�� ���$ &!4 .!) . � �-!�& �* ! 2$!) /$! &!4 %. -!'!�.! �

Typematic %) %��/!. /$�/ %" /$! &!4 %. $!'  *2)� /$! &!4�*�- 2%'' -!+!/%1!'4 /-�).(%/

/$! .��) �* ! 0)/%' /$! &!4 %. -!'!�.! � �$! /4+!(�/%� .��) �* ! "*- � &!4 %. /$! .�(!

�. /$! &!4�. (�&! �* !�
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112

113

114

115

116

117

118

119

120

121

122

123

125

126

110

2

1

4

3

6

5

8

7

10

9

12

11

13

15 29

30

43

44 58

60

62

61

16

17

19

18

21

20

23

22

25

24

27

26

28

124

80

85

75

31

33

32

35

34

37

36

39

38

41

40

46

48

47

50

49

52

51

54

53

55

81

86

76

83

90

95

100

105

91

96

101

92

97

102

93

98

103

108106

57

84

89

79

99

104

64

Figure 7–2  Position of Keys on Keyboard
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Table 7–6  Scan Code Sets 2 and 3

� �� �� �� �� �� �� �($�!�&��

	 �
 �� �
 �
 �� �
 �($�!�&��


 �� �� �� �� �� �� �($�!�&��

� 	
 �� 	
 	
 �� 	
 �($�!�&��

� 	� �� 	� 	� �� 	� �($�!�&��


 	� �� 	� 	� �� 	� �($�!�&��

� 

 �� 

 

 �� 

 �($�!�&��

� 
� �� 
� 
� �� 
� �($�!�&��

� 
� �� 
� 
� �� 
� �($�!�&��

�� �
 �� �
 �
 �� �
 �($�!�&��

�� �� �� �� �� �� �� �($�!�&��

�	 �� �� �� �� �� �� �($�!�&��

�
 �� �� �� �� �� �� �($�!�&��

�� 

 �� 

 

 �� 

 �($�!�&��

�
 �� �� �� �� �� �� �($�!�&��

�� �� �� �� �� �� �� �($�!�&��

�� �� �� �� �� �� �� �($�!�&��

�� 	� �� 	� 	� �� 	� �($�!�&��

	� 	� �� 	� 	� �� 	� �($�!�&��

	� 	� �� 	� 	� �� 	� �($�!�&��

		 
� �� 
� 
� �� 
� �($�!�&��

	
 
� �� 
� 
� �� 
� �($�!�&��

	� �
 �� �
 �
 �� �
 �($�!�&��

	� �� �� �� �� �� �� �($�!�&��

	
 �� �� �� �� �� �� �($�!�&��

	� �� �� �� �� �� �� �($�!�&��

	� �� �� �� �� �� �� �($�!�&��

	� � �� �� �� �� �� �� �($�!�&��


� �� �� �� �� �� �� ������%���


� �� �� �� �� �� �� �($�!�&��


	 �� �� �� �� �� �� �($�!�&��



 	
 �� 	
 	
 �� 	
 �($�!�&��


� 	� �� 	� 	� �� 	� �($�!�&��


� 
� �� 
� 
� �� 
� �($�!�&��



 

 �� 

 

 �� 

 �($�!�&��


� 
� �� 
� 
� �� 
� �($�!�&��


� �	 �� �	 �	 �� �	 �($�!�&��


� �� �� �� �� �� �� �($�!�&��

�� �� �� �� �� �� �� �($�!�&��

�� �	 �� �	 �	 �� �	 �($�!�&��

�	 	 �� �� �� �
 �� �
 �($�!�&��

�
 �� �� �� �� �� �� �($�!�&��

�� �	 �� �	 �	 �� �	 ������%���

�� 	 
� �� 
� �
 �� �
 �($�!�&��

�
 �� �� �� �� �� �� �($�!�&��

�� 		 �� 		 		 �� 		 �($�!�&��

�� 	� �� 	� 	� �� 	� �($�!�&��

�� 	� �� 	� 	� �� 	� �($�!�&��

Scan Code Set 2 Scan Code Set 3
Codes Codes Default

Key # Make Break Make Break Key State

�
������( ��(�#�%� #" (�

	
��	���( ��(�#�%� #" (�

��#"&�"'���
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Table 7–6  Scan Code Sets 2 and 3

�� 
	 �� 
	 
	 �� 
	 �/)�&�,#�

�� 
� �� 
� 
� �� 
� �/)�&�,#�

�	 
� �� 
� 
� �� 
� �/)�&�,#�

�
 �� �� �� �� �� �� �/)�&�,#�

�� �� �� �� �� �� �� �/)�&�,#�

�� �� �� �� �� �� �� �/)�&�,#�

�� �� �� �� �� �� �� ��$���*��$

�� �� �� �� �� �� �� ��$���*��$


� �� �� �� �� �� �� ��$���*��$


� 	� �� 	� 	� �� 	� �/)�&�,#�


	 �� �� �� �� �� 
� �� 
� ��$�


� �� �� �� �� �� �� �� �� ��$�

�� �� �� �� �� �� 
� �� 
� ��$�

(Shift + Num Lock) E0 70 E0 F0 70 — — —
(Num Lock on) E0 12 E0 70 E0 F0 70 E0 F0 12 — — —
(Shift) 
 E0 F0 12 E0 70 E0 F0 70 E0 12

�
 �� �� �� �� �� 
� �� 
� �/)�&�,#�

(Shift + Num Lock) E0 71 E0 F0 71 — — —
(Num Lock on) E0 12 E0 71 E0 F0 71 E0 F0  12 — — —
(Shift) 
 E0 F0 12 E0 71 E0 F0 71 E0 12

�� �� 
� �� �� 
� 
� �� 
� �/)�&�,#�

(Shift + Num Lock) E0 6B E0 F0 6B — — —
(Num Lock on) E0 12 E0 6B E0 F0 6B E0 F0  12 — — —
(Shift) 
 E0 F0 12 E0 6B E0 F0 6B E0 12

�� �� 
� �� �� 
� 
� �� 
� ��$�

(Shift + Num Lock) E0 6C E0 F0 6C — — —
(Num Lock on) E0 12 E0 6C E0 F0 6C E0 F0  12 — — —
(Shift) 
 E0 F0 12 E0 6C E0 F0 6C E0 12

�� �� 
� �� �� 
� 
� �� 
� ��$�

(Shift + Num Lock) E0 69 E0 F0 69 — — —
(Num Lock on) E0 12 E0 69 E0 F0 69 E0 F0  12 — — —
(Shift) 
 E0 F0 12 E0 69 E0 F0 69 E0 12

�
 �� �� �� �� �� 

 �� 

 �/)�&�,#�

(Shift + Num Lock) E0 75 E0 F0 75 — — —
(Num Lock on) E0 12 E0 75 E0 F0 75 E0 F0  12 — — —
(Shift) 
 E0 F0 12 E0 75 E0 F0 75 E0 12

�� �� �	 �� �� �	 
� �� 
� �/)�&�,#�

(Shift + Num Lock) E0 72 E0 F0 72 — — —
(Num Lock on) E0 12 E0 72 E0 F0 72 E0 F0  12 — — —
(Shift) 
 E0 F0 12 E0 72 E0 F0 72 E0 12

�� �� �� �� �� �� 
� �� 
� ��$�

(Shift + Num Lock) E0 7D E0 F0 7D — — —
(Num Lock on) E0 12 E0 7D E0 F0 7D E0 F0  12 — — —
(Shift) 
 E0 F0 12 E0 7D E0 F0 7D E0 12

Scan Code Set 2 Scan Code Set 3
Codes Codes Default

Key 
 Make Break Make Break Key State


 � ,"� %� , �"# , $�/ #+ "�%� �(.'� ,"� �� �	 �&�$�� �'� �� �	 ��*��$� #+ +�', .#," ,"� (,"�* +��' �(��+�

� ,"� *#!", �"# , $�/ #+ "�%� �(.'� �� �� �&�$�� �'� �� �� ��*��$� #+ +�',� � �(," �"# , $�/+ �*� "�%�

�(.'� �(," +�,+ ( �(��+ �*� +�', .#," ,"� (,"�* +��' �(���

��(',#'-���
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Table 7–6  Scan Code Sets 2 and 3

�� �� 
� �� �� 
� �� �� �� ��#�

(Shift + Num Lock) E0 7A E0 F0 7A — — —
(Num Lock on) E0 12 E0 7A E0 F0 7A E0 F0  12 — — —
(Shift) 	 E0 F0 12 E0 7A E0 F0 7A E0 12

�� �� 

 �� �� 

 �� �� �� �.(�%�+"�

(Shift + Num Lock) E0 74 E0 F0 74 — — —
(Num Lock on) E0 12 E0 74 E0 F0 74 E0 F0  12 — — —
(Shift) 	 E0 F0 12 E0 74 E0 F0 74 E0 12

�� 

 �� 

 
� �� 
� ��#�

�� �� �� �� �� �� �� ��#�

�� �� �� �� �� �� �� ��#�

�	 �� �� �� �� �� �� ��#�

�� �� 
� �� �� 
� 

 �� 

 ��#�

�� 
� �� 
� 
� �� 
� ��#�

�� ��!"�+� 	 �� �� �� 
� �� �� �� 
� / / /

�
 
	 �� 
	 
	 �� 
	 ��#�

�� 
� �� 
� 
� �� 
� ��#�

�� 
� �� 
� 
� �� 
� ��#�

��� 
� �� 
� 
� �� 
� ��#�

��� 
� �� 
� 
� �� 
� ��#�

��� 

 �� 

 

 �� 

 ��#�

��	 
� �� 
� 
� �� 
� ��#�

��
 
� �� 
� 
� �� 
� ��#�

��� 
� �� 
� �
 �� �
 ��#�

��� 
� �� 
� 
� �� 
� �.(�%�+"�

��� �� �� �� �� �� 
� �� 
� ��#�

��� 
� �� 
� �� �� �� ��#�

��� �� �� �� �
 �� �
 ��#�

��	 �� �� �� �� �� �� ��#�

��
 �
 �� �
 �
 �� �
 ��#�

��� �� �� �� �� �� �� ��#�

��� �	 �� �	 �
 �� �
 ��#�

��
 �� �� �� �� �� �� ��#�

��� �	 �� �	 	
 �� 	
 ��#�

��� �� �� �� 	� �� 	� ��#�

��� �� �� �� 

 �� 

 ��#�

��� �� �� �� 
� �� 
� ��#�

��� 
� �� 
� �� �� �� ��#�

��	 �
 �� �
 �� �� �� ��#�

��
 �� �� �� 
� �� �� 
� �� �� �� �
 �� �
 ��#�

(Ctrl, Shift) E0 7C E0 F0 7C — — —
(Alt) 84 F0 84 — — —

��� 
� �� 
� �� �� �� ��#�

��� 
 �� �
 

 �� / �� �� �� ��#�

�� �
 �� 



(Ctrl) E0 7E E0 F0 7E — — — —

Scan Code Set 2 Scan Code Set 3
Codes Codes Default

Key 	 Make Break Make Break Key State

	 �� +!� $��+ �!"�+ #�. "* !�$� �'-&� +!� �� �� �%�#�� �&� �� �� ��)��#� "* *�&+ -"+! +!� '+!�) *��& �'��*�

�� +!� )" !+ �!"�+ #�. "* !�$� �'-&� �� �� �%�#�� �&� �� �� ��)��#� "* *�&+� �� �'+! �!"�+ #�.* �)� !�$�

�'-&� �'+! *�+* '� �'��* �)� *�&+ -"+! +!� '+!�) *��& �'���


 �!"* #�. "* &'+ +.(�%�+"�� �$$ �**'�"�+�� *��& �'��* '��,) '& +!� %�#� '� +!� #�.�

��'&�$,����
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SR Status Register

FFF8 2804 Read Only

�)& �3"342 �&(*23&1 ���� $/.3"*.2 3)& 1&$&*5&1� 31".2-*33&1� ".% $/.31/, 2*(.", 23"342

'/1 3)& +&8#/"1% *.3&1'"$&�

0

TxRDY

1

RxRDY

23

STCPE

4

OE

5

FE

6

1

7

ETC

Bit Mnemonic Function

� ��� �."#,& �1".2-*3 �,/$+ 1&(*23&1 �������!���� �3"342
� �.%*$"3&2 3)"3 3)& �7� *.043 *2 &."#,&%�
� �.%*$"3&2 3)"3 3)& �7� *.043 *2 %*2"#,&%�


 ���� �42&
� �)& +&8#/"1% '42& *2 %&'&$3*5&�
� �)& +&8#/"1% '42& *2 (//%�

� �� �1"-*.( �11/1
� �.%*$"3&2 3)"3 " '1"-*.( &11/1 /$$411&%�

� �� �5&114. �11/1
� �.%*$"3&2 3)"3 ". /5&114. &11/1 /$$411&%�


 �� �"1*38 �11/1
� �.%*$"3&2 3)"3 " 0"1*38 &11/1 /$$411&%�

	 ��� �3"342 �)".(&
� �.%*$"3&2 3)"3 3)& �."#,& �1".2-*3 �,/$+ 1&(*23&1 $)".(&% 23"342 /1
3)& �1".2-*3 �)*'3 1&(*23&1 $/-0,&3&% " 31".2-*22*/. ".% " .&6 $)"1"$3&1
6"2 ,/"%&% *.3/ 3)& �1".2-*3 �/,%*.( 1&(*23&1�  /4 $". %&3&1-*.& *' "
31".2-*33&1�&-038 $/.%*3*/. &7*232 #8 1&"%*.( 3)*2 1&(*23&1 36*$& 6)*,&
3)& �."#,& �1".2-*3 �,/$+ 1&-"*.2 4.$)".(&%�

� �7�� �&$&*5& �/,%*.( 1&(*23&1 �3"342
� �.%*$"3&2 3)"3 3)& �&$&*5& �/,%*.( 1&(*23&1 *2 &-038�
� �.%*$"3&2 3)"3 3)& �&$&*5& �/,%*.( 1&(*23&1 $/.3"*.2 %"3"�

� �7�� �1".2-*3 �/,%*.( 1&(*23&1 �3"342
� �.%*$"3&2 3)"3 3)& �1".2-*3 �/,%*.( 1&(*23&1 $/.3"*.2 %"3"�
� �.%*$"3&2 3)"3 3)& �1".2-*3 �/,%*.( 1&(*23&1 *2 &-038�



Programming the Keyboard Interface

7–15014–002076

MR1, MR2 Mode Register

FFF8 2808 Read/Write

�(% �.$% �%')23%12 ���	 !-$ ��
� /1.'1!, 3(% ���� ,.$% .& ./%1!3).-� �(% &)123

3),% ! /1.'1!, 1%!$2 .1 61)3%2 3(% 1%')23%1�2 !$$1%22� )3 !##%22%2 ��	� �(% 2%#.-$

3),%� )3 !##%22%2 ��
� �-8 24"2%04%-3 1%!$2 .1 61)3%2 1%#8#+% 3(% ���� )-3%1-!+

2%04%-#%1 "%36%%- 3(%2% 36. 1%')23%12�

MR1:

0

BRM

123

CL

4

PC

5

PT

67

STB

Bit Mnemonic Function

��� ��� �4,"%1 .& �3./ �)32
�	 	 23./ ")3�


 �� �!1)38
� �$$�

� �� �!1)38 �.-31.+
	 �!1)38 %-!"+%$�

��
 �� �(!1!#3%1 �%-'3(
		 � $!3! ")32�

	�� ��� �!4$ �!3% �4+3)/+)%1
�	 �28-#(1.-.42 	7�

MR2:

07

CKS

Bit Mnemonic Function

��� ��� �+.#* �.41#%
���� ���� �(% ���� $%1)5%2 )32 1%#%)5% !-$ 31!-2,)3 #+.#*2 &1., 3(%
��� !-$ ��� )-/432� �(% ��� !-$ ��� )-/432 !1% &1., 3(%
��� ����� 2)'-!+� '%-%1!3%$ "8 3(% *%8".!1$�
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CR Command Register

FFF8 280C Read/Write

�%" �+))�*! �"$&./"- ����  +*/�&*.  +))�*!. #+- /%" '"4�+�-! &*/"-#� "� �"�!&*$

�� -"/0-*. /%"  0--"*/  +))�*! ./�/0.� �*! 2-&/&*$ /+ &/ !"#&*". /%"  +))�*! ./�/0.�

0

TxEN

1

IKT

2

RxEN

3

FB

4

RE

5

RTS

67

OPM

Bit Mnemonic Function

��
 ��� �,"-�/&+* �+!"
�� �+-)�(

� ��� �"."-1"! �*! 0*0."! �)0./ �" 2-&//"* /+ 2&/% � ���

� �� �"."/ �--+-
� �+-)�(
� �"."/ /%" �-�)" �--+-� �1"--0* �--+-� �*! ��-&/4 �--+- #(�$. &* /%"
�/�/0. -"$&./"-


 �� �+- " �-"�'
� �+-)�( +,"-�/&+*�

	 �3�� �*��(" �" "&1"-
� �&.��(" /%" -" "&1"-�
� �*��(" /%" -" "&1"-�

� ��� �*%&�&/ �"4�+�-! �-�*.)&..&+*
� �((+2 /%" '"4�+�-! /+ /-�*.)&/ !�/��
� �*%&�&/ /%" '"4�+�-! #-+) /-�*.)&//&*$ !�/��

� �3�� �*��(" �-�*.)&//"-
� �&.��(" /%" /-�*.)&//"-�
� �*��(" /%" /-�*.)&//"-�
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DSC Disable Clock

FFF8 2810 Write Only

��� ��$���� ��!�� ����� #���$%�# ���!($ $!�%(�#� %! �!#�� %�� ��)�!�#� ��!�� �� � �!(

%! "#�'� % %�� ��)�!�#� �#!� $� �� � ��%�� ����� $� �� � ��%� %! %�� ��)�!�#��

$!�%(�#� �&$% "#�'� % %�� ��)�!�#� �#!� $� �� � ��%�� ��� ��)�!�#� ��!�� �$

�&%!��%�����) ��$����� (�� %�� $)$%�� �$ ��$�% !# (�� �!%� %�� %#� $��%%�# �$

��"%) � � �!��� � #���$%�# ��% � �
 ����% ��)�!�#� �#� $��$$�! � �$ $�% %! ��

0

DKC

17

Unused

Bit Mnemonic Function

	�� � &$��

� ��� ��$���� ��)�!�#� ��!��
� 
 ����% %�� ��)�!�#� �#!� %#� $��%%� � ��%� �) �!#�� � %�� ��)�!�#�
��!�� �!(�
� 
��!( %�� ��)�!�#� %! %#� $��% ��%� �) #����$� � %�� ��)�!�#� ��!��
�� ��
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ETxC Enable Transmit Clock

FFF8 2820 Write Only

��� �#��!� �&�#'"�( 
!$� ���,
� &���'(�& �!!$+' '$�(+�&� ($ �$#(&$! +��(��& $& #$(

(��  �-�$�&� �!$� '$)&��' (�� ���� �&�#'"�( 
!$� ��,
� �#%)(� ���!� '$�(+�&� �'

�$#���)&�#� (��  �-�$�&� �#(�&���� ($ &����*� ��(�� �( '�$)!� ��'��!� (�� (&�#'"�( �!$� 

)'�#� (��' &���'(�&� ��� (&�#'"�( �!$� �' �)($"�(���!!- ��'��!�� +��# (�� '-'(�" �'

��'�( $& +��# �$(� (�� (&�#'"�((�& �' �"%(- �#� 
$""�#� &���'(�& ��( 	 ��#����(

��-�$�&� �&�#'"�''�$#� �' '�( ($ 	�

����� ��� ��,
 ��( �' '�( ($ 	 �-  �-�$�&� &�'�(�

0

ETxC

17

Unused

Bit Mnemonic Function


�	 �#)'��

� ��,
 �#��!� �&�#'"�( 
!$� 
� �#��!�' (��  �-�$�&� ($ &����*� ��(� �- %&$*���#� (��  �-�$�&� �!$� 
�' (�� '$)&�� $� (�� �����' �&�#'"�( 
!$� ��,
� �#%)(�
	 �#����(' (��  �-�$�&� �&$" (&�#'"�((�#� ��(� �- %&�*�#(�#� (��
 �-�$�&� �!$� �&$" '$)&��#� (�� �����' �&�#'"�( 
!$� ��,
� �#%)(�
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Receiving Data from the  Keyboard
�- ! 38/)#!+ %-5)1.-,%-3� 3(% *%8".!1$ 2%15)#% 1.43)-% 2(.4+$ #.-&)'41% 3(% *%8".!1$

)-3%1&!#% 3. 1%#%)5% $!3! &1., 3(% *%8".!1$ %7#%/3 6(%- 3(% /1.'1!, 2%-$2 #.,,!-$2

3. 3(% *%8".!1$� �(%- 3(% *%8".!1$ )2 1%!$8 3. 2%-$ $!3!� )3 &)123 #(%#*2 3(% #+.#* !-$

$!3! +)-%2 &.1 ! *%8".!1$�)-()")3 .1 1%04%23�3.�2%-$ #.-$)3).- �2%% �)'41%���
��

�()+% )-()")3%$� 3(% *%8".!1$ 23.1%2 *%8231.*% $!3! )- )32 "4&&%1� �& 3(% ��� !22%132 !

1%04%23�3.�2%-$� 3(% *%8".!1$ 23.1%2 *%8231.*% $!3! )- 3(% *%8".!1$ "4&&%1 !-$

/1%/!1%2 3. 1%#%)5% $!3! &1., 3(% ����

�& 3(% *%8".!1$ $%3%#32 !- !++.6�*%8".!1$�31!-2,)3 #.-$)3).-� )3 #+.#*2 .43 3(%

���")3 $!3! 231%!,� �!3! )2 5!+)$ !3 3(% 31!)+)-' %$'% .& 3(% #+.#* /4+2%� �41)-'

31!-2,)22).-� 3(% *%8".!1$ #(%#*2 3(% #+.#* +)-% %5%18 
� ,2� �& 3(% #+.#* +)-% )2 &.1#%$

+.6 "8 3(% ��� 6()+% 3(% *%8".!1$ )2 2%-$)-' $!3!� +)-% #.-3%-3).- .##412 !-$ 3(%

*%8".!1$ 23./2 2%-$)-' $!3!�

�-#% 3(% *%8".!1$ 2%15)#% 1.43)-% #.-&)'41%2 3(% *%8".!1$ )-3%1&!#% &.1 /1./%1 $!3!

&.1,!3 !-$ #+.#* 2.41#%� )3 ,423 #.-&)'41% 3(% )-3%1&!#% 3. 1%#%)5% ! #(!1!#3%1 !2

&.++.62�

�� �-()")3 3(% *%8".!1$ &1., 2%-$)-' #(!1!#3%12 "8 61)3)-' ! � 3. ")3 � .& 3(% ���
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6. Determine whether the scan code requires transmission to the keyboard.  If it
requires transmission, enter the transmit routine described in the next section,
“Transmitting Data to the Keyboard.”  If it does not require transmission, re–enable
the keyboard by writing a 1 to the DSC register.
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Allow keyboard to drive
keyboard clock (write 1 to
Disable Clock register)

Configure the
keyboard port

Receive character
available?

No Yes

Inhibit data (write a 0 to
bit 0 of the Disable
Clock register)

Disable TxC (write a 1 to
bit 0 of the Enable
Transmit Clock register)

Enable receiver (write 24 to
Command register)

Transmit
command to the

keyboard?

No

Yes

Examine the scan code

Execute the transmit
data routine

Inhibit data (write a 0 to
bit 0 of the Disable
Clock register)

Figure 7–3  Receiving Data from the Keyboard
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Transmitting Data to the Keyboard
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14. When the transmission of a character is complete, reconfigure the keyboard
interface to receive a character (most likely an acknowledge scan code after sending
a command) as described in the previous section, “Receiving Data from the
Keyboard.”
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UART transmits start bit and
brings keyboard Data Line low
(Request to Send)

Transmit data
to keyboard

No
Bit 1 = 1
(receive

character
available)?

Yes

Inhibit data (write a 0 to
bit 0 of the Disable
Clock register)

Disable TxC (write a 1 to bit
0 of the Enable Transmit
Clock register)

Read bit 1 of the
Status register

Get character (read the
Receive Holding Register)

Disable the receiver/transmitter
(write 0 to bits 2 & 0 of the
Command register)

Write data to Transmit
Holding register)

Enable transmitter (write a
1 to bit 0 of the Command
register)

Enable TxC (write a 0 to bit
0 of the Enable Transmit
Clock register)

Wait minimum of 0.5 ms

Wait minimum of 0.5 ms

Wait minimum of 0.5 ms

Disable TxC (write a 1 to
bit 0 of the Enable
Transmit Clock register)

Wait minimum of 0.5 ms

Wait minimum of 60 ms

Allow keyboard to send data
(write a 1 to bit 0 of the
Disable Clock register)

Read bit 7 of the
Status register

No Data transmission
completed?

Yes

Reconfigure
the keyboard

interface

Disable TxC (write a 1 to
bit 0 of the Enable
Transmit Clock register)

Enable TxC (write a 0 to bit
0 of the Enable Transmit
Clock register)

Enable TxC (write a 0 to bit
0 of the Enable Transmit
Clock register)

Figure 7–5  Transmitting Data to the Keyboard

End of Chapter
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Asynchronous Serial Interface
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EX_D_Bus

DUART2
(SCC2692)

Channel A Channel B

RS–232–C
Drivers and
Receivers

Asynchronous
Serial Port B

DUART1
(SCC2692)

Channel A Channel B

System
Console

RS–232–C
Drivers and
Receivers

Mouse

RS–232–C
Drivers and
Receivers

Asynchronous
Serial Port A

RS–232–C
Drivers and
Receivers

I/O Gate Array

MBus

Figure 8–1  Asynchronous Serial Interface
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Synchronous Serial Interface
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Figure 8–2  Synchronous Serial Interface
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Parallel Interface
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Figure 8–3  Parallel Interface
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Programming the Asynchronous Serial
Interface
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Table 8–1  Asynchronous Serial Interface Registers
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Table 8–2  Synchronous Serial Interface Registers  (continued)
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Table 8–2  Synchronous Serial Interface Registers  (continued)
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PCR – Pin Configuration Register
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Toggling DTR
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Programming the Mouse Interface
�(% ,.31% #.--%#21 2. 2(% 1712%, ".!0$ 2(0.3'( /.02 � .& �����	� �()1 1%#2).-

$%&)-%1 (.5 2. )-2%0/0%2 !-$ /0.'0!, 2(% ,.31%�

Initializing the Mouse Interface
 .3 1(.3+$ )-)2)!+)8% 2(% ,.31% /.02 5)2( 2(% &.++.5)-' 1%22)-'1�

Baud rate 1200

Data bits 8

Start bits 1

Stop bits 1

Parity None

Data Protocol
�(%- 2(%0% )1 ! #(!-'% )- 2(% 12!2% .& 2(% ,.31%� 2(% ,.31% 20!-1,)21 &)4% "72%1 .&

$!2! 2. 2(% 1712%, ".!0$� �(% 12!02 .& ! $!2! "+.#* )1 )-$)#!2%$ "7 ! 17-# "72% 5(.1%

3//%0 &)4% ")21 !0% 	����� �(% +.5%0 2(0%% ")21 $%&)-% 2(% 12!2% .& 2(% 15)2#(%1 ��

)-$)#!2%1 $%/0%11%$�� �(% -%62 &.30 "72%1 ��%+2!� !-$ �%+2! 0%/%!2%$� #.-2!)- 25.

3/$!2%1 .& 2(% ,.31% ,.4%,%-2 #.3-2%01� �%+2!� )1 2(% (.0)8.-2!+ $)12!-#% ,.4%$

0%+!2)4% 2. 2(% '0)$ .& 2(% /!$� !-$ �%+2! )1 2(% #.00%1/.-$)-' 4%0)2)#!+ $)12!-#%� �!#(

"72% )1 ! 25.�1�#.,/+%,%-2 ��")2 ")-!07 -3,"%0�

�&2%0 2(%1% &)4% "72%1 (!4% "%%- 20!-1,)22%$� !$$)2).-!+ "72%1 ,!7 "% 1%-2 "%&.0%

!-.2(%0 17-# "72% )1 20!-1,)22%$� �(% 20!#*)-' 1.&25!0% 1(.3+$ )'-.0% 2(%1% !$$)2).-!+

"72%1�

Table 8–3  Mouse Data Protocol

� �� 	 � � � � � � �

������	 �� �� �
 �� �� �
 �	 ��

����� 	  �  �  
  �  �  
  	  �

������
 �� �� �
 �� �� �
 �	 ��

����� 
  �  �  
  �  �  
  	  �

Byte Bits

�()+% 2(% ,.31% )1 0%12)-' .- ! &+!2 130&!#% 5)2( 2(% #.0$ !5!7 &0., 7.3� /.1)2)4%

,.2).- )1 2. 2(% 0)'(2 ���$)0%#2).-� .0 3/5!0$ � �$)0%#2).-� 2.5!0$ 2(% #.0$�� �)2 � .&

2(% �%+2!� !-$ �%+2! "72%1 $%&)-%1 5(%2(%0 2(% $)0%#2).- )1 /.1)2)4% .0 -%'!2)4% �� )1

/.1)2)4%� 	 )1 -%'!2)4%��
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Tracking Software
� 96-:=(8, :8(*205. (3.680:/4 09�


� �,(+ ( )?:,�

�� �- :/, ;77,8 )0:9 (8, 
				� :/,5 9(<, :/, 36=,8 :/8,, )0:9 05  #�!��' !�!" �

�:/,8=09, 8,7,(:  :,7 
��

�� �86*,99 :/, 36=,8 :/8,, 9=0:*/ 05-684(:065 )0:9 0- 5,*,99(8?�


� �,: :/, 5,>: )?:, (5+ (++ 0:9 <(3;, :6 :/, <(80()3, :/(: 09 (**;4;3(:05. /680@65:(3

46<,4,5:� �6 56: -68.,: :6 90.5�,>:,5+ :/, <(3;, :6 :/, 90@, 6- :/, <(80()3, ;9,+

:6 9:68, :/, (**;4;3(:,+ 46<,4,5:�

�� �,: :/, 5,>: )?:, (5+ (++ 0:9 <(3;, :6 :/, <,8:0*(3 46<,4,5:�

�� �,: :/, 5,>: )?:, (5+ (++ 0:9 <(3;, :6 :/, /680@65:(3 46<,4,5:�

�� �,: :/, 5,>: )?:, (5+ (++ 0:9 <(3;, :6 :/, <,8:0*(3 46<,4,5:�

�� �6 :6 9:,7 
��

�6 56: 0.568, �,3:($� (5+ �,3:(%��

Programming Hints
!/, � ������ 05:,8-(*, 65 :/, 46;9, 653? :8(5940:9 +(:(� �: +6,9 56: ;9, :/,

/(5+9/(2, 90.5(39 �� �� �! � ,:*��� !/, :8(*205. 96-:=(8, *(5 ,0:/,8 0.568, :/,9,

90.5(39 68 786.8(4 :/, �"��! :6 0.568, :/,9, 90.5(39�

#/,5 :/, 46;9, 09 76=,8,+ ;7� 0: :8(5940:9 ( *65:05;6;9 �8,(2 68  :(8: )0: -68

(7786>04(:,3? 
�	 49� !/09 09 :/, +;8(:065 6- 0:9 8,9,: 7,806+� %6; 4(? 5,,+ :6 8,9,:

:/, �"��! (-:,8 :/09 �8,(2�

!/, 46;9, +6,9 56: ;9, 7(80:?� (33 ,0./: )0:9 6- ,(*/ )?:, *65:(05 <(30+ +(:(� �09()3,

67,8(:05. 9?9:,4 -,(:;8,9 :/(: *3,(8 /0./�68+,8 )0:9� 9=(336= 5;339� 8,9765+ :6 & 68

&�� (5+�68 8,730*(:, �,3,:,�

�,*(;9, :/, 46;9, :8(5940:9 -0<, )?:,9 6- +(:( (: 
�		 )(;+� :/, 4(>04;4 46;9,

<,36*0:? 4;9: ), 3,99 :/(5 �
 05�9 -68 8,(3�:04, :8(*205.� !/, 46;9,�9 7690:065 09

(<(03()3, 
� :04,9 7,8 9,*65+�

Sensitivity
�(5? 786.8(44,89 (+1;9: :/, 9,590:0<0:? 6- :/, 46;9, )? -03:,805. :/, 46;9, 057;:�

 ,590:0<0:? 09 */(5.,+ )? 4;3:073?05. 68 +0<0+05. :/, +,3:( 46:065 <(3;,9 )? ( *659:(5:

),-68, 46<05. :/, *;8968 65 :/, 9*8,,5� �;3:073?05. *(;9,9 :/, *;8968 :6 46<, -(8:/,8

8,3(:0<, :6 :/, 46;9, 46:065� (5+ +0<0+05. *(;9,9 :/, *;8968 :6 46<, 3,99� .0<05. -05,8

*65:863 6<,8 0:9 46:065�

 ,590:0<0:? *(5 (396 ), 565305,(8� 8(70+ 46;9, 46:065 *6;3+ 46<, :/, *;8968 ( .8,(:,8

+09:(5*, :/(5 936=,8 46;9, 46:065� � *64465 (3.680:/4 +6;)3,9 :/, *;8968 46:065

8,3(:0<, :6 :/, 46;9, 46:065 0- :/, 46;9, 09 46<,+ -(9:,8 :/(5 �
 :8(590:0659 7,8

9,*65+�

!/, (7786780(:, 9,590:0<0:? +,7,5+9 65 :/, (7730*(:065 (5+ :/, ;9,8�
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Programming the Speaker
�&# /4/0#* &�/ � /-#�(#. 0&�0 '/ ".'2#+ 2'� 0&# �-#�(#. �+� )# ������� .#%'/0#.� 0&#

/-#�(#. -'0!& '/ !,+0.,))#" 2'� ��
 �-,.0 �� ,$ �����	�

�� )#���� '"#+0'$'#/ 0&# .#%'/0#./ 1/#" 0, -.,%.�* 0&# /-#�(#.�

Table 8–4  Speaker Registers

��� ���� 	���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� 	���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� 	���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� 	�
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Register Address

�,. $1.0&#. '+$,.*�0',+ ,+ 0&#/# .#%'/0#./� /## 0&# $,)),3'+% -�%#/ �/ 3#)) �/ 0&#

�'%+#0'!/ *�+1�)� �		���� 
��� ������������ ���������
���������� �
���
��

�&'/ /#!0',+ !,+0'+1#/ 3'0& "#/!.'-0',+/ ,$ 0&# .#%'/0#./ 1/#" 0, -.,%.�* 0&# /-#�(#.�
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SPKEN Speaker Enable

FFF8 3104 Write Only

��� � ����! ������ ���
��� !���"#�! �" $"�� #� ����!�#� �� �$����� "����� �!�� #��

" ����!� ��( %��$� &!�##�� #� ��
�� &��� ����!�#� � 	�� �" " ����! #���� �� �'#���

#�� �$!�#��� �� #�� #���� &!�#� #� ��
�� ����!� #��  !�%��$" #��� ��" ������

0

SPKEN

31

Bit Mnemonic Function


��� ��
�� � ����! ������
�!�#��� ��( %��$� #� ��
�� &��� ����!�#� � 	�� �" "����� #� #�� " ����!�
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ACR Auxiliary Control

Address FFF8 2010 Write Only

��� 
%&����"' � �$" � ����#$�" �
��� � �$���# #!����" � ����%"�$� � !�"���$�"#�

03

*

4

CTM

67

*

Bit Mnemonic Function

� � �#�� �' #�"��� ! "$#�

��
 ��� � %�$�"�����" � ��
110 The counter/timer uses the CLK input.
111 The counter/timer uses the CLK input divided by 16.

	�� � �#�� �' #�"��� ! "$#�
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CTUR, CTLR Counter/Timer

CTUR Address FFF8 2018 Read/Write

CTLR Address FFF8 201C Read/Write

��� ��#�"� ����� ���� ����!"� ������ ��� "�� ��#�"� ����� ��$� ����!"� 

������ � � ����"  ���!"� ! "��" "���"�� �� � � �
���" ��#�"� �"��� �

CTUR:

034567

C15

2 1

C14 C13 C12 C11 C10 C9 C8

Bit Mnemonic Function

��� ��	��� ��#�"� ����� 
�"! �	��

CTLR:

034567

C7

2 1

C6 C5 C4 C3 C2 C1 C0

Bit Mnemonic Function

��� ����� ��#�"� ����� 
�"! ���
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OPCR Output Port Configuration

Address FFF8 2034 Write Only

��� �)(%)( �$&( �$#���)&�(�$# ����'(�& ������ �$#(��#' �$#���)&�(�$# ��(� �$& (��

'%�� �& �)#�(�$#�

01

*

2

CTW

34

CSE

57

*

Bit Mnemonic Function

��� � �'�� �, '�&��! �#� %�&�!!�! %$&('�


 �#)'��


�� ��� �)(%)( �$&( �
�'�� ($ �$#���)&� (�� �$)#(�&�(�"�& +�*��$&" $� ����
	
 ��!��(' (�� ���$)(%)(� ��� $)(%)(' (�� +�*��$&" ��#�&�(�� �, (��
�$)#(�&�(�"�&� �'� (�� (�"�& "$�� ($ ��#�&�(� (�� +�*��$&"�


� 	 � �'�� �, '�&��! %$&('�
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Programming the Parallel Printer Interface
���$ $��%�! �)"��� $ �!( %! %#� $��% ��%� %! � "�#����� "#� %�#�

Transmitting Data
��� "#� %�# � %�#���� ��$ %(! �!��$ %! %#� $��# ��%�
 ��#����� ��� ����� � � ��#��%

���!#* ����$$ ������ � ��� �!��� %�� �#�'�# #!&%� � $�%$ &" %�� �#� %�# �%�%&$

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

#���$%�#� � ��� �!��� %�� �#�'�# #!&%� � $�%$ &" %�� ��
 #���$%�#� %�� � ����$ %��

��%� %#� $��# %�#!&�� %�� ��#����� ��� ������ ���  ���

Registers

��� �#� %�# �%�%&$ � � 
! %#!� ���
� � � �#� %�# ��%� ���� #���$%�#$ �! %#!� %��

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

PD Printer Data

FFF8 DF00 Write Only

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

�&%!��%�����* "#!��$$�$ � � %#� $��%$ ��%� (�� �� �$ (#�%%� %!�

07

PD

Bit Mnemonic Function

	�� �� �#� %�# ��%�

! %�� $ %�� �*%� !� ��%� %��% %�� "�#����� � %�#���� (��� %#� $��% %! %��
"#� %�#�
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PSC Printer Status and Control

FFF8 DF04 Read/Write

 +( �4,06(4 �6$675 $0' �10641. ����� 4(*,56(4 2418,'(5 2$4$..(. ,06(4)$&( 56$675 9+(0

4($'� $0'&10),*74(5 6+( 2$4$..(. ,06(4)$&( 9+(0 94,66(0� "+(0 6+( 2$4$..(. 2146 $55(465

$0 ,06(44726 4(37(56� 6+( ,06(44726 5(48,&( 4176,0( 5+17.' 4($' ����

345

PACK PPEPFLTPINT

2 01

PSEL PBSY

67

Unused 1DMAENPIEN

89

PRST

1015

Bit Mnemonic Function

	
�	� !075('

� ��� �4,06(4 �(5(6 ��($'�"4,6(�
"4,6,0* 5(65 14 4(5(65 6+( 24,06(4� 4($',0* 2418,'(5 6+( 56$675 1) ��� �
	 "4,6,0* $ 	 4(5(65 6+( 24,06(4�
� "4,6,0* $ � (0$%.(5 6+( 24,06(4�

� ���� �4,06(4 �06(44726 �0$%.( ��($'�"4,6(�
"4,6,0* (0$%.(5 14 ',5$%.(5 6+( 24,06(4 ,06(44726 5174&(� 4($',0* 2418,'(5
6+( 56$675 1) �����
	 �0$%.( 6+( 24,06(4 ,06(44726 5174&(�
� �,5$%.( 6+( 24,06(4 ,06(44726 5174&(�

� ����� ��� �0$%.( ��($'�"4,6(�
"4,6,0* (0$%.(5 14 ',5$%.(5 ��� $&&(55 61 6+( 24,06(4� 4($',0* 2418,'(5
6+( 56$675 1) ������
	 �0$%.(5 ��� $&&(55 61 6+( 24,06(4�
� �,5$%.(5 ��� $&&(55 61 6+( 24,06(4�

� 	 �756 %( 5(6 61 	


 ��� �4,06(4 �06(44726 ��($' 10.:�
	 � 24,06(4 ,06(44726 4(37(56 ,5 $55(46('�
� � 24,06(4 ,06(44726 4(37(56 ,5 016 $55(46('�

� ��� �4,06(4 �$7.6 ��($' 10.:�
	  +(4( ,5 01 24,06(4� )$7.6�
� � 24,06(4 )$7.6� +$5 1&&744('�

� ���� �4,06(4 ��($' 10.:�
	  +( 24,06(4 '(/$0' �14 $&-019.('*(/(06� ,5 $55(46('�
�  +( 24,06(4 '(/$0' �14 $&-019.('*(/(06� ,5 016 $55(46('�


 ��� �4,06(4 �$2(4 �/26: ��($' 10.:�
	  +( 24,06(4 ,5 176 1) 2$2(4�
�  +( 24,06(4 ,5 016 176 1) 2$2(4�

	 ���� �4,06(4 �(.(&6 ��($' 10.:�
	  +( 24,06(4 ,5 10 .,0(�
�  +( 24,06(4 ,5 1)) .,0(�

� ���# �4,06(4 �75: ��($' 10.:�
	  +( 24,06(4 ,5 %75:�
�  +( 24,06(4 ,5 4($':�

�0' 1) �+$26(4
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Chapter 9
Programming the LAN and SCSI

Interfaces

�!"* �!�(+�)� -!�& ,*�� -"+! +!� �(()'()"�+� ��+� �''#*� ��*�)"��* +!� $'��$ �)��

&�+-')# ����� "&+�)���� �&� +!� �%�$$ �'%(,+�) �/*+�% �&+�)���� ������ �&� !'- +'

()' )�% +!�%�

I/O Fuse

'+! +!� ���� �&� ��� �)� ()'+��+�� �/ �& ��� �,*�� �!� �'&�"+"'& '� +!� �,*� ��& ��

�!��#�� �/ )���"& +!� ������ )� "*+�) �* �'$$'-*�

IOFUSE I/O Fuses

FFFB 0040 IOFUSE0 Read Only

FFFB 00C0 IOFUSE1

�!� ��� �,*� �������� )� "*+�)* "&�"��+� -!�+!�) ') &'+ +!� ��� �&� ���� �,*�* �)�

"&+��+� ������� )�()�*�&+* +!� '&��'�)� ���� �&� ���� ������	 )�()�*�&+* +!�

�.(�&*"'& ���� �&� ����

7 01

SCSI_FUUnused LAN_FU

2

Bit Mnemonic Function

��
 �&,*��

	 ������ ��� �,*�
� �!� �,*� "* �$'-&�
	 �!� �,*� "* ���

� ������� ���� �,*�
� �!� �,*� "* �$'-&�
	 �!� �,*� "* ���
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LAN
%.+4 675-7'33/4- 9.+ ��� /49+7,')+� :8+ 9./8 ).'69+7 /4 )540:4)9/54 </9. �*;'4)+*

�/)75 �+;/)+8� �������� 	��������� 
�
�� ���� �������
������ ����������

�	
��� � 9+).4/)'2 3'4:'2�

#.+ ��� �49+7,')+ )549'/48 9.+ �9.+74+9 ��� �5497522+7 '4* '22 '85)/'9+* /49+7,')+

25-/)� #.+ �9.+74+9 )5497522+7 /8 9.+ ��� �49+-7'9+* �5)'2 �7+' �533:4/)'9/548

�5497522+7 ������ �� �� ����		� #./8 *+;/)+ )549'/48 ' (:/29�/4 "+7/'2 �49+7,')+

�*'6957 9.'9 /49+7,')+8 */7+)92> 95 9.+ �9.+74+9 ).'44+2� � ����� 7+-/89+7� <./). /8

675-7'33+* (> �'9' �+4+7'2� )549'/48 ' 
� (/9 ('8+ �9.+74+9 '**7+88 ,57 +').

�9.+74+9 �5497522+7 /4 9.+ 8>89+3�

� �	 ��? )7>89'2 /8 </7+* (+9<++4 9.+ &#��
 '4* &#��� 6/48 95 675;/*+ ' 
	��?

4+9<571 *'9' 7'9+�

�22 97/�89'9+ '4* 56+4�*7'/4 5:96:98 5, 9.+ ����� .';+ (++4 9/+* 95 9.+/7 /4')9/;+

89'9+8 9.75:-. 6:22:68 '4* 6:22*5<48�

#.+ ����� 7+8/*+8 54 9.+ �"��(:8� <./). /8 3:29/62+=+* '4* :8+8 9.+ ��	=	 35*+�

#.+ �:8 �))+88 �549752 35*+ /8 )54,/-:7+* (> 9.+ ����� (/98 /4 �"!	
 5, 9.+

������ �4 ��	=	 35*+� 9.+ ����� :8+8 (/- +4*/'4 (>9+ 57*+7/4-� 9.+ ��� �49+7,')+

8<'68 9.+ *'9' 95 2/992+ +4*/'4 (>9+ 57*+7/4- ,57 9.+ �"��(:8� #.+ ��� /49+7,')+ 8<'68

9.+ *'9' (')1 95 (/- +4*/'4 (>9+ 57*+7/4- ,57 9.+ �(:8�

The LAN Interface
�8 8.5<4 /4 �/-:7+���
� 9.+ ��� /49+7,')+ )548/898 5, *'9' 2'9).+8 '4* '4 �9.+74+9

)5497522+7� #.+ ��� /49+7,')+ *7/;+8 9.+ �9.+74+9 ��� :8/4- ���� �	��� ('8+*

)533:4/)'9/548�

LAN Controller
(AMD Am79C900)

LSIObus

LAN

20 MHz XTAL

16.66 MHz BCLK

Figure 9–1  The LAN Interface
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)533:4/)'9/548 )5497522+7 �������� �9 )533:4/)'9+8 </9. 9.+ � $ '4* 3+357> ;/'

�� *'9' '4* '**7+88 (/98� '4* /8 +/9.+7 ' (:8 3'89+7 57 82';+� #.+ ��� )5497522+7 :8+8

9.+ � $ '8 9.+ .589 675)+8857 '4* 8>89+3 3+357> '8 /98 *'9' (:,,+7�
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Programming the LAN
�()0 0%#1)-, $%&),%0 (-4 1(%0% /%')01%/0 +201 "% #-,&)'2/%$ &-/ 1(% ��� ),1%/&!#% 1-

-.%/!1% ./-.%/*5�

LAN Registers

�(% ��� #-,1/-**%/ (!0 
� �-,1/-* !,$ �1!120 �%')01%/0 ����,� 1- /%'2*!1% $!1!

1/!,0&%/0 -3%/ 1(% ����

Table 9–1  LAN Registers

1st LAN board
��� ���� ����� ���� ����� � � � � � � � � � � �

���� ���� �	��� � � � � � � � � � � � � � � � � � � � � � � � �

��� ���� �	��� � � � � � � � � � � � � � � � � � � � � � � � � �

������� ��� ���� �		�� � � � � � � � � � � � � � �

������� ��	 ���� �		�� � � � � � � � � � � � � � �

������� ��
 ���� �		�� � � � � � � � � � � � � � �

������� ��� ���� �		�� � � � � � � � � � � � � � �

������� ��� ���� �	
�� � � � � � � � � � � � � � �

������� ��
 ���� �	
�� � � � � � � � � � � � � � �

������� ��� ���� �	
�� � � � � � � � � � � � � � �

������� ��� ���� �	
�� � � � � � � � � � � � � � �

2nd LAN board
���� ���� �	��� � � � � � � � � � � � � � � � � � � � � � � � �

��� ���� �	��� � � � � � � � � � � � � � � � � � � � � � � � � �

������� ��� ���� �	
�� � � � � � � � � � � � � � �

������� ��	 ���� �	
�� � � � � � � � � � � � � � �

������� ��
 ���� �	
�� � � � � � � � � � � � � � �

������� ��� ���� �	
�� � � � � � � � � � � � � � �

������� ��� ���� �	��� � � � � � � � � � � � � � �

������� ��
 ���� �	��� � � � � � � � � � � � � � �

������� ��� ���� �	��� � � � � � � � � � � � � � �

������� ��� ���� �	��� � � � � � � � � � � � � � �

Resource Name Address

�-/ ! #-+.*%1% $%0#/).1)-, -& 1(% ���� !,$ ��� /%')01%/0� 0%% 1(% ��������

	��������� 
�
�� ���� �������
������ ���������� �	
���� 1%#(,)#!* +!,2!*�

�-/ ! #-+.*%1% $%0#/).1)-, -& 1(% ����� /%')01%/0� 0%% 1(% 0%#1)-, 6�1(%/,%1 ���

�$$/%00� 1(!1 &-**-40�
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The Register Address Port and Data Port

�'$ ���, /$&(01$/0  /$ ./-&/ ++$# 3( 1'$ �$&(01$/ �##/$00 �-/1  ,# 1'$ � 1 �-/1

 0 #$0"/(!$# (, 1'$ �������� 	��������� 
�
�� ���� �������
������ ����������

�	
���� 1$"',(" * + ,2 *� �'$ ���, /$&(01$/0  /$ ./-&/ ++$# 3(  14-�01$.

./-"$00  0 %-**-40�

	� �/(1$ 1'$ ��!(1  ##/$00 -% 1'$ ���, 1- 1'$ �$&(01$/ �##/$00 �-/1�


� �$ # -/ 4/(1$ 1'$ # 1 3( 1'$ � 1 �-/1�

����� �'$  ##/$00$0 -% 1'$ �$&(01$/ �##/$00 �-/1  ,# � 1 �-/1  /$ #$%(,$# (,

 ..$,#(5 �� 6�##/$00 � .��

Programming Exceptions

�'$ %-**-4(,& !(10 +201 !$ 0$1  0 %-**-40� �0$ 1'(0 0$"1(-, (, "-,)2,"1(-, 4(1' 1'$

�������� 	��������� 
�
�� ���� �������
������ ���������� �	
���� 1$"',(" *

+ ,2 *�

CSR3 register

�$1�

���� �!(1 
� � 	

���� �!(1 	� � �

CSR4 register

�$1�

������� �!(1 	�� � 	

����� �!(10 
� �� � �	

CSR15 register

�$1�

������� �!(1 �� � �
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Ethernet LAN Address
�!� �'$$'."& ()��()' )�%%�� �����& )� "*+�)* ���"&� +!� ���)�** '� +!� ���

�'&+)'$$�) '& +!� �+!�)&�+ ����

LANIDn LAN ID

FFFB 0110 LANID0, byte 0 Read only

FFFB 0114 LANID0, byte 1

FFFB 0118 LANID0, byte 2

FFFB 011C LANID0, byte 3

FFFB 0120 LANID0, byte 4

FFFB 0124 LANID0, byte 5

FFFB 0128 LANID0, byte 6

FFFB 012C LANID0, byte 7

FFFB 0150 LANID1, byte 0

FFFB 0154 LANID1, byte 1

FFFB 0158 LANID1, byte 2

FFFB 015C LANID1, byte 3

FFFB 0160 LANID1, byte 4

FFFB 0164 LANID1, byte 5

FFFB 0168 LANID1, byte 6

FFFB 016C LANID1, byte 7

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

�!� ����� )� "*+�)* �)� ()��()' )�%%�� �/ ��+� ��&�)�$� �/+�* � ����
�� � ����
�

�&� 	 ����
� �)� +!� �'%(�&/ �'��� �/+� 
 �

�
� "* +!� ()'�,�+ �'��� �/+�* � �&� � �)�

*�)"�$"0�� �') +!� *(��"�"� �'&+)'$$�) �'�)�� �&� �/+�* 
 �&� � �)� +!� �!��#*,%� �/+� 


"* +!� *,% '� �/+�* �� 	 �&� �� �/+� � "* +!� *,% '� �/+�* �� 
 �&� ��

07

LANIDn

Bit Mnemonic Function

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



Programming the LAN and SCSI Interfaces

9–6 014–002076

SCSI
�%" ����� 3%& %  +))1*& �0"/ 3&0% )�//�/0+.�$" !"2& "/ �*! +0%". ,".&,%".�(/� %�/

�* ��� ������ ���� ��� �.+ "//+. ������� �%&/ &*0".#� " �!%"."/ 0+ 0%" ����

/0�*!�.!� �%" ���� &/ &((1/0.�0"! &* �&$1."���
�

�%" ���� %�/ � ���  +*0.+((". 3%& % /1,,+.0/ 	
 �*! �
��&0 !�0� 0.�*/#"./ �/ 3"((

�/ )&/�(&$*"! ��� 0.�*/#"./�

�%" ���� %�/ � ���� ������� ,.+ "//+. 0%�0 �((+3/ ���� �*! ��� &*/0.1 0&+*/ 0+

�" ."�! #.+) )")+.5� �* 0%&/ 3�5� 0%" ����  �* ,".#+.)  +),("4 ���� �1/ /"-1"* "/

3&0%+10 ��� &*0".2"*0&+*� �"" �%" ��
 ������ ������������ 	���� #+.

&*#+.)�0&+* +* 0%" ���� ������� ,.+ "//+. �*! %+3 0+ 1/" &0�

SCSI IO Processor (SIOP)
(NCR 53C700)

SCSI bus

SLIObus

Figure 9–2  The SCSI

Programming the SCSI
�+ ,.+$.�) 0%" ����� 1/" 0%&/  %�,0". &*  +*'1* 0&+* 3&0% 0%" #+((+3&*$ )�*1�(/ #.+)

����

• ��
 ������ ���� 
�����

�%&/ )�*1�( !"/ .&�"/ 0%" ���� �*! &0/ ."$&/0"./�

• �%" ��
 ������ ������������ 	����

�%&/ )�*1�( !"/ .&�"/ %+3 0+ ,.+$.�) �*! 1/" 0%" ���� ������� )� %&*"

(�*$1�$" 0+  +*0.+( ���� �*! ��� /"-1"* "/�

SCSI Registers

�.+$.�) 0%" ���� 2&� &0/ ."$&/0"./� �+. !"/ .&,0&+*/ +# 0%" ."$&/0"./� /"" 0%" ��


������ ���� 
������
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SCSI Byte Swapping

�. $.00&$2+6 "$$&11 ���� 0&(*12&01� 15"/ 2)& 0&(*12&01 "1 1).5- *- �"#+&���� "-%

�"#+&����� �"#+&���� *++3120"2&1 ).5 6.3 ,312 "$$&11 2)& ���� 0&(*12&01� "-%

�"#+&���� *++3120"2&1 2)& +.$"2*.-1 .' 2)& 0&(*12&01 "1 %&'*-&% #6 2)& ��� 
������

Table 9–2  DG SCSI Address Map

Offset D[31–24] D[23–16] D15–8] D[7–0]

�� ������ ������ ���� ����

�	 ���� � ��� ���� ����

�
 ���� ���� ���� ����

�� ����� ������ ������ ������

�� �&1&04&%

�	 ������ ������ ������ ������

�
 �����	 �����
 ������ ������

�� ����!�� ����!���!�� ����!���!�� ����!��

�� ����� ����� �&1&04&%

�	 ���!�� ���!��� ���!�� ����

�
 ����!�� ����!���!�� ����!���!�� ����!��

�� ���!�� ���!���!�� ���!���!�� ���!��

�� ����!�� ����!���!�� ����!���!�� ����!��

�	 ����� �&1&04&%

�
 �&1&04&% ���� ��� �����

�� �&1&04&%

Table 9–3  NCR 53C700 Address Map

Offset D[31–24] D[23–16] D15–8] D[7–0]

�� ���� ���� ������ ������

�	 ���� ���� � ��� ����

�
 ���� ���� ���� ����

�� ������ ������ ������ �����

�� �&1&04&%

�	 ������ ������ ������ ������

�
 ������ ������ �����
 �����	

�� ����!�� ����!���!�� ����!���!�� ����!��

�� �&1&04&% ����� �����

�	 ���� ���!�� ���!��� ���!��

�
 ����!�� ����!���!�� ����!���!�� ����!��

�� ���!�� ���!���!�� ���!���!�� ���!��

�� ����!�� ����!���!�� ����!���!�� ����!��

�	 �&1&04&% �����

�
 ����� ��� ���� �&1&04&%

�� �&1&04&%
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Initializing and Programming the SCSI

!*' (0--07+/) %0/6'/4+0/3 .534 $' .'4 7*'/ 120)2#..+/) 4*'  ����

�-7#83 2'#& 0272+4' 4*' ����� 2')+34'2 #3 #/ ��$+4 2')+34'2 $'%#53' +4 0%%51+'3 4*'

3#.' 702& #3 4*' � !�! 2')+34'2 7*+%* 120*+$+43 #%%'33 40 04*'2 2')+34'23 7*'/

#%%'33'&�

�-'#2 #-- 0( 4*' 2'3'26'& $+43 40 �� #/& +)/02' 4*'. 7*'/ 2'#&�

�/ #&&+4+0/� 3'4 4*' $+43 +/ 4*' (0--07+/) 2')+34'23 #3 &'(+/'& $'-07�

SCNTL0 SCSI Control Register 0

 '4�

��� �$+4 �� � 	

��� �$+4 
� � 	

��� ��/#$-' �#2+48 �*'%,+/)�� 7*'/ 3'4 40 	� '/#$-'3 4*'  � � 40 %*'%, 4*' 1#2+48 0(

&#4# 0/ 4*'  � � $53�

��� ��/#$-' �#2+48 �'/'2#4+0/�� 7*'/ 3'4 40 	� '/#$-'3 4*'  � � 40 )'/'2#4' 1#2+48

$+43 (02 &#4# 1#33+/) 40 4*'  � � $53 (20. 4*' � ��$53�

CTEST7 Chip Test Register 7

 '4�

�'3'26'& �$+43 �� �� 
� � �

�� �$+4 	� � 	

���� �$+4 �� � �

�� ����054154 3+)/#-�� 7*'/ 3'4 40 	� %#53'3 4*'  ��� +/4'2(#%' 40 &2+6' 4*' �� 3+)/#-

-07 7*'/ ('4%*+/) +/3425%4+0/3 (20. .'.028� �� +3 53'& #3 # 4'34 10+/4�

���� �&+(('2'/4+#- .0&'� 3'-'%43 '+4*'2 3+/)-'�'/&'& 02 &+(('2'/4+#-  � � 42#/3%'+6'23�

���� .534 $' 3'4 40 � (02 3+/)-'�'/&'& 42#/3%'+6'23�

DMODE DMA Mode Register

 '4�

��	 �$+4 �� � 	

��� �$+4 �� � �

�"	� �$+4 
� � �


�� �$+4 �� � �

���� �$+4 �� � �

��� �$+4 
� � �

��� #/& ��	 3*05-& $' 120)2#..'& 7+4* 	 (02 # $5234 -'/)4* 0( � 702&3�

�"	� �*034 $53 7+&4*� 3'-'%43 4*' $53 7+&4* (02 ��� 42#/3('23� �"	� .534 $' 3'4 40

� (02 �
�$+4 42#/3('23�


�� �
�� .0&'� &'4'2.+/'3 +( 4*' 
����� 01'2#4'3 +/ 
�� .0&'� 
�� .534 $' 3'4 40 �

40 3'-'%4 ��� .0&'�
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���� ��� ,!//%$ .1 ,%,.18 ,!//%$� $%3%1,)-%2 )& 3(% 
����� 31!-2&%12 $!3! 3. !-

�� ,!//%$ !$$1%22 .1 3. ! ,%,.18 ,!//%$ !$$1%22� ���� 2(.4+$ "% 2%3 3. � &.1

,%,.18 ,!//%$ 31!-2&%12�

��� �&)7%$ !$$1%22 ,.$%� $%3%1,)-%2 )& 3(% !$$1%22 /.)-3%1 )-#1%,%-32 !&3%1 %!#( $!3!

31!-2&%1� ��� ,423 "% 2%3 3. � 3. )-#1%,%-3 !&3%1 %!#( 31!-2&%1�

DWT DMA Watchdog Timer Register

�%3�

�(% � � 5!+4% ,423 &!++ 6)3()- 3(% &.++.6)-' 1!-'%� 	
	� �� � � �� ��	��

�(% 2823%, (!2 ! 	
��� µ2 6!3#($.' 3),%1� "4)+3 )-3. 3(% 2823%, ".!1$ (!1$6!1%� 3(!3
2(.4+$ "% 42%$� �.&36!1% #!- 42% � � )& 3(% 2823%, 3),%1 )2 3.. +!1'%� "43 � � ,423

&!++ 6)3()- 3(% !".5%,%-3).-%$ 1!-'%�

DCNTL DMA Control Register

�%3�

��	 �")3 �� � �

��� �")3 �� � 	

�	� �")3 
� � �

�%2%15%$ �")3 	� � �

��� !-$ ��	 ��+.#* �1%04%-#8 ")32� $%3%1,)-% 3(% #+.#* /%1).$ 42%$ "8 3(% ����

/.13).- .& 3(% �����  )3( 3()2 2%33)-'� 3(% )-3%1-!+ $)5)$% "8 )2 	�
� !-$ 3(% ���� (.23

#+.#* )2 ����� ��9�

�	� �������� &%3#( $!3! 2)9%� $%3%1,)-%2 6(%3(%1 3(% ������� !1% &%3#(%$ )- 	� ")32

.1 �
 ")32� �()2 2%33)-' '%-%1!3%2 �
�")3 &%3#(%2�

�-$ .& �(!/3%1
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Chapter 10
Programming the Real-Time Clock

and the Programmable Interval
Timer

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

������ �!� �") &" #$"�$� &�� �

The PIT and RTC

��� #$"�$�  ���� �!&�$(�� &� �$ ����� �!� &�� $����&� � ��"�� ����� �$� �"&� #�$&

"� &�� ��� ��&� �$$�*� 
"&� �$� #$"�$�  ���� �% ��%�$���� �! &�� �"��")�!� %��&�"!%�

��� ��� �% � �����& �$���$'!!�!� �"'!&�$ )���� �% &�� %*%&� �% #�$�"��� &� � ��%��

��� ��� ��% &)" $���%&�$%� &�� �"  �!��%&�&'% $���%&�$ �!� &�� �"'!& $���%&�$�

���'$��
	�
 ���'%&$�&�% &�� ��� �!� ���� �!� &�� $���&�"!%��# ��&)��! &�� �

32–Bit
Counter

RTC

PIT

24–Bit
Counter

System Clock

32 Bits

24 Bits

/256

Count
Enable

PIT Timeout
Interrupt Requests

RTC Interrupt Request

Figure 10–1  The PIT and the RTC
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Programming the RTC

�� ) )��* %$ ��)�( ��) *�� (��"/* #� �"%�! ����� �$� �%- *% &(%�(�#  *�

Table 10–1  RTC Registers

������� ���
 ��
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������� ���
 ��

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Register Address

RTC Test Mode
��� ��� *�)* #%��  ) +)�� *% *�)* *�� �%+$*�(� ���$ *�� *�)* #%��  ) ��* ,�� *��

�%+$*�(  $�(�#�$*) -��$ *�� ��� �%+$* ��������� (�� )*�(  ) (���� $%* - *� *��

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

���(��%(� *% *�)* *�� �%+$*�(� (��� *�� ������� (�� )*�( �� * #�)� �$� ���� * #�

����! *�� � ��* �%+$*�( $ ��"�)� ���� $ ��"� )�%+"� )�'+�$�� *�(%+�� �� �� 	� ��� �� ��

�� *��$ ���! *% ��
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RTC_C/S RTC Command/Status

FFF8 F088 Read/Write

�"� ���&3�#'� �&)�% �)''�(���.�./- ��������� ,�!#-.�,� #( �)($/(�.#)( 1#." ."�

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

31 16

15 0

Unused

3

Unused

2 1

RESETTEST INTACK

Bit Mnemonic Function

�	�� �(/-��


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

	 ������ �(.�,,/*. ��%()1&��!�
�,#.#(! � 	 .) ������ �&��,- ."� ��� �)/(.�, ,)&&)0�, #(.�,,/*. ,�+/�-.�
�,#.#(! � � "�- () ��.#)(�
������ #- (). �  ��.�� �2 ,�-�.-�

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

����
 �. .�%�- � �&)�% �2�&�-  ), ."� �)/(.�, .) ,�-�. � .�, ."� �/- 1,#.�
�2�&��
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RTC_CNT RTC Count

FFF8 F084 Read/Write

��� ��� ,��!� � #�� �#("' ��������� %���&'�% %�� ��'& #% %�&�'& '�� ��� �#("'�%

)� (�� ���" (&�� �" �#"�("�'�#" *�'� '�� ������� %���&'�%� ������� �#"'%# & '��

%�� ,'�!� � #��� ��� ��� �#("'�% �& � �%��,%(""�"� � #�� '��' ��""#' �� &'#$$��� '��

)� (� #� ������� *�  ���"�� ��'*��" ����&&�&� 
���&& ������� #" + �& � *#%�

��
,��'&��

� ��%�� �+ &+&'�! %�&�'�

31 16

15 0

RTC_CNT

RTC_CNT

Bit Mnemonic Function

�	�� ������� ��� �#("'
���" %���� ������� %�� ��'& '�� �(%%�"' )� (� #� '�� ���� ���"
*%�''�" '#� ������� &�'& '�� ��� '# � "�* )� (��
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Programming the PIT

�(% /1.'1!,,!"+% )-3%15!+ 3),%1 ����� )2 ! 
�9")3 #.4-3%1 42%$ 3. ,%!241% 3),%

/%1).$2� �(%1% !1% &.41 )-$%/%-$%-3 ���2 ����� � ������ �!#( )2 #.-31.++%$ 3(1.4'(

1%!$2�61)3%2 3. ! $%$)#!3%$ #.,,!-$�23!342 1%')23%1 ���� ���� � ��� ������ �(% ���

5!+4%2 #!- "% %7!,)-%$ .1 ,.$)&)%$ 5)! 3(% ��� #.4-3 ����� ��� � ���� ����

1%')23%12�

�!#( ��� )2 !- 4/9#.4-3%1 3(!3 #+.#*2 !3 	�

� .& 3(% 2823%, #+.#*� �(% 1.++.5%1 /.)-3

)2 2%3 5)! 3(% ��� ��� 1%')23%1� 3(% 5!+4% #!- "% !-83()-' &1., ���� ��77 3. ����

��77� �(% ��� '%-%1!3%2 ! ��� .5%1&+.6 ����-��� )-3%114/3 6(%- )3 1%!#(%2 3(%

#.4-3%1 5!+4%�

�()2 2%#3).- $%2#1)"%2 3(% ��� 1%')23%12�

Table 10–2  PIT Registers

���� ��� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���	 ��� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���
 ��� ���� ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ��� ���� ��
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ��� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���	 ��� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���
 ��� ���� ��
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ��� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ��� ��� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � �

Register Address

PIT Test Mode
�(% ��� 3%23 ,.$% )2 42%$ 3. 3%23 3(% #.4-3%12� �(%- 3(% 3%23 ,.$% )2 !#3)5%� 3(%

#.4-3%1 )-#1%,%-32 6(%- 3(% ��� �.4-3 ���� ���� 1%')23%1 )2 1%!$� -.3 6)3( 3(%

2823%, #+.#*� �(% 
�9")3 #.4-3%1 )2 $)5)$%$ )-3. �9")3 2%#3).-2 6()+% )- 3%23 ,.$%�

�(%1%&.1% 3. 3%23 ! #.4-3%1� 1%!$ 3(% ��� ��� 1%')23%1 	� 3),%2� !-$ %!#( 3),% #(%#*

3(% 2)7 #.4-3%1 -)""+%2� �!#( -)""+% 2(.4+$ 2%04%-#% 3(1.4'( �� 	� 
� ��� �� �� �� 3(%-

"!#* 3. ��
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PITn_C/S PIT Command/Status

FFF8 F044 PIT0_C/S Read/Write

FFF8 F048 PIT1_C/S

FFF8 F050 PIT2_C/S

FFF8 F060 PIT3_C/S

�$! �.+#.�))��(! �*0!.2�( �%)!. �+))�* ��0�01/ ��������� � ���������

.!#%/0!./� %* �+*&1*�0%+* 3%0$ 0$! ���*���� .!#%/0!./� �+*0.+(/ 0$! ���/�

31 16

15 0

Unused

4 3

Unused

2 1

RESETTESTCTEN INTACK

Bit Mnemonic Function

�	�� �*1/! 

� ���� �+1*0 �*��(!
	 �*��(!/ 0$! �+1*0!.�
� �%/��(!/ 0$! �+1*0!.�
���� %/ �(!�.! �4 /4/0!) .!/!0/�


 ���� �!/0
���� �+*0.+(/ 0$! 0!/0 )+ ! +" 0$! ��� �+1*0!.�
	 �!/0 )+ !�
� �+1*0!. )+ !�
���� %/ �(!�.! �4 /4/0!) .!/!0/�

	 ������ �*0!..1,0 ��'*+3(! #!
�.%0%*# � 	 0+ ������ �(!�./ 0$! ��� �+1*0!. .+((+2!. %*0!..1,0 .!-1!/0�
�.%0%*# � � $�/ *+ ��0%+*�
������ %/ *+0 �""!�0! �4 .!/!0/�

� ����� �!/!0
�.%0%*# � 	 0+ ����� .!/!0/ 0$! ��� �+1*0!. 0+ �� �.%0%*# � � $�/ *+
��0%+*�

����
 �0 0�'!/ � �(+�' �4�(!/ "+. 0$! �+1*0!. 0+ .!/!0 �"0!. 3.%0%*# 0+
���*�����
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PIT_CMD_ALL PIT Command All

FFF8 F07C Write only

�'$ �0-&0 ++ !*$ �,2$04 * �(+$0 �-++ ,# �** ������������� 0$&(12$0 ' 1 2'$

1 +$ !(21  ,# .$0%-0+1 2'$ 1 +$ %3,"2(-,1  1 2'$ ���,���� 0$&(12$01� !32 5'$,

50(22$,� ����������� 3.# 2$1  ** %-30 ���1� �,*()$ 2'$ ���,���� 0$&(12$01�

����������� (1 50(2$ -,*6� 2- -!2 (, 2'$ 12 231 -%  ���� 0$ # 2'$ "-00$1.-,#(,&

���,���� 0$&(12$0�

31 16

15 0

Unused

4 3

Unused

2 1

RESETTESTCTEN INTACK

Bit Mnemonic Function

�	�� �,31$#

� ���� �-3,2 �, !*$
	 �, !*$1 2'$ "-3,2$0�
� �(1 !*$1 2'$ "-3,2$0�
���� (1 "*$ 0$# !6 1612$+ 0$1$21�


 ���� �$12
���� "-,20-*1 2'$ 2$12 +-#$ -% 2'$ ��� "-3,2$0�
	 �$12 +-#$�
� �-3,2$0 +-#$�
���� (1 "*$ 0$# !6 1612$+ 0$1$21�

	 ������ �,2$003.2 �"),-5*$#&$
�0(2(,&  	 2- ������ "*$ 01 2'$ ��� "-3,2$0 0-**-4$0 (,2$003.2 0$/3$12�
�0(2(,&  � ' 1 ,-  "2(-,�
������ (1 ,-2  %%$"2$# !6 0$1$21�

� ����� �$1$2
�0(2(,&  	 2- ����� 0$1$21 2'$ ��� "-3,2$0 2- �� �0(2(,&  � ' 1 ,-
 "2(-,�

����
 �2 2 )$1 � "*-") "6"*$1 %-0 2'$ "-3,2$0 2- 0$1$2  %2$0 50(2(,& 2-
���,�����
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PITn_CNT PIT Count

FFF8 F004 PIT0_CNT Read/Write

FFF8 F008 PIT1_CNT

FFF8 F010 PIT2_CNT

FFF8 F020 PIT3_CNT

�$! �.+#.�))��(! �*0!.2�( �%)!. �+1*0 ����	���� � ��������� .!#%/0!./� 1/! %*

�+*&1*�0%+* 3%0$ 0$! ���*���� .!#%/0!./� �+*0.+(/ 0$! ���/�

�(!�.! �5 /5/0!) .!/!0 �* *+0 �""!�0! �5 (+��( .!/!0�

31 16

15 0

PIT_CNT

PIT_CNT

8 7

Unused

Bit Mnemonic Function

�
�� ������� ��� �+1*0
�+*0�%*/ 0$! ��� �+1*0 2�(1! �0 3$%�$ 0$! �+1*0!. 3%(( +2!."(+3 �* 
#!*!.�0! �* %*0!..1,0� �$! ��� �+1*0 %/ 0$! ��/ �+),(!)!*0 +" 0$!  !/%.! 
,!.%+ � !4� � ,!.%+ +" � 4 �
� �(+�' �5�(!/ .!-1%.!/ � ������� 2�(1! +"
���� ��44

��	 �*1/! 

�* +" �$�,0!.
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Chapter 11
The System Control Monitor

(SCM)

Overview
��� �-()�" �$#)'$! 
$#�)$' ���
� �( )�� �#)�'���� )$ 
����� �������(��

�$"%*)�' ��'�,�'�� ��� ��
 �( � ��'",�'� "$#�)$' %'$�'�" )��) )�()( �#� "�#���(

)�� (-()�" �) %$,�'*% �#� "��#)��#( �$#)'$! *#)�! )�� $%�'�)�#� (-()�" )� �( $+�'�

��� ��
 '�(*"�( �$#)'$! ,��#�+�' )�� $%�'�)�#� (-()�" �( ��!)���

��+�'�! ��
 �$""�#�(� ��(�'���� !�)�' �# )��( ���%)�'� ,�'� ��(��#�� �$' (-()�"

%'$�'�""�#�� ����#$()�� ��+�!$%"�#) �#� %'$�'�" ���*���#��

The SCM Prompt
��� �$!!$,�#� �$""�#� �#)�'%'�)�' %'$"%)( �#����)� )��)� ��� ��
 %'$"%) �%%��'(

,��# �!! %'$��(($'( ����(� �'� ��!)���

�# (�#�!��%'$��(($' (-()�"(� )�� %'$"%) �(�

SCM>

�# "*!)�%'$��(($' (-()�"(� )�� %'$"%) ��(%!�-( )�� #*"��' �#� $� )�� �))����� �$�

%'$��(($'�

Jp#n/SCM>

��� ��
 %'$"%) "�- �� ���#��� +�� )�� Prompt �$""�#�� �# "*!)�%'$��(($'

(-()�"(� )�� �))����� %'$��(($' ��# �� ���#��� +�� )�� Attach �$""�#�� ���(�

�$""�#�( �'� ��(�'���� !�)�' �# )��( ���%)�'�

�$ ����(( )�� ��
 �*'�#� %$,�'*%� %'�(( �Ctrl–C	 ���$'� )�� $%�'�)�#� (-()�"

�$$)(� �� )�� $%�'�)�#� (-()�" �( �!'���- '*##�#�� �'�#� �) �$,# ���$'� '*##�#� )��

��
�

��� ��
 %'$"%) �%%��'( ,��#�

• ��� �$$) ���!( $' �( �#)�''*%)��

• ��� *(�' ��!)( )�� $%�'�)�#� (-()�"

• 
 �$""�#� �'�� (�&*�#�� ��!)( ��)�+� %'$��(($'(

• ��� ��'�,�'� '�(�) $' %$,�' (,�)�� �( %'�((��

• ��� $%�'�)�#� (-()�" �#�$*#)�'( �# *#(*%%$')�� �'�� %$�#) $' �#)�''*%)
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)��"%�! $ �#� ��$�#���� � 
!%!#!���$ �!!���		��� ���� ���$"#$"��%%"$ �%�$�%

��!'���

Halting the Operating System
�� � !"�#�%� � $*$%�� �$ #&  � �� ��#$% $�&% �% �!( � %�� ���% %�� $*$%��� ��� ��


"#!�"% (��� ��$"��*�

�� #&  � � %�� 	���� !"�#�%� � $*$%��� $�&% �% �!( �$ �!��!($�

# cd /
# shutdown

���
� ��� shutdown �!��� � �� �� �!������ %! $"����* (��%��# %! �#� � �!( 
$!�%(�#� �������%��*� !# %! "#!'��� � "�#�!� !� %��� �!# &$�#$ %! �!� !&%� ���

%�� 	���� �!�&�� %�%�! �

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

# halt –q
SCM>

�������
 
��&�!� &�� %*%&� )���� &�� "#�$�&�!� %*%&� "$ "&��$ %"�&)�$� �%

$'!!�!�  �* $�%'�& �! �"%& "$ �"$$'#&�� ��&�� �! �  '�&�#$"��%%"$

�!(�$"! �!&� ��� ��&�(� #$"��%%"$% �&�"%� %&�$&�� )�&� � .START %*%&� 
�����  '%& $����(� &�� .HALT %*%&� �����

�� *!& �! �% ��'� � 	���� !"�#�%� � $*$%��� $�� %�� �!�&�� %�%�! �!# *!&#

!"�#�%� � $*$%���

Resetting the System
�! #�$�% %�� $*$%��� ��%��# "#�$$ %�� #�$�% $(�%�� !# %&# %�� "!(�# !�� � � ! �

�������
 ��)�*% &$* &" %�'& �")! &�� "#�$�&�!� %*%&� ���"$� $�%�&&�!� &��

�" #'&�$� ��%�&&�!� &�� ��$�)�$� )���� &�� "#�$�&�!� %*%&� "$ "&��$

%"�&)�$� �% $'!!�!�  �* $�%'�& �! �"%& "$ �"$$'#&�� ��&��
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System Configuration Menu
�/ %*20,"8 3)& !*&6 /1 �)".(& �823&- �/.'*(41"3*/. -&.4� &.3&1 3)& '/,,/6*.(

$/--".% ,*.& "3 3)& ��� 01/-03�

SCM> F 

!*&6 /1 �)".(& �823&- �/.'*(41"3*/.

� �)".(& %&'"4,3 2823&- #//3 0"3)

	 �)".(& $/.2/,& 0"1"-&3&12


 �)".(& -/%&- 0/13 0"1"-&3&12

� �)".(& -/42& #"4% 1"3&

� !*&6 2823&- $/.'*(41"3*/.


 �)".(& !�� �	� $/.'*(41"3*/.

� �&341. 3/ 01&5*/42 2$1&&.

�.3&1 $)/*$&�2� ��

�/ 2&,&$3 " 24#�-&.4� 380& 3)& -&.4 .4-#&1 '/,,/6&% #8 " $"11*"(& 1&341. �&.3&1��

�/ &7*3 " -&.4� 2&,&$3 3)& ,"23 *3&- /. 3)& -&.4 /1 01&22 �&6 �*.& "3 3)& 01/-03

6*3)/43 2&,&$3*.( ". *3&-�

�)".(&2 -"%& 3/ 3)& ��� #&$/-& 3)& .&6 ������� 0"1"-&3&1� )/6&5&1� 3)& $)".(&2

"1& ./3 *. &''&$3 4.3*, 3)& 2823&- *2 0/6&1&% 40 /1 1&2&3� �/ 1&2&3 3)& $/-043&1� &*3)&1

01&22 3)& 1&2&3 26*3$) /1 *224& 3)& Reset $/--".%�

����� �/ 1&23/1& 3)& /1*(*.", 2823&- $/.'*(41"3*/. %&'"4,32� 380& �31,��� �31,��

*.3*",*9&2 3)& 2823&- $/.2/,& 0/13 3/ 3)& '/,,/6*.( '"$3/18 %&'"4,32� �
��

#"4%� � %"3" #*32� ./ 0"1*38� ���� $)"1"$3&1 2&3� &."#,&% ',/6 $/.31/,� �,2/�

�31,�� *.*3*",*9&2 3)& '/,,/6*.( 2823&- %&'"4,32�  ��� �.(,*2) +&8#/"1%

,".(4"(&� �,/$+ 31".2'&1 -/%& '/1 ���� 3"0& %1*5&2� ".% �	�� #"4% '/1 3)&

-/42& /1 -/%&- 0/13�
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Environment Control Word
�%" �)0&,*)("). �*).,*' �*,! �����  *).,*'- +,*$,�( !"�/$$&)$ �)! !&�$)*-.& 

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

1%& % !&-+'�2- .%" -.�." *# .%" ��� �&.- �)! �''*1- 2*/ .* .*$$'" .%" -.�."-� �%"-"

 %�)$"- !* )*. �##" . .%" *+",�.&)$ -2-."( *, �++'& �.&*) +,*$,�(-� .%" ��� !"#&)"-

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

��*$$'" �)0&,*)("). �*).,*' �*,!� -2-."(  �''�

Table 11–1  Environment Control Word

State at
Bit Function Powerup

� �"-",0"! �

� �**+ *) ",,*, �

� �&-��'"- ."-.&)$ 1%") +,*$,�( ") */).",- �) ",,*,�

� �*).&)/"- ."-.&)$ 1%") +,*$,�( ") */).",- �) ",,*,�

� �/.+/. .*  *)-*'" �

� �&," .- +,*$,�( */.+/. .* .%" -2-."(  *)-*'"�

	 �", "). #�&'/," �

� �&-��'"- ,"+*,.&)$ *# .%&- ",,*,�

� �)��'"- ,"+*,.&)$ *# +", "). *# ",,*,- �#.", '**+&)$ �",,*,- +",

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

�" ")��'"!�


 �,&). +�-- ("--�$"- �

� �&-��'"- +,&).&)$ *# ("--�$"�

� �)��'"- +,&).&)$ *# ("--�$"- .* .%" -2-."(  *)-*'" �#.", "� %

."-. +�--  *(+'"."-�

� �/.+/. .* +,&).", �

� �&-��'"- */.+/. .* +,&).",�

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

� �&-�--"(�'", �

� �&-��'"- !&-+'�2�

� �)��'"- !&-+'�2&)$ �) �!!&.&*)�' */.+/. #&"'! .%�.  *).�&)- .%"

()"(*)& - *# ("(*,2 �!!,"--  *).").-�


 �,&). -/�."-. ("--�$" �

� �&-��'"- +,&).&)$ ("--�$"�

� �)��'"- +,&).&)$ -/�."-. ("--�$"- .* .%" -2-."(  *)-*'"�

� �"+*,. �'' �

� �,&). �,&"# ("--�$"- .* .%" -2-."(  *)-*'"�

� �,&). 0",�*-" ("--�$"- .* .%" -2-."(  *)-*'"�

� ��'. *) ",,*, �

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

��� +,*(+.�

�� �)��'" ",,*, '*$$&)$ �

� �&-��'"- ",,*, '*$$&)$�

� �)��'"- ," *,!&)$ �'' ",,*,- &) -2-."( ",,*, '*$�

��� �� �"-",0"! �

� *).&)/"!�
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Table 11–1  Environment Control Word  (continued)

�
 ���� #%�� �

� �!(��"�( ���� #%���

� �$��"�( �!(&"�-!$� %*)&*) %$ ) � (-()�# �%$(%"� %$� (�'��$

�&���� �) � )!#�

��� �� ��(�'+�� �

�
 �*$ ,!) ����� � �

� �!(��"�( '*$$!$� )�()�

� �$��"�( '*$$!$� )�() ,!) ��)� ��� ��

�� �*$ ,!) ����� � �

� �!(��"�( '*$$!$� )�()�

� �$��"�( '*$$!$� )�() ,!) !$()'*�)!%$ ��� ��

�� �*$ ,!) ����� �

� �!(��"�( '*$$!$� )�()�

� �$��"�( '*$$!$� )�() ,!) ��)� ��� � )'�$("�)!%$(�

�� �*$ ,!) ����� �

� �!(��"�( '*$$!$� )�()�

� �$��"�( '*$$!$� )�() ,!) !$()'*�)!%$ ��� � )'�$("�)!%$(�

	��
� ��(�'+�� �

State at
Bit Function Powerup

��%$�"*����
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�%�!�. ) � �
� �( �%""%,(�

�� � !"� !$ ) � �!�, %' 
 �$�� �.()�# 
%$�!�*'�)!%$ #�$*� ).&� � �$� &'�(( ��,

�!$� )% (�"��) !)�# 
� /
 �$�� )�()!$� &�'�#�)�'(��

� � (.()�# �!(&"�.( ) � �%""%,!$� (�'��$�

 

ECW Bit Function State
–––––––––––––––––––––––––––––––––––––––––––––––––––

0 Reserved – Disabled
1 Loop on error + Enabled
2 Output to console + Enabled
3 Percent failure – Disabled
4 Print pass messages + Enabled
5 Output to printer – Disabled
6 Disassembler + Enabled
7 Print subtest message + Enabled
8 Report all – Disabled
9 Halt on error – Disabled
10 Enable error logging – Disabled
11 Continue on exception – Disabled
12 Reserved – Disabled
13 Page mode – Disabled
14 Reserved – Disabled
15 Reserved – Disabled
16 Run with D_cache – Disabled
17 Run with I_cache – Disabled
18 Run with D_MMU – Disabled
19 Run with I_MMU – Disabled
20–31 Reserved – Disabled

Select bit(s) to toggle –>

	� �% )%��"� ) � &�'�#�)�' ()�)�(� �$)�' ) � �!) $*#��'�(� �$� ) �$ &'�(( ��, �!$��

��&�'�)� �!)( �. �!) �' � (&��� %' � �%##��

����� �!) �� ��$ %$". �� )%��"�� +!� ) � ����� (.()�# ��""� �%* ��$$%) )%��"� !)

+!� ) � 
 �$�� ��()!$� ��'�#�)�'( #�$*�

�% �-!)� &'�(( ��, �!$� ������� �$)�'!$� � $*#��' �) ) � &'%#&)�

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

�
� ()�)��
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System Calls
$@:;.5 ,*44: 5*628<4*;. �"& 9.02:;.9:� ;1. 78.9*;260 :@:;.5 ,*6 8*:: ,76;974 ;7 *6-

/975 ;1. $�� <:260 ;1.:. :@:;.5 ,*44:�

$@:;.5 ,*44: 897=2-.�

• �,,.:: ;7 268<;�7<;8<; -.=2,.:�

• $@:;.5 ,76/20<9*;276 26/795*;276�

• "*62, *6- .9979 9.879;260�

�?.,<;. :@:;.5 ,*44: *: /7447>:�

	� �7*- 9.02:;.9 � �9�� *6- 7;1.9 *90<5.6; 9.02:;.9: >2;1 ;1. 7//:.; =*4<. -./26.- 26

%*+4.�		�
 �;1. =*4<.: *9. 26 1.?*-.,25*4 <64.:: 26-2,*;.- 7;1.9>2:.��


� $.; �#�� ;1. '.,;79 �*:. #.02:;.9 �'�#�� ;7 ;1. '�# :8.,2/2.- +@ ;1. "#!�

-<9260 87>.9<8 �"#!� '�#�� �/ ;1. =*4<. 26 �#� 2: -2//.9.6; /975 ;1. "#!�

'�#� :*=. ;1. =*4<. 26 �#� +./79. >92;260 ;1. "#!� '�#�

 !%�� �<9260 87>.9<8� ;1. "#!� '�# 2: >92;;.6 ;7 �#��

�� �?.,<;. ;1. %9*8 76 +2; ,4.*9 26:;9<,;276� 	�� ��������

$8.,2/@ +2; � 7/ #�� ��� 2: *6 7//:.; ;7 ;1. '�# ;1. "#!� :@:;.5 ,*44� �.,*<:. +2; � 7/

9.02:;.9 #� 2: *4>*@: �� ;12: 26:;9<,;276 *4>*@: .?.,<;.: ;1. ;9*8 97<;26.�

Table 11–2  System Calls

System Call Argument(s) Data Returned Function

���  �# 9��		� 9
�"726;.9 ;7 :;9260 #.;<96: 8726;.9 ;7 :@:;.5 +*66.9 :;9260�

����# 9��� 9
��$����$��� (*2;: /79 *6 �$��� ,1*9*,;.9 /975 ;1.
,1*9*,;.9 -./*<4; 268<; 879;� 9.*-: 2;� *6- 9.;<96: ;1.

,1*9*,;.9 26 ;1. 4.*:; :2062/2,*6; +@;. 7/
9.02:;.9 
� �� 6<44 26-2,*;.: * +9.*3��

�����!( 9��		� 9
��47> ,76;974 /4*0 #.*-: 79 >92;.: ;1. ,1*9*,;.9 /47> ,76;974
9
�� 79 676�� �)! �)!��� /4*0� �/ 9
 � � 262;2*44@�
9��'*4<. ;1.6 9
 >244 ,76;*26 ;1. ,<99.6; /4*0 =*4<.�

�/ 9
 � 676�� 262;2*44@� ;1.6 :;79.: =*4<.
/975 9�� �6 9� =*4<. 7/ ��	� 26-2,*;.: /47>
,76;974 .6*+4.-� *6@ 7;1.9 =*4<. 26-2,*;.:
-2:*+4.-�

����$&� 9
�"726;.9 ;7 9
��1.,3:<5 ".9/795: -*;* ,1.,3:<5 ;.:; *6- 9.;<96:
-*;* ;1. =*4<. 26 9
� ��--: *44 ;1. +@;.: *6-

9���@;. ,7<6; ,7584.5.6;: ;1. 9.:<4;��
9����

���$%�% 9��
 9
��$����./*<4; "744: ;1. :;*6-*9- 268<; 879; /79 ,1*9*,;.9
268<; :;*;<: :;*;<: *6- 9.;<96: ;12: =*4<. 26 ;1. 4.*:;

:2062/2,*6; +@;. 7/ 9
�

��!���� 9��		� 9
�"726;.9 ;7 *--9.:: #.;<96: 8726;.9 ;7 �;1.96.; *--9.::�

��"&�� 9��	�
 9
��"& �� #.;<96: ;1. �"& ���

 7;.� �/ 9
 2: :.; ;7 	� *6 .9979 1*: 7,,<99.-�

�,76;26<.-�



The System Control Monitor

11–8 014–002076

Table 11–2  System Calls

System Call Argument(s) Data Returned Function

���!$ :��
	� :��$837</: %/+.; >3./8 <36371 9+:+6/</:; 37<8 &$��
:��	 8: 787�	 ,=00/:� +7. :/<=:7; 9837</: +; ,@</�9+-4/.

.+<+ 37 :�� �0 :� 8:3137+5 >+5=/ 78< 	� ?:3</;
,@</�9+-4/. .+<+ 9837</. <8 ,@ :� 37<8
��&%�!�

��' �"� :�����,3< :��&<:371 5/71<2 %/+.; + -2+:+-</: ;<:371 80 ��� -2+:+-</:;
;<:371 ,=00/: 8: 5/;; 0:86 <2/ ;<+7.+:. 379=< 98:<�
+..:/;; /-28/; <2/6� +7. 95+-/; <2/ -2+:+-</:

:��� ;<:371 37 <2/ ,=00/: +..:/;; 37 :��
'/:637+<8: -2+:+-</:; +:/� *7 � "/?  37/�
*5 � �+::3+1/ %/<=:7� +7. *0 � �8:60//.�
'2/ &�! ;-://7 /.3< -87<:85 0=7-<387; +:/
;=998:</.�

��� ' :���� "87/ �+5<; <2/ =;/: 9:81:+6 +7. /7</:; <2/
&�!�

��#&'�� :��
	� :��$837</: <8 %/<=:7; <8 :� + 9837</: <8 
�,@</ ,37+:@
28;< �� 28;< �� .+<+�

��"(� �� :��

� "87/ �7>+53.+</; <2/ 37;<:=-<387 -+-2/
:���$� 8: �
 ��-+-2/�� �0 :� � + �$ 7=6,/:� <2/7 875@

<2+< �$ �-+-2/ 3; 37>+53.+</.� �0 :� � �
�
<2/7 +55 �$ �-+-2/; +:/ 37>+53.+</.�

��$&'�%' :���$� <8 ;<+:< :��&<+<=; &<+:<; +78<2/: 9:8-/;;8: ��$�� +0</: +7
:��&<+:<371 373<3+5 ,88< �=;/. 875@ 37 6=5<39:8-/;;8:

+..:/;; ;@;</6;�� '2/ ;<+<=; :/<=:7/. <8 :� 3;
:��
		 	 &<+:< ;=--/;;0=5


 �55/1+5 8: 63;;371 �$
� &3715/ �$ -87031=:+<387
� �$ 78< 2+5</.

 �$ .8/; 78< :/;987.

��� �" :��
	� :�� +71=+1/ %/<=:7; 5+71=+1/ -8./ <8 :�� '2/ -8./; +7.
5+71=+1/; +:/

1 U.S. English 6 Spanish
2 German 7 Swiss
3 U.K. English 8 Italian
4 French 9 Japanese
� &?/.3;2

�!&�)� :��
	� :��'89 80 6/68:@ %/<=:7; <89 80 6/68:@ <8 :�� �0 :� � 	
:��	 8: 787�	 373<3+55@� <2/7 :� ?355 -87<+37 <89 80 92@;3-+5

6/68:@� �0 :� � 787�	 373<3+55@� <2/7 :�
?355 -87<+37 <89 80 =;/: 6/68:@�

�"� #�� :��

� :�� �" 98:< 7=6,/: %/+.; 8: ?:3</; <2/  �" 98:< 7=6,/:� �0
:��	 8: 787�	 :� � 	 373<3+55@� <2/7 :� ?355 -87<+37 <2/
:��(+5=/  �" 98:< 7=6,/:� �0 :� � 787�	 373<3+55@�

<2/7 ;<8:/; >+5=/ 0:86 :��

�#���% :���	 :��	 $:37<; <2/ >+5=/ 37 <2/ 5/+;< ;317303-+7<
:�� &����&��� -2+:+-</: ,@</ 80 :� <8 <2/ ;<+7.+:. 8=<9=< ./>3-/�

�#�% � :���� :��	 $:37<; + �+::3+1/ %/<=:7�537/ 0//. <8 <2/
;<+7.+:. 8=<9=< ./>3-/�

�$�"�� :��

	 :���::8: -8./ �+5<; <2/ =;/: 9:81:+6� :/<=:7; +7 /::8:
-8./ <8 :�� +7. /7</:; <2/ &�!�

�$%�"'�% :��

� :��$:37</: <@9/ %/<=:7; 9:37</: <@9/ <8 :�� � >+5=/ 80 	 �
�/7<:873-;� 787�	 � �+<+ $:8.=-<;�

"8</� �0 :� 3; ;/< <8 
� +7 /::8: 2+; 8--=::/.�

�-87<37=/.�
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Table 11–2  System Calls

System Call Argument(s) Data Returned Function

� �����' 8��
 8
��,? /0: !,:;859 (5 05+0*(:065 6- =/,:/,8 68 56: ( 2,?
=(9 78,99,+� �- 8
 � �� 56 2,? =(9 78,99,+� �-
8
 � 565��� ( 2,? =(9 78,99,+�

� #���� 8��
	 8
��  805:9 :/, */(8(*:,8 9:805. 7605:,+ :6 )?
8
��
�)0: :/, (++8,99 05 8
 :6 :/, 9:(5+(8+ 6;:7;:

(++8,99 6- +,<0*,� �6,9 56: 8,:;85 ;5:03 0: ,5*6;5:,89
9:805. :/, 5;33 :,8405(:68 05 :/, 9:805.� �6:, :/(:

:/09 *(33 (336=9 -0<, (++0:065(3 (8.;4,5:9 (5+
;9,9 :/, � ������ */(8(*:,809:0*9�

�!����# 8��	�	 �65, !,9,:9 (5+ 8,050:0(30@,9 :/, =6829:(:065�
8
�� 68  605:,8 :6 050:0(30@,9 :/, )66: :04, 8,.09:,89� (5+

)66: 7(:/ ,5:,89 :/, )66: 4,5;� �- 8
 � �� :/, *(33 ;9,9
:/, +,-(;3: )66: 7(:/� �- 8
 � 565��� :/, *(33
;9,9 :/, 7605:,8 05 8
�

�!�%�$� 8��	�� 8
�!,<09065 !,:;859  !�� 8,<09065 :6 8
 05 :/,
5;4),8 -684(:� )0: �	 �0- 	�� ,5.05,,805. 8,<09065� )0:9

���	�� 4(168 8,<09065 5;4),8� )0:9 	
���
40568 8,<09065 5;4),8� �68 ,>(473,�

���
���
 � !,< ��
��

����� � !,< ���

�!&��! 8��			 8
���! !,(+9 68 =80:,9 ( *67? 6- :/, �0(.569:0*
8
�� 68 565�� �65:863 !,.09:,8 ���!� =68+ 05 4,468?�
8���,= ��! �- 8
��� 8,:;859 ��! :6 8
� �- 8
 �

<(3;, 565��� =80:,9 8� <(3;, :6 ��! =68+� #/,
+,9*807:065 6- :/, �0(.569:0* �65:863 !,.09:,8
���!� 05 :/09 */(7:,8 .0<,9 :/, ��! <(3;,9�

�"#��� 8���� 8
���� +,<0*, !,:;859 :/, 9:(5+(8+ 057;: (5+ 6;:7;:
5;4),8 768:9� �,<0*, 5;4),8 <(3;,9 (8,

� ",80(3 057;: (5+ 6;:7;:
	 ",80(3 057;:�9,80(3 (5+

.8(7/0*9 6;:7;:

 �,?)6(8+ 057;:�.8(7/0*9 6;:7;:

�#��& 8��	�� 8
���& !,:;859 68 9,:9 �5<08654,5: �65:863
8
�� 68 565�� &68+ ���&�� �- 8
 � �� 8,:;859 ��& :6
8���,= ��& 8
� �- 8
 56: � �� =80:,9 8� <(3;, :6

<(3;, ��&� #()3,�		�	 309:9 :/, ��& )0: <(3;,9�
-;5*:0659� (5+ +,-(;3: 9:(:,9 (: 76=,8;7�

�6:,� �- 8
 09 9,: :6 	� (5 ,8868 /(9 6**;88,+�

�*65*3;+,+�
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SCM Subroutines
�� ����$� � $ #'#$�� ����#� $�� �'#$�� 
 �$" � � ��$ " ��
�� #%!! "$# ��"�&�"��

��$"' ! ��$# $ #%�" %$���# �� ���������
 �����##���� &�$� � ��� ��#$"%�$� � � �$������

$�� �!!" !"��$� ��$"' ! ��$��

Table 11–3  SCM Subroutines

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

���� ��$���" �" � #$�� "	����" ��$%"�# � ���"��$�" $ "	�

Entry Point
(Hex) Subroutine Argument Description
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SCM Commands
�# �3-. ' �)(.,)& �)($.), ����� #�- �)''�(�- .) �)(.,)& �(� � �/" *,)",�'-�

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

� �)''�(� &$( �)(-$-.- )! )( 0�&$� ��� �)''�(� �(� *)--$�&3 )( ), '), 

�,"/' (.-�

�! � �)''�(� $- $--/ � $(�),, �.&3� .# ��� �$-*&�3- � " ( ,�& ' --�" � 2� ����
�	

������	� �
����
� �����
������ ����
�	 �����
������ �(� .# ( , ./,(- .# *,)'*.�

�3* � '�2$'/' )! �� �#�,��. ,- * , �)''�(� &$( � �)/ �) (). #�0 .) .3* .# 

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

��� �)''�(�- �(� �,"/' (.- �, ��� ��- �- (-$.$0 � 1$.# .#  2� *.$)( )! � 0$� 

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

�# ��� -/**),.- - 0 ,�& % 3�)�,� �)(.,)& �#�,��. ,-� ���& �		�� � -�,$� - �)(.,)&

- +/ (� - /- � .)  �$. �)''�(� &$( -� $(. ,,/*. �(�  2$. !,)' ��� �)''�(�-� �(�

, -.), �)(!$"/,�.$)( *�,�' . ,-�

Address and Data Conventions
�# ���, -- �,"/' (.- /- � $( ��� �)''�(�- �)(-$-. )! .1) 	���$.� # 2�� �$'�&

1),�-� �)/ '�3 )'$. & ��$(" 4 ,)-� ��� �)''�(�- -/**),. *#3-$��& �(� &)"$��&

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

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

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

��.� .) $(�$��. # 2�� �$'�&� �# �$-�-- '�& , , ./,(- # 2�� �$'�& ��.�� �# ���

�$-*&�3- ��.� )/.*/. '( ')($�- �(� ��� *.- ��.� $(*/. '( ')($�- �3 � !�/&.� -$(� 

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

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

.# !)&&)1$(" !),'�.�

Memory logicaladdress – physicaladdress  /  data – mnemonic

�),  2�'*& � $! .# �)(. (.- )! ' '),3 &)��.$)( 	� $- 



����	� .# ��� �$-*&�3-

.# !)&&)1$("�

Memory 00000010 – 00000010 / 5555FFFF – xor.u   r10 r21 $FFFF

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

*)$(. � .) �3 .# !$,-. 	���$. 1),� )! .# �
��$. ���, -- �,	� �(� ,
	�� �(� .# 

# 2�� �$'�& ��.� $( .# - �)(� 1),� )! .# ���, -- ��������
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Table 11–4  SCM Line Editing and Keyboard Control Commands

	 �6473-;-: ;0- +<99-5; 157<; 315-� *-/15: -?-+<;165 6.

+644)5, 157<;� )5, 9-;<95: ;0- $�� 79647;�

�Ctrl–A� #-+)33: )5, ,1:73)@: ;0- 3):; +644)5, :;915/ @6< -5;-9-,

); ;0- $�� 79647;�

�Ctrl–C� 
 �5;-99<7;: -?-+<;165 6. )5 $�� +644)5, )5, 9-;<95: ;0-

$�� 79647;� %01: 1: ) 7633-, 15;-99<7;� :64- 796+-,<9-:

+6473-;- *-.69- ;0-@ *9-)2� �. @6< ,6 56; 0)=- )5

)<;6�9-7-); 2-@*6)9,� -?-+<;- ;0- �;93�� :-8<-5+-

9-7-);-,3@ <5;13 @6< :-- ;0- $�� 79647;�

�Ctrl–I� � #-:;69-: ,-.)<3; +65.1/<9);165 7)9)4-;-9: ;6 ;0- .6336>15/

.)+;69@ :-;;15/:� $@:;-4 +65:63- 769;� �
�� *)<,� � ,);)

*1;:� 56 7)91;@� ��$� +0)9)+;-9 :-;� -5)*3-, .36> +65;963�

&�$� �5/31:0 2-@*6)9, 3)5/<)/-� !)9)33-3 7915;-9�

�-5;9651+: 15;-9.)+-� $�$� ;)7- ,91=-:� *36+2 ;9)5:.-9

46,-� �6<:- 69 46,-4 769;� 	
�� *)<,� �3:6 9-:;69-:

=1,-6 ;1415/ 7)9)4-;-9: �:-- �;93�' *-36>�� �5;-9

�Ctrl–I�� >)1; <5;13 @6< 0-)9 65- *--7� ;0-5� -5;-9 1 1. @6<
0)=- ) �� �A� 4651;69� 69 -5;-9 2 1. @6< 0)=- ) 
� �A�
4651;69�

�Ctrl–P� � �1:73)@: ;0- +<99-5; :;);- 6. ;0- �5=19654-5; �65;963

(69, ���(��

�Ctrl–Q� � #-:<4-: $�� 6<;7<; ,1:73)@ ;0); >): :<:7-5,-, >1;0 ;0-

�;93�$ :-8<-5+-�

�Ctrl–S� � $<:7-5,: $�� 6<;7<; ,1:73)@ <5;13 @6< 9-:<4- 1; >1;0 ;0-

�;93�" :-8<-5+-�

�Ctrl–U� �9):-: ;0- +<99-5; 315- 6. ;-?;� .964 ;0- 3-.; 6. ;0- +<9:69

;6 ;0- $�� 79647;�

�Ctrl–V�� �336>: @6< 9-:;69- ;0- ,-.)<3; =1,-6 7)9)4-;-9: .69 ;0- ��

�A� /9)701+: 4651;69� 69 ;6 +0)5/- ;0- ,-.)<3;: .69 ) 
�

�A� 4651;69� &:- ;01: +65;963 :-8<-5+- 653@ 1. ;0- >15,6>

;0); )77-)9: ); 76>-9<7 65 ;0- /9)701+: 4651;69 1:

,1:;69;-, 69 ,6-: 56; )77-)9� �.;-9 @6< ;@7- �;93�'� >)1;

<5;13 @6< 0-)9 ) *--7� ;0-5� ;@7- 1 .69 �� �A� 7)9)4-;-9:�
69 ;@7- 2 ;6 +65.1/<9- .69 ) 
� �A� 4651;69� %0- 4651;69 1:
+65.1/<9-, ;6 ;0- 5-> .9-8<-5+@ >0-5 @6< 0-)9 ) :-+65,

*--7� �. ;0- /9)701+: 4651;69 1: 56; +3-)9 ).;-9 ;9@15/ *6;0

.9-8<-5+1-:� :-- ;0- B$63=15/ !6>-9 &7 !96*3-4:� :-+;165

15 ;0- :;)9;<7 4)5<)3�

�-@*6)9, �5;9@ �<5+;165

	 %0- �-> �15- )5, �5;-9 2-@: 0)=- :7-+1)3 .<5+;165: >0-5 <:-, >1;0 ;0- EXAMINE +644)5,��

  53@ .<5+;165: ): )5 15;-99<7; ;6 $�� .<5+;165:�
� �?-+<;- ;01: :-8<-5+- 653@ >013- 15 ;0- $���
�  53@ >692: >0-5 �36> �65;963 796;6+63 1: -5)*3-, >1;015 ;0- $���
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Table 11–5  SCM Commands

� �#�$�"�� 	�%#��+% #$"��%%"$ %&�&'% 	��'���!�

Attach �#������% �&&����� #$"��%%"$ �$"�$� �"!&$"��

%+%&� "#�$�&�"!

Boot �&�$&% %+%&� �$" �""&%&$�# ��(��� ��� �!%&����&�"! �""��

Continue ��%&�$&% �&&����� #$"��%%"$ �$"�$� �"!&$"�� ���'���!�

Display ��")% $���%&�$ ���� �"!&�!&% 	��'���!�

Examine �#�! "$ ���& �"!&�!&% "� 	��'���!�

$���%&�$% �!�  � "$+ �"��&�"!%

Format 	�%#��+% ���) "$ ���!�� ��� �!%&����&�"! �""��

�"!���'$�&�"!  �!'

Help 
�%&% (���� ��� �"  �!�% �+%&� "#�$�&�"!� ���'���!�

#$"�$� �"!&$"�

Initialize �$�&�% ��&� &" � $�!�� "�  � "$+ 	��'���!�

Locate ���$���%  � "$+ �"$ � ��&� #�&&�$! 	��'���!�

Move 	'#����&�% �  � "$+ ��"�� �! !�) 	��'���!�

�"��&�"!

Onestep 
*��'&�% &�� !�*& #$"�$� �!%&$'�&�"! 	��'���!�� #$"�$� �"!&$"�

Prompt ���!��% &�*& "� ��� #$" #& ��� �!%&����&�"! �""��

Reset �!�&����,�% %+%&� &" #")�$�'# %&�&� �+%&� "#�$�&�"!

Start ����!% #$"��%%"$ �& %#������� �$"�$� �"!&$"��

���$�%% %+%&� "#�$�&�"!

Trap ���)% "$ �!%�$&% �$���#"�!&% 	��'���!�

Untrap �� "(�% �$���#"�!&% 	��'���!�

View 	�%#��+% � $�!�� "�  � "$+ 	��'���!�

Write �!%�$&% ��&� �! "!�  � "$+ �"��&�"! 	��'���!�

Zloader �&�$&% %�$��"$� �"���$ '&���&+ ��� �!%&����&�"! �""��

�"  �!� 	�%�$�#&�"! �'!�&�"!
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�� ������� ������� ���� �����#  ��� ����� �

COMMAND–NAME
Command description.

COMMAND ����
��� �����
����


�
�� 
�� ������� �������� ��� ���� ������� �� ��#�%�  �� ���
� 	����� ��  ��

������� �����

Description

���������  �� ��������

Arguments

�������  �� ���!��� ��


��� 
�� ������� ����� � �� ���!��� ��

����
��� 
�� ������� ���!����  �� ���!��� ������� �����

�����
���� 
�� ���!��� �� �� ������ �� �� ����!�� ������ ��

Related Commands

��� � ������% ���� �� ��	 ���������

Related Messages

��� � ��������  �� ��% ������ �� �� ��"�����  �� ��������

Examples

�$������ ��  �� ��������
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. (period)

Display job processor status.

. (period)

Description

��� � �&�' %�� �%##�$� � (&"�.( )�� ()�)*( %� )�� �))����� !%� &'%��((%' �$�  )(

&'%�'�# '�� ()�'(�

��� ()�)*(  $�"*��( )�� �%""%, $�	

• ��� ��'%��((%' �)�)*( ��� ()�'�

��� &'%��((%' ()�)� %� )�� &'%�'�# )��) ,�( "�() '*$$ $� %$ )�� �))�����

&'%��((%'� ��� ���  ( )�� +�"*�  $ 
%$)'%" ��� ()�' � ��'���

• ��
 ��-��*)� �'%�'�# 
%*$)�'�

��� �%$)�$)( %� )�� &'%�'�# �%*$)�' ��
� %� )�� &'%�'�# )��) ��*(�� �$)'.  $)%

)�� �
�� ��
  ( �'%# 
%$)'%" ��� ()�' � ��'���

• �
�
 ���)� 
���� �$��"��� (��"��

��� ()�)� %� )�� *(�' &'%�'�# ��)� ����� ���%'� �$)�' $� )�� �
�� �  $� ��)�(

�$��"��� �$� �  $� ��)�( � (��"���

• ���� ���)� ��#%'. ��$���#�$) �$ ) �$��"��� (��"��

��� ()�)� %� )�� *(�' &'%�'�# ��)� ��� ���%'� �$)�' $� )�� �
�� �  $� ��)�(

�$��"��� �$� �  $� ��)�( � (��"���

• �
�
 ��$()'*�) %$ 
���� �$��"��� (��"��

��� ()�)� %� )�� *(�' &'%�'�#  $()'*�) %$ ����� ���%'� �$)�' $� )�� �
�� �

 $� ��)�( �$��"��� �$� �  $� ��)�( � (��"���

• ���� ��$()'*�) %$ ��#%'. ��$���#�$) �$ ) �$��"��� (��"��

��� ()�)� %� )�� *(�' &'%�'�#  $()'*�) %$ ��� ���%'� �$)�' $� )�� �
�� �

 $� ��)�( �$��"��� �$� �  $� ��)�( � (��"���

Arguments

�%$�

Related Commands

�����	 �&�� �. )�� �))����� &'%��((%'  $ #*") &'%��((%' (.()�#(�

����
��� ��(*#� &'%�'�# �-��*) %$ �) )�� &'%�'�# �%*$)�' +�"*� %� )��

�*''�$)". �))����� &'%��((%'�

������
 �-��*)� )�� $�-) ( $�"�  $()'*�) %$ %� � &'%�'�# �$� )��$ � (&"�.

)'���  $�%'#�) %$�
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Related Messages

��
�

Examples

• �
����� ��������� ������ �
 �

	�� ��������� �������

SCM> .

PSR XPC DCSH DMMU ICSH IMMU

A00003F2 FFC039DE N N N N

• �
����� ��������� ������ 

������
�
 �
 ����
��������� �������

Jp#0/SCM> .

Jp#0/PSR XPC DCSH DMMU ICSH IMMU

A00003F2 FFC039DE N N N N
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ATTACH
Specify active job processor.

ATTACH �����

Description

�����	 �) %$"/ ,�"�� �%( #+"*�&(%��))%( )/)*�#)� �* �""%-) /%+ *% �**��� *�� �
� *% �

)&�������  %� &(%��))%( �%( )+�)�'+�$* %&�(�*�%$) ��$ %*��( -%(�)� �* #�!�) � &�(*��"�(

&(%��))%( ��*�,��� �$�**����� &(%��))%() (�#��$ �$ �$ ��"� )*�*�� ��� �
� &(%#&*

�$����*�) -����  %� &(%��))%( �) �+((�$*"/ �**����� ��&�$��
�
 -��(� $ �) *��

$+#��( %� *�� �**�����  %� &(%��))%(�� �/ ����+"*� �&�� �) *�� �**����� &(%��))%( ��*�(

&%-�(+&�

�**��� (�*+($) *�� �+((�$*"/ �**����� &(%��))%( �� +)�� -�*�%+* �$ �(�+#�$*�

Arguments

����� ��� $+#��( %� *��  %� &(%��))%( *% �**����

Related Commands

� �&�(�%�� ��)&"�/ *�� )*�*+) %� *�� �**����� &(%��))%(�

�
��
��� ��)+#� &(%�(�# �.��+*�%$ �* *�� &(%�(�# �%+$*�( ,�"+� %� *��

�+((�$*"/ �**����� &(%��))%(�

��
��� 
��$�� *�� �
� &(%#&* *�.*�

����� �.��+*� � &(%�(�# �(%# � )&������� ���(�))�

Related Messages

�&�$ �**�����

Examples

• �**��� �
� *%  %� &(%��))%( �	�

Jp#0/SCM> A 1

Jp#1 attached

• ��)&"�/ *�� �+((�$*"/ �**�����  %� &(%��))%(�

Jp#1/SCM> A

Jp#1 attached
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BOOT
Starts the system from a specified device.

BOOT  �	
�������������
�����
�
������
�
������

Description

���� %�&�'& '�� &,&'� ��%�*�%�� '��! �' �"��& � �""'&'%�# #%"�%� �%" � ��)���

&#������� �! '�� 	
� �%�( �!'� ��� �%�( �!' �"% �' �"!�"% & '" '�� �"  "! "����'

���� �"% �' ��"��� ����!�� �! &��'�"! � "� '�� 	�!�%, 
" #�'�����', �'�!��%� �	
���

���! ,"( (&� ���� �
����� �! �%�( �!'� '�� �

 �""'& �%" � ����(�' �""' #�'��

�� '�� ����(�' �""' #�'� �& !"' �!�'����-�� "% !"' )����� '�� �

 '%��& '" ��!� � )����

�""'&'%�# ���� ���"%��!� '" � ��%��"��� #%"�� &�$(�!���

Arguments

�	
�������������
�����
�
����

	
� ����!�& '�� �""' ��)��� ���*�,& �"*�%��&��� ��� ��)��� �%�)�% �&

!� �� �, 	
� �"��"*�� �, "#�! �!� ��"&� #�%�!'��&�&� ���

#�%�!'��&�& ��!"'� "#'�"!�� #�%� �'�%&�

��
�
����� �#������& �! �+��('���� ����!� � "% �! �!'�%!�' �"&' ���%�&&� (&��

�!� ����!�� �, '�� �""'&'%�# #%"�%� �! � &��"!��&'��� �""'

&�$(�!���

Related Commands

������ ��&#��,& '�� ���* "% 
��!�� �,&'� 
"!���(%�'�"!  �!(� �"( ��!

��&#��, '�� 
��!�� 	""' ��%� �'�%&  �!( �%" '��&  �!(�

Related Messages

	""'�!� �%" ���

�!���� '" �"�� �""' ���� ���
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Examples

	� �**. .$!  !"�/'. -1-.!( �**. +�.$�

SCM> b 


� �**. ",*( "%'! �� *) .$! "%,-. ��� .�+!  ,%0! %)-.�''! %) �  !-&-% ! ���
 �$�--%-�

SCM> b st(ncsc(),4,0)  

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

.�+!  ,%0! ����� ���
��

Jp#0/SCM> b st(ncsc(),5,2)  

�� �**. 1*/, ����� *+!,�.%)# -1-.!( &!,)!' .* ,/) '!0!' ��

SCM> b sd(ncsc())root:/dgux –3  


� ���
	 � ��
��
 ��������� �**. .$! ����� -1-.!( ",*( .$! -1-.!(  %-&�

SCM> b sd(ncsc)=,0=rootAE–dgux.file +1  

�� ���
	 � �����	��
 ��������� �**. .$! ����� -1-.!( ",*( .$! -1-.!(  %-&�

SCM> b sd(ncsc)=,0=rootO–dgux.file +1  

�� �**. ��%%�� �1-.!( �%�#)*-.%�- �.$! +,*#,�( "%'! ����� '*��.! %) .$!  %,!�.*,1

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

SCM> b sd(ncsc(),0)usr:/stand/diags
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�� �((, �'0 �/��-,��%�  #%� ��%%�� �������� #' ,"� *((, �#*��,(*0 (' ,"� +��('� ����

�#+$ ����� ������

SCM> b sd(ncsc(),1)root:/bootfile  


� �((,  *(& ,"�  #*+, "(+, ,"�, *�+)('�+ (' ,"� �,"�*'�, ��� �0(-* �(&)-,�* #+

�(''��,�� ,( ('%0 ('� '�,.(*$��

SCM> b dgen()  

��� �((,  *(& ,"� "(+, �, �',�*'�, ���*�++ �	������
�� (' ,"� �%,�*'�,� �,"�*'�,

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

�'� � ('� ��� �,"�*'�, �(',*(%%�*��

SCM> b hken()128.111.5.6:  

��� �((,  *(& ,"�  #*+, "(+, ,"�' *�+)('�+ (' ,"� �($�' �#'! ����

SCM> b vitr()  
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CONTINUE
Restart attached processor.

CONTINUE �
	��������
�

Description

����	���  �!#��! � �� �� �&��#"��� �" "�� ��� �!! !"� �� �� "�� � �� �� ��#�"� 

��
�� �� "�� �""����� � ���!!� � �� "�� �#��� �� ��!" #�"���! !�������� �� "��

��"����� " ��� ��#�" � �#���"� ��� �
� �! ��� ����" �� ����!"� ��� ���� '�# #!�

"�� ������� %�"��#" "�� " ��� ��#�" � �#���"� !'!"�� ���" �� ��!!�! ������"��' "�

"�� ���"��#�� � �� ���

Arguments

�
	��������
� ��� �#��� �� ��!" #�"���! "� �&��#"� ��� ��&���������� ��� !'!"��

��!���'! "�� ��� �!!� ��"�� ��� �������� ��� "��" � �� � ��"� ����

��!" #�"���� "��� ���"!� ��!���'! "�� � ���!!� !"�"#!� ���  �"# �! "��

��� � ���"�

Related Commands

� ��� ���� 	�!���' "�� !"�"#! �� "�� �""����� � ���!!� � ����#���� "�� $��#� ��

"�� �
��

������ ������' "�� �""����� � ���!!� �� �#�"�� ���!!� !'!"��!�

�	�

�� ���% "�� ���"��"! �� ���  ���!"� ����!�

����� 
&��#"� � � �� �� � �� � !�������� ��� �!!�

Related Messages

����

Examples

• ��!#�� � �� �� �&��#"��� �" "�� �
� $��#�� ���$� "�� ����

SCM> C 

• ��!#�� � �� �� �&��#"��� �" "�� �#  ��" 
� $��#�� ��!���' " ��� ���� ��"���

��"� "�� ��&" "� �� ��!" #�"���!� "��� ���" "�� � ���!!� ���  �"# � "� "�� ����
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SCM> C 3 

Trace 00000010 5555FFFF xor.u r10 r21 $ffff
Trace 00000014 00000000 xmen.bu r0 r0 $0
Trace 00000018 00000000 xmen.bu r0 r0 $0

PSR XPC NPC FPC DCSH DMMU ICSH IMMU

A0000000 0000001A 0000001E 00000022 Y Y N N

SCM>
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DISPLAY
Show contents of register files.

DISPLAY

Description

��
�	�� ����� ��� 
������� �� ������� �������� ����� ���� 
������ �������� ����� �
��� ���

�������������� 
������ ��������� ��
�� �� ��� ����
��� ���
������ ������� ��

��������� ���� ������� �������� ����� ��� ����������

Arguments

	���

Related Commands

������ 
��
��� ��� ����
��� ���
����� �� ��������
����� ��������

���
��� ������� ������ 
����� ���
����� ��������� �� �������

Related Messages

	���

Examples

������� ��� 
������ 
������ �� ��� �������� ������

SCM> D 

  r00 = 00000000  r01 = 00066B58  r02 = FFC00000   r03 = 00000000
  r04 = 0000000C  r05 = FFF00000  r06 = 0016E570   r07 = 0016B340
  r08 = 00003230  r09 = 00000063  r10 = 00000998   r11 = FFFFFFA1
  r12 = 00000000  r13 = 00000000  r14 = 00000000   r15 = 00000000
  r16 = 00000000  r17 = 00000000  r18 = 00000000   r19 = 00000000
  r20 = 00000000  r21 = 00000000  r22 = 00000000   r23 = 00000000
  r24 = 0016E570  r25 = 0000002C  r26 = 000E0000   r27 = 000F0000
  r28 = 00010000  r29 = 00000000  r30 = 017DEFD0   r31 = 017DEFC8
 cr00 = FFF8113C cr01 = 800003FB cr02 = 800003f0  cr03 = 00000000
 cr04 = 0006009A cr05 = 0006009E cr06 = 000600A2  cr07 = FFC00000
 cr08 = 0000403F cr09 = 0000403F cr10 = 017DEF40  cr11 = 00000000
 cr12 = 017DEF58 cr13 = 017DEF4C cr14 = 00000000  cr15 = 00000000
 cr16 = 00000000 cr17 = 00066B58 cr18 = FFC00000  cr19 = 00000000
 cr20 = 00000000fcr00 = 00000000fcr01 = 00000000 fcr02 = 00000000
fcr03 = 00000000fcr04 = 00000000fcr05 = 000048A2 fcr06 = 00000000
fcr07 = 00000000fcr08 = F8004808fcr62 = 00000001 fcr63 = 00000000
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EXAMINE
Open and optionally change the contents of selected
register or memory locations.

 

��� ���"�##

	 ���"�##

� ���"�##

� %���"

�� %���"

��� %���"

EXAMINE

Description

������� ./%-2 !-$ $)2/+!82 3(% #.-3%-32 .& ! 2/%#)&)%$ ,%,.18 !$$1%22 .1 1%')23%1

&)+%� �&3%1 ./%-)-' ! ,%,.18 +.#!3).-� 8.4 #!- 42% 2/%#)!+ *%8 &4-#3).-2 $%2#1)"%$ )-

�!"+%����� 3. %-3%1 -%6 $!3!� ./%- 3(% -%73 .1 /1%5).42 ,%,.18 +.#!3).-� .1 1%341- 3.

3(% ��� /1.,/3 6)3(.43 ,!*)-' #(!-'%2�

����

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

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

#(#$�� !" ��#$"!(  ���##�"( #(#$�� � �!"��$�! � �$"��� '���  !$ "��!&�"

��$� ��"���( �!������

�2% .-% !1'4,%-3 /%1 #.,,!-$ +)-% 3. 2/%#)&8 6(%3(%1 8.4 6!-3 3. ./%- ! ,%,.18

+.#!3).- .1 1%')23%1 &)+%� !-$ 6(%3(%1 3. 5)%6 ,%,.18 +.#!3).-2 )- 6.1$ �
	 ")3��

(!+&�6.1$ ��� ")3�� .1 04!13%1�6.1$ ���")3� .1 2)-'+% "83%� )-#1%,%-32�

�)3(.43 !- !1'4,%-3� 3(% ������� #.,,!-$ ./%-2 !-$ $)2/+!82 3(% +!23 ,%,.18

!$$1%22%$ %7!,)-%$� �&3%1 3(% 2823%, (!+32 .1 3(% &)123 3),% !&3%1 /.6%14/� 3(% ���

./%-2 ,%,.18 +.#!3).- � 6(%- 8.4 42% 3(% #.,,!-$ 6)3(.43 !- !1'4,%-3�

Table 11–6  Special Key Functions for EXAMINE Command

�%6 �)-%
.1 �1%!* ���

�4-#3).- �)3( � ����� �.,,!-$

�!11)!'%
�%341-

�2#!/%

�()&3��

�1)3%2 $!3! )& %-3%1%$
 3(%- #+.2%2 3(% ,%,.18
+.#!3).- .1 1%')23%1 !-$ 1%341-2 3(% ��� /1.,/3�

�(%- ! 1%')23%1 &)+% )2 ./%-� #+.2%2 3(% 1%')23%1
!-$ 1%341-2 3(% ��� /1.,/3� �(%- !
,%,.18 +.#!3).- )2 ./%-� 61)3%2 $!3! )& %-9
3%1%$� #+.2%2 3(% #411%-3,%,.18 +.#!3).-� !-$
./%-2 3(% -%73 +.#!3).-�

�3!-$!1$ ��
�%8".!1$

������
�%8".!1$

�-3%1

�()&3�� �(%- ! 1%')23%1 &)+% )2 ./%-� #+.2%2 3(% 1%')23%1
!-$ 1%341-2 3(% ��� /1.,/3� �(%- ! ,%,.18
+.#!3).- )2 ./%-� 61)3%2 $!3! )& %-3%1%$� #+.2%2 3(%
#411%-3 ,%,.18 +.#!3).-� !-$ ./%-2 3(% /1%5).42
+.#!3).-�
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Argument

���	 
���
��	 �&# 
	� '0 �/'+%)# 2,."� *#*,.4 ),!�0',+ 4,1 2�+0 0, #3�*'+# ,.

*,"'$4� �4-'+%� '/ ,-0',+�)� �$ 4,1 04-# � +1* #. 2'0&,10 ��� ��

�� �� ��� ,. ���  #$,.# '0� 0&# ��� '+0#.-.#0/ 0&# +1* #. �/ �


	� '0 *#*,.4 �"".#//� �+4 �"".#// '/ *�/(#" 0,  # � 0.1# 
	� '0

2,." � '0/ � �+" � �.# !)#�.#"��

�� 
���
��	 �&# ��  '0/ �&�)$�2,."� ,$ *#*,.4 4,1 2�+0 0, #3�*'+# ,. *,"'$4�

�,1 *1/0 04-# �� $,)),2#"  4 � /-�!# �+" 0&# *#*,.4 ),!�0',+� �+4

�"".#// '/ *�/(#" 0,  # � 0.1# &�)$�2,." � '0 � '/ !)#�.#"��

�� 
���
��	 �&# �  '0/ �,+#  40#� ,$ *#*,.4 4,1 2�+0 0, #3�*'+# ,. *,"'$4� �,1

*1/0 04-# �� $,)),2#"  4 � /-�!# �+" 0&# *#*,.4 ),!�0',+� �,

�"".#// *�/('+%�

������
�	 �&# ��� .#%'/0#. $')# 4,1 2�+0 0, #3�*'+# ,. *,"'$4� �,1 *1/0 04-#

�� ��)'" #+0.'#/ �.# �� 0&.,1%& �
��

�������
�	 �&# !,+0.,) .#%'/0#. 4,1 2�+0 0, #3�*'+# ,. *,"'$4� �,1 *1/0 04-#

��� ��)'" #+0.'#/ �.# ��� 0&.,1%& ��	��

��������
�	 �&# $),�0'+% -,'+0 .#%'/0#. 4,1 2�+0 0, #3�*'+# ,. *,"'$4� �,1 *1/0

04-# ���� ��)'" #+0.'#/ �.# ���� 0&.,1%& ����� ����	� ,. ����
�

Related Commands

�

��	� �&,2 0&# !,+0#+0/ ,$ �)) .#%'/0#. $')#/�

Related Messages

�,+#

Examples

����
 �&# #3�*-)#/ '+ 0&'/ /#!0',+ '+!)1"# (#4 ,�." !&�.�!0#./ $,. � /0�+"�."

��� �� ���!,*-�0' )# (#4 ,�."�

• �'/-)�4 0&# !,+0#+0/ ,$ *#*,.4 �"".#// ���� 2'0&,10 *,"'$4'+%� �'/�//#* )#.

�+" ��� �.# "'/� )#" '+ 0&'/ #3�*-)#�

SCM> E  M 1000     or   SCM>  E 1000 

Memory 00001000 / 58670004 < Esc>

SCM>

• �'/-)�4 0&# !,+0#+0/ ,$ *#*,.4 �"".#// ���� 2'0&,10 *,"'$4'+%� �'/�//#* )#.

�+" ��� �.# #+� )#" '+ 0&'/ #3�*-)#�
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SCM> E  1000 

Memory 00001000 – 00001000/12345678 – ld.d r17 r20 $5678
Esc

SCM>

• ��#!��( &�$� %$ � ���(��� $�� � �$��$#  � ��#$ ��� "( ���"�## �'�������

SCM> E 

Memory 00001000 – 00001000/12345678 – ld.d r17 r20 $5678
Esc

SCM>

• ��#!��( &�$� %$ � ���(��� $�� � �$��$#  � "���#$�" ���� "���

SCM> E R3    or   SCM> E R03 

R03 = 00000000

SCM>

• ��#!��( &�$� %$ � ���(��� $�� � �$��$#  � � �$" � "���#$�" ���� �"���

SCM> E CR01     or   SCM>  E CR1 

r03 = 80000F3B  

SCM>

• ��$�" ��$� ����	
�� �� ��� "( ���"�## ����
 $��� �'�$ �" � $�� � ����� ���

"�$%"� $ $�� ����

SCM> E  M1000    or    SCM>E  1000 

Memory 00001000 / 58670004  12345678 <Esc>

SCM>

• ��#!��( $�� � �$��$#  � ��� "( ���"�## ����
 ��! #�$ ��$� ����	
�� �� ��� "(

���"�## ����
 $��� "�$%"� $ $�� ����

Jp#0/SCM> E  1000 

Memory 00001000 / 12345678 < CR>

Memory 00001004 / 58670004   12345678  <Esc>

SCM>

• ��#!��( $�� � �$��$#  � �� �$����! ��$ � �$" � "���#$�" ���� ��"
�
 $��� ��! #�$ ��$�

				���� ��$ ��"
��

SCM> E FCR62 

fcr62 = 00000000    5555FFFF 

SCM>

• ��#!��( $�� ��"#$ �
 ��$# �$ � ��$� � �����
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SCM> E H 1000 

Memory 00001000 / 1234 < Esc>

SCM>

• �
����� ��
 �
��� � �
�� �� ��	��
�� �����

SCM> E Q 1000 

Memory 00001000 / 12 < Esc>

SCM>
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FORMAT
Displays Configuration Menus.

FORMAT

Description

������ ������!� ��� "
�� �� ������ �!���� �������������� �����

�� ������ �� ��� ��� ������� ����� 	� ���� �� ������ ��� ���� ���� �� ��� "
�� ��

������ �!���� �������������� �����

Arguments

	���

Related Commands

���� ���� � ������ �� ������! ��� ������ ���� 
��������� �����

Related Messages

	���

Examples

	���
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HELP
Display available SCM commands.

HELP

Description

�����	�� 	� 	���	

���	� ���� �� ��
 �����	� ��
����� ��� �	��� ��� ����	���� ��


	����
��� 
	�� ����	�� 	��
���� 	�� 	 
��
� ����	�� �
����������

Arguments

���


Related Messages

���


Examples

���
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INITIALIZE
Write specified data to a range of memory.

INITIALIZE   �� � �������� ��������

Description

��� �	�������� ������� #�� �� ��������� �� �  � � ����� �� �����$ ���������  �� 

� �� � �  �� ��������� ����� ��������� ������� ��� ���� �  �� ����� ������

��������

��
��
	� ����� ��� �� ��� ��� ����  � ����� �� �����# #�! ��� ��� ����$��

��� ����$��� �#� �� ��� ��� ����� ��� �� 	
���� ���� ���� ��!�� ���  ��

�#� �� �� ��� ��# ��������# �� �� 
��  �� � ���� ���!����  � �"� ����

 �� ������� �!���� �����������

Arguments

�� � 	�� �� #��  ��  � ���� ���� ��� ��  �� �����$ ����� $�! ���

��� ����%����

�������� ���� ���� ��� ��  �� ����� �� �����$�

�������� 
�� ���� ��� ��  �� ����� �� �����$�

Related Commands

�

� 
!����� �  �� ��� �� � �� � ��������� ��!��� ����� ��� #�� � �  � �

��������� ��� ��� ��� ������

���� 
�����$  �� ��� �� � �� � ����� �� �����$�

����� ��� � �� �  � � ������ �����$ ���� ����

Examples

��� ����%� �����$ �$ #�� ��� ��������  � � ����� �� �����$ ��������� � ������� �

��� ������ � ��� ���� "��#  �� �����$ �����  � ���  �� ���!� ��

Jp#1/SCM> I  5555FFFF 0 10 

Jp#1/SCM> VIEW 0 10 

Memory 00000000  /  5555FFFF – xor.u r10  r21  $FFFF
Memory 00000004  /  5555FFFF – xor.u r10  r21  $FFFF
Memory 00000008  /  5555FFFF – xor.u r10  r21  $FFFF
Memory 0000000C  /  5555FFFF – xor.u r10  r21  $FFFF
Memory 00000010  /  5555FFFF – xor.u r10  r21  $FFFF
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LOCATE
Find a specified data pattern in memory.

LOCATE  ���� ���	������ ��
�������

Description

����	� +��*�"�+ &�&(*0  (* � +)��# #�� ��,� )�,,�*'� ,"�' �#+)%�0+ ,"� ���*�++ �'�

�(',�',+ ( ���" %(��,#(' #' /"#�" #,  #'�+ ,"� ��,�� �(- ��' (&#, ,"� ���*�++

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

� *�'!� ( &�&(*0 /#," +,�*,#'! �'� �'�#'! ���*�++ �*!-&�',+�

����� � +��*�" ,"*(-!" �%% ( &�&(*0 �(-%� ,�$� +�.�*�% "(-*+� �( +,() � +��*�"

�� (*� #, �(&)%�,�+� -+� �,*%���

Arguments

���� ��,,�*' #' &�&(*0  (* /"#�" ,"� +0+,�& +��*�"�+�

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

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

���*�++�

��
������� �(��,#(' #' &�&(*0 /"�*� +0+,�& +,()+ +��*�"#'!�

Related Commands

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

+)��# #�� ��+,#'�,#(' *�'!��

���� �#+)%�0 ,"� �(',�',+ ( � *�'!� ( &�&(*0�

Related Messages

�('�

Examples

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

�, � �'� �'�#'! �, ����� ,"�' �#+)%�0 ,"� ���*�++ ( ���" (��-**�'���

Jp#1/SCM> L 01234567 0 1000  

Memory 00000800  /  01234567 – ld.d r17  r20  $4567
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• ��
��� ��
� �

�����
� �� ���� ������� ������	
 �� ��� �� ���� �������

Jp#1/SCM> L 01234567  

Memory 00000800  /  01234567 – ld.d r17  r20  $4567
Memory 00001200  /  01234567 – ld.d r17  r20  $4567
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MOVE
Duplicate a block of memory.

MOVE  �� �� �� �������� ���������

Description

�����
� ������� �� ��" #�� ����� �� ��#� #��# �����" �# #�� "�$!�� ���!�"" ���

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

"��� "�)� "#�!#��� �# #�� ��"#���#��� ���!�""�

��
��
	� ����� ��� �� ������������ �� ����� �� �����$ ���� "���� $� ��� ��!�

����� 
!��"������ ���� �� �$���� ������� ��������� �� 	
���� ���������

�� �� ���� ��� �$���� �� ������$ ��������$ ����� 
�� ��� ������ ��� ����

�� �#�� ���� ��� ������� � ���� �����������

Arguments

�� �� ��'�������� �$���! �� �����# &�!�" �!�� #�� ��������� ���!�"" #�

#�� ��� �� #�� ����� #� �� ��%��� ���!� �" �� ��'��$� �! �����$�

����� "�)��

�� �������� 
���!( ����#��� �# #�� ��������� �� #�� !���� #� �� ��%���

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

Related Commands

�
����	��� �!�#� ��#� #� � !���� �� ����!(�

������ ���!�� ����!( ��! � ��#�  �##�!��

���� 
�" ��( #�� ���#��#" �� � !���� �� ����!(�

Related Messages

����

Examples

• 
�%� #�� ��#� ����� ��������� �# ����!( ���!�"" � ��� " ������ �� &�!�" #�

��"#���#��� ���!�"" �����

Jp#1/SCM> M 4F 0 8000  
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• 	��� ��� ���
� ���� ������ �� � ��� ����� � ����� �� ����������� ������� ����

������ ���� ��� ����� �� �����! ���� ��
������ � ������� ���

Jp#1/SCM> VIEW 0 10 

Memory 00000000  /  5555FFFF – xor.u       r10 r21 $FFFF 
Memory 00000004  /  5555FFFF – xor.u       r10 r21 $FFFF 
Memory 00000008  /  5555FFFF – xor.u       r10 r21 $FFFF 
Memory 0000000C  /  5555FFFF – xor.u       r10 r21 $FFFF 
Memory 00000010  /  5555FFFF – xor.u       r10 r21 $FFFF


� �� ���� ��� ���
��

Jp#1/SCM> M 5 0 400  

������!� ���� ��� 
������� �� ��� ���
� �� �����! ���� ��
������ ��� ������� ����

Jp#1/SCM> V 400 410  

Memory 00000400  /  5555FFFF – xor.u       r10 r21 $FFFF 
Memory 00000404  /  5555FFFF – xor.u       r10 r21 $FFFF 
Memory 00000408  /  5555FFFF – xor.u       r10 r21 $FFFF 
Memory 0000040C  /  5555FFFF – xor.u       r10 r21 $FFFF 
Memory 00000410  /  5555FFFF – xor.u       r10 r21 $FFFF
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ONESTEP
Execute next step of a program.

ONESTEP  �
	��������
�

Description

��� ����
�
 ������� ����� ������� �$��"!��� �! !�� �����   !���� �� !��

������� ��"�!�� ����� �� ��������! �� ��� �� !�"�!���� �! �� ���% !���� �������!���

��!�� ���� �� !�"�!��� �$��"!� � ��!� �� ���"���!� !��  % !�� �$��"!� !��  �����

������� �� !�"�!���  !���� �� ���� !��� ���! ��� �� ���%  !�!" �������!����

Arguments

�
	��������
� ��$�������� �"���� �� �� !�"�!��� !� �� �$��"!�� ��� �% ��� ���

 �����  !�� � ������ !�� �����  �� ���! �

Related Commands

� �������� 	� ���% !��  !�!" �� !�� �!!����� �����  ���

�	�
���� �� "�� ������� �$��"!��� �! !�� ������� ��"�!�� #��"� �� !��

�"����!�% �!!����� �����  ���

�
��
 
$��"!� � ������� ���� �  �������� �����  �

Related Messages


���

Examples

• 
$��"!� !�� �� !�"�!��� ����!�� !� �% !�� ������� ��"�!���

SCM> 0 

PSR XPC DCSH DMMU ICSH IMMU

A0000000 FF001602 Y N N N
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• ��
���
 ���

 
�������
��� ��
 �� ��
� �
�
��
�� �
�� ��
 
�������
�� ��
��
	 ��

�� ��
 ���

SCM> 0 3 

Trace 00000010 5555FFFF xor.u r10 r21 $FFFF
Trace 00000014 00000000 xmen.bu r0 r0 $0
Trace 00000018 00000000 xmen.bu r0 r0 $0

PSR XPC DCSH DMMU ICSH IMMU

A0000000 0000001A N N N N
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PROMPT
Changes SCM prompt text prefix.

PROMPT �����	
��	��

Description

�
�
�� �!�' �, -!� ����.%- ��� )+(&)- -( � ,)��"�"�� ����� ,-+"' � �!", ��' ��

.,��.% -( .'"*.�%1 "��'-"�1 &.%-")%� ,1,-�&,� �!� +" !- �+��$�- ,1&�(% ��� �))��+,

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

-!� +" !- �+��$�- ,1&�(%�

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

�--��!�� #(� )+(��,,(+� -( -!� ����.%- )+(&)- -�0-�

Arguments

�����	
��	�� ��0- ,-+"' (� ����� �!�+��-�+, -( +�)%��� -!� )+(&)-� �!� �����

,-+"' ��' !�/� �, &�'1 �, 	
	� �!�+��-�+,� �!�+� �+� '( �!�+��-�+

(+ ,1&�(% +�,-+"�-"(',�

Related Commands

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

Related Messages

�+ .&�'-�,� (.- (� +�' �

Examples

	� �",)%�1 -!� �.++�'- ��� )+(&)-� -!�' �!�' � "- -( �������

Jp#0/SCM> P 

Jp#0/SCM>

Jp#0/SCM> P AV5000 

Jp#0/AV5000>
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RESET
Restore system to power–up state.

RESET

Description

�����
��$�� �#���� �������� ��"������� �����#� �� ����� ������
� ��!����� ��
���

������ 
 ���� ����� ���!�� 
������ �� ��� �#������ 
 !��� ����� ������
��� �# ����!
���

��� ����� ����
��� �� 
 
���� �!����� ���� ��� �����
��$� �����# �� ��� ��!�����

��
���������

���
��
� �� ������� ��� �� ����� � �� ��� ��	 ������ �����������"� ��� ������ ���

������ �� �� ��	 ������� �� ���� ���

Arguments

	���

Related Commands

���� ���� 
 �� ����

Related Messages

�#���� 
����

Examples

• 
���� ��� �#���� ������������ ��#��
�� ������
��� ��
����� ������
��� ������

SCM> R 

PSR XPC DCSH DMMU ICSH IMMU

A00003F2 FFC039DE N N N N
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START
Start job processor at specified address.

START ������� �
������
�	
�

Description

��� �
��
 ������� �����! �&��#"��� � � �� �� �" "�� ���� ���� ' ��� �!!

!��������� ��� ��� �"��� !'!"�� � #!� � �� ��  �!#��! !'!"�� ���" �� #���!! '�#

#!� "�� 
������
�	
 � �#���"�

Arguments

������� 
��� ' ����"��� �" %���� "�� � ���!!� !"� "! �&��#"����

�
������
�	
� ��� !'!"�� ��!���'! "�� ��� �!!� ��"�� ��� �������� ��� "��" � �� �

��"� �&��#"��� "�� ��&�������� �#��� �� ��!" #�"���! '�# !�����'

%�"� "��! � �#���"� ���� "�� !'!"�� ���"! ��� "�� ����"� ��!���'!

!"�"#! ���� ��"����

Related Commands

�		
 
��" � ��$����

�	�
���� ��!#�� � �� �� �&��#"��� �" "�� � �� �� ��#�"� $��#� �� "��

�#  ��"�' �""����� � ���!!� �

����
�
 �&��#"� "�� ��&" !����� ��!" #�"��� �� � � �� �� ��� "��� ��!���'

" ��� ���� ��"����

Related Messages

����

Examples

• �"� " � ���!!� �&��#"��� �" ��� �!! �	����

SCM> S 398F0 

• �"� " � ���!!� �&��#"��� �" ��� �!! �	��� %�"� � " ��� ��#�" �� ��

SCM> S 398F0 3 

Trace 000398F0 5555FFFF xor.u    r10 r21 $FFFF
Trace 000398F4 00000000 xmen.bu r0 r0 $0
Trace 000398F8 00000000 xmen.bu r0 r0 $0

PSR XPC DCSH  DMMU ICSH IMMU

A0000000 000398FA Y Y N N
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TRAP
View or insert breakpoints.

TRAP ������		� ���

Description

�$)�(* � �(��!&% $* �* *�� )&�� � �� ���(�))� �%+ ��$  $)�(* +& *% ���� �(��!&% $*)�

��� �%##�$� �%�) $%* �""%, �+&" ��*� �(��!&% $*)�

� *� $% �(�+#�$*� ���� � )&"�.) � " )* %� �"" �+((�$* �(��!&% $*)�

����� ��� �
�  #&"�#�$*) �(��!&% $*) , *� *�� *(�& �-��&* %$� ��$��� *��

�%##�$� $�#�) ���� �$� �������

Arguments

������		� ��#%(. "%��* %$ �* ,� �� .%+ ,�$* *%  $)�(* � �(��!&% $*�

��� ��� #�#%(. "%��* %$ %� ���� )+�)�'+�$* �(��!&% $* �,��$ .%+

 $)�(* #%(� *��$ %$� �(��!&% $* &�( �%##�$� " $���

Related Commands

������ ��"�*� �(��!&% $*�)�

Related Messages

�%$�

Examples

• �$)�(* � �(��!&% $* �* ���(�))�) 	��� �$� 

����

SCM> T 5000 77000 

Breakpoint # 1 – 00005000  Set
Breakpoint # 2 – 00077000  Set

• � )&"�. *�� �+((�$* " )* %� �(��!&% $*) �$� *�� ( ���(�))�)�

SCM> T 

Breakpoint # 1 – 00005000
Breakpoint # 2 – 00077000

�% (�)&%$)�  $� ��*�) *��(� �(� $% �+((�$* �(��!&% $*)�
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UNTRAP
Delete breakpoints.

UNTRAP ��
��	���
�� ���

Description

��� ������ ������� ����#� !�� ���������! �"����� �  ��������� �� ����#� ���

�"����! ���������! $�!� �� ���"���!� �� #��$ �"����! ���������! �"���� � " � !��

���� ��������

Arguments

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

!���"�� ����

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

Related Commands

���� �� ��! � ���������! �!  �������� �����  � �� �� ���% !�� �"����!

���������! �

Related Messages

��#���� ���������!

Examples

• ���� !�� !���� �"����! ���������! 	 !��� ����#� !$� �� !����

SCM> T  

Breakpoint # 1 – 00005000
Breakpoint # 2 – 00077000
Breakpoint # 3 – 000C6001

SCM> U 1 3  

Breakpoint # 1 deleted 
Breakpoint # 3 deleted

• ����#� ��� �"����! ���������! �

SCM> U  



The System Control Monitor

11–42 014–002076

VIEW
Display a range of memory.

VIEW ��	����� ��
�������

Description

��� �	�� �%##�$� � )&"�/) *�� �%$*�$*) %� � )&�� � �� �"%�! %� �%$* �+%+) #�#%(/�

�� /%+ +)� *�� �%##�$� - *� %$"/ � ��� $$ $� ���(�))� *�� �
� � )&"�/) �"" %�

#�#%(/ �(%# *�� )&�� � �� ���(�)) *% *�� *%& %� #�#%(/ ���(�))�

����	 ���(� �(� $% (�)*( �* %$) *% �(��) %� #�#%(/ /%+ ��$ )&�� �/� � �- $� "�(��

�"%�!) %� #�#%(/ �%+"� *�!� �%+()� %( ��+)� #�#%(/ �.��&* %$)� �)� *��


*("�
 )�'+�$�� *% �. * ���%(� �%#&"�* $� *�� %&�(�* %$�


(%# "��* *% ( ��*� *�� )/)*�# � )&"�/) *�� "%� ��" #�#%(/ ���(�))� *�� &�/) ��"

#�#%(/ ���(�)) �%$"/ -��$ ���  ) �$��"���� *�� �%$*�$*) %� *�� ���(�))� �$� *��

 $)*(+�* %$ #$�#%$ ��

Arguments

��	����� 
 ()* #�#%(/ ���(�))  $ *�� (�$�� /%+ -�$* *% , �-�

��
������� ��)* #�#%(/ ���(�))  $ *�� (�$�� /%+ -�$* *% , �-�

Related commands

��	�	�
	�� �( *� ��*� *% � (�$�� %� #�#%(/�

������ ���(�� #�#%(/ �%( � ��*� &�**�($�

���� �+&" ��*� *�� �%$*�$*) %� � )&�� � �� )%+(�� (�$�� �$� -( *�  * *% �

)&�� � �� ��)* $�* %$ (�$���

�
	�� �( *� ��*� *% � ) $�"� #�#%(/ "%��* %$�

Examples

• � �- *�� �%$*�$*) %� � �"%�! %� �%$* �+%+) #�#%(/ ��� $$ $� �* "%��* %$ � �$�

�$� $� �* "%��* %$ ���������

SCM> V 0 10 

Memory 00000000  /  5555FFFF – xor.u     r10 r21 $FFFF
Memory 00000004  /  5555FFFF – xor.u     r10 r21 $FFFF
Memory 00000008  /  5555fFFF – xor.u     r10 r21 $FFFF
Memory 0000000C  /  5555FFFF – Xor.u     r10 r21 $FFFF
Memory 00000010  /  5555FFFF – xor.u     r10 r21 $FFFF
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WRITE
Insert data in one memory location.

WRITE ��� �
� ��� �!! ��"�

Description

���	� &#�%�$ ��%� %! � $"������� ���#�$$�

����	��� � �"� �%��#"�! �������"��&� &�# �����" �%�" #!��� �" ���� ��� � � � ��

$ �"�  �!" ��"���!� ��"��#�� $ �"��� ��"� "� !&!"�� ���" ��  ���!"� ! � 

�����
 ��#�� ���" "�� !&!"�� � ��!" �& ����!!� & ��"��

Arguments

��� ���#�$$ � � ��%� �#� �
���%$�

�
� ���#�$$ � � ��%� �#� ����%$�

��� �!! ���#�$$ %! &#�%� ��%��

��"� ��'�������� ��%� !# �$$�����# �!��� ��

Related Commands

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

Related Messages

�! �

Examples

• �#�%� 
	 ��%$ �! � &!#�� !� ��%� ���	
��
�� %! ���#�$$ ����

SCM> W 800 01234567  

• �#�%� �
 ��%$ �! � �����&!#�� !� ��%� ��	
�� %! ���#�$$ ����

SCM> W H 800 1234  

• �#�%� � ��%$ �! � �(%�� !� ��%� ��	� %! ���#�$$ ����

SCM> W Q 800 12  or SCM> W B 800 12  
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ZLOADER
Start the s–record load utility.

ZLOADER

Description

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

-2)�� -( &�&(+2  +(& � ��/#�� �(''��-�� -( -"� ,2,-�& �(',(%� )(+-� �"� ���

+��(!'#3�, ,�+��(+�, ('%2 � -�+ 2(. .,� -"� ������� �(&&�'��

�' ,�+��(+� #, �  #%� -"�- �('-�#', �' .'%#&#-�� '.&��+ ( +��(+�,� ���" +��(+� "�, �

&�1#&.& ( �
� �2-�,� ��+/�+, .,� ,�+��(+�, -( �(0'%(��  #%�, ,�+#�%%2� �"� %(���+

.-#%#-2 �()#�, ,�+��(+�,  +(& -"� ,�+#�% )(+- -( ,2,-�& &�&(+2� �"� ��� +���,

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

#' -"� ,�+��(+� "����+� �'� -"�' /�+# #�, �"��$,.&,� �' (+&�-#(' �))�'��� -( -"� %�,-

,�+��(+� '(-# #�, -"� ��� 0"�' -"� �'-#+�  #%� "�, ���' ,�'-�

�(+ -"#, �(&&�'� -(  .'�-#('� 2(. &.,- �(' #!.+� -"� ,2,-�& -( .,� �' ,�+��(+�

.-#%#-2 �'� � ,�+/�+ &.,- ,�'� ,�+��(+�  #%�,� � 2(. �+� '(-  �&#%#�+ 0#-" -"� ,�+��(+�

%(���+ .-#%#-2� # -"� ,2,-�& #, '(- �(' #!.+�� -( +���#/� ,�+��(+�,� (+ # -"� ,�+/�+ #, '(-

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

����
 �"� ,2,-�& 0#%% )�.,� .'-#% #- +���#/�, -"� %�,- ,�+��(+� #' �  #%�� (+ .'-#% 2(.

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

Arguments

�('�

Related Commands

�('�

Related Messages

DLL Started ��� ��(0'%#'� %(���+� #, �' ,�+��(+� %(�� .-#%#-2

DLL Done

Examples

�('�

�'� ( �"�)-�+
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Appendix A
Address Map

�)& '.++.5*-( 2"#+& *1 " ,"/ .' "%%0&11"#+& +.$"2*.-1 5*2)*- �!**�� 
��� 1&0*&1

1712&,1 "-% �!**�� �	� 1&0*&1 12"2*.-1�

����� �)& &00.0 +.(*$ 0&230-1 " �31 �00.0 *' "- *-4"+*% +.$"2*.- *1 "$$&11&%� �-

*-4"+*% +.$"2*.- *1 .-& 2)"2 $.-2"*-1 -. 0&1.30$&�

Table A–1  Address Map

Resource Name Address

 1&0 �/"$& �	���� �#72&1� ���� ���� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�712&, �&,.07 ������

�"6*,3, ��� �#72&1 ���� ���� � �
�� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � �

!�� �	� ����
 �#72&1� 
��� ���� � 
��� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � �

!*%&. �&,.07 �'0",& #3''&0 ���� �#72&1�� ���� ���� � ���� ����� � � � � � � � � � � �

!�� �	� ��
�� �#72&1� ���� ���� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � �

!�� ��
 ��� �#72&1� ���� ���� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

 2*+*27 �/"$& �
 �#72&1� ���� ���� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ���� �#72&1� ���� ���� � ���
 ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� �&(*12&01 ���� ���� � ���
 ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�$.-2*-3&%�
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Table A–1  Address Map

���!

�834(. �0/420- �(*,34(23

���! �� ����� ���� $���� � � � � � � � � � � � � � � � � � � � � � � � � � � �

�834(. �0..%/' ����� ���� $��
� � � � � � � � � � � � � � � � � � � � �

�834(. �4%453 ����� ���� $���� � � � � � � � � � � � � � � � � � � � � � � �

�834(. �''2(33 ������ ���� $���� � � � � � � � � � � � � � � � � � � � �

�834(. �0/420- ��� �� ���� $��
� � � � � � � � � � � � � � � � � � � � � �

�0&%- �(*,34(23

�0&%- �4%453 ������ ���� $���� � � � � � � � � � � � � � � � � � � � � � � � �

�0&%- �''2(33 ������ ���� $���� � � � � � � � � � � � � � � � � � � � � � �

�2(% �0,/4(23

�51(26,302 �2(% ������ ���� $���� � � � � � � � � � � � � � � � � � � � �

!3(2 �2(% �"���� ���� $��
� � � � � � � � � � � � � � � � � � � � � � � � � � �

�� � #2,4( �0,/4(23

�024 � ��#��� ���� $
��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�024 � ��#��� ���� $
�
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�024 � ��#��� ���� $
��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�024 	 ��#�	� ���� $
��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�024 
 ��#�
� ���� $
��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�024 � ��#��� ���� $
�
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�024 � ��#��� ���� $
��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�024 
 ��#�
� ���� $
��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�%&+( �,%*/034,& �024

�%4% �024 � ������ ���� $���� � � � � � � � � � � � � � � � � � � � � � � � � �

�%4% �024 � ������ ���� $��
� � � � � � � � � � � � � � � � � � � � � � � � � �

�%4% �024 � ������ ���� $���� � � � � � � � � � � � � � � � � � � � � � � � � �

�%4% �024 	 ����	� ���� $���� � � � � � � � � � � � � � � � � � � � � � � � � �

 %* �024 � �� ��� ���� $�
�� � � � � � � � � � � � � � � � � � � � � � � � � � �

 %* �024 � �� ��� ���� $�

� � � � � � � � � � � � � � � � � � � � � � � � � � �

 %* �024 � �� ��� ���� $�
�� � � � � � � � � � � � � � � � � � � � � � � � � � �

 %* �024 	 �� �	� ���� $�
�� � � � � � � � � � � � � � � � � � � � � � � � � � �

�(4 �4%453 ������ ���� $���� � � � � � � � � � � � � � � � � � � � � � � � � � �

#+(2( $�

#,4+ � ���!3 1(2 ��!� #,4+ � ���!3 1(2 ��!�

� ��!�� �%4% ���! � ��!�� �%4% ���!�

� ��!�� �/3425&4,0/ ���! � ��!�� �%4% ���!�

� ��!�� �%4% ���! 
 ��!�� �/3425&4,0/ ���!�

	 ��!�� �/3425&4,0/ ���! � ��!�� �/3425&4,0/ ���!�

� ��!�� �/3425&4,0/ ���!�


 ��!�� �/3425&4,0/ ���!	

� ��!�� �%4% ���!�

� ��!�� �%4% ���!�

� ��!�� �/3425&4,0/ ���!�

� ��!�� �/3425&4,0/ ���!�

� ��!�� �/3425&4,0/ ���!�

� ��!�� �/3425&4,0/ ���!	

�� �� �52,/* 107(251� %'' ���
 ���� 40 4+( ���! 2(*,34(2 %''2(33(3�

�02 ,/)02.%4,0/ 0/ 4+( ���! 2(*,34(23� 3(( 4+(������� ��

�� �	��	��

Resource Name Address

�&0/4,/5('�



Address Map

A–3014–002076

Table A–1  Address Map

�.12 �%#/2&0 ���
 1/#$&� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � �

��������&#+��),& �+.$* �&')12&01 ���� ���� � ���� 	���� � � � � � � � � � � � � � � �

�.-20.+ ���� 	���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�&$.-%1 ���� 	���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�)-32&1 ���� 	���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�.30 ���� 	���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�#5 ���� 	���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�#2& ���� 	���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�.-2( ���� 	���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

"&#0 ���� 	���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� ���	 ���� 
��� � ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�&#% �&')12&01 � !0)2& �&')12&01

��	�� ��
� � ��	�� ��
� ���� 
���� � � � � � � � � � � � � � � � � � � � �

��� � ���� ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�&1&04&% � ��� ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� � ���� ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� � ��� ���� 
�	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� � ��� ���� 
�	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� � �� � ���� 
�	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� � ���� ���� 
�	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��	�� ��
� � ��	�� ��
� ���� 
�
�� � � � � � � � � � � � � � � � � � � � �

��� � ���� ���� 
�
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�&1&04&% � ��� ���� 
�
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� � ���� ���� 
�
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�&1&04&% � �&1&04&% ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�-/32 /.02 � ���� ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�2#02 �.3-2&0 � �&2 �32/32 �)21 ���� 
���� � � � � � � � � � � � � � � � � � �

�2./ �.3-2&0 � �&1&2 �32/32 �)21 ���� 
���� � � � � � � � � � � � � � � � � �

� ���
 ���� 
��� � ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�&#% �&')12&01 � !0)2& �&')12&01

��	�� ��
� � ��	�� ��
� ���� 
���� � � � � � � � � � � � � � � � � � � � �

��� � ���� ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�&1&04&% � ��� ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� � ���� ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� � ��� ���� 
�
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� � ��� ���� 
�
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� � �� � ���� 
�
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� � ���� ���� 
�
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��	�� ��
� � ��	�� ��
� ���� 
���� � � � � � � � � � � � � � � � � � � � �

��� � ���� ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�&1&04&% � ��� ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� � ���� ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�&1&04&% � �&1&04&% ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�-/32 /.02 � ���� ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�2#02 �.3-2&0 � �&2 �32/32 �)21 ���� 
���� � � � � � � � � � � � � � � � � � �

�2./ �.3-2&0 � �&1&2 �32/32 �)21 ���� 
���� � � � � � � � � � � � � � � � � �

Resource Name Address

�$.-2)-3&%�



Address Map

A–4 014–002076

Table A–1  Address Map

�*6'.&0) ���� ���� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�5�� &-) !5�� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

 � ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� &-) ��� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�!5� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

 � ! ���� 	���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

 ���� ���� 	��
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

$�!� ���� 	���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�*1*04*) ���� 	��� � ���� 	���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�-2*003/2 �*+,12*01

���� ���� 
��
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���	 ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ���� 
�	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� ! ���� 
�
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

 �! $� ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� $� ���� 
��
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�  �� !�!�� ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�����! ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

#��� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

#��#� ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

#��#� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

#��#	 ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

#��#
 ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

#��#� ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

#��#� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

#��#
 ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

#�# ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� �*+,12*01 ���� ���� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������� ���� ���	� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� � ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 	 ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 
 ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

"� ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� �� ���� 
��
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ���� 
���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

"-31*) ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

"-31*) ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�%!�� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�%!�� ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

$����� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

$#�� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�#�� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Resource Name Address

�(.-2,-3*)�



Address Map

A–5014–002076

Table A–1  Address Map

�.+.0 �0#/)*%1  3$1512', �'(*12'01 6 �0.#&%#12 ����� ���� � ���� ����

���� ����

 !�� ���� ����

� �� ���� ����

��� ���� ����

�� � ���� ����

���� ���� ����

���! ���� ����

���"�� ���� ����

��!� ���� ��	�

��!� ���� ��	�

��!	 ���� ��	�

�'1'04'& ���� ��	�

 !�!�� ���� ��
�

 !�!�� ���� ��
�

�'1'04'& ���� ��
� � ���� ��
�

����� ���� ����

����� ���� ����

����	 ���� ����

����
 ���� ����

����� ���� ����

����� ���� ����

����
 ���� ����

����� ���� ����

����� ���� ��
�

����� ���� ��
�

������ ���� ��
�

������ ���� ��
�

�����	 ���� ����

�����
 ���� ����

������ ���� ����

������ ���� ����

�'1'04'& ���� ���� � ���� ����

��!� ���� ����

��!� ���� ����

��!� ���� ����

���� ���� ����

�'1'04'& ���� ���� � ���� ����

Resource Name Address

�%.-2*-3'&�



Address Map

A–6 014–002076

Table A–1  Address Map

Bt458 RAMDAC Registers: (8-Bit Color)
�**6+77  +-/78+6 ������ ���� ����

�:+61(= �4146 � ��

�:+61(= �4146 	 �	

�:+61(= �4146 
 �


�:+61(= �4146 � ��

 +(* �(70  +-/78+6 ��

�1/30 �(70  +-/78+6 �


�422(3*  +-/78+6 ��

�438641�"+78  +-/78+6 ��

�4146 �(1+88+  �� ����	� ���� ����

�438641  +-/78+6 ����
� ���� ����

�:+61(= �(1+88+  �� ������ ���� ����

Bt461 RAMDAC Registers: (24-Bit Color)
�**6+77  +-/78+6 �4; ���� ����

�**6+77  +-/78+6 �/-. ���� ����

�18+63(8+ �4146 �(1+88+ ���� � ����

�:+61(= �4146 � �	��

�:+61(= �4146 �	 �		�

��  +-/78+6� 
��

�422(3*  +-/78+6 � �
�	

�422(3*  +-/78+6 	 �
�


�422(3*  +-/78+6 
 �
��

�/<+1  +(* �(70  +-/78+6 �4; �
��

�/<+1  +(* �(70  +-/78+6 �/-. �
�


�/<+1 �1/30 �(70  +-/78+6 �4; �
��

�/<+1 �1/30 �(70  +-/78+6 �/-. �
��

�:+61(=  +(* �(70  +-/78+6 �
��

�:+61(= �1/30 �(70  +-/78+6 �
��

"+78  +-/78+6 �
��

 +7+6:+* ���� ���� � ���� ����

&��9,,+6  +-/78+67 ���� ���� � ���� �	��

��� ���� ����

� ���� ����

&'��!" ���� ����

&'���" ���� ����

&'$��� ���� ����

&'%��� ���� ����

���� ���� ����

%��� ���� ����

���� ���� ����

!"� ���� ����

!"	 ���� ����

!"
 ���� ����

!"� ���� ����

 +7+6:+* ���� ���� � ���� ����

�4146 �6(5./)7  +-/78+67 > ��!� ��� �	� 	�� 		� ���� �	�� � ���� ����

�#7+ 4,,7+87 ,642 �64(*)(78 (**6+77+7��

Resource Name Address

�)438/39+*�



Address Map

A–7014–002076

Table A–1  Address Map

�0)"&+*)*., �$+'!( �)-$+%!"$ ���� ���� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � �

�
�� �

����� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������ ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������ ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ��	
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�/����� ���� ��
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�/����� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������ ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ��
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��	����

��� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � ���� ��
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� �� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ���� ��
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ���� ��

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�
�� �

����� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������ ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������ ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�/����� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�/����� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

"*)-').$#

Resource Name Address

�"*)-').$#�



Address Map

A–8 014–002076

Table A–1  Address Map

�("��$#"#'% ��$ �! �"&�$���� ��#"& "'���

���� � ��#"& "'���

���
 ���
 ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����
 ���
 ���	� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�����
 ���
 ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���
 ���
 ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����
 ���
 ���	� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� �"&�$����

DMA0 – Synchronous Serial Channel A Receive
�� ���
 �
�	� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� ���
 �
�
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ���
 �
��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ���
 �
��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���
 �
	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

DMA1 – Synchronous Serial Channel A Transmit
�� ���
 ���	� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� ���
 ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ���
 ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ���
 ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���
 ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

DMA2 – Synchronous Serial Channel B Receive
�� ���
 ���	� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� ���
 ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ���
 ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ���
 ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���
 ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

DMA3 – Synchronous Serial Channel B Transmit
�� ���
 �
�	� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� ���
 �
�
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ���
 �
��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ���
 �
��� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���
 �
	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

DMA4 – Parallel Printer
�� ���
 ���	� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� ���
 ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ���
 ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ���
 ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���
 ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��$�!!�! �"&�$���� ���
 ���� � ���
 ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�� ���
 ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ���
 ���	� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Resource Name Address

��#"& "'���



Address Map

A–9014–002076

Table A–1  Address Map

�74*/)*) -/4*225143

�$���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�$���	 ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�$���
 ���� ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�$���� ���� ��
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�$��� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�$�!" ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�05/4*2�4-.*2

��"�&��" ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��"	&��" ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��"
&��" ���� ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��"�&��" ���� ��
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��"�&��! ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��"	&��! ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��"
&��! ���� ��
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��"�&��! ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��"&���&��� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

 "�&��" ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

 "�&��! ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�*.028

���� ��! ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ��� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

 �!#����� !�����"% ���� ��	�� � � � � � � � � � � � � � � � � � � � � � �

 *3*26*) ���� ��	� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� �0/+-,52'4-0/

������ ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

 *3*26*) ���� ���� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

Resource Name Address

�(0/4-/5*)�



Address Map

A–10 014–002076

Table A–1  Address Map

���� �(-%+&"#%

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������ ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������ ���� ���	� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�!��� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������ ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������ ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������ ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�%,%+/%$ ���� ���� � ���� ���	� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�����	 ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������ ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������ ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������ ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�����
 ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������ ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

������ ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�����
 ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ���� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�%,%+/%$ ���� ���� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ���� ���	� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ���� ���� � ���� ���
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ���� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ���� ���� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ��	� � ���� ��		� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�%,%+/%$ ���� ��	
 � ���� ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ���� ��	
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

����� ���� ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� � ���� ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�%,%+/%$ ���� ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�%,%+/%$ ���� ��	� � ���� ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

���� ���� ����� ���� ��
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�0*"(,')( ���� �(-%+&"#% ���� ���� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � �

	������� �#� ��%$� � &��� ����##��� ����� 
�	� 
��
� 
��� 
���� ��� �'$�# �%#$ ��

#&�!!�� �# ������� �� 	��!$�"��� (�" �"������ $�� 
�� ��� �	�� ��$�"����#��

Resource Name Address

�#)(-'(.%$�



Address Map

A–11014–002076

Table A–1  Address Map

��� �,1'/(#%' ��01 ��� $-#/&�

��� � �� ����� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�#1# �-/1 ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�')*01'/ �&&/'00 �-/1 ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������"��� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������"��� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������"��	 ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������"��
 ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������"��� ���� ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������"��� ���� ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������"��
 ���� ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������"��� ���� ��	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� �,1'/(#%' �	,& ��� $-#/&�

�#1# �-/1 ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�')*01'/ �&&/'00 �-/1 ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������"��� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������"��� ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������"��	 ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������"��
 ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������"��� ���� ��
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������"��� ���� ��
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������"��
 ���� ��
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�������"��� ���� ��
�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�'0'/3'& ���� ��
� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ����� �� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� ����� �� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

�'0'/3'& ���� ��	� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

 ,20'& ���� ���� � ���� ����� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

!�� $20 ��
 0.#%' �
� �$51'0� ���� ���� � ���� ����� � � � � � � � � � � � � � � � � � � � �

Resource Name Address

�%-,%+2&'&�

�,& -( �..',&*4



Address Map

A–12 014–002076



B–1014–002076

Appendix B
Powerup Flowchart
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Cold Start

Power switch is turned on.

DC voltages stabilize.

The Power–OK signal from the power
supply sets the Power–on Reset flag.

The system board power LED is lit.
The diagnostic LED is lit.

Go to Figure B2,
“Reset Flowchart”

Figure B–1  Initial Powerup Flowchart



Powerup Flowchart

B–2 014–002076

Warm Start From Cold Start

Address translation cache entries
are invalidated.

Device ID is read into the CMMU ID
register.

CMMU registers are initialized.

CMMU control set to:

No snooping.
Fairness arbitration protocol.

Vector base register is set to 0.
This maps the PROM to physical address 0.

Power–on Reset signal is asserted
(either cold reset or warm reset).

Go to Figure B–3
 “Initialize Flowchart”

Diagnostic LED is lit.
I/O devices are held in reset state.
PROM begins executing program at address 0000 0000.

Figure B–2  Reset Flowchart



Powerup Flowchart

B–3014–002076

Yes (cold reset)

Enables the system memory, and
sets the CPU configuration.

Initializing

Masks all interrupts.

Reads the power–on reset signal.

Set? Go to Figure B3, 
“PROM–Resident Testing Flowchart”

Enables instruction caching.
(address translations remain off)

No (warm reset)

Starts the Automatic Program Load

Initializes the
caches and I/O
controllers

Figure B–3  Initialize Flowchart



Powerup Flowchart

B–4 014–002076

CPU test verifies that:

PROM–Resident Testing

CPU can execute instructions
CPU I/O pins can be toggled

Tests the following CMMU caches:
Data store
Tag store

Status store

Sized =
expected

?

User prompted to:
Halt the console

Update the configuration.
or

No

Yes

Tests the cache memory.

Tests the system memory.

Enables the instruction CMMU.

Sizes the system memory.

Go to Figure B–5,
“System Powerup Flowchart”

Figure B–4  PROM–Resident Testing Flowchart



Powerup Flowchart

B–5014–002076

Tests the memory management unit.

Tests the interrupt logic.

Starts the Automatic Program Load

Sizes and sets the system console.

Tests the RAM.

System Powerup

Tests the counter/timer and RTC.

Figure B–5  System Powerup Flowchart
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Appendix C
System Board Connectors
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J5 = SCSI J11 = Memory Module 0 Bank A J30 = VME P1
J6 = Synchronous Serial J12 = Memory Module 1 Bank A J31 = VME P2
J7 = LAN J13 = Memory Module 2 Bank A J40 = Modem
J8 = Keyboard J14 = Memory Module 3 Bank A J41 = Modem
J9 = Mouse J15 = Memory Module 0 Bank B J42 = System Console
J19 = Speaker and LED J16 = Memory Module 1 Bank B J43 = Parallel Port
J22 = Graphics Controller Board J17 = Memory Module 2 Bank B J44 = I/O Board J1
CR1 = Fail (yellow) J18 = Memory Module 3 Bank B J45 = I/O Board J2
CR2 = Halt (yellow) J46 = CPU Board J1
CR3 = Run (green) J47 = CPU Board J2

System Board
J46

SW1

SW2

SW2 SW3

SCON
BDAD3
BDAD2
BDAD1
BDAD0

Closed (On)

Open (Off)

Closed (On)

Open (Off)

GRPAD3
GRPAD2
GRPAD1
GRPAD0

GRPAD7
GRPAD6
GRPAD5
GRPAD4

����� 
��
���	�
�	��	��	� ���
�
�
���

SW3

J47

J44 J45

J5

J6
J11J12 J13 J14

J15J16 J17 J18
J22

J31

J30
CR1
CR2
CR3

J8

J9

J40

J41

J42

J43

J7

J19

Figure C–1  System Board Connectors
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System Board

CPU Board I/O Board

Graphics Board

Figure C–2  Plug-In CPU and Controller Boards
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J5:  SCSI
 $%*(���� '(.&-)%(. &,++(&/,- �
�

Table C–1  Connector J5: SCSI Port
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J6:  Synchronous Serial
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Table C–2  Connector J6: Synchronous Serial Port
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Table C–3  Connector J7: LAN
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J8:  Keyboard
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Table C–4  Connector J8: Keyboard
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Table C–5  Connector J9: Mouse
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J11 – J18:  Memory
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Table C–6  Connectors J11 – J18: Memory
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J19:  Speaker and LED
"().,���
 +,2*1-),2 *0//,*301 ����

Table C–7  Connector J19: Speaker and LED
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J22:  Graphics
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Table C–8  Connector J22: Graphics Connector
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J30/P1:  VMEbus
 %&+)���� ()/'.*&)/ '-,,)'0-. ����

Table C–9  Connector J30: VMEbus
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J31/P2:  VMEbus
���������� ��#�"���# �!  ��$!" ����

Table C–10  Connector J31: VMEbus
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J40 – J42:  Asynchronous RS–232–C Ports
��� ������ ��$�#���$ �"!!��%"# ����

Table C–11  Connector J40: RS-232-C Port C (Full Modem)
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Table C–12  Connector J41: RS-232-C Port B (Full Modem)
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Table C–13  Connector J42: RS-232-C Port A (Console)
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J43:  Parallel Port
� !&$����� #$*")%!$* "(''$"+() ����

Table C–14  Connector J43: Parallel Port
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J44:  I/O Connector
�"#*&����
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Table C–15  Connector J44: I/O Connector

Row A Row B Row C
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J45:  I/O Connector
 %&+)����� ()/'.*&)/ '-,,)'0-. �	
�

Table C–16  Connector J45: I/O Connector
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J46:  CPU Board
�$%*(����� '(.&-)%(. &,++(&/,- �	��

Table C–17  Connector J46: CPU Board

Row A Row B Row C
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J47:  CPU Board
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Table C–18  Connector J47: CPU Board
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TIPS ORDERING  PROCEDURES
TO ORDER
1. An order can be placed with the TIPS group in two ways:

A. MAIL ORDER – Use the order form on the opposite page and fill in all requested information.  Be sure to
 include shipping charges and local sales tax.  If applicable, write in your tax exempt number in the
space provided on the order form.

B. Send your order form with payment to: Data General Corporation
ATTN: Educational Services/TIPS G155
4400 Computer Drive
Westboro, MA  01581–9973

C. TELEPHONE – Call TIPS at (508) 870–1600 for all orders that will be charged by credit card or paid for
by purchase orders over $50.00. Operators are available from 8:30 AM to 5:00 PM EST.

METHOD OF PAYMENT
2. As a customer, you have several payment options:

A. Purchase Order – Minimum of $50.  If ordering by mail, a hard copy of the purchase order must
accompany order.

B. Check or Money Order – Make payable to Data General Corporation.  Credit Card – A minimum order of
$20 is required for MasterCard or Visa orders.

SHIPPING
3. To determine the charge for UPS shipping and handling, check the total quantity of units in your order

and refer to the following chart:
Total Quantity Shipping & Handling Charge

1–4 Items $5.00

5–10 Items $8.00

11–40 Items $10.00

41–200 Items $30.00

Over 200 Items $100.00

If overnight or second day shipment is desired, this information should be indicated on the order form.
A separate charge will be determined at time of shipment and added to your bill.

VOLUME DISCOUNTS
4. The TIPS discount schedule is based upon the total value of the order.

Order Amount Discount

$0–$149.99 0%

$150–$499.99 10%

Over $500 20%

TERMS AND CONDITIONS
5. Read the TIPS terms and conditions on the reverse side of the order form carefully.  These must be

adhered to at all times.
DELIVERY
6. Allow at least two weeks for delivery.
RETURNS
7. Items ordered through the TIPS catalog may not be returned for credit.
8. Order discrepancies must be reported within 15 days of shipment date. Contact your TIPS

Administrator at (508) 870–1600 to notify the TIPS department of any problems.
INTERNATIONAL ORDERS
9. Customers outside of the United States must obtain documentation from their local Data General

Subsidiary or Representative.  Any TIPS orders received by Data General U.S. Headquarters will be
forwarded to the appropriate DG Subsidiary or Representative for processing.





        SHIPPING & HANDLING
UPS ADD
1–4 Items $5.00
5–10 Items $8.00
11–40 Items $10.00
41–200 Items $30.00
200+ Items $100.00

QTYORDER # DESCRIPTION UNIT
PRICE

TOTAL
PRICE

ORDER TOTAL

Less Discount
See B

SUB TOTAL

Your local*
sales tax

–

+

Tax Exempt #
or Sales Tax 
(if applicable)

Additional charge to be determined at time of
shipment and added to your bill.

 UPS Blue Label (2 day shipping)
 Red Label (overnight shipping)

Data General is required by law to collect applicable sales or use tax on all
purchases shipped to states where DG maintains a place of business, which
covers all 50 states. Please include your local taxes when determining the total
value of your order. If you are uncertain about the correct tax amount, please
call 508–870–1600.

BILL TO:                     
COMPANY NAME
ATTN:
ADDRESS
CITY
STATE  ZIP

SHIP TO: (No P.O. Boxes - Complete Only If Different Address)
COMPANY NAME
ATTN:
ADDRESS (NO PO BOXES)
CITY
STATE  ZIP

TIPS ORDER FORM
Mail To: Data General Corporation

Attn: Educational Services/TIPS G155
4400 Computer Drive
Westboro, MA 01581 - 9973

*

Authorized Signature of Buyer       Title                    Date
(Agrees to terms & conditions on reverse side)

Phone (Area Code)       Ext.

Shipping and
handling – See A

TOTAL – See C

+

PAYMENT METHOD 

(Credit card orders without signature and expiration date cannot be processed.)

Purchase Order Attached ($50 minimum)
P.O. number is . (Include hardcopy P.O.)
Check or Money Order Enclosed
Visa MasterCard ($20 minimum on credit cards)

Account Number

Authorized Signature

Expiration Date

THANK YOU FOR YOUR ORDER

 VOLUME DISCOUNTS

Order Amount Save

$0–$149.99 0%
$150–$499.99 10%
Over $500.00 20%

A

PRICES SUBJECT TO CHANGE WITHOUT PRIOR NOTICE.
PLEASE ALLOW 2 WEEKS FOR DELIVERY.

NO REFUNDS NO RETURNS.

B

C

Priority Code ______________________ (See label on back of catalog)

Check for faster delivery
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DATA GENERAL CORPORATION
TECHNICAL INFORMATION AND PUBLICATIONS SERVICE

TERMS AND CONDITIONS
Data General Corporation (“DGC”) provides its Technical Information and Publications Service (TIPS) solely in accordance with the following
terms and conditions and more specifically to the Customer signing the Educational Services TIPS Order Form. These terms and conditions
apply to all orders, telephone, telex, or mail. By accepting these products the Customer accepts and agrees to be bound by these terms and
conditions.

1. CUSTOMER CERTIFICATION
Customer hereby certifies that it is the owner or lessee of the DGC equipment and/or licensee/sub–licensee of the software which is the subject
matter of the publication(s) ordered hereunder.

2. TAXES
Customer shall be responsible for all taxes, including taxes paid or payable by DGC for products or services supplied under this Agreement,
exclusive of taxes based on DGC’s net income, unless Customer provides written proof of exemption.

3. DATA AND PROPRIETARY RIGHTS
Portions of the publications and materials supplied under this Agreement are proprietary and will be so marked. Customer shall abide by such
markings. DGC retains for itself exclusively all proprietary rights (including manufacturing rights) in and to all designs, engineering details and
other data pertaining to the products described in such publication. Licensed software materials are provided pursuant to the terms and conditions
of the Program License Agreement (PLA) between the Customer and DGC and such PLA is made a part of and incorporated into this Agreement
by reference. A copyright notice on any data by itself does not constitute or evidence a publication or public disclosure.

4. LIMITED MEDIA WARRANTY
DGC warrants the CLI Macros media, provided by DGC to the Customer under this Agreement, against physical defects for a period of ninety
(90) days from the date of shipment by DGC. DGC will replace defective media at no charge to you, provided it is returned postage prepaid to
DGC within the ninety (90) day warranty period. This shall be your exclusive remedy and DGC’s sole obligation and liability for defective media.
This limited media warranty does not apply if the media has been damaged by accident, abuse or misuse.

5. DISCLAIMER OF WARRANTY
EXCEPT FOR THE LIMITED MEDIA WARRANTY NOTED ABOVE, DGC MAKES NO WARRANTIES, EXPRESS OR IMPLIED, INCLUDING,
BUT NOT LIMITED TO, WARRANTIES OF MERCHANTABILITY AND FITNESS FOR PARTICULAR PURPOSE ON ANY OF THE
PUBLICATIONS, CLI MACROS OR MATERIALS SUPPLIED HEREUNDER.

6. LIMITATION OF LIABILITY
A. CUSTOMER AGREES THAT DGC’S LIABILITY, IF ANY, FOR DAMAGES, INCLUDING BUT NOT LIMITED TO LIABILITY ARISING OUT
OF CONTRACT, NEGLIGENCE, STRICT LIABILITY IN TORT OR WARRANTY SHALL NOT EXCEED THE CHARGES PAID BY
CUSTOMER FOR THE PARTICULAR PUBLICATION OR CLI MACRO INVOLVED. THIS LIMITATION OF LIABILITY SHALL NOT APPLY
TO CLAIMS FOR PERSONAL INJURY CAUSED SOLELY BY DGC’S NEGLIGENCE. OTHER THAN THE CHARGES REFERENCED
HEREIN, IN NO EVENT SHALL DGC BE LIABLE FOR ANY INCIDENTAL, INDIRECT, SPECIAL OR CONSEQUENTIAL DAMAGES
WHATSOEVER, INCLUDING BUT NOT LIMITED TO LOST PROFITS AND DAMAGES RESULTING FROM LOSS OF USE, OR LOST
DATA, OR DELIVERY DELAYS, EVEN IF DGC HAS BEEN ADVISED, KNEW OR SHOULD HAVE KNOWN OF THE POSSIBILITY
THEREOF; OR FOR ANY CLAIM BY ANY THIRD PARTY.

B. ANY ACTION AGAINST DGC MUST BE COMMENCED WITHIN ONE (1) YEAR AFTER THE CAUSE OF ACTION ACCRUES.

7. GENERAL
A valid contract binding upon DGC will come into being only at the time of DGC’s acceptance of the referenced Educational Services Order Form.
Such contract is governed by the laws of the Commonwealth of Massachusetts, excluding its conflict of law rules. Such contract is not
assignable. These terms and conditions constitute the entire agreement between the parties with respect to the subject matter hereof and
supersedes all prior oral or written communications, agreements and understandings. These terms and conditions shall prevail notwithstanding
any different, conflicting or additional terms and conditions which may appear on any order submitted by Customer. DGC hereby rejects all such
different, conflicting, or additional terms.

8. IMPORTANT NOTICE REGARDING AOS/VS INTERNALS SERIES (ORDER #1865 & #1875)
Customer understands that information and material presented in the AOS/VS Internals Series documents may be specific to a particular revision
of the product. Consequently user programs or systems based on this information and material may be revision–locked and may not function
properly with prior or future revisions of the product. Therefore, Data General makes no representations as to the utility of this information and
material beyond the current revision level which is the subject of the manual. Any use thereof by you or your company is at your own risk. Data
General disclaims any liability arising from any such use and I and my company (Customer) hold Data General completely harmless therefrom.
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