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���� 706���� 6RIWZDUH 6XEURXWLQHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

�� 706����$�����$�����$ (/(&75,&$/ 63(&,),&$7,216 � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

���� $EVROXWH 0D[LPXP 5DWLQJV RYHU 2SHUDWLQJ )UHH�$LU 7HPSHUDWXUH 5DQJH

�XQOHVV RWKHUZLVH QRWHG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

���� 5HFRPPHQGHG 2SHUDWLQJ &RQGLWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

���� (OHFWULFDO &KDUDFWHULVWLFV RYHU )XOO 5DQJHV

RI 5HFRPPHQGHG 2SHUDWLQJ &RQGLWLRQV �XQOHVV RWKHUZLVH QRWHG� � � � � � � � � ���

���� 7LPLQJ 5HTXLUHPHQWV RYHU )XOO 5DQJHV

RI 5HFRPPHQGHG 2SHUDWLQJ &RQGLWLRQV �706����$�����$�����$� � � � � � � ���

���� 6ZLWFKLQJ &KDUDFWHULVWLFV RYHU )XOO 5DQJH

RI 5HFRPPHQGHG 2SHUDWLQJ &RQGLWLRQV �706����$�����$�����$� � � � � � � ���

�� 0(&+$1,&$/ '$7$ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

���� 706���� ���SLQ 3ODVWLF 'XDO�,Q�/LQH 3DFNDJH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

���� 706���� ���SLQ &HUDPLF 'XDO�,Q�/LQH 3DFNDJH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

$SSHQGL[ $� $6&,, &KDUDFWHU 6HW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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$SSHQGL[ %� &KRRVLQJ 95$0 0HPRU\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

$SSHQGL[ &� 3DWWHUQ DQG 6FUHHQ :RUNVKHHWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7, 6DOHV 2IILFHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7, 'LVWULEXWRUV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

7, :RUOGZLGH 6DOHV 2IILFHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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1. INTRODUCTION

1.1. Description

7KH 706����$�����$�����$ 9LGHR 'LVSOD\ 3URFHVVRUV �9'3� DUH 1�FKDQQHO 026 /6, GHYLFHV XVHG LQ

YLGHR V\VWHPVZKHUH GDWD GLVSOD\ RQ DUDVWHU�VFDQQHGKRPH FRORU WHOHYLVLRQ VHW RU FRORUPRQLWRU LV GHVLUHG�

7KHVH GHYLFHV JHQHUDWH DOO QHFHVVDU\ YLGHR� FRQWURO� DQG V\QFKURQL]DWLRQ VLJQDOV DQG DOVR FRQWURO WKH

VWRUDJH� UHWULHYDO� DQG UHIUHVK RI GLVSOD\ GDWD LQ WKH G\QDPLF VFUHHQ UHIUHVKPHPRU\� 7KH LQWHUIDFHV WR WKH

PLFURSURFHVVRU� UHIUHVK PHPRU\� DQG WKH 79 UHTXLUH D PLQLPXP RI DGGLWLRQDO HOHFWURQLFV IRU WKH

706����$�

,Q 6HFWLRQ ��� WKHUH LV D OLVW RI DFURQ\PV DQG D JORVVDU\ RI WHUPV XVHG LQ WKLV PDQXDO�

7KH 706����$�����$ 9'3V DUH IXQFWLRQDOO\ LGHQWLFDO WR WKH 706����$ H[FHSW WKDW WKH 176& FRORU

HQFRGLQJ FLUFXLWU\ KDV EHHQ UHPRYHG DQG UHSODFHG ZLWK OXPLQDQFH DQG FRORU GLIIHUHQFH VLJQDOV� 7KH

706����$ LV SLQ�IRU�SLQ FRPSDWLEOH ZLWK WKH 706����$�����$� H[FHSW IRU WKUHH SLQV� WKH FRPSRVLWH

YLGHR RXWSXW� WKH LQWHUQDO YLGHR LQSXW� DQG WKH &38 FORFN RXWSXW� 7KHVH SLQV DUH UHSODFHG ZLWK WKH

%ODFN�:KLWH OXPLQDQFH DQG FRPSRVLWH V\QF �<� RXWSXW� DQG WZR FRORU GLIIHUHQFH SLQV� %OXH �%�<� DQG 5HG

�5�<� RXWSXWV� UHVSHFWLYHO\� 7KH FRORU GLIIHUHQFH RXWSXWV DOORZ WKH XVHU WR JHQHUDWH 5HG�*UHHQ�%OXH

�5�*�%� GULYH IRU GLUHFW FRORU JXQ FRQWURO� RU FRPSRVLWH YLGHR IRU XVH ZLWK 176& RU 3$/ YLGHR FRORU

PRQLWRUV�+RZHYHU� WR FRQQHFW WKHVH WKUHH RXWSXWV WR DQ 5�*�% RU PRQLWRU UHTXLUHV DGGLWLRQDO 5�*�% RU

HQFRGHU FLUFXLWU\�

7KH 706����$�����$ KDYH D ����OLQH IRUPDW IRU 86 WHOHYLVLRQV ZKLOH WKH 706����$ KDV D ����OLQH

IRUPDW IRU XVH ZLWK WKH (XURSHDQ 3$/ V\VWHP�

7KH 9'3 KDV IRXU LQSXW PRGHV� *UDSKLFV ,� *UDSKLFV ,,� 0XOWLFRORU DQG 7H[W PRGH�

7KH *UDSKLFV , PRGH SURYLGHV D ��� ð ��� SL[HO GLVSOD\ IRU JHQHUDWLQJ SDWWHUQ JUDSKLFV LQ ��

FRORUV SOXV WUDQVSDUHQW�

7KH *UDSKLFV ,, PRGH LV DQ HQKDQFHPHQW RI *UDSKLFV , PRGH� DOORZLQJ LW WR JHQHUDWH PRUH

FRPSOH[ FRORU DQG SDWWHUQ GLVSOD\V�

7KH0XOWLFRORUPRGH SURYLGHV DQ XQUHVWULFWHG ��ð �� FRORU�GRW GLVSOD\ HPSOR\LQJ �� FRORUV SOXV

WUDQVSDUHQW�

7KH7H[WPRGH SURYLGHV WZHQW\�IRXU ���FKDUDFWHU URZV LQ WZR FRORUV DQG LV LQWHQGHG WRPD[LPL]H

WKH FDSDFLW\ RI WKH 79 VFUHHQ WR GLVSOD\ DOSKDQXPHULF FKDUDFWHUV�

7KH IRXU YLGHR GLVSOD\ PRGHV DUH GHVFULEHG LQ GHWDLO LQ 6HFWLRQ ����
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7KH YLGHR GLVSOD\ FRQVLVWV RI �� SODQHV� H[WHUQDO 9'3� EDFNGURS� SDWWHUQ SODQH� DQG �� 6SULWH3ODQHV� 7KH

SODQHV DUH YHUWLFDOO\ VWDFNHG ZLWK WKH H[WHUQDO 9'3 EHLQJ WKH ERWWRP RU LQQHUPRVW SODQH� 7KH EDFNGURS

SODQH LV WKH QH[W SODQH IROORZHG E\ WKH SDWWHUQ SODQH WKDW FRQWDLQV *UDSKLFV , DQG *UDSKLFV ,, SDWWHUQV

ZLWK WKH �� 6SULWH 3ODQHV DV WKH WRS SODQHV�

7KH 706����$�����$�����$ 9'3V XVH HLWKHU D �.� �.� RU ��.�W\SH ORZ�FRVW G\QDPLF PHPRU\

�706����� 706����� 706����� IRU VWRUDJH RI WKH GLVSOD\ SDUDPHWHUV�

7KH706����$�706����$�DQG706����$ LQWHUIDFH LGHQWLFDOO\ WRWKHKRVWPLFURSURFHVVRUPDNLQJ WKHLU

VRIWZDUH FRPSDWLEOH� 7KXV� DOO UHIHUHQFHV WR9'3 LQ WKLV GRFXPHQW DSSO\ WR DOO WKUHH GHYLFHV� H[FHSWZKHUH

QRWHG�

1.2. Features

� 6LQJOH�FKLS VROXWLRQ IRU LQWHUIDFLQJ FRORU 79V �H[FOXGLQJ 5DQGRP�$FFHVV 0HPRU\ �5$0� DQG

5DGLR )UHTXHQF\ �5)� PRGXODWRU �706����$ RQO\��

� ��� ð ��� UHVROXWLRQ RQ 79 VFUHHQ�

� �� XQLTXH FRORUV� SOXV WUDQVSDUHQW�

� *HQHUDO ��ELW ELGLUHFWLRQDO LQWHUIDFH WR &HQWUDO 3URFHVVRU 8QLW �&38��

� 'LUHFW ZLULQJ RI �.� �.� RU ��. G\QDPLF 5$0 PHPRULHV�

� $XWRPDWLF DQG WUDQVSDUHQW UHIUHVK RI G\QDPLF 5$0V�

� 0XOWLSOH 9'3 V\VWHPV FDSDELOLW\�

� ([WHUQDO 9'3 LQSXW FDSDELOLW\ �706����$ RQO\�

� &RPSRVLWH YLGHR RXWSXW �706����$ RQO\�

� 8QLTXH SODQDU UHSUHVHQWDWLRQ IRU �' VLPXODWLRQ�

� 6WDQGDUG ���SLQ SDFNDJH�

� &RORU GLIIHUHQFH RXWSXWV DOORZ 5*% GULYH ³ 706����$�����$�
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1.3. Typical Applications

� &RORU FRPSXWHU WHUPLQDOV

� +RPH FRPSXWHUV

� 'UDIWLQJ�GHVLJQ DLGV

� 7HDFKLQJ DLGV

� ,QGXVWULDO SURFHVVLQJ PRQLWRULQJ

� +RPH HGXFDWLRQDO V\VWHPV

� $QLPDWLRQ DLGV

� (XURSHDQ ����OLQH 79 �706����$ RQO\�

7KH IROORZLQJ H[DPSOH RI D W\SLFDO DSSOLFDWLRQPD\KHOS LQWURGXFH WKH XVHU WR WKH706����$9'3�)LJXUH

��� LV D EORFN GLDJUDP RI D W\SLFDO DSSOLFDWLRQ� (DFK RI WKH FRQFHSWV SUHVHQWHG LQ WKH H[DPSOH LV GHVFULEHG

PRUH IXOO\ LQ ODWHU VHFWLRQV RI WKLV PDQXDO�
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Figure 1-1: System block diagram

7KH 9'3 EDVLFDOO\ KDV WKUHH LQWHUIDFHV� &38� FRORU PRQLWRU� DQG G\QDPLF UHIUHVK 5$0 �95$0�� WKH

FRQWHQWV RIZKLFK GHILQH WKH79 LPDJH� 7KH706����$DOVR KDV HLJKWZULWH�RQO\ UHJLVWHUV DQG D UHDG�RQO\

VWDWXV UHJLVWHU�

7KH 9'3 FRPPXQLFDWHV ZLWK WKH &38 YLD DQ ��ELW ELGLUHFWLRQDO GDWD EXV� 7KUHH FRQWURO OLQHV� GHFRGHG

IURP WKH &38 DGGUHVV DQG HQDEOH OLQHV� GHWHUPLQH LQWHUSUHWDWLRQ RI WKH EXV� 7KURXJK WKH EXV� WKH &38

FDQ ZULWH WR 95$0� UHDG IURP 95$0� ZULWH WR 9'3 UHJLVWHUV� DQG UHDG WKH 9'3 VWDWXV� 7KH 9'3 DOVR

JHQHUDWHV DQ LQWHUUXSW VLJQDO DIWHU HYHU\ UHIUHVK RI WKH 79 GLVSOD\�

7KH G\QDPLF 5$0 LQWHUIDFH FRQVLVWV RI GLUHFW ZLULQJ RI HLJKW �. ð �� �. ð �� RU ��. ð � G\QDPLF

5$6�&$6�W\SH 5$0V WR WKH 9'3� 7KH DPRXQW RI 5$0 UHTXLUHG LV GHSHQGHQW XSRQ WKH IHDWXUHV VHOHFWHG

IRU XVH LQ WKH DSSOLFDWLRQ�

7KH LQWHUIDFH WR WKH PRQLWRU FDQ FRQVLVW RI HLWKHU ZLULQJ WKH 706����$
V FRPSRVLWH YLGHR RXWSXW SLQ

�VXLWDEO\ EXIIHUHG� WR WKH LQSXW RI D FRORU RU EODFN�DQG�ZKLWH PRQLWRU� RU XVLQJ DQ DSSURSULDWH 5)

PRGXODWRU WR IHHG WKH VLJQDO LQWR D 79 DQWHQQD WHUPLQDO� 7KH 706����$�����$ UHTXLUH DGGLWLRQDO

HQFRGHU FLUFXLWU\ WR LQWHUIDFH WR DQ 5*% RU WR D FRPSRVLWH YLGHR PRQLWRU�
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7KH9'3RSHUDWHV LQ IRXUPRGHV� DQG HDFK RQH FDQ DIIHFW WKHZD\ WKH95$0LVPDSSHG RQWR WKH WHOHYLVLRQ

VFUHHQ�

,Q*UDSKLFV , DQG ,,PRGHV� FKDUDFWHUV DUH PDSSHG RQWR WKH VFUHHQ LQ � ð � SL[HO EORFNV� \LHOGLQJ

�� OLQHV RI �� EORFNV �SDWWHUQ SRVLWLRQV� HDFK�

,Q 0XOWLFRORU PRGH� WKHUH DUH �� OLQHV RI �� EORFNV� HDFK RI ZKLFK LV FRPSRVHG RI � ð � SLFWXUH

HOHPHQWV �SL[HOV�� DOO RI RQH VROLG FRORU�

,Q 7H[W PRGH� WKHUH DUH �� OLQHV RI �� EORFNV� HDFK RI ZKLFK LV � ð � SL[HOV�

,Q DGGLWLRQ WR WKHVH� VSULWHV FDQ EH VXSHULPSRVHG RQWR WKH WHOHYLVLRQ LPDJH LQ *UDSKLFV ,� ,,� DQG

0XOWLFRORUPRGH� )XUWKHUPRUH� VLJQDOV HQWHULQJ WKH 706����$ WKURXJK WKH H[WHUQDO 9'3 LQSXW FDQ EH

XVHG DV D EDFNJURXQG WR WKH 706����$�

1.4. Acronyms and Glossary

%�<

%OXH FRORU GLIIHUHQFH RXWSXW�

&209,' �&RPSRVLWH 9LGHR�

&RQWDLQV OXPLQDQFH� FKURPLQDQFHDQGDOO V\QFSXOVHQHFHVVDU\ IRUKRUL]RQWDO DQG YHUWLFDO WLPLQJ�

&$6

&ROXPQ�$GGUHVV 6WUREH�

&38

&HQWUDO 3URFHVVRU 8QLW�

&65

&38 IURP 9'3 UHDG VHOHFW�

&6:

&38 WR 9'3 ZULWH VHOHFW�

&38&/.

;7$/ ³ ��

*520&/.

;7$/ ³ ���

/6%

/HDVW VLJQLILFDQW ELW�
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/6,

/DUJH 6FDOH ,QWHJUDWLRQ�

026

0HWDO 2[LGH 6HPLFRQGXFWRU�

0+]

0HJDKHUW]�

06%

0RVW 6LJQLILFDQW %LW�

176&

1DWLRQDO7HOHYLVLRQ6WDQGDUG&RPPLWWHHZKLFK VSHFLILHV WHOHYLVLRQ VLJQDO VWDQGDUGV IRU WKH86$�

3$/

3KDVH $OWHUQDWLQJ /LQH�

3L[HO

3LFWXUH (OHPHQW ³ WKH VPDOOHVW SRLQW RQ WKH 79 VFUHHQ WKDW FDQ EH LQGHSHQGHQWO\ FRQWUROOHG�

5$0

5DQGRP $FFHVV 0HPRU\�

5$6

5RZ�$GGUHVV 6WUREH�

5$67(5

7KH DUHD LQ ZKLFK DQ LPDJH LV UHSURGXFHG�

5)

5DGLR )UHTXHQF\�

5�*�%

5HG�*UHHQ�%OXH�

520

5HDG�2QO\ 0HPRU\�

5�:

5HDG�:ULWH�

5�<

5HG FRORU GLIIHUHQFH RXWSXW�
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6SULWH

$Q REMHFW ZKRVH SDWWHUQ LV UHODWLYH WR D VSHFLILHG ;�< FRRUGLQDWH DQG ZKR SRVLWLRQ FDQ WKHUHIRUH

EH FRQWUROOHG E\ WKDW FRRUGLQDWH ZLWK D SRVLWLRQDO UHVROXWLRQ RI RQH SL[HO�

9'3

9LGHR 'LVSOD\ 3URFHVVRU�

95$0

9LGHR 5$0� UHIHUV WR WKH G\QDPLF 5$0V WKDW FRQQHFW WR WKH 9'3 DQG ZKRVH FRQWHQWV GHILQH WKH

79 LPDJH�

<

%ODFN�ZKLWH OXPLQDQFH DQG FRPSRVLWH V\QF�
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2. ARCHITECTURE

7KH 706����$ 9LGHR 'LVSOD\ 3URFHVVRU �9'3� LV GHVLJQHG WR SURYLGH D VLPSOH LQWHUIDFH EHWZHHQ D

PLFURSURFHVVRU DQG D UDVWHU�VFDQQHG FRORU WHOHYLVLRQ� 7KH 706����$�����$ 9'3V DUH GHVLJQHG DV D

VLPSOH LQWHUIDFH EHWZHHQ D PLFURSURFHVVRU DQG DQ 5�*�% PRQLWRU RU YLGHR HQFRGHU ZKLFK SURGXFHV WKH

YLGHR IRU D YLGHR PRQLWRU� )LJXUH ��� LV D EORFN GLDJUDP RI WKH PDMRU SRUWLRQV RI WKH 9'3 DUFKLWHFWXUH

LQWHUIDFHV WR WKH 9'3� &38� 95$0� DQG FRORU WHOHYLVLRQ�

2.1. CPU Interface

7KH 9'3 LQWHUIDFH WR WKH &38XVLQJ DQ ��ELW ELGLUHFWLRQDO GDWD EXV� WKUHH FRQWURO OLQHV� DQG DQ LQWHUUXSW

LV VKRZQ LQ )LJXUH ���� 7KURXJK WKLV LQWHUIDFH WKH &38 FDQ FRQGXFW IRXU RSHUDWLRQV�

�� :ULWH GDWD E\WHV WR 95$0

�� 5HDG GDWD E\WHV IURP 95$0

�� :ULWH WR RQH RI WKH HLJKW 9'3 ZULWH�RQO\ UHJLVWHUV

�� 5HDG WKH 9'3 6WDWXV 5HJLVWHU

(DFK RI WKHVH RSHUDWLRQV UHTXLUHV RQH RU PRUH GDWD WUDQVIHUV WR WDNH SODFH RYHU WKH &38�9'3 GDWD EXV

LQWHUIDFH� 7KH LQWHUSUHWDWLRQ RI WKH GDWD WUDQVIHU LV GHWHUPLQHG E\ WKH WKUHH FRQWURO OLQHV RI WKH 9'3�

1RWH� 7KH &38 FDQ FRPPXQLFDWH ZLWK WKH 9'3 VLPXOWDQHRXVO\ DQG DV\QFKURQRXVO\ ZLWK WKH 9'3
V 79

VFUHHQ UHIUHVK RSHUDWLRQV� 7KH 9'3 SHUIRUPVPHPRU\PDQDJHPHQW DQG DOORZV SHULRGLF LQWHUYDOV RI &38

DFFHVV WR 95$0 HYHQ LQ WKH PLGGOH RI D UDVWHU VFDQ�

2.1.1. CPU Interface Control S ignals

7KH W\SH DQG GLUHFWLRQ RI GDWD WUDQVIHUV DUH FRQWUROOHG E\ WKH &6:� &65� DQG 02'( LQSXWV�

&6: LV WKH &38 WR 9'3 ZULWH VHOHFW� :KHQ LW LV DFWLYH �ORZ�� WKH HLJKW ELWV RQ &'��&'� DUH

VWUREHG LQWR WKH 9'3�

&65 LV WKH&38 IURP9'3UHDG VHOHFW�:KHQ LW LV DFWLYH �ORZ�� WKH 9'3 RXWSXWV HLJKW ELWV RQ &'��

&'� WR WKH &38�

1RWH� &6: DQG &65 VKRXOG QHYHU EH VLPXOWDQHRXVO\ ORZ DW WKH VDPH WLPH� ,I ERWK DUH ORZ� WKH

9'3 RXWSXWV GDWD RQ &'��&'� DQG ODWFKHV LQ LQYDOLG GDWD�

02'( GHWHUPLQHV WKH VRXUFH RU GHVWLQDWLRQ RI D UHDG RU ZULWH GDWD WUDQVIHU� 02'( LV QRUPDOO\

WLHG WR D &38 ORZ RUGHU DGGUHVV OLQH �$�� IRU 706������
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2.1.2. CPU Write to VDP Register

7KH9'3KDVHLJKWZULWH�RQO\ UHJLVWHUVDQG RQH UHDG�RQO\ VWDWXV UHJLVWHU� 7KHZULWH�RQO\ UHJLVWHUV FRQWURO

WKH 9'3 RSHUDWLRQ DQG GHWHUPLQH WKH ZD\ LQ ZKLFK 95$0 LV DOORFDWHG� 7KH VWDWXV UHJLVWHU FRQWDLQV

LQWHUUXSW� VSULWH FRLQFLGHQFH DQG ILIWK VSULWH VWDWXV IODJV�

(DFK RI WKH HLJKW 9'3 ZULWH�RQO\ UHJLVWHUV FDQ EH ORDGHG XVLQJ WZR ��ELW GDWD WUDQVIHUV IURP WKH &38�

7DEOH ��� GHVFULEHV WKH UHTXLUHG IRUPDW IRU WKH WZR E\WHV� 7KH ILUVW E\WH WUDQVIHUUHG LV WKH GDWD E\WH� DQG

WKH VHFRQG E\WH WUDQVIHUUHG FRQWUROV WKH GHVWLQDWLRQ� 7KH 06% RI WKH VHFRQG E\WH PXVW EH D �� 7KH QH[W

IRXU ELWV DUH �V� DQG WKH ORZHVW WKUHH ELWV PDNH XS WKH GHVWLQDWLRQ UHJLVWHU QXPEHU� 7KH 02'( LQSXW LV

KLJK IRU E\ E\WH WUDQVIHUV�

7R UHZULWH WKH GDWD LQ DQ LQWHUQDO UHJLVWHU DIWHU D E\WH RI GDWD KDV DOUHDG\ EHHQ ORDGHG� WKH VWDWXV UHJLVWHU

PXVW EH UHDG VR WKDW LQWHUQDO &38 LQWHUIDFH ORJLF LV UHLQLWLDOL]HG DQGZLOO DFFHSW WKH QH[W E\WH DV GDWD DQG

QRW DV D UHJLVWHU GHVWLQDWLRQ� 7KLV VLWXDWLRQ PD\ EH HQFRXQWHUHG LQ LQWHUUXSW�GULYHQ SURJUDP

HQYLURQPHQWV� :KHQHYHU WKH VWDWXV RI 9'3 ZULWH SDUDPHWHUV LV LQ TXHVWLRQ� WKLV SURFHGXUH VKRXOG EH

XVHG�

1RWH� 7KH &38 DGGUHVV LV GHVWUR\HG E\ ZULWLQJ WR WKH 9'3 UHJLVWHU�
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Figure 2-1: VDP block diagram
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Figure 2-2: VDP to CPU interface

2.1.3. CPU Write to VRAM

7KH&38WUDQVIHUVGDWD WR WKH95$0WKURXJK WKH9'3XVLQJ D ���ELW DXWR�LQFUHPHQWLQJDGGUHVV UHJLVWHU�

7KH DGGUHVV UHJLVWHU VHWXS UHTXLUHV D ��E\WH WUDQVIHU� $ ��E\WH WUDQVIHU LV WKHQ UHTXLUHG WR ZULWH WKH GDWD

WR WKH DGGUHVVHG 95$0 E\WH� 7KH DGGUHVV UHJLVWHU LV WKHQ DXWR�LQFUHPHQWHG� 6HTXHQWLDO 95$0 ZULWHV

UHTXLUH RQO\ ��E\WH WUDQVIHUV VLQFH WKH DGGUHVV UHJLVWHU LV DOUHDG\ VHW XS� 'XULQJ VHWXS RI WKH DGGUHVV

UHJLVWHU� WKH WZR 06%V RI WKH VHFRQG DGGUHVV E\WH PXVW EH � DQG � UHVSHFWLYHO\� 02'( LV KLJK IRU ERWK

DGGUHVV WUDQVIHUV DQG ORZ IRU WKH GDWD WUDQVIHU� &6: LV XVHG LQ DOO WUDQVIHUV WR VWUREH WKH � ELWV LQWR WKH

9'3� 6HH 7DEOH ����
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Table 2-1: CPU/VDP Data Transfers

Operation
Bit

ModeCSW CSR
0 1 2 3 4 5 6 7

:ULWH WR 9'3 5HJLVWHU

%\WH � 'DWD :ULWH '
�

'
�

'
�

'
�

'
�

'
�

'
�

'
�

� � �

%\WH � 5HJLVWHU 6HOHFW � � � � � 56
�

56
�

56
�

� � �

:ULWH WR 95$0

%\WH � $GGUHVV 6HWXS $
�

$
�

$
�

$
�

$
��

$
��

$
��

$
��

� � �

%\WH � $GGUHVV 6HWXS � � $
�

$
�

$
�

$
�

$
�

$
�

� � �

%\WH � 'DWD :ULWH '
�

'
�

'
�

'
�

'
�

'
�

'
�

'
�

� � �

5HDG IURP 9'3 5HJLVWHU

%\WH � 'DWD 5HDG '
�

'
�

'
�

'
�

'
�

'
�

'
�

'
�

� � �

5HDG IURP 95$0

%\WH � $GGUHVV 6HWXS $
�

$
�

$
�

$
�

$
��

$
��

$
��

$
��

� � �

%\WH � $GGUHVV 6HWXS � � $
�

$
�

$
�

$
�

$
�

$
�

� � �

%\WH � 'DWD 5HDG '
�

'
�

'
�

'
�

'
�

'
�

'
�

'
�

� � �

2.1.4. CPU Read from VDP Status Register

7KH &38 FDQ UHDG WKH FRQWHQWV RI WKH 6WDWXV 5HJLVWHU ZLWK D ��E\WH WUDQVIHU� 02'( LV KLJK IRU WKH

WUDQVIHU� &65 LV XVHG WR VLJQDO WKH 9'3 WKDW D UHDG RSHUDWLRQ LV UHTXLUHG�

2.1.5. CPU Read from VRAM

7KH&38 UHDGV IURP WKH 95$0 WKURXJK WKH 9'3XVLQJ WKH DXWR�LQFUHPHQWLQJ DGGUHVV UHJLVWHU� $ ��E\WH

WUDQVIHU LV WKHQ UHTXLUHG WR UHDG WKH GDWD IURP WKH DGGUHVVHG 95$0 E\WH� 7KH DGGUHVV UHJLVWHU LV WKHQ

DXWR�LQFUHPHQWHG� 6HTXHQWLDO 95$0 GDWD UHDGV UHTXLUH RQO\ D ��E\WH WUDQVIHU VLQFH WKH DGGUHVV UHJLVWHU

LV DOUHDG\ VHW XS� 'XULQJ VHWXS RI WKH DGGUHVV UHJLVWHU WKH WZR 06%V RI WKH VHFRQG DGGUHVV E\WH PXVW EH

�� %\ VHWWLQJ XS WKH DGGUHVV WKLV ZD\� D UHDG F\FOH WR 95$0 LV LQLWLDWHG DQG UHDG GDWD ZLOO EH DYDLODEOH IRU

WKH ILUVW GDWD WUDQVIHU WR WKH &38� �6HH 7DEOH ����� 02'( LV KLJK IRU WKH DGGUHVV E\WH WUDQVIHUV DQG ORZ

IRU WKH GDWD WUDQVIHUV� 7KH9'3UHTXLUHV DSSUR[LPDWHO\ �PLFURVHFRQGV WR IHWFK WKH95$0E\WH IROORZLQJ

WKH ODVW GDWD WUDQVIHU DQG � PLFURVHFRQGV IROORZLQJ DGGUHVV VHWXS�
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7KH &38 LQWHUDFWV ZLWK 95$0PHPRU\ WKURXJK WKH 9'3� 7KH DPRXQW RI WLPH QHFHVVDU\ IRU WKH &38 WR

WUDQVIHU D E\WH RI GDWD WR RU IURP 95$0 PHPRU\ FDQ YDU\ IURP � WR � PLFURVHFRQGV� 2QFH WKH 9'3 KDV

EHHQ WROG WR UHDG RU ZULWH D E\WH RI GDWD WR RU IURP 95$0� LW WDNHV DSSUR[LPDWHO\ � PLFURVHFRQGV XQWLO

WKH 9'3 LV UHDG\ WR PDNH WKH GDWD WUDQVIHU� ,Q DGGLWLRQ WR WKLV � PLFURVHFRQG GHOD\� WKH 9'3 PXVW ZDLW

IRU D &38 DFFHVV ZLQGRZ� L�H�� WKH SHULRG RI WLPH ZKHQ WKH 9'3 LV QRW RFFXSLHG ZLWK PHPRU\ UHIUHVK RU

VFUHHQ GLVSOD\ DQG LV DYDLODEOH WR UHDG RU ZULWH GDWD�

7KHZRUVW FDVH WLPH EHWZHHQZLQGRZV RFFXUV GXULQJ WKH*UDSKLFV , RU *UDSKLFV ,,PRGHZKHQ VSULWHV DUH

EHLQJ XVHG� 'XULQJ WKH DFWLYH GLVSOD\� &38 ZLQGRZV RFFXU RQFH HYHU\ �� PHPRU\ F\FOHV JLYLQJ D

PD[LPXP GHOD\ RI � PLFURVHFRQGV �D PHPRU\ F\FOH WDNHV DERXW ��� QDQRVHFRQGV�� ,Q WKH 7H[W PRGH WKH

&38 ZLQGRZV RFFXU DW OHDVW RQFH RXW RI HYHU\ WKUHH PHPRU\ F\FOHV RU D ZRUVW FDVH GHOD\ RI DERXW ���

PLFURVHFRQGV�)LQDOO\� LQ WKH0XOWLFRORUPRGH� &38ZLQGRZV RFFXU DW OHDVW RQFH RXWRI HYHU\ IRXUPHPRU\

F\FOHV�

,I WKH XVHU QHHGV WR DFFHVV PHPRU\ LQ � PLFURVHFRQGV� WZR VLWXDWLRQV RFFXU ZKHUH WKH WLPH ZDLWLQJ IRU DQ

DFFHVV ZLQGRZ LV HIIHFWLYHO\ ]HUR� %RWK RI WKHVH DUH LQGHSHQGHQW RI WKH GLVSOD\ PRGH EHLQJ XVHG�

7KH ILUVW VLWXDWLRQ RFFXUV ZKHQ WKH EODQN ELW RI UHJLVWHU � LV �� :LWK WKLV ELW ORZ� WKH HQWLUH VFUHHQ ZLOO

VKRZ RQO\ ERUGHU FRORU DQG WKH 9'3 GRHV QRW KDYH WR ZDLW IRU D &38 DFFHVV ZLQGRZ DW DQ\ WLPH�

7KH VHFRQG VLWXDWLRQ RFFXUV ZKHQ WKH 9'3 LV LQ WKH YHUWLFDO UHIUHVK PRGH� 7KH 9'3 LVVXHV DQ LQWHUUXSW

RXWSXW DW WKH HQG RI HDFK DFWLYH DUHD� 7KLV VLJQDO LQGLFDWHV WKDW WKH 9'3 LV HQWHULQJ WKH YHUWLFDO UHIUHVK

PRGH DQG WKDW IRU WKH QH[W ��� PLOOLVHFRQGV WKHUH LV QR ZDLWLQJ IRU DQ DFFHVV ZLQGRZ� ,I WKH XVHU ZDQWV

WKH &38 WR DFFHVV PHPRU\ GXULQJ WKLV LQWHUYDO� LW LV QHFHVVDU\ IRU WKH FRQWUROOLQJ &38 WR PRQLWRU WKH

LQWHUUXSW RXWSXW RI WKH 9'3 �WKH &38 FDQ HLWKHU SROO WKLV RXWSXW RU XVH LW DV DQ LQWHUUXSW LQSXW�

7KH SURJUDP WKDW PRQLWRUV WKH LQWHUUXSW RXWSXW PXVW DOORZ IRU LWV RZQ GHOD\V LQ UHVSRQGLQJ WR WKH

LQWHUUXSW VLJQDO DQG UHFRJQL]H KRZPXFK WLPH LW KDV OHIW GXULQJ WKH ����PLFURVHFRQG UHIUHVK SHULRG� 7KH

&38 PXVW ZULWH D � WR WKH LQWHUUXSW HQDEOH ELW RI 5HJLVWHU � LQ RUGHU WR HQDEOH WKH LQWHUUXSW IRU HDFK

IUDPH� DQG WKHQ UHDG WKH VWDWXV UHJLVWHU HDFK WLPH DQ LQWHUUXSW LV LVVXHG WR FOHDU WKH LQWHUUXSW RXWSXW� $

VXPPDU\ RI WKHVH GHOD\ WLPHV LV SUHVHQWHG LQ 7DEOH ����
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Table 2-2: Memory Access Delay Times

Condition Mode VDP Delay Time waiting for
an access window

Total
time

$FWLYH 'LVSOD\ $UHD 7H[W � �V � � ����V � � ����V

$FWLYH 'LVSOD\ $UHD *UDSKLFV

,� ,,

� �V � � �����V � � ��V

���� �V DIWHU 9HUWLFDO

,QWHUUXSW 6LJQDO

$OO � �V � �V � �V

5HJLVWHU �

%ODQN %LW �

$OO � �V � �V � �V

$FWLYH 'LVSOD\ $UHD 0XOWLFRORU � �V � � ����V � � ����V

2.1.6. VDP Interrupt

7KH 9'3 ,17 RXWSXW SLQ LV XVHG WR JHQHUDWH DQ LQWHUUXSW DW WKH HQG RI HDFK DFWLYH GLVSOD\ VFDQ� ZKLFK

LV DERXW HYHU\ ���� VHFRQG IRU WKH706����$�����$DQG���� VHFRQG IRU WKH706����$�7KH ,17 RXWSXW

LV DFWLYH ZKHQ WKH ,QWHUUXSW (QDEOH ELW �,(� LQ 9'3 5HJLVWHU � LV D � DQG WKH ) ELW RI WKH VWDWXV UHJLVWHU

LV D �� ,QWHUUXSWV DUH FOHDUHG ZKHQ WKH VWDWXV UHJLVWHU LV UHDG�

2.1.7. VDP Initialization

7KH 9'3 LV H[WHUQDOO\ LQLWLDOL]HG ZKHQHYHU WKH 5(6(7 LQSXW LV DFWLYH �ORZ� DQG PXVW EH KHOG ORZ IRU D

PLQLPXP RI � PLFURVHFRQGV� 7KH H[WHUQDO UHVHW V\QFKURQL]HV DOO FORFNV ZLWK LWV IDOOLQJ HGJH� VHWV WKH

KRUL]RQWDO DQG YHUWLFDO FRXQWHUV WR NQRZQ VWDWHV� DQG FOHDUV 9'3 UHJLVWHUV � DQG �� 7KH YLGHR GLVSOD\ LV

DXWRPDWLFDOO\ EODQNHG VLQFH WKH%/$1.ELW LQ 9'3 UHJLVWHU � EHFRPHV D �� 7KH 9'3� KRZHYHU� FRQWLQXHV

WR UHIUHVK WKH 95$0 HYHQ WKRXJK WKH GLVSOD\ LV EODQNHG� :KLOH WKH 5(6(7 OLQH LV DFWLYH� WKH 9'3 GRHV

QRW UHIUHVK WKH 95$0�

2.2. Write-Only Registers

7KH HLJKW 9'3ZULWH�RQO\ UHJLVWHUV DUH VKRZQ LQ )LJXUH ���� 7KH\ DUH ORDGHG E\ WKH &38 DV GHVFULEHG LQ

6HFWLRQ ������ 5HJLVWHUV � DQG � FRQWDLQ IODJV WR HQDEOH RU GLVDEOH YDULRXV 9'3 IHDWXUHV DQG PRGHV�

5HJLVWHUV � WKURXJK � FRQWDLQ YDOXHV WKDW VSHFLI\ VWDUWLQJ ORFDWLRQV RI YDULRXV VXE�EORFNV RI 95$0� 7KH

GHILQLWLRQV RI WKHVH VXE�EORFNV DUH GHVFULEHG LQ 6HFWLRQ ���� 5HJLVWHU � LV XVHG WR GHILQH EDFNGURS DQG WH[W

FRORUV�

(DFK UHJLVWHU LV GHVFULEHG LQ WKH IROORZLQJ SDUDJUDSKV�
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2.2.1. Register 0

5HJLVWHU � FRQWDLQV WZR 9'3 RSWLRQ FRQWURO ELWV� $OO RWKHU ELWV DUH UHVHUYHG IRU IXWXUH XVH DQG PXVW EH

�V�

%,7 � 0� �PRGH ELW �� �VHH 6HFWLRQ ����� IRU WDEOH DQG GHVFULSWLRQ�

%,7 � ([WHUQDO 9'3 HQDEOH�GLVDEOH

� GLVDEOHV H[WHUQDO 9'3 LQSXW

� HQDEOHV H[WHUQDO 9'3 LQSXW

1RWH� (QDEOLQJ ELW � LQ WKH 706����$�����$ FDXVHV $�< DQG %�< WR JR WR WKH V\QF OHYHO

RQO\ ZKHQ DOO SODQHV LQ IURQW RI WKH SL[HO XQGHU TXHVWLRQ DUH WUDQVSDUHQW�

2.2.2. Register 1 (contains 8 VDP option control bits)

%,7 � ����. VHOHFWLRQ

� VHOHFWV ���� 5$0 RSHUDWLRQ

� VHOHFWV ��������� 5$0 RSHUDWLRQ

%,7 � %/$1. HQDEOH�GLVDEOH

� FDXVHV WKH DFWLYH GLVSOD\ DUHD WR EODQN

� HQDEOHV WKH DFWLYH GLVSOD\

%ODQNLQJ FDXVHV WKH GLVSOD\ WR VKRZ ERUGHU FRORUV RQO\

%,7 � ,( �,QWHUUXSW (QDEOH�

� GLVDEOHV 9'3 LQWHUUXSW

� HQDEOHV 9'3 LQWHUUXSW

%,7 ��� 0�� 0� �PRGH ELWV � DQG ��

0�� 0� DQG 0� GHWHUPLQH WKH RSHUDWLQJ PRGH RI WKH 9'3

0� 0� 0�

� � � *UDSKLFV , PRGH

� � � *UDSKLFV ,, PRGH

� � � 0XOWLFRORU PRGH

� � � 7H[W PRGH

%,7 � 5HVHUYHG
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%,7 � 6L]H �VSULWH VL]H VHOHFW�

� VHOHFWV VL]H � VSULWHV �� ð � ELWV�

� VHOHFWV VL]H � VSULWHV �� ð �� ELWV�

%,7 � 0$* �0DJQLILFDWLRQ RSWLRQ IRU VSULWHV�

� VHOHFWV 0$*� VSULWHV ��;�

� VHOHFWV 0$*� VSULWHV ��;�

Register MSB LSB

� � � � � � � 0� (9

� ����. %/$1. ,( 0� 0� � 6,=( 0$*

� � � � � 1DPH 7DEOH %DVH $GGUHVV

� &RORU 7DEOH %DVH $GGUHVV

� � � � � � 3DWWHUQ *HQHUDWRU

%DVH $GGUHVV

� � 6SULWH $WWULEXWH 7DEOH %DVH $GGUHVV

� � � � � � 6SULWH 3DWWHUQ *HQHUDWRU

%DVH $GGUHVV

� 7H[W &RORU � 7H[W &RORU ��%DFNGURS &RORU

6WDWXV

�5HDG�2QO\�

) 6� & )LIWK 6SULWH 1XPEHU

2.2.3. Register 2

5HJLVWHU � GHILQHV WKH EDVH DGGUHVV RI WKH1DPH7DEOH VXE�EORFN� 7KH UDQJH RI LWV FRQWHQWV LV IURP � WR ���

7KH FRQWHQWV RI WKH UHJLVWHU IRUP WKH XSSHU � ELWV RI WKH ���ELW 1DPH 7DEOH DGGUHVVHV� WKXV WKH 1DPH

7DEOH EDVH DGGUHVV LV HTXDO WR 5HJLVWHU � ð ��� �KH[��

2.2.4. Register 3

5HJLVWHU � GHILQHV WKH EDVH DGGUHVV RI WKH&RORU7DEOH VXE�EORFN� 7KH UDQJH RI LWV FRQWHQWV LV IURP � WR ����

7KH FRQWHQWV RI WKH UHJLVWHU IRUP WKH XSSHU � ELWV RI WKH ���ELW &RORU7DEOH DGGUHVVHV� WKXV WKH&RORU7DEOH

EDVH DGGUHVV LV HTXDO WR 5HJLVWHU � ð �� �KH[��
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2.2.5. Register 4

5HJLVWHU � GHILQHV WKH EDVH DGGUHVV RI WKH 3DWWHUQ� 7H[W� RU 0XOWLFRORU *HQHUDWRU VXE�EORFN� 7KH UDQJH

RI LWV FRQWHQWV LV � WKURXJK �� 7KH FRQWHQWV RI WKH UHJLVWHU IRUP WKH XSSHU � ELWV RI WKH ���ELW *HQHUDWRU

DGGUHVVHV� WKXV WKH *HQHUDWRU EDVH DGGUHVV LV HTXDO WR 5HJLVWHU � ð ��� �KH[��

2.2.6. Register 5

5HJLVWHU � GHILQHV WKH EDVH DGGUHVV RI WKH 6SULWH $WWULEXWH 7DEOH VXE�EORFN� 7KH UDQJH RI LWV FRQWHQWV LV

IURP � WKURXJK ���� 7KH FRQWHQWV RI WKH UHJLVWHU IRUP WKH XSSHU � ELWV RI WKH ���ELW 6SULWH$WWULEXWH7DEOH

DGGUHVVHV� WKXV WKH EDVH DGGUHVV LV HTXDO WR 5HJLVWHU � ð �� �KH[��

2.2.7. Register 6

5HJLVWHU � GHILQHV WKH EDVH DGGUHVV RI WKH 6SULWH 3DWWHUQ *HQHUDWRU VXE�EORFN� 7KH UDQJH RI LWV FRQWHQWV

LV � WKURXJK �� 7KH FRQWHQWV RI WKH UHJLVWHU IRUP WKH XSSHU � ELWV RI WKH ���ELW 6SULWH 3DWWHUQ *HQHUDWRU

DGGUHVVHV� WKXV WKH 6SULWH 3DWWHUQ *HQHUDWRU EDVH DGGUHVV LV HTXDO WR 5HJLVWHU � ð ��� �KH[��

2.2.8. Register 7

7KH XSSHU � ELWV RI 5HJLVWHU � FRQWDLQ WKH FRORU FRGH RI FRORU � LQ WKH 7H[W PRGH� 7KH ORZHU � ELWV FRQWDLQ

WKH FRORU FRGH IRU FRORU � LQ WKH 7H[W PRGH DQG WKH EDFNGURS FRORU LQ DOO PRGHV�
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2.2.9. Setup values for VDP Registers 2 thr ough 6

VRAM Table Addressing

5HJLVWHU � LQ WKH 9'3 FRQWDLQV WKH VWDUWLQJ DGGUHVV IRU WKH 1DPH 7DEOH VXE�EORFN�

5� ð �������  6WDUW $GGUHVV

R2 Address

�� ����

�� ����

�� ����

�� �&�� ³ 0D[LPXP QXPEHU IRU �. 5$0V

�� ����

�� ����

�� ����

�� �&��

�� ����

�� ����

�$ ����

�% �&��

�& ����

�' ����

�( ����

�) �&�� ³0D[LPXP QXPEHU
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5HJLVWHU � LQ WKH 9'3 FRQWDLQV WKH VWDUWLQJ DGGUHVV IRU WKH &RORU 7DEOH�

5� ð ������  6WDUW $GGUHVV

R3 Start Address

�� ����

�� ����

�� ����

�� ��&�

�� ����

�� ����

�� ����

�� ��&�

�� ����

�� ����

�$ ����

�% ��&�

�& ����

�' ����

�( ����

�) ��&�

R3 Start Address

�� ����

�� ����

�� ����

�� ��&�

�� ����

�� ����

�� ����

�� ��&�

�� ����

�� ����

�$ ����

�% ��&�

�& ����

�' ����

�( ����

�) ��&�

R3 Start Address

�� ����

�� ����

�� ����

�� ��&�

�� ����

�� ����

�� ����

�� ��&�

�� �$��

�� �$��

�$ �$��

�% �$&�

�& �%��

�' �%��

�( �%��

�) �%&�
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5HJLVWHU � LQ WKH 9'3 FRQWDLQV WKH VWDUWLQJ DGGUHVV IRU WKH &RORU 7DEOH �FRQWLQXHG��

5� ð ������  6WDUW $GGUHVV

R3 Start Address

�� �&��

�� �&��

�� �&��

�� �&&�

�� �'��

�� �'��

�� �'��

�� �'&�

�� �(��

�� �(��

�$ �(��

�% �(&�

�& �)��

�' �)��

�( �)��

�) �)&�

R3 Start Address

�� ����

�� ����

�� ����

�� ��&�

�� ����

�� ����

�� ����

�� ��&�

�� ����

�� ����

�$ ����

�% ��&�

�& ����

�' ����

�( ����

�) ��&�

R3 Start Address

�� ����

�� ����

�� ����

�� ��&�

�� ����

�� ����

�� ����

�� ��&�

�� ����

�� ����

�$ ����

�% ��&�

�& ����

�' ����

�( ����

�) ��&�
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5HJLVWHU � LQ WKH 9'3 FRQWDLQV WKH VWDUWLQJ DGGUHVV IRU WKH &RORU 7DEOH �FRQWLQXHG��

5� ð ������  6WDUW $GGUHVV

R3 Start Address

�� ����

�� ����

�� ����

�� ��&�

�� ����

�� ����

�� ����

�� ��&�

�� �$��

�� �$��

�$ �$��

�% �$&�

�& �%��

�' �%��

�( �%��

�) �%&�

R3 Start Address

�� �&��

�� �&��

�� �&��

�� �&&�

�� �'��

�� �'��

�� �'��

�� �'&�

�� �(��

�� �(��

�$ �(��

�% �(&�

�& �)��

�' �)��

�( �)��

�) �)&�

R3 Start Address

�� ����

�� ����

�� ����

�� ��&�

�� ����

�� ����

�� ����

�� ��&�

�� ����

�� ����

�$ ����

�% ��&�

�& ����

�' ����

�( ����

�) ��&�
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5HJLVWHU � LQ WKH 9'3 FRQWDLQV WKH VWDUWLQJ DGGUHVV IRU WKH &RORU 7DEOH �FRQWLQXHG��

5� ð ������  6WDUW $GGUHVV

R3 Start Address

�� ����

�� ����

�� ����

�� ��&�

�� ����

�� ����

�� ����

�� ��&�

�� ����

�� ����

�$ ����

�% ��&�

�& ����

�' ����

�( ����

�) ��&�

R3 Start Address

$� ����

$� ����

$� ����

$� ��&�

$� ����

$� ����

$� ����

$� ��&�

$� �$��

$� �$��

$$ �$��

$% �$&�

$& �%��

$' �%��

$( �%��

$) �%&�

R3 Start Address

%� �&��

%� �&��

%� �&��

%� �&&�

%� �'��

%� �'��

%� �'��

%� �'&�

%� �(��

%� �(��

%$ �(��

%% �(&�

%& �)��

%' �)��

%( �)��

%) �)&�
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5HJLVWHU � LQ WKH 9'3 FRQWDLQV WKH VWDUWLQJ DGGUHVV IRU WKH &RORU 7DEOH �FRQWLQXHG��

5� ð ������  6WDUW $GGUHVV

R3 Start Address

&� ����

&� ����

&� ����

&� ��&�

&� ����

&� ����

&� ����

&� ��&�

&� ����

&� ����

&$ ����

&% ��&�

&& ����

&' ����

&( ����

&) ��&�

R3 Start Address

'� ����

'� ����

'� ����

'� ��&�

'� ����

'� ����

'� ����

'� ���&�

'� ����

'� ����

'$ ����

'% ��&�

'& ����

'' ����

'( ����

') ��&�

R3 Start Address

(� ����

(� ����

(� ����

(� ��&�

(� ����

(� ����

(� ����

(� ��&�

(� �$��

(� �$��

($ �$��

(% �$&�

(& �%��

(' �%��

(( �%��

() �%&�



7(;$6 ,167580(176

+20( &20387(5

24

5HJLVWHU � LQ WKH 9'3 FRQWDLQV WKH VWDUWLQJ DGGUHVV IRU WKH &RORU 7DEOH �FRQWLQXHG��

5� ð ������  6WDUW $GGUHVV

R3 Start Address

)� �&��

)� �&��

)� �&��

)� �&&�

)� �'��

)� �'��

)� �'��

)� �'&�

)� �(��

)� �(��

)$ �(��

)% �(&�

)& �)��

)' �)��

)( �)��

)) �)&�
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5HJLVWHU � LQ WKH 9'3 FRQWDLQV WKH VWDUWLQJ DGGUHVV IRU WKH 3DWWHUQ *HQHUDWRU VXE�EORFN�

5� ð �������  6WDUW $GGUHVV

R4 Start Address

�� ����

�� ���� ³ 0D[LPXP QXPEHU IRU �. 5$0V

�� ����

�� ����

�� ����

�� ����

�� ����

�� ���� ³ 0D[LPXP QXPEHU IRU ��. 5$0V
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5HJLVWHU � LQ WKH 9'3 FRQWDLQV WKH VWDUWLQJ DGGUHVV IRU WKH 6SULWH $WWULEXWH 7DEOH�

5� ð ������  6WDUW $GGUHVV

R5 Start Address

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�$ ����

�% ����

�& ����

�' ����

�( ����

�) ����

R5 Start Address

�� ����

�� ����

�� ����

�� ����

�� �$��

�� �$��

�� �%��

�� �%��

�� �&��

�� �&��

�$ �'��

�% �'��

�& �(��

�' �(��

�( �)��

�) �)��

R5 Start Address

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�$ ����

�% ����

�& ����

�' ����

�( ����

�) ����

 0D[LPXP QXPEHU IRU �. 5$0V
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5HJLVWHU � LQ WKH 9'3 FRQWDLQV WKH VWDUWLQJ DGGUHVV IRU WKH 6SULWH $WWULEXWH 7DEOH �FRQWLQXHG��

5� ð ������  6WDUW $GGUHVV

R5 Start Address

�� ����

�� ����

�� ����

�� ����

�� �$��

�� �$��

�� �%��

�� �%��

�� �&��

�� �&��

�$ �'��

�% �'��

�& �(��

�' �(��

�( �)��

�) �)��

R5 Start Address

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�$ ����

�% ����

�& ����

�' ����

�( ����

�) ����

R5 Start Address

�� ����

�� ����

�� ����

�� ����

�� �$��

�� �$��

�� �%��

�� �%��

�� �&��

�� �&��

�$ �'��

�% �'��

�& �(��

�' �(��

�( �)��

�) �)��
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5HJLVWHU � LQ WKH 9'3 FRQWDLQV WKH VWDUWLQJ DGGUHVV IRU WKH 6SULWH $WWULEXWH 7DEOH �FRQWLQXHG��

5� ð ������  6WDUW $GGUHVV

R5 Start Address

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�� ����

�$ ����

�% ����

�& ����

�' ����

�( ����

�) ����

R5 Start Address

�� ����

�� ����

�� ����

�� ����

�� �$��

�� �$��

�� �%��

�� �%��

�� �&��

�� �&��

�$ �'��

�% �'��

�& �(��

�' �(��

�( �)��

�) �)��
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5HJLVWHU � FRQWDLQV WKH YDOXH IRU WKH VWDUWLQJ DGGUHVV RI WKH 6SULWH 3DWWHUQ *HQHUDWRU VXE�EORFN�

5� ð �������  6WDUW $GGUHVV

R6 Start Address

�� ����

�� ���� ³ 0D[LPXP QXPEHU IRU �. 5$0V

�� ����

�� ����

�� ����

�� ����

�� ����

�� ���� ³ 0D[LPXP QXPEHU IRU ��. 5$0V

2.3. Status Register

7KH 9'3 KDV D VLQJOH ��ELW VWDWXV UHJLVWHU WKDW FDQ EH DFFHVVHG E\ WKH &38� 7KH VWDWXV UHJLVWHU FRQWDLQV

WKH LQWHUUXSW SHQGLQJ IODJ� WKH VSULWH FRLQFLGHQFH IODJ� WKH ILIWK VSULWH IODJ� DQG WKH ILIWK VSULWH QXPEHU�

LI RQH H[LVWV� 7KH IRUPDW RI WKH VWDWXV UHJLVWHU LV VKRZQ LQ )LJXUH ��� DQG LV GLVFXVVHG LQ WKH IROORZLQJ

SDUDJUDSKV�

7KH VWDWXV UHJLVWHUPD\ EH UHDG DW DQ\ WLPH WR WHVW WKH )� &� DQG �6 VWDWXV ELWV� 5HDGLQJ WKH VWDWXV UHJLVWHU

ZLOO FOHDU WKH LQWHUUXSW IODJ� )� +RZHYHU� DV\QFKURQRXV UHDGV ZLOO FDXVH WKH IUDPH IODJ �)� ELW WR EH UHVHW

DQG WKHUHIRUH PLVVHG� &RQVHTXHQWO\� WKH VWDWXV UHJLVWHU VKRXOG EH UHDG RQO\ ZKHQ WKH 9'3 LQWHUUXSW LV

SHQGLQJ�

2.3.1. Interrupt Flag (F)

7KH ) VWDWXV IODJ LQ WKH VWDWXV UHJLVWHU LV VHW WR � DW WKH HQG RI WKH UDVWHU VFDQ RI WKH ODVW OLQH RI WKH DFWLYH

GLVSOD\� ,W LV UHVHW WR D � DIWHU WKH VWDWXV UHJLVWHU LV UHDG RU ZKHQ WKH 9'3 LV H[WHUQDOO\ UHVHW� ,I WKH

,QWHUUXSW (QDEOH ELW LQ 9'3 5HJLVWHU �LV DFWLYH ���� WKH 9'3 LQWHUUXSW RXWSXW �,17� ZLOO EH DFWLYH �ORZ�

ZKHQHYHU WKH ) VWDWXV IODJ LV D ��

1RWH WKDW WKH VWDWXV UHJLVWHU QHHGV WR EH UHDG IUDPH E\ IUDPH LQ RUGHU WR FOHDU WKH LQWHUUXSW DQG UHFHLYH

WKH QHZ LQWHUUXSW RI WKH QH[W IUDPH�
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2.3.2. Coincidence Flag (C)

7KH & VWDWXV IODJ LQ WKH VWDWXV UHJLVWHU LV VHW WR D � LI WZR RU PRUH VSULWHV FRLQFLGH� &RLQFLGHQFH RFFXUV LI

DQ\ WZR VSULWHV RQ WKH VFUHHQ KDYH RQH RYHUODSSLQJ SL[HO� 7UDQVSDUHQW FRORUHG VSULWHV� DV ZHOO DV WKRVH

WKDW DUH SDUWLDOO\ RU FRPSOHWHO\ RII WKH VFUHHQ� DUH DOVR FRQVLGHUHG� 6SULWHV EH\RQG WKH 6SULWH $WWULEXWH

7DEOH WHUPLQDWRU �'�
��
� DUH QRW FRQVLGHUHG� 7KH & IODJ LV FOHDUHG WR D � DIWHU WKH VWDWXV UHJLVWHU LV UHDG RU

WKH9'3 LV H[WHUQDOO\ UHVHW� 7KH VWDWXV UHJLVWHU VKRXOG EH UHDG LPPHGLDWHO\ XSRQ SRZHUXS WR HQVXUH WKDW

WKH FRLQFLGHQFH IODJ LV UHVHW�

7KH 9'3 FKHFNV HDFK SL[HO SRVLWLRQ IRU FRLQFLGHQFH GXULQJ WKH JHQHUDWLRQ RI WKH SL[HO UHJDUGOHVV RI ZKHUH

LW LV ORFDWHG RQ WKH VFUHHQ� 7KLV RFFXUV HYHU\ ����WK RI D VHFRQG IRU WKH 706����$ DQG 706����$ DQG

HYHU\ ����WK VHFRQG IRU WKH 706����$� 7KXV� ZKHQPRYLQJ VSULWHV PRUH WKDQ RQH SL[HO SRVLWLRQ GXULQJ

WKHVH LQWHUYDOV� LW LV SRVVLEOH IRU WKH VSULWHV WR KDYH PXOWLSOH SL[HOV RYHUODSSLQJ RU HYHQ WR KDYH SDVVHG

FRPSOHWHO\ RYHU RQH DQRWKHU ZKHQ WKH 9'3 FKHFNV IRU FRLQFLGHQFH�

2.3.3. Fifth Sprite Flag (5S) and Number

7KH �6 VWDWXV IODJ LQ WKH VWDWXV UHJLVWHU LV VHW WR D � ZKHQHYHU WKHUH DUH ILYH RU PRUH VSULWHV RQ D

KRUL]RQWDO OLQH �OLQHV � WR ���� DQG WKH IUDPH IODJ LV HTXDO WR D �� 7KH �6 VWDWXV IODJ LV FOHDUHG WR D � DIWHU

WKH VWDWXV UHJLVWHU LV UHDG RU WKH 9'3 LV H[WHUQDOO\ UHVHW� 7KH QXPEHU RI WKH ILIWK VSULWH LV SODFHG LQWR WKH

ORZHU � ELWV RI WKH VWDWXV UHJLVWHU ZKHQ WKH �6 IODJ LV VHW DQG LV YDOLG ZKHQHYHU WKH �6 IODJ LV �� 7KH VHWWLQJ

RI WKH ILIWK VSULWH IODJ ZLOO QRW FDXVH DQ LQWHUUXSW�

2.4. Video Display Modes

7KH9'3GLVSOD\V DQ LPDJH RQ WKH VFUHHQ WKDW FDQEHVW EH HQYLVLRQHG DV D VHW RI GLVSOD\ SODQHV VDQGZLFKHG

WRJHWKHU� )LJXUH ��� VKRZV WKH GHILQLWLRQ RI HDFK RI WKH SODQHV� 2EMHFWV RQ DOO SODQHV FORVHVW WR WKH YLHZHU

KDYH KLJKHU SULRULW\� ,Q FDVHV ZKHUH WZR HQWLWLHV RQ WZR GLIIHUHQW SODQHV DUH RFFXS\LQJ WKH VDPH VSRW RQ

WKH VFUHHQ� WKH HQWLW\ RQ WKH KLJKHU SULRULW\ SODQHZLOO VKRZ DW WKDW SRLQW� )RU DQ HQWLW\ RQ D VSHFLILF SODQH

WR VKRZ WKURXJK� DOO SODQHV LQ IURQW RI WKDW SODQH PXVW EH WUDQVSDUHQW DW WKDW SRLQW� 7KH ILUVW �� SODQHV

�)LJXUH ���� HDFK PD\ FRQWDLQ D VLQJOH VSULWH� 7KH DUHDV RI WKH 6SULWH 3ODQHV� RXWVLGH WKH VSULWH LWVHOI� DUH

WUDQVSDUHQW� 6LQFH WKH FRRUGLQDWHV RI WKH VSULWH DUH LQ WHUPV RI SL[HOV� WKH VSULWH FDQ EH SRVLWLRQHG DQG

PRYHG DERXW YHU\ DFFXUDWHO\� 6SULWHV DUH DYDLODEOH LQ WKUHH VL]HV� �ð � SL[HOV� ��ð �� SL[HOV� DQG ��ð ��

SL[HOV�

%HKLQG WKH 6SULWH 3ODQHV LV WKH 3DWWHUQ 3ODQH� 7KH 3DWWHUQ 3ODQH LV XVHG IRU WH[WXDO DQG JUDSKLFV LPDJHV

JHQHUDWHG E\ WKH *UDSKLFV ,� *UDSKLFV ,,� 0XOWLFRORU RU 7H[W PRGHV� %HKLQG WKH 3DWWHUQ 3ODQH LV WKH

EDFNGURS�ZKLFK LV ODUJHU LQ DUHD WKDQ WKH RWKHU SODQHV VR WKDW LW IRUPV D ERUGHU DURXQG WKH RWKHU SODQHV�

7KH ODVW DQG ORZHVW SULRULW\ SODQH LV WKH ([WHUQDO 9'3 3ODQH� ,WV LPDJH LV GHILQHG E\ WKH H[WHUQDO 9'3

LQSXW SLQ ZKLFK DOORZV WKH 706����$ WR PL[ WKH H[WHUQDO YLGHR VLJQDO LQWHUQDO WR WKH FKLS�
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7KLVPL[LQJ PXVW RFFXU RXWVLGH RI WKH FKLS IRU WKH 706����$ DQG 706����$� 7KLV LV DFKLHYHG WKURXJK

WKH FRORU GLIIHUHQFH RXWSXWV VZLQJLQJ WR D VSHFLDO OHYHO �V\QF OHYHO LV VKRZQ LQ )LJXUH ���� QRW XVHG E\ WKH

FRORU GLIIHUHQFH VLJQDOV LQ QRUPDO RSHUDWLRQ� 7KLV RFFXUV ZKHQ ELW � RI 5HJLVWHU � LV VHW KLJK� ([WHUQDO

PL[LQJ FLUFXLWU\ LV UHTXLUHG WR GHWHFW WKLV FKDQJH LQ WKH OHYHO RI WKH FRORU GLIIHUHQFH VLJQDOV DQG WKHQ

VZLWFK IURP WKH 9'3 VLJQDOV WR DQ H[WHUQDO VRXUFH
V VLJQDOV �VHH )LJXUHV ��� DQG �����

Figure 2-4: VDP display planes (definition)
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Figure 2-5: VDP display planes (first 32 planes)
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Figure 2-6: TMS 9928A/9929A s ignal w aveforms for mult iple VDP op eration
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Figure 2-7: Using color diff erence s ignals to mix external color diff erence type source
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Figure 2-8: Using color diff erence s ignals to mix external video sou rces
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7KH EDFNGURS FRQVLVWV RI D VLQJOH FRORU XVHG IRU WKH GLVSOD\ ERUGHUV DQG DV WKH GHIDXOW FRORU IRU WKH DFWLYH

GLVSOD\ DUHD� 7KH GHIDXOW FRORU LV VWRUHG LQ WKH9'35HJLVWHU ��:KHQ WKH EDFNGURS FRORU UHJLVWHU FRQWDLQV

WKH WUDQVSDUHQW FRGH� WKH EDFNGURS DXWRPDWLFDOO\ GHIDXOWV WR EODFN LI WKH H[WHUQDO 9'3 PRGH LV QRW

VHOHFWHG�

7KH �� 6SULWH 3ODQHV DUH XVHG IRU WKH �� VSULWHV LQ WKH *UDSKLFV DQG0XOWLFRORU PRGHV� 7KH\ DUH QRW XVHG

LQ WKH 7H[W PRGH DQG DUH DXWRPDWLFDOO\ WUDQVSDUHQW� (DFK RI WKH VSULWHV FDQ FRYHU DQ � ð �� �� ð ��� RU

�� ð �� SL[HO DUHD RQ LWV SODQH� $Q\ SDUW RI WKH SODQH QRW FRYHUHG E\ WKH VSULWH LV WUDQVSDUHQW� 6SULWH �

LV RQ WKH RXWVLGH RU KLJKHVW SODQH� DQG VSULWH �� LV RQ WKH SODQH LPPHGLDWHO\ DGMDFHQW WR 3DWWHUQ 3ODQH�

:KHQHYHU D SL[HO LQ D 6SULWH 3ODQH LV WUDQVSDUHQW� WKH FRORU RI WKH QH[W SODQH FDQ EH VHHQ WKURXJK WKDW

SODQH� ,I� KRZHYHU� WKH VSULWH SL[HO LV QRQ�WUDQVSDUHQW� WKH FRORUV RI WKH ORZHU SODQHV DUH DXWRPDWLFDOO\

UHSODFHG E\ WKH VSULWH FRORU�

7KHUH LV DOVR D UHVWULFWLRQ RQ WKH QXPEHU RI VSULWHV RQ D OLQH� 2QO\ IRXU VSULWHV FDQ EH DFWLYH RQ DQ\

KRUL]RQWDO OLQH� $GGLWLRQDO VSULWHV RQ D OLQH ZLOO EH DXWRPDWLFDOO\ PDGH WUDQVSDUHQW IRU WKDW OLQH� 2QO\

WKRVH VSULWHV WKDW DUH DFWLYH RQ WKH GLVSOD\ ZLOO FDXVH WKH FRLQFLGHQFH IODJ WR VHW� 7KH 9'3 VWDWXV UHJLVWHU

SURYLGHV D IODJ ELW DQG WKH QXPEHU RI WKH ILIWK VSULWH ZKHQHYHU WKLV RFFXUV� 7KH 3DWWHUQ 3DQH LV XVHG LQ

WKH *UDSKLFV� 7H[W� DQG 0XOWLFRORU PRGHV IRU GLVSOD\ RI WKH JUDSKLF SDWWHUQV RI FKDUDFWHUV� :KHQHYHU D

SL[HO RQ WKH3DWWHUQ3ODQH LVQRQ�WUDQVSDUHQW� WKHEDFNGURSFRORU LV DXWRPDWLFDOO\ UHSODFHG E\ WKH3DWWHUQ

3ODQH FRORU�:KHQ D SL[HO LQ WKH3DWWHUQ3ODQH LV WUDQVSDUHQW� WKH EDFNGURS FRORU FDQ EH VHHQ WKURXJK WKH

3DWWHUQ 3ODQH�

7KH9'3KDV IRXU YLGHR FRORU GLVSOD\PRGHV WKDW DSSHDU RQ WKH3DWWHUQ3ODQH�*UDSKLFV ,PRGH�*UDSKLFV

,, PRGH� 0XOWLFRORU PRGH� DQG 7H[W 0RGH� *UDSKLFV , DQG *UDSKLFV ,, PRGHV FDXVH WKH 3DWWHUQ 3ODQH WR

EH EURNHQ XS LQWR JURXSV RI � ð � SL[HOV FDOOHG SDWWHUQ SRVLWLRQV� 6LQFH WKH IXOO LPDJH LV ��� ð ��� SL[HOV�

WKHUH DUH �� ð �� SDWWHUQ SRVLWLRQV RQ WKH VFUHHQ LQ WKH *UDSKLFV PRGHV�

,Q *UDSKLFV , PRGH� ��� SRVVLEOH SDWWHUQV PD\ EH GHILQHG IRU WKH ��� SDWWHUQ SRVLWLRQV ZLWK WZR XQLTXH

FRORUV DOORZHG IRU HDFK OLQH RI D SDWWHUQ GHILQLWLRQ� 7KXV� DOO �� FRORUV SOXV WUDQVSDUHQW PD\ EH XVHG LQ

D VLQJOH SDWWHUQ SRVLWLRQ�

,Q 0XOWLFRORU PRGH� WKH VFUHHQ LV EURNHQ LQWR D JULG RI �� ð �� SRVLWLRQV� HDFK RI ZKLFK LV D � ð � SL[HO�

:LWKLQ HDFK SRVLWLRQ� RQH XQLTXH FRORU LV DOORZHG�

,Q 7H[W PRGH� WKH 3DWWHUQ 3ODQH LV EURNHQ LQWR JURXSV RI �ð � SL[HOV� FDOOHG WH[W SRVLWLRQV� 7KHUH DUH

�� ð �� WH[W SRVLWLRQV RQ WKH VFUHHQ LQ WKLV PRGH� ,Q WH[W PRGH� VSULWHV GR QRW DSSHDU RQ WKH VFUHHQ DQG

WZR FRORUV DUH GHILQHG IRU WKH HQWLUH VFUHHQ E\ 9'3 5HJLVWHU ��

7KH9'3 UHJLVWHUV GHILQH WKH EDVH DGGUHVVHV IRU VHYHUDO VXE�EORFNV ZLWKLQ 95$0� 7KHVH VXE�EORFNV IRUP

WDEOHVZKLFK DUH XVHG WR SURGXFH WKH GHVLUHG LPDJH RQ WKH79 VFUHHQ�7KH6SULWH3DWWHUQ*HQHUDWRU7DEOH

DQG WKH 6SULWH $WWULEXWH 7DEOH DUH XVHG WR IRUP VSULWHV� 7KH FRQWHQWV RI WKHVH WDEOHVPXVW DOO EH SURYLGHG

E\ WKH PLFURSURFHVVRU� $QLPDWLRQ LV DFKLHYHG E\ DOWHUQDWLQJ WKH FRQWHQWV RI 95$0 LQ UHDO WLPH�
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7KH 9'3 FDQ GLVSOD\ WKH �� FRORUV VKRZQ LQ 7DEOH ���� 7KH 9'3 FRORUV DOVR SURYLGH HLJKW GLIIHUHQW JUD\

OHYHOV IRU GLVSOD\V RQPRQRFKURPH WHOHYLVLRQ� WKH OXPLQDQFH YDOXH LQ WKH WDEOH LQGLFDWHV WKHVH OHYHOV� ����

EHLQJ EODFN DQG ���� EHLQJ ZKLWH� $OO RWKHU YDOXHV LQ WKH WDEOH DUH H[SUHVVHG DV SHUFHQWDJHV RI WKH

ZKLWH�EODFN YROWDJH VZLQJ�

1RWH� 7KH JUD\ OHYHOV GLIIHU VOLJKWO\ IRU WKH 706����$ ZKHQ FRPSDUHG WR WKH 706����$�����$�

1RWH� :KHQHYHU DOO SODQHV DUH RI WKH WUDQVSDUHQW FRORU DW D JLYHQ SRLQW� DQG H[WHUQDO YLGHR LV QRW VHOHFWHG�

WKH FRORU VKRZQ DW WKDW SRLQW ZLOO EH EODFN�
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Table 2-3: Color Assignments

TMS9918A TMS9928A/9929A

Color
hex Color

Luminance
(DC)

Value

Chrominance
(AC)

Value

Color Diff erence

Y R-Y B-Y

� 7UDQVSDUHQW ���� ³ ³ ³ ³

� %ODFN ���� ³ ���� ��� ���

� 0HGLXP *UHHQ ��� ��� ��� ��� ���

� /LJKW *UHHQ ��� ��� ��� ��� ���

� 'DUN %OXH ��� ��� ��� �� ����

� /LJKW %OXH ��� ��� ��� ��� ���

� 'DUN 5HG ��� ��� ��� ��� ���

� &\DQ ��� ��� ��� ���� ���

� 0HGLXP 5HG ��� ��� ��� ��� ���

� /LJKW 5HG ��� ��� ��� ��� ���

$ 'DUN <HOORZ ��� ��� ��� ��� ���

% /LJKW <HOORZ ��� ��� ��� ��� ���

& 'DUN *UHHQ ��� ��� ��� ��� ���

' 0DJHQWD ��� ��� ��� ��� ���

( *UD\ ��� ³ ��� ��� ���

) :KLWH ���� ³ ���� ��� ���

³ %ODFN /HYHO ���� ³ ���� ��� ���

³ &RORU %XUVW ���� ��� ���� ��$

��$

���

���

��$

��$

��

��

³ 6\QF /HYHO ���� ³ ���� ��� ���

³ ([WHUQDO 9LGHR ³ ³ ���� ��� ���

³ /HYHO ³ ³ ���� ���� ����
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2.4.1. Graphics I Mode

7KH 9'3 LV LQ *UDSKLFV , PRGH ZKHQ 0�� 0�� DQG 0� ELWV LQ 9'3 5HJLVWHUV � DQG � DUH ]HUR� :KHQ LQ

WKLVPRGH WKH 3DWWHUQ 3ODQH LV GLYLGHG LQWR D JULG RI �� FROXPQV E\ �� URZV RI SDWWHUQ SRVLWLRQV DV VKRZQ

LQ )LJXUH ���� (DFK RI WKH SDWWHUQ SRVLWLRQV FRQWDLQV � ð � SL[HOV� 7KH WDEOHV LQ 95$0 XVHG WR JHQHUDWH

WKH 3DWWHUQ 3ODQH DUH WKH 3DWWHUQ *HQHUDWRU� 1DPH� DQG &RORU 7DEOHV ZKLFK UHTXLUH ���� 95$0 E\WHV�

)LJXUH ��� LOOXVWUDWHV WKH PDSSLQJ RI WKHVH WDEOHV LQWR WKH 3DWWHUQ 3ODQH� /HVV PHPRU\ LV UHTXLUHG LI DOO

��� SRVVLEOH SDWWHUQ GHILQLWLRQV DUH QRW UHTXLUHG� 7KH WDEOHV FDQ EH RYHUODSSHG WR UHGXFH WKH DPRXQW RI

95$0QHHGHG IRU SDWWHUQ JHQHUDWLRQ� ([DPSOHV RI95$0PHPRU\ DOORFDWLRQ DUH SURYLGHG LQ 6HFWLRQ ����

Figure 2-9: Pattern graphics n ame table ma pping
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Figure 2-10: Graphics I mode mapping

7KH3DWWHUQ*HQHUDWRU7DEOH FRQWDLQV D OLEUDU\ RI SDWWHUQV WKDW FDQEH GLVSOD\HG LQ WKH SDWWHUQ SRVLWLRQV�

,W LV ���� E\WHV ORQJ DQG LV DUUDQJHG LQWR ��� SDWWHUQV� HDFK RI ZKLFK LV � E\WHV ORQJ� \LHOGLQJ � ð � ELWV�

$OO RI WKH �V LQ WKH ��E\WH SDWWHUQ FDQ GHVLJQDWH RQH FRORU �FRORU ��� ZKLOH DOO RI WKH �V FDQ GHVLJQDWH

DQRWKHU FRORU �FRORU ���
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7KH IXOO ��ELW SDWWHUQ QDPH LV XVHG WR VHOHFW RQH RI WKH ��� SDWWHUQ GHILQLWLRQV LQ WKH 3DWWHUQ *HQHUDWRU

7DEOH� 7KH WDEOH LV D �����E\WH EORFN LQ 95$0EHJLQQLQJ RQ D ��NLORE\WH ERXQGDU\� 7KH VWDUWLQJ DGGUHVV

RI WKH WDEOH LV GHWHUPLQHG E\ WKH JHQHUDWRU EDVH DGGUHVV LQ 9'3 5HJLVWHU �� 7KH EDVH DGGUHVV IRUPV WKH

WKUHH 06%V RI WKH ���ELW 95$0DGGUHVV IRU HDFK 3DWWHUQ*HQHUDWRU 7DEOH HQWU\� 7KH QH[W � ELWV LQGLFDWH

WKH ��ELW QDPH RI WKH VHOHFWHG SDWWHUQ GHILQLWLRQ� 7KH ORZHVW � ELWV RI WKH 95$0 DGGUHVV LQGLFDWH WKH URZ

QXPEHU ZLWKLQ WKH SDWWHUQ GHILQLWLRQ�

7KHUH DUH � E\WHV UHTXLUHG IRU HDFK RI WKH ��� SRVVLEOH XQLTXH � ð � SDWWHUQ GHILQLWLRQV� 7KH ILUVW E\WH

GHILQHV WKH ILUVW URZ RI WKH SDWWHUQ� DQG WKH VHFRQG E\WH GHILQHV WKH VHFRQG URZ� 7KH ILUVW ELW RI HDFK RI WKH

HLJKW E\WHV GHILQHV WKH ILUVW FROXPQRI WKHSDWWHUQ� 7KH UHPDLQLQJ URZV DQG FROXPQV DUH VLPLODUO\ GHILQHG�

(DFK ELW HQWU\ LQ WKH SDWWHUQ GHILQLWLRQ VHOHFWV RQH RI WKH WZR FRORUV RI WKH SDWWHUQ� $ � ELW VHOHFWV WKH FRORU

FRGH �FRORU �� FRQWDLQHG LQ WKHPRVW VLJQLILFDQW � ELWV RI WKH FRUUHVSRQGLQJ FRORU WDEOH E\WH� $ � ELW VHOHFWV

WKH RWKHU FRORU FRGH �FRORU ��� $Q H[DPSOH RI SDWWHUQ GHILQLWLRQ PDSSLQJ LV SURYLGHG LQ )LJXUH �����

Row/Byte Column (Pattern) Bit (Pattern Definition)

� � � � � � � � � � � � � �

� & & & & & � � � � � � � �

� & � � � � � � � �

� & � � � � � � � �

� & & & & � � � � � � � �

� & � � � � � � � �

� & � � � � � � � �

� & & & & & � � � � � � � �

� � � � � � � � �

1RWHV� 9'3 5HJLVWHU � HQWU\ ��
��

�

&RORU FRGH � LV F\DQ �VLJQLILHG DERYH E\ �&���

&RORU FRGH � LV EODFN �VLJQLILHG DERYH E\ D VSDFH�

%LW � LV WKH PRVW VLJQLILFDQW ELW RI HDFK E\WH�

Figure 2-11: Pattern display mapping

7KH FRORU RI WKH �V DQG �V LV GHILQHG E\ WKH 3DWWHUQ &RORU 7DEOH WKDW FRQWDLQV �� HQWULHV� HDFK RI ZKLFK

LV � E\WH ORQJ� (DFK HQWU\ GHILQHV WZR FRORUV� WKH PRVW VLJQLILFDQW � ELWV RI HDFK HQWU\ GHILQH WKH FRORU RI

WKH �V� DQG WKH OHDVW VLJQLILFDQW � ELWV GHILQH WKH FRORU RI WKH �V� 7KH ILUVW HQWU\ LQ WKH FRORU WDEOH GHILQHV

WKH FRORUV IRU SDWWHUQV � WR �� WKH QH[W HQWU\ IRU SDWWHUQV � WR ��� DQG VR RQ� �6HH 7DEOH ��� IRU

DVVLJQPHQWV�� 7KXV� �� GLIIHUHQW SDLUV RI FRORUV PD\ EH GLVSOD\HG VLPXOWDQHRXVO\�
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7KH 3DWWHUQ 1DPH 7DEOH LV ORFDWHG LQ D FRQWLJXRXV ����E\WH EORFN LQ 95$0 EHJLQQLQJ RQ D ��NLORE\WH

ERXQGDU\� 7KH VWDUWLQJ DGGUHVV RI WKH 1DPH 7DEOH LV GHWHUPLQHG E\ WKH ��ELW 1DPH 7DEOH EDVH DGGUHVV

ILHOG LQ 9'3 5HJLVWHU �� 7KH EDVH DGGUHVV IRUPV WKH XSSHU � ELWV RI WKH ���ELW 95$0 DGGUHVV� 7KH ORZHU

�� ELWV RI WKH 95$0DGGUHVV DUH IRUPHG IURP WKH URZ DQG FROXPQ FRXQWHUV� $Q H[DPSOH RI SDWWHUQ QDPH

WDEOH DGGUHVVLQJ LV JLYHQ LQ 6HFWLRQ ����

Table 2-4: Graphics I Mode Color Table

Byte No. Pattern No. Byte No. Pattern No.

� �³� �� ���³���

� �³�� �� ���³���

� ��³�� �� ���³���

� ��³�� �� ���³���

� ��³�� �� ���³���

� ��³�� �� ���³���

� ��³�� �� ���³���

� ��³�� �� ���³���

� ��³�� �� ���³���

� ��³�� �� ���³���

�� ��³�� �� ���³���

�� ��³�� �� ���³���

�� ��³��� �� ���³���

�� ���³��� �� ���³���

�� ���³��� �� ���³���

�� ���³��� �� ���³���
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(DFK E\WH HQWU\ LQ WKH 1DPH 7DEOH LV HLWKHU WKH QDPH RI RU WKH SRLQWHU WR D SDWWHUQ GHILQLWLRQ LQ WKH

3DWWHUQ*HQHUDWRU 7DEOH� 7KHXSSHU � ELWV RI WKH ��ELW QDPH LGHQWLI\ WKH FRORU JURXS RI WKH SDWWHUQ� 7KHUH

DUH �� JURXSV RI � SDWWHUQV� 7KH VDPH WZR FRORUV DUH XVHG IRU DOO HLJKW SDWWHUQV LQ D JURXS� WKH FRORU FRGHV

DUH VWRUHG LQ WKH 9'3 &RORU 7DEOH� 7KH &RORU 7DEOH LV ORFDWHG LQ D ���E\WH EORFN LQ 95$0 EHJLQQLQJ RQ

D ���E\WH ERXQGDU\� 7KH WDEOH VWDUWLQJDGGUHVV LV GHWHUPLQHGE\ WKH��ELW&RORU7DEOH EDVH DGGUHVV LQ9'3

5HJLVWHU �� 7KH EDVH DGGUHVV IRUPV WKH XSSHU � ELWV RI WKH ���ELW &RORU 7DEOH HQWU\ 95$0 DGGUHVV� 7KH

QH[W ELW LV D � DQG WKH ORZHVW � ELWV DUH HTXDO WR WKH XSSHU � ELWV RI WKH FRUUHVSRQGLQJ1DPH7DEOH HQWULHV�

6LQFH WKH WDEOHV LQ 95$0 KDYH WKHLU EDVH DGGUHVVHV GHILQHG E\ WKH 9'3 UHJLVWHUV� D FRPSOHWH VZLWFK RI

WKH YDOXHV LQ WKH WDEOHV FDQ EHPDGH E\ VLPSO\ FKDQJLQJ WKH YDOXHV LQ WKH9'3UHJLVWHUV� 7KLV LV HVSHFLDOO\

XVHIXO ZKHQ RQH ZLVKHV WR WLPH VOLFH EHWZHHQ WZR RU PRUH VFUHHQV RI JUDSKLFV�

:KHQ WKH 3DWWHUQ*HQHUDWRU 7DEOH LV ORDGHGZLWK D SDWWHUQ VHW� PDQLSXODWLRQ RI WKH 3DWWHUQ1DPH7DEOH

FRQWHQWV FDQ FKDQJH WKH DSSHDUDQFH RI WKH VFUHHQ� $OWHUQDWLYHO\� D G\QDPLFDOO\� FKDQJLQJ VHW RI SDWWHUQV

WKURXJKRXW WKH FRXUVH RI D JUDSKLFV VHVVLRQ LV HDVLO\ DFFRPSOLVKHG VLQFH DOO WDEOHV DUH LQ 95$0� $ WRWDO

RI ���� 95$0 E\WHV DUH UHTXLUHG IRU WKH 3DWWHUQ� 1DPH� &RORU DQG *HQHUDWRU WDEOHV� /HVV PHPRU\ LV

QHHGHG LI DOO ��� SRVVLEOH SDWWHUQ GHILQLWLRQV DUH QRW UHTXLUHG� WKH WDEOHV FDQ EH RYHUODSSHG WR UHGXFH WKH

DPRXQW RI 95$0 QHHGHG IRU SDWWHUQ JHQHUDWLRQ� ([DPSOHV RI 95$0PHPRU\ DOORFDWLRQ DUH SURYLGHG LQ

6HFWLRQ ����

2.4.2. Graphics II Mode

7KH 9'3 LV LQ *UDSKLFV ,, PRGH ZKHQ PRGH ELWV 0�  �� 0�  �� DQG 0�  �� 7KH *UDSKLFV ,, PRGH LV

VLPLODU WR *UDSKLFV ,PRGH H[FHSW LW DOORZV D ODUJHU OLEUDU\ RI SDWWHUQV VR WKDW D XQLTXH SDWWHUQ JHQHUDWRU

HQWU\PD\ EHPDGH IRU HDFK RI WKH ��� ���ð ��� SDWWHUQ SRVLWLRQV RQ WKH YLGHR VFUHHQ� $GGLWLRQDOO\� PRUH

FRORU LQIRUPDWLRQ LV LQFOXGHG LQ HDFK � ð � JUDSKLFV SDWWHUQ� 7KXV� WZR XQLTXH FRORUV PD\ EH VSHFLILHG

IRU HDFK E\WH RI WKH � ð � SDWWHUQ� $ ODUJHU DPRXQW RI 95$0 ��� NLORE\WHV� LV UHTXLUHG WR LPSOHPHQW WKH

IXOO XVDJH RI WKH *UDSKLFV ,, PRGH�

/LNH *UDSKLFV ,PRGH� WKH *UDSKLFV ,, PRGH 3DWWHUQ 1DPH 7DEOH FRQWDLQV ��� HQWULHV ZKLFK FRUUHVSRQG

WR WKH ��� SDWWHUQ SRVLWLRQV RQ WKH GLVSOD\ VFUHHQ� %HFDXVH WKH *UDSKLFV , PRGH SDWWHUQ QDPHV DUH RQO\

� ELWV LQ OHQJWK� D PD[LPXP RI ��� SDWWHUQ GHILQLWLRQV PD\ EH DGGUHVVHG XVLQJ WKH DGGUHVVLQJ VFKHPH

GLVFXVVHG LQ 6HFWLRQ �������*UDSKLFV ,,PRGH� KRZHYHU� VHJPHQWV WKH GLVSOD\ VFUHHQ LQWR WKUHH HTXDO SDUWV

RI ��� SDWWHUQ SRVLWLRQV HDFK DQG DOVR VHJPHQWV WKH 3DWWHUQ *HQHUDWRU 7DEOH LQWR WKUHH HTXDO EORFNV RI

����E\WHV HDFK� 3DWWHUQ GHILQLWLRQV LQ WKH ILUVW WKLUG RI WKH GLVSOD\ VFUHHQ FRUUHVSRQG WR SDWWHUQ SRVLWLRQV

LQ WKH XSSHU WKLUG� /LNHZLVH� SDWWHUQ GHILQLWLRQV LQ WKH VHFRQG DQG WKLUG EORFNV RI WKH 3DWWHUQ *HQHUDWRU

7DEOH FRUUHVSRQG WR WKH VHFRQG DQG WKLUG DUHDV RI WKH 3DWWHUQ 3ODQH�
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7KH 3DWWHUQ 1DPH 7DEOH LV DOVR VHJPHQWHG LQWR WKUHH EORFNV RI ��� QDPHV HDFK VR WKDW QDPHV IRXQG LQ

WKH XSSHU WKLUG UHIHUHQFH SDWWHUQ GHILQLWLRQV DUH IRXQG LQ WKH XSSHU ���� E\WHV LQ 3DWWHUQ *HQHUDWRU

7DEOH� 6LPLODUO\� WKH VHFRQG DQG WKLUG EORFNV UHIHUHQFH SDWWHUQ GHILQLWLRQV LQ WKH VHFRQG �����E\WH EORFN

DQG WKLUG�����E\WH EORFN UHVSHFWLYHO\� 7KXV� LI ���SDWWHUQVDUHXQLTXHO\ VSHFLILHG� DQ��ELWSDWWHUQQDPH

ZLOO EH XVHG WKUHH WLPHV� RQFH LQ HDFK VHJPHQW RI WKH 3DWWHUQ 1DPH 7DEOH� 7KH 3DWWHUQ *HQHUDWRU 7DEOH

IDOOV RQ ��NLORE\WH ERXQGDULHV DQGPD\ EH ORFDWHG LQ WKH XSSHU RU ORZHU KDOI RI ��.PHPRU\ EDVHG RQ WKH

06% RI WKH SDWWHUQ JHQHUDWRU EDVH LQ 9'3 5HJLVWHU �� 7KH /6%V PXVW EH VHW WR DOO �V�

7KH&RORU 7DEOH LV DOVR ����E\WHV ORQJ DQG LV VHJPHQWHG LQWR WKUHH HTXDO EORFNV RI ���� E\WHV� (DFK HQWU\

LQ WKH 3DWWHUQ &RORU 7DEOH LV � E\WHV ZKLFK SURYLGHV WKH FDSDELOLW\ WR XQLTXHO\ VSHFLI\ FRORU � DQG FRORU

� IRU HDFK RI WKH � E\WHV RI WKH FRUUHVSRQGLQJ SDWWHUQ GHILQLWLRQ� 7KH DGGUHVVLQJ VFKHPH LV H[DFWO\ OLNH WKDW

RI WKH 3DWWHUQ *HQHUDWRU 7DEOH H[FHSW IRU WKH ORFDWLRQ RI WKH WDEOH LQ 95$0� 7KLV LV FRQWUROOHG E\ WKH

ORDGLQJ RI WKH 06% RI WKH FRORU EDVH LQ 9'3 5HJLVWHU �� 7KH /6%V PXVW EH VHW WR DOO �V�

)LJXUH ���� LOOXVWUDWHV WKH *UDSKLFV ,, PRGH PDSSLQJ VFKHPH� 1RWH WKDW SDWWHUQ QDPHV� 3�� 3�� DQG 3��

FRUUHVSRQG WR SDWWHUQ JHQHUDWRU HQWULHV LQ WKH WKUHH EORFNV RI WKH3DWWHUQ*HQHUDWRU7DEOH�1RWH DOVR KRZ

WKHVH WKUHH QDPHV PDS WR WKH GLVSOD\ VFUHHQ� )LJXUH ���� LV DQ H[DPSOH RI D 3DWWHUQ *HQHUDWRU DQG

3DWWHUQ &RORU 7DEOH HQWU\�
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Figure 2-12: Graphics II Mode Mapping
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5RZ � � � � 5RZ

� � � � � � � � � % � % % % % % � � �%ODFN� % �/W� <HOORZ� �

� � � � � � � � � % % � % % % � % � �&\DQ� % �/W� <HOORZ� �

� � � � � � � � � % % % & % & % % & �*UHHQ� % �/W� <HOORZ� �

� � � � � � � � � % % % % ( % % % ( �*UD\� % �/W� <HOORZ� �

� � � � � � � � � % % % % � % % % � �0HG� 5HG� % �/W� <HOORZ� �

� � � � � � � � � % % % % � % % % � �/W� %OXH� % �/W� <HOORZ� �

� � � � � � � � � % % % % � % % % � �'N� 5HG� % �/W� <HOORZ� �

� � � � � � � � � % % % % ' % % % ' �0DJHQWD� % �/W� <HOORZ� �

3DWWHUQ *HQHUDWRU

7DEOH (QWU\

3DWWHUQ 3DWWHUQ &RORU

7DEOH (QWU\

Figure 2-13: Pattern display mapping

2.4.3. Multicolor Mode

7KH 9'3 LV LQ 0XOWLFRORU PRGH ZKHQ PRGH ELWV 0�  �� 0�  �� DQG 0�  �� 0XOWLFRORU PRGH SURYLGHV

DQ XQUHVWULFWHG ��ð �� FRORU VTXDUH GLVSOD\� (DFK FRORU VTXDUH FRQWDLQV D �ð � EORFN RI SL[HOV� 7KH FRORU

RI HDFK RI WKH FRORU VTXDUHV FDQ EH DQ\ RQH RI WKH �� YLGHR GLVSOD\ FRORUV SOXV WUDQVSDUHQW� &RQVHTXHQWO\�

DOO �� FRORUV FDQ EH XVHG VLPXOWDQHRXVO\ LQ WKH0XOWLFRORUPRGH� 7KH %DFNGURS DQG 6SULWH 3ODQHV DUH VWLOO

DFWLYH LQ WKH 0XOWLFRORU PRGH�

7KH 0XOWLFRORU 1DPH 7DEOH LV WKH VDPH DV WKDW IRU WKH JUDSKLFV PRGHV� FRQVLVWLQJ RI ��� QDPH HQWULHV�

DOWKRXJK WKHQDPHQR ORQJHU SRLQWV WR D FRORU OLVW� &RORU LV QRZGHULYHG IURP WKH3DWWHUQ*HQHUDWRU7DEOH�

7KH QDPH SRLQWV WR DQ ��E\WH VHJPHQW RI 95$0 LQ WKH 3DWWHUQ *HQHUDWRU 7DEOH�

2QO\ � E\WHV RI WKH ��E\WH VHJPHQW DUH XVHG WR VSHFLI\ WKH VFUHHQ LPDJH� 7KHVH � E\WHV VSHFLI\ IRXU FRORUV�

HDFK FRORU RFFXS\LQJ D � ð � SL[HO DUHD� 7KH � 06%V RI WKH ILUVW E\WH GHILQH WKH FRORU RI WKH XSSHU OHIW

TXDUWHU RI WKH PXOWLFRORU SDWWHUQ� WKH /6%V GHILQH WKH FRORU RI WKH XSSHU ULJKW TXDUWHU� 7KH VHFRQG E\WH

VLPLODUO\ GHILQHV WKH ORZHU OHIW DQG ULJKW TXDUWHUV RI WKH PXOWLFRORU SDWWHUQ� 7KH � E\WHV WKXV PDS LQWR

DQ � ð � SL[HO PXOWLFRORU SDWWHUQ� �6HH )LJXUH ������
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Figure 2-14: Multicolor list mapping

7KH ORFDWLRQ RI WKH � E\WHVZLWKLQ WKH ��E\WH VHJPHQW SRLQWHG WR E\ WKHQDPH LV GHSHQGHQW XSRQ WKH VFUHHQ

SRVLWLRQZKHUH WKH QDPH LVPDSSHG� )RU QDPHV LQ WKH WRS URZ �QDPHV �³���� WKH � E\WHV DUH WKH ILUVW WZR

ZLWKLQ WKH JURXSV RI ��E\WH VHJPHQWV SRLQWHG WR E\ WKH QDPHV� 7KH QH[W URZ RI QDPHV ���³��� XVHV WKH

E\WHV � DQG � ZLWKLQ WKH ��E\WH VHJPHQWV� 7KH QH[W URZ RI QDPHV XVHV E\WHV � DQG � ZKLOH WKH ODVW URZ RI

QDPHV XVHV E\WHV � DQG �� 7KLV VHULHV UHSHDWV IRU WKH UHPDLQGHU RI WKH VFUHHQ�

)RU H[DPSOH� UHIHUULQJ WR )LJXUH ����� LI 1DPH 7DEOH HQWU\ � �SDWWHUQ SRVLWLRQ �� PXOWLFRORU EORFN �1

�QDPH 1�� WKH PXOWLFRORU SDWWHUQ GLVSOD\HG ZLOO EH DQ � ð � SL[HO EORFN FRQVLVWLQJ RI FRORUV $� %� &� DQG

' ZKLFK FRPSULVH WKH ILUVW WZR E\WHV RI WKH 0XOWLFRORU 7DEOH� ,I� KRZHYHU� QDPH �1 LV ORFDWHG LQ 1DPH

7DEOH HQWU\ ��� �SDWWHUQ SRVLWLRQ ���� WKH FRORUV GLVSOD\HG ZLOO EH FRORUV (� )� *� DQG + DV VSHFLILHG E\

E\WHV � DQG � RI WKH PXOWLFRORU EORFN SRLQWHG WR E\ WKH QDPH�

/LNHZLVH SDWWHUQ SRVLWLRQ ZKLFK OLH LQ URZV � DQG � ZRXOG FDXVH FRORUV ,� -� .� /� DQG FRORU 0� 1� 2� 3�

UHVSHFWLYHO\� WR EH GLVSOD\HG� 7KXV� LW FDQ EH VHHQ WKDW WKH FRORU GLVSOD\HG IURP WKH PXOWLFRORU JHQHUDWRU

EORFN LV GHSHQGHQW XSRQ SDWWHUQ SRVLWLRQ RQ WKH VFUHHQ� )LJXUH ���� LOOXVWUDWHV WKH 0XOWLFRORU PRGH

PDSSLQJ VFKHPH�
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Figure 2-15: Multicolor block layout
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Figure 2-16: Multicolor mode mapping

7KHPDSSLQJ RI95$0FRQWHQWV WR VFUHHQ LPDJH LV VLPSOLILHG E\XVLQJ GXSOLFDWH QDPHV LQ WKH1DPH7DEOH

VLQFH WKH VHULHV RI E\WHV XVHG ZLWKLQ WKH ��E\WH VHJPHQW VSHFLILHV D � ð � FRORU VTXDUH SDWWHUQ RQ WKH

VFUHHQ DV D VWUDLJKWIRUZDUG WUDQVODWLRQ IURP WKH ��E\WH VHJPHQW LQ 95$0 SRLQWHG WR E\ WKH FRPPRQ

QDPH�

:KHQ XVHG LQ WKLV PDQQHU� ��� E\WHV DUH VWLOO XVHG IRU WKH 1DPH 7DEOH DQG ���� E\WHV DUH XVHG IRU WKH

FRORU LQIRUPDWLRQ LQ WKH 3DWWHUQ *HQHUDWRU 7DEOH ��� URZV ð �� FROXPQV ð � E\WHV�SDWWHUQ SRVLWLRQ��

7KXV� D WRWDO RI ���� E\WHV LQ 95$0 UH UHTXLUHG� ,W VKRXOG EH QRWHG WKDW WKH WDEOHV EHJLQ RQ HYHQ �. DQG

�. ERXQGDULHV DQG DUH WKHUHIRUH QRW FRQWLJXRXV� $Q H[DPSOH RI PXOWLFRORU 95$0PHPRU\ DOORFDWLRQ LV

JLYHQ LQ 6HFWLRQ ����
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2.4.4. Text mode

7KH9'3 LV LQ 7H[WPRGHZKHQPRGH ELWV 0� �� 0� �� DQG0� �� ,Q WKLVPRGH� WKH VFUHHQ LV GLYLGHG

LQWR D JULG RI �� WH[W SRVLWLRQV DFURVV DQG �� GRZQ� �6HH )LJXUH ������ (DFK RI WKH WH[W SRVLWLRQV FRQWDLQV

� SL[HOV DFURVV DQG � SL[HOV GRZQ� 7KH WDEOHV XVHG WR JHQHUDWH WKH 3DWWHUQ 3ODQH DUH WKH 3DWWHUQ 1DPH

7DEOH DQG WKH 3DWWHUQ *HQHUDWRU 7DEOH� 7KHUH FDQ EH XS WR ��� XQLTXH SDWWHUQV GHILQHG DW DQ\ WLPH� 7KH

SDWWHUQ GHILQLWLRQV DUH VWRUHG LQ WKH 3DWWHUQ JHQHUDWRU 7DEOH LQ 95$0 DQG FDQ EH G\QDPLFDOO\ FKDQJHG�

7KH95$0FRQWDLQV D3DWWHUQ1DPH7DEOHZKLFKPDSV WKHSDWWHUQGHILQLWLRQ LQWR HDFK RI WKH ��� SDWWHUQ

FHOOV RQ WKH 3DWWHUQ 3ODQH �)LJXUH ������ 6SULWHV DUH QRW DYDLODEOH LQ 7H[W PRGH�

Figure 2-17: Text mode n ame table pattern posit ions

$VZLWK WKH *UDSKLFV PRGHV� WKH 3DWWHUQ *HQHUDWRU 7DEOH FRQWDLQV D OLEUDU\ RI WH[W SDWWHUQV WKDW FDQ EH

GLVSOD\HG LQ WKH WH[W SRVLWLRQV� ,W LV ���� E\WHV ORQJ DQG LV DUUDQJHG LQ ��� WH[W SDWWHUQV� HDFK RI ZKLFK

LV � E\WHV ORQJ� 6LQFH HDFK WH[W SRVLWLRQ RQ WKH VFUHHQ LV RQO\ � SL[HOV DFURVV� WKH OHDVW VLJQLILFDQW � ELWV RI

HDFK WH[W SDWWHUQ DUH LJQRUHG� \LHOGLQJ � ð � ELWV LQ HDFK WH[W SDWWHUQ� (DFK ��E\WH EORFN GHILQHV D WH[W

SDWWHUQ LQ ZKLFK DOO WKH �V LQ WKH WH[W SDWWHUQ WDNH RQ RQH FRORU ZKHQ GLVSOD\HG RQ WKH VFUHHQ� ZKLOH DOO

WKH �V WDNH RQ DQRWKHU FRORU� 7KHVH FRORUV DUH FKRVHQ E\ ORDGLQJ 9'35HJLVWHU � ZLWK WKH FRORU � DQG FRORU

� LQ WKH OHIW DQG ULJKW QLEEOHV UHVSHFWLYHO\ �VHH 6HFWLRQ �����
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Figure 2-18: Mapping of VRAM into the pattern plane in text mode

,Q WKH 7H[W PRGH� WKH 3DWWHUQ 1DPH 7DEOH GHWHUPLQHV WKH SRVLWLRQ RI WKH WH[W SDWWHUQ RQ WKH VFUHHQ DV

VKRZQ LQ )LJXUH ����� 7KHUH DUH ��� HQWULHV LQ WKH 3DWWHUQ 1DPH 7DEOH� HDFK � E\WH ORQJ� 7KHUH LV D RQH�

WR�RQH FRUUHVSRQGHQFHEHWZHHQ WH[WSDWWHUQSRVLWLRQVRQ WKH VFUHHQDQGHQWULHV LQ WKH3DWWHUQQDPH7DEOH

���ð �� ����� 7KH ILUVW �� HQWULHV FRUUHVSRQG WR WKH WRS URZ RI WH[W SDWWHUQ SRVLWLRQ RQ WKH VFUHHQ� WKH

QH[W �� WR WKH VHFRQG URZ� DQG VR RQ� 7KH YDOXH RI DQ HQWU\ LQ WKH 3DWWHUQ 1DPH 7DEOH LQGLFDWHV ZKLFK

RI WKH ��� WH[W SDWWHUQV LV WR EH SODFHG DW WKDW VSRW RQ WKH 3DWWHUQ 3ODQH�

7KH 3DWWHUQ 1DPH 7DEOH LV ORFDWHG LQ D FRQWLJXRXV ����E\WH EORFN LQ 95$0� EHJLQQLQJ RQ D ��NLORE\WH

ERXQGDU\�7KH VWDUWLQJ DGGUHVV RI WKH QDPH WDEOH LV GHWHUPLQHG E\ WKH ��ELW QDPH WDEOH EDVH DGGUHVV ILHOG

LQ9'35HJLVWHU �� 7KH EDVH DGGUHVV IRUPV WKH XSSHU � ELWV RI WKH ���ELW 95$0DGGUHVV� 7KH ORZHU �� ELWV

LQ WKH 95$0 DGGUHVV SRLQW WR � RI ��� SDWWHUQ FHOOV� 7KH QDPH WDEOH LV RUJDQL]HG E\ URZV� $Q H[DPSOH

RI 3DWWHUQ 1DPH 7DEOH DGGUHVVLQJ LV JLYHQ LQ 6HFWLRQ ��

(DFK E\WH HQWU\ LQ WKH QDPH WDEOH LV WKH SRLQWHU WR D SDWWHUQ GHILQLWLRQ LQ WKH 3DWWHUQ *HQHUDWRU 7DEOH�

7KH VDPH WZR FRORUV DUH XVHG IRU DOO ��� SDWWHUQV� WKH FRORU FRGHV DUH VWRUHG LQ 9'3 5HJLVWHU ��
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$V WKH QDPH LPSOLHV� WKH 7H[WPRGH LV LQWHQGHG PDLQO\ IRU WH[WXDO DSSOLFDWLRQV� HVSHFLDOO\ WKRVH LQZKLFK

WKH �� SDWWHUQV�SHU�OLQH LQ*UDSKLFVPRGHV LV LQVXIILFLHQW� 7KH DGYDQWDJH LV WKDW HLJKW PRUH SDWWHUQV FDQ

EH ILWWHG RQWR RQH OLQH� WKH GLVDGYDQWDJHV DUH WKDW VSULWHV FDQQRW EH XVHG� DQG RQO\ WZR FRORUV DUH DYDLODEOH

IRU WKH HQWLUH VFUHHQ�

:LWK FDUH� WKH VDPH WH[W SDWWHUQ VHW WKDW LV XVHG LQ 7H[W PRGH FDQ EH DOVR XVHG LQ *UDSKLFV , PRGH� 7KLV

LV GRQH E\ HQVXULQJ WKDW WKH OHDVW VLJQLILFDQW � ELWV RI DOO WKH FKDUDFWHU SDWWHUQV DUH �� 7KXV� D VZLWFK IURP

7H[WPRGH WR 3DWWHUQ PRGH UHVXOWV LQ D VWUHWFKLQJ RI WKH VSDFH EHWZHHQ FKDUDFWHUV� DQG D UHGXFWLRQ RI WKH

QXPEHU RI FKDUDFWHUV SHU OLQH IURP �� WR ��� $V ZLWK WKH *UDSKLFV PRGHV� RQFH D FKDUDFWHU VHW KDV EHHQ

GHILQHG DQG SODFHG LQWR WKH 3DWWHUQ *HQHUDWRU� XSGDWLQJ WKH 3DWWHUQ 1DPH 7DEOH ZLOO SURGXFH DQG

PDQLSXODWH WH[WXDO PDWHULDO RQ WKH VFUHHQ�

7KH IXOO ��ELW SDWWHUQQDPH LV XVHG WR VHOHFW � RI WKH ��� SDWWHUQ GHILQLWLRQV LQ WKH SDWWHUQ JHQHUDWRU WDEOH�

7KH WDEOH LV D �����E\WH EORFN LQ 95$0� EHJLQQLQJ RQ D ��NLORE\WH ERXQGDU\� 7KH VWDUWLQJ DGGUHVV RI WKH

WDEOH LV GHWHUPLQHG E\ WKH JHQHUDWRU EDVH DGGUHVV LQ 9'3 5HJLVWHU �� 7KH EDVH DGGUHVV IRUPV WKH �06%V

RI WKH ���ELW 95$0DGGUHVV IRU HDFK 3DWWHUQ*HQHUDWRU 7DEOH HQWU\� 7KH QH[W � ELWV DUH HTXDO WR WKH ��ELW

QDPH RI WKH VHOHFWHG SDWWHUQ GHILQLWLRQ� 7KH ORZHVW � ELWV RI WKH 95$0 DGGUHVV DUH HTXDO WR WKH URZ

QXPEHU ZLWKLQ WKH SDWWHUQ GHILQLWLRQ�

7KHUH DUH � E\WHV UHTXLUHG IRU HDFK RI WKH ��� SRVVLEOH XQLTXH � ð � SDWWHUQ GHILQLWLRQV� 7KH ILUVW E\WH

GHILQHV WKH ILUVW WRZ RI WKH SDWWHUQ� DQG WKH VHFRQGE\WH GHILQHV WKH VHFRQG URZ�7KH OHDVW VLJQLILFDQW � ELWV

LQ HDFK E\WH DUH QRW XVHG� +RZHYHU� LW LV VWURQJO\ UHFRPPHQGHG WKDW WKHVH ELWV EH �V� (DFK ELW HQWU\ LQ WKH

SDWWHUQ GHILQLWLRQ VHOHFWV RQ RI WKH WZR FRORUV IRU WKDW SDWWHUQ� $ � ELW VHOHFWV WKH FRORU FRGH �FRORU ��

FRQWDLQHG LQ WKH PRVW VLJQLILFDQW � ELWV RI 9'3 5HJLVWHU �� $ � ELW VHOHFWV WKH RWKHU FRORU FRGH �FRORU ��

ZKLFK LV LQ WKH OHDVW VLJQLILFDQW � ELWV RI WKH VDPH 9'3 5HJLVWHU� )LJXUH ���� LV DQ H[DPSOH RI SDWWHUQ

GHILQLWLRQ PDSSLQJ�

$ WRWDO RI ���� 95$0 E\WHV DUH UHTXLUHG IRU WKH 3DWWHUQ 1DPH *HQHUDWRU 7DEOHV� /HVV PHPRU\ LV

UHTXLUHG LI DOO ��� SRVVLEOH SDWWHUQ GHILQLWLRQV DUH QRW UHTXLUHG� WKH WDEOHV FDQEH RYHUODSSHG WR UHGXFH WKH

DPRXQW RI 95$0 QHHGHG IRU SDWWHUQ JHQHUDWLRQ� ([DPSOHV RI 95$0PHPRU\ DOORFDWLRQ DUH SURYLGHG LQ

6HFWLRQ ����

2.4.5. Sprites

7KH YLGHR GLVSOD\ FDQ KDYH XS WR �� VSULWHV RQ WKH KLJKHVW SULRULW\ YLGHR SODQHV� 7KH VSULWHV DUH VSHFLDO

DQLPDWLRQ SDWWHUQV ZKLFK SURYLGH VPRRWK PRWLRQ DQG PXOWLOHYHO SDWWHUQ RYHUOD\LQJ� 7KH ORFDWLRQ RI D

VSULWH LV GHILQHG E\ WKH WRS OHIW�KDQG FRUQHU RI WKH VSULWH SDWWHUQ� 7KH VSULWH FDQ EH HDVLO\PRYHG SL[HO�E\�

SL[HO E\ UHGHILQLQJ WKH VSULWH RULJLQ� 7KLV SURYLGHV D VLPSOH EXW SRZHUIXOPHWKRG RI TXLFNO\ DQG VPRRWKO\

PRYLQJ VSHFLDO SDWWHUQV� 7KH VSULWHV DUH QRW DFWLYH LQ WKH 7H[W PRGH� 7KH �� 6SULWH 3ODQHV DUH IXOO\

WUDQVSDUHQW RXWVLGH RI WKH VSULWH LWVHOI�
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7KH VXE�EORFNV LQ 95$0 WKDW GHILQH VSULWHV DUH WKH 6SULWH $WWULEXWH 7DEOH �VHH )LJXUH ����� DQG WKH

6SULWH*HQHUDWRU7DEOH �VHH6HFWLRQ����� 7KHVH WDEOHV DUH VLPLODU WR WKHLU HTXLYDOHQWV LQ WKHSDWWHUQUHDOP

LQ WKDW WKH 6SULWH$WWULEXWH7DEOH VSHFLILHVZKHUH WKH VSULWH JRHV RQ WKH VFUHHQ�ZKLOH WKH 6SULWH*HQHUDWRU

7DEOH GHVFULEHV ZKDW WKH VSULWH ORRNV OLNH� 6SULWH 3DWWHUQ IRUPDWV DUH JLYHQ LQ 7DEOH ����

Bit

� � � � � � � �

Byte

� 9HUWLFDO 3RVLWLRQ

� +RUL]RQWDO 3RVLWLRQ

� 1DPH

� (DUO\

&ORFN

%LW

� � � &RORU &RGH

Figure 2-19: Sprite Attribute Table entry

Table 2-5: Sprite Pattern Formats

Size Mag Area Resolution Bytes/Pattern

� � � ð � VLQJOH SL[HO �

� � �� ð �� VLQJOH SL[HO ��

� � �� ð �� � ð � SL[HOV �

� � �� ð �� �ð� SL[HOV ��

)LJXUH ���� LOOXVWUDWHV WKH PDQQHU LQ ZKLFK WKH 95$0 WDEOHV PDS LQWR WKH H[LVWHQFH RI VSULWHV RQ WKH

GLVSOD\� 6LQFH WKHUH DUH �� VSULWHV DYDLODEOH IRU GLVSOD\� WKHUH DUH �� HQWULHV LQ WKH 6SULWH $WWULEXWH 7DEOH�

(DFK HQWU\ FRQVLVWV RI IRXU E\WHV� 7KH HQWULHV DUH RUGHUHG VR WKDW WKH ILUVW HQWU\ FRUUHVSRQGV WR WKH VSULWH

RQ WKH VSULWH � SODQH� WKH QH[W WR WKH VSULWH RQ WKH VSULWH � SODQH� DQG VR RQ� 7KH 6SULWH $WWULEXWH 7DEOH

LV � ð ��  ��� DQG LV ORFDWHG LQ D FRQWLJXRXV ����E\WH EORFN LQ 95$0� EHJLQQLQJ RQ D ����E\WH

ERXQGDU\�

7KH VWDUWLQJ DGGUHVV RI WKH WDEOH LV GHWHUPLQHG E\ WKH ��ELW 6SULWH $WWULEXWH 7DEOH EDVH DGGUHVV LQ 9'3

5HJLVWHU �� 7KH EDVH DGGUHVV IRUPV WKH XSSHU � ELWV RI WKH ���ELW 95$0 DGGUHVV� 7KH QH[W � ELWV RI WKH

95$0 DGGUHVV DUH HTXDO WR WKH VSULWH QXPEHU� 7KH ORZHVW � ELWV VHOHFW � RI WKH � E\WHV LQ 6SULWH �

$WWULEXWH 7DEOH HQWU\ IRU HDFK VSULWH� (DFK WDEOH HQWU\ FRQWDLQV � E\WHV ZKLFK VSHFLI\ WKH VSULWH SRVLWLRQ�

VSULWH SDWWHUQ QDPH� DQG FRORU� DV VKRZQ LQ )LJXUH �����
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Figure 2-20: Sprite mapping

7KH ILUVW WZR E\WHV RI HDFK HQWU\ RI WKH 6SULWH $WWULEXWH 7DEOH GHWHUPLQH WKH SRVLWLRQ RI WKH VSULWH RQ WKH

GLVSOD\� 7KH ILUVW E\WH LQGLFDWHV WKH YHUWLFDO GLVWDQFH RI WKH VSULWH IURP WKH WRS RI WKH VFUHHQ� LQ SL[HOV� ,W

LV GHILQHG VXFK WKDW D YDOXH RI �� SXWV WKH VSULWH EXWWHG XS DW WKH WRS RI WKH VFUHHQ� WRXFKLQJ WKH EDFNGURS

DUHD�7KH VHFRQG E\WH GHVFULEHV WKH KRUL]RQWDO GLVSODFHPHQW RI WKH VSULWH IURP WKH OHIW HGJH RI WKH GLVSOD\�

$ YDOXH RI � EXWWV WKH VSULWH XS DJDLQVW WKH OHIW HGJH RI WKH EDFNGURS� 1RWH WKDW DOO PHDVXUHPHQWV DUH

WDNHQ IURP WKH XSSHU OHIW SL[HO RI WKH VSULWH�

:KHQ WKH ILUVW WZR E\WHV RI DQ HQWU\ SRVLWLRQ D VSULWH VR LW RYHUODSV EDFNGURS� WKH SDUW RI WKH VSULWH WKDW

LV ZLWKLQ WKH EDFNGURS LV GLVSOD\HG QRUPDOO\� 7KH SDUW RI WKH VSULWH WKDW RYHUODSV WKH EDFNGURS LV KLGGHQ

IURP YLHZ E\ WKH EDFNGURS� 7KLV DOORZV WKH DQLPDWRU WR PRYH D VSULWH LQWR GLVSOD\ IURP EHKLQG WKH

EDFNGURS�
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7KH GLVSODFHPHQW LQ WKH ILUVW E\WH LV SDUWLDOO\ VLJQHG� LQ WKDW YDOXHV IRU YHUWLFDO GLVSODFHPHQW EHWZHHQ���

DQG � �(�
��
WR �� DOORZ D VSULWH WR EOHHG�LQ IURP WKH ULJKW VLGH RI WKH VFUHHQ� 7R DOORZ VSULWHV WR EOHHG�LQ

IURP WKH OHIW HGJH RI WKH EDFNGURS� D VSHFLDO ELW LQ WKH WKLUG E\WH RI WKH 6SULWH $WWULEXWH 7DEOH HQWU\ LV

XVHG�

%\WH � RI WKH 6SULWH$WWULEXWH7DEOH HQWU\ FRQWDLQV WKHSRLQWHU WR WKH 6SULWH*HQHUDWRU7DEOH WKDW VSHFLILHV

ZKDW WKH VSULWH VKRXOG ORRN OLNH� 7KLV LV DQ ��ELW SRLQWHU WR WKH VSULWH SDWWHUQV GHILQLWLRQ� WKH 6SULWH

*HQHUDWRU 7DEOH� 7KH VSULWH QDPH LV VLPLODU WR WKDW LQ WKH *UDSKLFV PRGHV�

%\WH � RI WKH 6SULWH $WWULEXWH 7DEOH HQWU\ FRQWDLQV WKH FRORU RI WKH VSULWH LQ LWV ORZHU � ELWV �VHH 7DEOH ���

IRU FRORU DVVLJQPHQWV�� 7KH 06% LV WKH (DUO\ &ORFN �(&� ELW� :KHQ VHW WR �� WKLV ELW GRHV QRWKLQJ� :KHQ

VHW WR �� WKH KRUL]RQWDO SRVLWLRQ RI WKH VSULWH LV VKLIWHG WR WKH OHIW E\ �� SL[HOV� 7KLV DOORZV D VSULWH WR EOHHG�

LQ IURP WKH OHIW HGJH RI WKH EDFNGURS� 9DOXHV IRU KRUL]RQWDO GLVSODFHPHQW �E\WH � LQ WKH HQWU\� LQ WKH UDQJH

� WR �� FDXVH WKH VSULWH WR RYHUODS ZLWK WKH OHIW�KDQG ERUGHU RI WKH EDFNGURS�

7KH 6SULWH *HQHUDWRU 7DEOH LV D PD[LPXP RI ���� E\WHV ORQJ EHJLQQLQJ RQ WKH ��NLORE\WH ERXQGDULHV� ,W

LV DUUDQJHG LQ ��� EORFNV RI � E\WHV HDFK� 7KH WKLUG E\WH RI WKH 6SULWH$WWULEXWH 7DEOH HQWU\� WKHQ VSHFLILHV

ZKLFK ��E\WH EORFN WR XVH WR VSHFLI\ D VSULWH
V VKDSH� 7KH �V LQ WKH 6SULWH *HQHUDWRU FDXVH WKH VSULWH WR EH

GHILQHG DW WKH SRLQW� �V FDXVH WKH WUDQVSDUHQW FRORU WR EH XVHG� 7KH VWDUWLQJ DGGUHVV RI WKH WDEOH LV

GHWHUPLQHG E\ WKH VSULWH JHQHUDWRU EDVH DGGUHVV LQ 9'3 5HJLVWHU �� 7KH EDVH DGGUHVV IRUPV WKH � 06%

RI WKH ���ELW 95$0 DGGUHVV� 7KH QH[W � ELWV RI WKH DGGUHVV DUH HTXDO WR VSULWH QDPH� DQG WKH ODVW � ELWV

DUH HTXDO WR WKH URZ QXPEHU ZLWKLQ WKH VSULWH SDWWHUQ� 7KH DGGUHVV IRUPDWLRQ LV VOLJKWO\ PRGLILHG IRU

6,=(�
VSULWHV�

7KHUH LV D PD[LPXP OLPLW RI IRXU VSULWHV WKDW FDQ EH GLVSOD\HG RQ RQH KRUL]RQWDO OLQH� ,I WKLV UXOH LV

YLRODWHG� WKH IRXU KLJKHVW SULRULW\ VSULWHV RQ WKH OLQH DUH GLVSOD\HG QRUPDOO\� 7KH ILIWK DQG VXEVHTXHQW

VSULWHV DUH QRW GLVSOD\HG RQ WKDW OLQH� )XUWKHUPRUH� WKH ILIWK�VSULWH ELW LQ WKH 9'3 VWDWXV UHJLVWHU LV VHW

WR D �� DQG WKH QXPEHU RI WKH YLRODWLQJ ILIWK VSULWH LV ORDGHG LQWR WKH VWDWXV UHJLVWHU �VHH 6HFWLRQ �����

/DUJHU VSULWHV WKDQ �ð�SL[HOV FDQEHXVHG LI GHVLUHG� 7KH0$*DQG 6,=( ELWV LQ 9'35HJLVWHU � DUH XVHG

WR VHOHFW WKH YDULRXV RSWLRQV GHVFULEHG LQ WKH IROORZLQJ SDUDJUDSKV�

0$*  �� 6,=(  � 1R RSWLRQV FKRVHQ�

0$* �� 6,=( � 7KH 6SULWH *HQHUDWRU 7DEOH XVHV � E\WHV WR GHVFULEH WKH VSULWH� KRZHYHU� HDFK ELW

LQ WKH 6SULWH *HQHUDWRU PDSV LQWR � ð � SL[HOV RQ WKH 79 VFUHHQ� HIIHFWLYHO\

GRXEOLQJ WKH VL]H RI WKH VSULWH WR �� ð ���

0$* �� 6,=( � 7KH 6SULWH *HQHUDWRU 7DEOH XVHV �� E\WHV WR GHILQH WKH VSULWH VKDSH� WKH UHVXOW LV

D �� ð ���SL[HO VSULWH� 7KH PDSSLQJ RI WKH �� E\WHV LQWR WKH VSULWH LPDJH LV DV

VKRZQ LQ )LJXUH ����� 0DSSLQJ LV VWLOO � ELW WR � SL[HO�

0$*  �� 6,=(  � 6DPH DV 0$*  �� 6,=(  �� H[FHSW HDFK ELW QRZ PDSV LQWR D � ð ��SL[HO DUHD�

\LHOGLQJ D �� ð �� VSULWH�
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7KH 9'3 SURYLGHV VSULWH FRLQFLGHQFH FKHFNLQJ� 7KH FRLQFLGHQFH VWDWXV IODJ LQ WKH 9'3 VWDWXV UHJLVWHU LV

VHW WR D � ZKHQHYHU WZR DFWLYH VSULWHV KDYH � ELWV DW WKH VDPH VFUHHQ ORFDWLRQ�

6SULWH SURFHVVLQJ LV WHUPLQDWHG LI WKH 9'3 ILQGV D YDOXH RI ��� �'�
��
� LQ WKH YHUWLFDO SRVLWLRQ ILHOG RI DQ\

HQWU\ LQ WKH 6SULWH $WWULEXWH 7DEOH� 7KLV SHUPLWV WKH 6SULWH $WWULEXWH 7DEOH WR EH VKRUWHQHG WR WKH

PLQLPXP VL]H UHTXLUHG� LW DOVR SHUPLWV WKH XVHU WR EODQN RXW SDUW RU DOO RI WKH VSULWHV E\ VLPSO\ FKDQJLQJ

RQH E\WH LQ 95$0�

$ WRWDO RI ���� 95$0E\WHV DUH UHTXLUHG IRU WKH 6SULWH1DPHDQG 3DWWHUQ DQG 3DWWHUQ*HQHUDWRU 7DEOHV�

6LJQLILFDQWO\ OHVV PHPRU\ LV UHTXLUHG LI DOO ��� SRVVLEOH VSULWH SDWWHUQ GHILQLWLRQV DUH QRW UHTXLUHG� 7KH

6SULWH $WWULEXWH 7DEOH FDQ DOVR EH VKRUWHQHG DV GHVFULEHG LQ WKH SUHFHGLQJ SDUDJUDSK� 7KH WDEOHV FDQ EH

RYHUODSSHG WR UHGXFH WKH DPRXQW RI 95$0 UHTXLUHG IRU VSULWH JHQHUDWLRQ� ([DPSOHV RI 95$0 PHPRU\

DOORFDWLRQ DUH SURYLGHG LQ 6HFWLRQ ����
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Figure 2-21: Size 1 sprite mapping
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2.4.6. A Step-by-Step Approach to Create Patterns and Sprites

2.4.6.1. Patterns

�� 8VH DQ � ð � SDWWHUQ VLPLODU WR WKDW LQ )LJXUH $� (DFK VPDOO VTXDUH UHSUHVHQWV RQH SL[HO RQ WKH

VFUHHQ�

Figure A

�� )LOO LQ WKH EORFNV WR FUHDWH \RXU WH[W FKDUDFWHU RU JUDSKLFV SDWWHUQ� ([DPSOHV RI WKH OHWWHU $ DQG

DQ $552: DUH VKRZQ LQ )LJXUHV % DQG &�

                               Figure B                                                                              Figure C
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1RWH� ,I WKHVH SDWWHUQV DUH WR EH XVHG LQ 7H[W PRGH� ��� SDWWHUQV SHU OLQH�� WKH SDWWHUQ VKRXOG EH

LQVLGH D OHIW�MXVWLILHG �ð � EORFN OLNH WKH $ VKRZQ LQ)LJXUH%� ,I DOO RI WKH 7H[W SDWWHUQV DUH LQVLGH

WKLV � ð � EORFN� WKH\ FDQ EH XVHG IRU 7H[W DQG *UDSKLFV , DQG ,, PRGHV�

�� $VVLJQ �V WR WKH ILOOHG�LQ DUHDV DQG �V WR WKH EODQNV� 7KHQ FRQYHUW WKH �V DQG �V WR WKHLU

KH[DGHFLPDO HTXLYDOHQWV� DV VKRZQ LQ )LJXUH '�

 ��������  ��
��

 ��������  ��
��

 ��������  ��
��

 ��������  ��
��

 ��������  )�
��

 ��������  ��
��

 ��������  ��
��

 ��������  ��
��

 ��������  ��
��

 ��������  ��
��

 ��������  ��
��

 ��������  ��
��

 ��������  ))
��

 ��������  ��
��

 ��������  ��
��

 ��������  ��
��

Figure D
(continues below)
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 ��������  ��
��

 ��������  &�
��

 ��������  ��
��

 ��������  &�
��

 ��������  ��
��

 ��������  &�
��

 ��������  ��
��

 ��������  )&
��

(continued from above)
Figure D

�� 1RZ SODFH WKH HLJKW E\WHV GHILQLQJ WKH SDWWHUQ LQWR WKH 3DWWHUQ *HQHUDWRU 7DEOH� $VVXPH WKH

3DWWHUQ *HQHUDWRU 7DEOH VXE�EORFN LV ORFDWHG DW ���
��
DQG WKH DUURZ SDWWHUQ LV WR EH QDPH ��

��
�

7KHQ SODFH WKH HLJKW SDWWHUQ E\WHV DV IROORZV�
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1DPH ��
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��� ��

��� ))

��� ��
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��� ��

���

3DWWHUQ

1DPH ��

���

��$

��%

��&

��'

��(

��)

���

� � � � � � � � � � � �

��� ��

3DWWHUQ

1DPH ��

��� ��

��� ��

��� ��

��� ��

��� ��

��� ��

��� ��

���

� � � � � � � � � � � �

$�� ��

3DWWHUQ

1DPH ��

$�� ��

$�$ ��

$�% ��

$�& )�

$�' ��

$�( ��

$�) ��
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1RWH�:KHQXVLQJ WH[W LQ \RXU DSSOLFDWLRQV� \RX FDQ SODFH WKH HLJKW E\WHV RI WKH WH[W FKDUDFWHU LQ LWV$6&,,

QXPEHU ORFDWLRQ�

([DPSOH�

$6&,, VSDFH  ��
��

"  �)
��

$  ��
��

%  ��
��

&  ��
��

HWF�

7KLV VLPSOLILHV ZULWLQJ WH[W WR WKH VFUHHQ� 6LPSO\ ZULWH WKH $6&,, GLUHFWO\ WR WKH 3DWWHUQ 1DPH 7DEOH� $

VSDFH FKDUDFWHU LV VKRZQ LQ 3DWWHUQ *HQHUDWRU 7DEOH SRVLWLRQ ��� DQG $ LV VKRZQ LQ SDWWHUQ QDPH ���

2.4.6.2. Sprites

�� 'HWHUPLQH ZKHWKHU WR XVH � ð � RU �� ð �� VSULWH SDWWHUQV� 7KHQ XVH WKH DSSURSULDWH ZRUN

SDWWHUQ� DV VKRZQ LQ )LJXUH ( DQG )�

Figure E
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Figure F

�� )LOO LQ WKH EORFNV WR FUHDWH \RXU VSULWH SDWWHUQ� ([DPSOHV DUH VKRZQ LQ )LJXUHV * DQG +�
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Figure G
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Figure H

�� 1H[W HQFRGH WKH VSULWH SDWWHUQV DV LQ WKH 3DWWHUQ 6HFWLRQ� 7KH � ð � VSULWH HQFRGHV H[DFWO\ DV WKH

� ð � SDWWHUQ� EXW WKH �� ð �� VSULWH HQFRGHV DV VKRZQ LQ )LJXUH -�
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 ��������  ��
��

 ��������  ��
��

 ��������  ��
��

 ��������  ��
��

 ��������  ��
��

 ��������  ��
��

 ��������  ��
��

 ��������  ��
��

Figure I
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�) ))

�) ))

�� ��

�� ��

�) )�

�) )�

�) )�

�) )�

�) )�

�) )�

�) )�

�� ��

�� ��

�� ��

)) )�

)) )�

Figure J

%UHDN WKH �� ð �� EORFN SDWWHUQ LQWR IRXU � ð � SDWWHUQV� 1H[W� HQFRGH WKH � ð � SDWWHUQV VWDUWLQJ LQ WKH

XSSHU OHIW FRUQHU� WKHQ GR WKH ORZHU OHIW� XSSHU ULJKW� DQG ORZHU ULJKW�

�� 3ODFH WKH � E\WHV IRU � ð � VSULWHV RU �� E\WHV IRU �� ð �� VSULWHV LQ WKH 6SULWH *HQHUDWRU 7DEOH�

$VVXPLQJ WKH 6SULWH *HQHUDWRU 7DEOH L[ ORFDWHG DW ORFDWLRQ ����� )LJXUHV . DQG / VKRZ KRZ WKH

WDEOHV VKRXOG ORRN IRU � ð � DQG �� ð �� VSULWHV�
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� ð �

��� ��

6SULWH

1DPH ��

��� ��

��� ��

��� ��

��� ��

��� ��

��� ��

��� ��

���

6SULWH

1DPH ��

���

��$

��%

��&

��'

��(

��)

��� � � � � � � � � �

Figure K
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�� ð ��

��� �)

8SSHU

/HIW

&RUQHU

6SULWH

1DPH ��

��� �)

��� ��

��� ��

��� �)

��� �)

��� �)

��� �)

��� �)

/RZHU

/HIW

&RUQHU

��� �)

��$ �)

��% ��

��& ��

��' ��

��( ))

��) ))

��� ))

8SSHU

5LJKW

&RUQHU

��� ))

��� ��

��� ��

��� )�

��� )�

��� )�

��� )�

��� )�

/RZHU

5LJKW

&RUQHU

��� )�

��$ )�

��% ��

��& ��

��' ��

��( )�

��) )�

��� ;; 6SULWH

1DPH ��

Figure L
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��ð �� VSULWH SDWWHUQV VWDUW LQ WKH WDEOH ZLWK WKH E\WH IURP WKH XSSHU OHIW�KDQG FRUQHU� 7KHQ VWDUW ZLWK

WKH XSSHU ULJKW� JRLQJ WRZDUG WKH ORZHU ULJKW�
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3. VDP INTERFACES AND OPERATION

3.1. VDP/VRAM Interface

7KH9'3FDQ DFFHVV XS WR ������ E\WHV RI 95$0XVLQJ D ���ELW 95$0DGGUHVV� WKH9'3 IHWFKHV GDWD IURP

WKH95$0 LQ RUGHU WR SURFHVV WKH YLGHR LPDJH GHVFULEHG ODWHU� WKH 9'3 DOVR VWRUHV GDWD LQ RU UHDGV LQ GDWD

IURP WKH 95$0 GXULQJ D &38�95$0 GDWD WUDQVIHU� 7KH 9'3 DXWRPDWLFDOO\ UHIUHVKHV WKH 95$0�

3.1.1. VRAM Interface Control S ignals

7KH 9'3�95$0 LQWHUIDFH FRQVLVWV RI WZR ��ELW GDWD EXVHV �5'��5'� XQLGLUHFWLRQDO� $'��$'�

ELGLUHFWLRQDO� DQG WKUHH FRQWURO OLQHV� DV VKRZQ LQ )LJXUH ���� 7KH 95$0 RXWSXWV GDWD WR WKH 9'3 RQ WKH

95$0 UHDG GDWD EXV �5'��5'��� 7KH 9'3 RXWSXWV ERWK WKH DGGUHVV DQG GDWD WR WKH 95$0 RYHU WKH

95$0 DGGUHVV�GDWD EXV �$'��$'��� 7KH 95$0 URZ DGGUHVV LV RXWSXW ZKHQ LV DFWLYH �ORZ�� 7KH5$6

FROXPQ DGGUHVV LV RXWSXW ZKHQ LV DFWLYH �ORZ�� 'DWD LV RXWSXW WR WKH 95$0 ZKHQ LV DFWLYH&$6 5�:

�ORZ��

3.1.2. VRAM Memory Types

7KH 9'3 FDQ XVH �����W\SH �.� �����W\SH �.� RU �����W\SH ��. G\QDPLF 5$0V� 7KH ����. ELW LQ 9'3

UHJLVWHU � LV D � IRU �����W\SH 5$0V DQG D � IRU ����� DQG �����W\SH 5$0V� 7KHUH LV D PLQRU GLIIHUHQFH

EHWZHHQ WKHZD\ ����V DQG ����V�����V DUHZLUHG WR WKH9'3� ,Q WKH ����� DOO SLQV DUH WLHG WR JURXQG�&(

,Q WKH ��������� WKH $� OLQHV RQ WKH ���� DQG ���� �WKH VDPH SLQ DV RQ ����V� DUH DOO WLHG WR $'� RQ&(

WKH 706����$� $ MXPSHU FDQ EH XVHG WR VHOHFW WKH 95$0 W\SH�

3.1.3. VDP to DRAM Address C onnections

7KH 9'3 FDQ EH HDVLO\ FRQQHFWHG WR HLWKHU WKH ���� RU ���� '5$0V� +RZHYHU� GXH WR GLIIHUHQW SLQ

QXPEHULQJ VWDQGDUGV� LW LV SRVVLEOH WR FRQQHFW WKH 9'3 WR WKH '5$0V LQFRUUHFWO\� 7DEOH ��� VKRZV WKH

UHFRPPHQGHGZD\ WR FRQQHFW D 9'3 WR HLWKHU '5$0�2WKHU '5$0V� VXFK DV WKH VLQJOH��9 VXSSO\ W\SH�

FDQ DOVR EH XVHG E\ IROORZLQJ WKH �. RU ��. FROXPQV LQ 7DEOH ����
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VDP 4116 or 16K 4027 or 4K

$'� 'DWD RQO\ 'DWD RQO\

$'� $� 'DWD RQO\

$'� $� $�

$'� $� $�

$'� $� $�

$'� $� $�

$'� $� $�

$'� $� $�

Figure 3-1: VDP to DRAM add ress c onnections

:KHQ FRQQHFWLQJ WKH GDWD SRUWV WRJHWKHU� HQVXUH WKDW FRUUHVSRQGLQJ 5$0V �DVVXPLQJ �ð �'5$0V� DUH

SURSHUO\ FRQQHFWHG WR WKH FRUUHVSRQGLQJ LQSXW RU RXWSXW RI WKH 9'3� )RU H[DPSOH� $'� RI WKH

FRUUHVSRQGLQJ LQSXW RU RXWSXW ' LQSXW RI WKH 5$0� DQG 5'� RI WKH 9'3 VKRXOG FRQQHFW WR WKH 4 RXWSXW

RI WKH VDPH 5$0� 7KH VDPH LV WUXH IRU DOO $' DQG 5' FRUUHVSRQGLQJ SLQV IRU HDFK RI WKH HLJKW '5$0V�

1RWH�

&'� LV WKH 06% RI WKH &' EXV� &'� LV WKH /6%�

$'� LV WKH 06% RI WKH $' EXV� $'� LV WKH /6%�

5'� LV WKH 06% RI WKH 5' EXV� 5'� LV WKH /6%�

5$0V KDYH WKH UHYHUVH FRQQHFWLRQ�

$'� LV WKH 06% RI WKH $' EXV� DQG $'� LV WKH /6%�

7KHUHIRUH� $'�RI WKH9'3FRQQHFWV WR$'RI WKH ����� DQG$'� FRQQHFWV WR $��'DWD FRPLQJ LQWR

WKH 9'3 RQ &'� JRHV WR 95$0 RQ $'� DQG UHWXUQV WR WKH 9'3 RQ 5'��
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Figure 3-1: VRAM interface
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3.2. VRAM Memory Address Derivation

7DEOH ��� VXPPDUL]HV WKH 95$0 GHULYDWLRQ IRU DOO 9'3 PRGHV RI RSHUDWLRQ� 6HFWLRQ � RI WKLV PDQXDO

FRQWDLQV H[DPSOHV RI KRZ W\SLFDO 95$0 DGGUHVVHV DUH FRPSXWHG E\ WKH 9'3�
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Table 3-2: Pattern Graphics Address Locat ion Tables
(continues below)

Address Type 0 1 2 3 4 5 6 7 8 9 10 11 12 13 Comments

1. Pattern NTB Pattern Name Table Base (VDP Reg 2)

    Name ROW
Pattern position

    Address COLUMN

2. Pattern COLB Pattern Color Table Base (VDP Reg 3)

    Color 0 Always "0" in Bit 8

    Address NAME (0-4) Five most significant bits of name

3. Pattern PGB Pattern Generator Base (VDP Reg 4)

    Generator NAME All 8 bits of name

    Address XXX Three LSBs form pattern row position

Graphics I Mode Address Location
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Table 3-2 (continued): Pattern Graphics Add ress Locat ion Tables

Address Type 0 1 2 3 4 5 6 7 8 9 10 11 12 13 Comments

1. Pattern NTB Pattern Name Table Base (VDP Reg 2)

    Name ROW Pattern Position Row

    Address COLUMN Pattern Position Column

2. Pattern Pattern Color Table Base MSB (VDP Reg 3)

    Color XX Two MSB from vertical counter

    Address NAME All 8 bits of name

XXX Color Table Byte/Line

3. Pattern Pattern Name Table Base MSB (VDP Reg 4)

    Generator XX Two MSB from vertical counter

    Address NAME All 8 bits of name

XXX Pattern/Generator Byte/Line number

Graphics II Mode Address Location
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Table 3-2 (continued): Pattern Graphics Add ress Locat ion Tables

Address Type 0 1 2 3 4 5 6 7 8 9 10 11 12 13 Comments

Text Mode NTB Pattern Name Table Base (VDP Reg 2)

Name Address TEXT POSITION equal (Text Position Row # times 40) plus
(Text Position Column Number)

Text Mode PGB Pattern Generator Base (VDP Reg 4)

Pattern NAME Name

Address XXX Byte/Line number

Text Mode Address Location

Address Type 0 1 2 3 4 5 6 7 8 9 10 11 12 13 Comments

Sprite SAB Sprite Attribute Table Base (VDP Reg 5)

Attribute SPRITE Sprite Number

Address XX Attribute Number:
00 for vertical position
01 for horizontal position
10 for name
11 for tag (early clock and color

Size = 0 SPGB Sprite Pattern Generator Base (VDP Reg 4)

Sprite Pattern NAME Name attribute of sprite

Generator XXX Three LSBs give Byte/Line number

Size = 1 SPGB Sprite Pattern Generator Base (VDP Reg 4)

Sprite Pattern NAME Six MSB of name

Generator XXX Size = 1 Sprite byte number (see Figure 4-4)

Sprite Address Location
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Table 3-2 (continued): Pattern Graphics Add ress Locat ion Tables

Address Type 0 1 2 3 4 5 6 7 8 9 10 11 12 13 Comments

4. Multicolor NTB Name Table Base (VDP Reg 2)

    Name ROW Pattern Position Row

    Address COLUMN Pattern Position Column

Text Mode PGB Pattern Generator Base (VDP Reg 4)

Pattern NAME Name from Name Fetch

Address XXX Three LSBs form Byte/Square Row

Multicolor Add ress Location

7KH706����$�����$ RSHUDWHV DW ��� OLQHV SHU IUDPH DQG DSSUR[LPDWHO\ �� IUDPHV SHU VHFRQG LQ D QRQ�

LQWHUODFHG PRGH RI RSHUDWLRQ� 7KH 706����$ RSHUDWHV DW ��� OLQHV SHU IUDPH DQG DSSUR[LPDWHO\ ��

IUDPHV SHU VHFRQG LQ D QRQ�LQWHUODFHG PRGH RI RSHUDWLRQ�

3.3. VRAM Addressing Example

$ W\SLFDO DSSOLFDWLRQ PLJKW UHTXLUH XS WR ��� XQLTXH � ð � SDWWHUQV ZLWK QR PRUH WKDQ � FRORUV SHU

SDWWHUQ DQG XS WR �� � ð � VSULWHV�

7KHVH FRQGLWLRQV GLFWDWH LQ ZKLFK PRGH WKH 9'3 LV WR EH XVHG� 7KH VSULWH UHTXLUHPHQW DQG WKH � ð �

SDWWHUQ EORFNV HOLPLQDWH WKH 7H[W DQG 0XOWLFRORU PRGHV� UHVSHFWLYHO\� 7KLV OHDYHV RQ WKH *UDSKLFV , DQG

*UDSKLFV ,, PRGHV� DQG VLQFH WZR FRORUV SHU EORFN DUH DOO WKDW DUH QHFHVVDU\� *UDSKLFV , LV HPSOR\HG GXH

WR LWV HDVH RI XVH�

)LJXUH ��� VKRZV D PHPRU\ PDS WKDW DOORZV WKHVH IXQFWLRQV WR ILW LQWR D �. PHPRU\ DUHD�
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5HJLVWHU YDOXHV IRU )LJXUH ��� DUH DV IROORZV�

5HJLVWHU �  �� ([WHUQDO 9'3 GLVDEOHG� 0�  �

5HJLVWHU �  &� ��. '5$0 VHOHFWHG� %ODQN  �� *UDSKLFV , PRGH VHOHFWHG� 6,=(  �� 0$*  �

5HJLVWHU �  �� 1DPH 7DEOH 6WDUW $GGUHVV #!����

5HJLVWHU �  �� &RORU 7DEOH 6WDUW $GGUHVV #!����

5HJLVWHU �  �� 3DWWHUQ *HQHUDWRU 6WDUW $GGUHVV #!����

5HJLVWHU �  �� 6SULWH $WWULEXWH 7DEOH 6WDUW $GGUHVV #!����

5HJLVWHU �  �� 6SULWH 3DWWHUQ *HQHUDWRU 6WDUW $GGUHVV #!����

5HJLVWHU �  ;; 'HWHUPLQHG E\ XVHU�

6SULWH *HQHUDWRU 7DEOH

����

�� ð � SDWWHUQV  ��� E\WHV

��))

6SULWH $WWULEXWH 7DEOH

����

�� VSULWHV ð � E\WHV  �� E\WHV

���)

8QXVHG

����

��))

&RORU 7DEOH

����

�� E\WHV

���)

8QXVHG

����

��))

3DWWHUQ 1DPH 7DEOH

����

�� OLQHV ð �� FKDUDFWHUV  ��� E\WHV

��))

8QXVHG

����

��))

3DWWHUQ *HQHUDWRU 6XE�%ORFN

����

��� SDWWHUQV ð � E\WHV�SDWWHUQ  ���� E\WHV

�)))

Figure 3-2: VDP-VRAM memory a llocation
(continues below)
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,I WKH VDPH DSSOLFDWLRQ UHTXLUHG �� ð �� ELW VSULWHV� WKHQ WKH PHPRU\ PDS FRXOG EH PRGLILHG DV IROORZV�

6SULWH *HQHUDWRU 7DEOH

����

�� �� ð �� VSULWHV

�� VSULWHV ð �� E\WHV  ���� E\WHV

��))

3DWWHUQ 7DEOH

����

�� OLQHV ð �� FKDU  ��� FKDU

��))

6SULWH $WWULEXWH 7DEOH

����

�� VSULWHV ð � E\WHV  ��� E\WHV

���)

&RORU 7DEOH

����

�� E\WHV

���)

8QXVHG

����

��))

3DWWHUQ *HQHUDWRU 6XE�%ORFN

����

�� SDWWHUQV ð � E\WHV HDFK  ���� E\WHV

�)))

(continued from above)
Figure 3-2: VDP-VRAM memory a llocation

3.4. Monitor Interfaces

3.4.1. TMS9918A Monitor Interface

7KH FRPSOHWH YLGHR RXWSXW VLJQDO IURP WKH 706����$ GULYHV D FRORU PRQLWRU� 7KLV VLJQDO LQFRUSRUDWHV

DOO QHFHVVDU\ KRUL]RQWDO DQG YHUWLFDO V\QFKURQL]DWLRQ VLJQDOV DV ZHOO DV OXPLQDQFH DQG FKURPLQDQFH

LQIRUPDWLRQ� ,Q PRQLWRU DSSOLFDWLRQV� WKH UHTXLUHPHQWV RI WKH PRQLWRU VKRXOG EH VWXGLHG WR GHWHUPLQH LI

WKH 9'3 FDQ EH FRQQHFWHG GLUHFWO\ WR LW� 7KH LQWHUQDO RXWSXW EXIIHU GHYLFH RQ WKH FRPSRVLWH YLGHR SLQ LV

D VRXUFH�IROORZHU 026 WUDQVLVWRU WKDW UHTXLUHV DQ H[WHUQDO SXOO�GRZQ UHVLVWRU WR 9
66
DV VKRZQ LQ )LJXUH

���� 7\SLFDOO\ D ����RKP UHVLVWRU LV UHFRPPHQGHG WR SURYLGH D ����YROW V\QFKURQL]DWLRQ OHYHO� 7KH ORDG

UHVLVWRU �5/� GHILQHV WKH VKDUSQHVV RI WKH HGJHV RQ WKH YLGHR VLJQDOV� $ ORZHU UHVLVWRU YDOXH JLYHV IDVWHU

IDOO WLPHV DQG D VKDUSHU SLFWXUH�
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,Q VRPH FDVHV� LW PD\ EH QHFHVVDU\ WR SURYLGH D VLPSOH LQWHUIDFH FLUFXLW WRPDWFK WKH 9'3 RXWSXW YROWDJHV

ZLWK WKHPRQLWRU VSHFLILFDWLRQV� 7R GULYH D VWDQGDUG WHOHYLVLRQ WKDW LV QRW RXWILWWHG ZLWK D FRPSRVLWH YLGHR

LQSXW� WKH VLJQDO FDQ EH UXQ LQWR WKH WHOHYLVLRQ DQWHQQD WHUPLQDOV E\ XVLQJ DQ DSSURSULDWH 5)PRGXODWRU

RQ WKH 9'3 RXWSXW� 7DNH FDUH WR HQVXUH D SURSHU PDWFK EHWZHHQ 9'3� 5)� PRGXODWRU� DQG 79�

Figure 3-3: Composite video pull-down circuit

3.4.2. TMS9928A/9929A Monitor Interface

7KH <� 5�<� DQG %�< RXWSXW VLJQDOV UHTXLUH H[WHUQDO HQFRGHU FLUFXLWU\ WR GULYH D YLGHR FRORU PRQLWRU� DQ

5�*�% PDWUL[ FLUFXLWU\ LV UHTXLUHG WR GULYH 5�*�% FRORU PRQLWRUV� 7KH < RXWSXW VLJQDO FRQWDLQV DOO

QHFHVVDU\ KRUL]RQWDO DQG YHUWLFDO V\QFKURQL]DWLRQ VLJQDOV DV ZHOO DV OXPLQDQFH ZKLOH WKH 5�< DQG %�<

VLJQDOV FRQWDLQ WKH XQPRGXODWHG FKURPLQDQFH LQIRUPDWLRQ DQG DUH XVHG LQ WKH 176& DQG 3$/ V\VWHPV

WR PRGXODWH WZR FDUULHUV LQ TXDGUDWXUH� 7KH LQWHUQDO RXWSXW EXIIHU GHYLFHV RQ WKHVH SLQV DUH VRXUFH�

IROORZHU 026 WUDQVLVWRUV WKDW UHTXLUH DQ H[WHUQDO SXOO�GRZQ UHVLVWRU WR 966
DV VKRZQ LQ )LJXUH ���� $

����RKP UHVLVWRU LV UHFRPPHQGHG�
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Figure 3-4: Use of TMS9928A/9929A with different m onitors
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3.5. TMS9918A External VDP Operation

7KH H[WHUQDO 9'3 DOORZV FDVFDGLQJ 9'3V� )LJXUHV ��� DQG ��� LOOXVWUDWH FDVFDGLQJ WZR 9'3V� 1RWH WKDW

WKH9'3VPXVW EH UHVHW E\ D FRPPRQ UHVHW VRXUFH WR DVVXUH V\QFKURQL]DWLRQ RQ DQ RSHQ ORRS EDVLV� 7KLV

UHVHW VRXUFH VKRXOG KDYH IDVW HGJHV VR WKDW ULVH DQG IDOO WLPHV DUH OHVV WKDQ �� QV� 2FFDVLRQDOO\

V\QFKURQL]DWLRQ LV QRW REWDLQHG DIWHU UHVHW� LQ ZKLFK FDVH� UHVHW VKRXOG EH UHDSSOLHG�

7KH YLGHR PDWFKLQJ FLUFXLW HQVXUHV WKDW WKH YLGHR VLJQDO RI H[WHUQDO 9'3 LV ELDVHG FRUUHFWO\ DQG RI WKH

SURSHU DPSOLWXGH� 7KLV HQVXUHV WKH OXPLQDQFH OHYHOV RI WKH H[WHUQDO DQG 9'3 FRORUV DUH PDWFKHG DQG

H[WHUQDO9'3 YLGHR GRHV QRW EOHHG WKURXJK LQWR WKH FRPSRVLWH YLGHR RXWSXW RI WKH ILUVW 9'3�7KH LQWHUQDO

FLUFXLW DVVXUHV WKDW D SHUIHFWPDWFK UHVXOWV LI WKH H[WHUQDO YLGHR LV RI WKH VDPH DPSOLWXGH DV WKH FRPSRVLWH

YLGHR RI WKH 9'3 DQG LWV GF OHYHO LV LQFUHDVHG E\ D 026 WKUHVKROG YROWDJH �W\SLFDOO\ ��� YROWV�� 7KLV

DGMXVWPHQW FDQ EH YDULHG WR FKDQJH WKH UHODWLYH OXPLQDQFH OHYHOV RI WKH WZR YLGHR VLJQDOV DQG WKXVPRGLI\

WKH SLFWXUH DSSHDUDQFH�
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Figure 3-7: Cascading two TMS 9918A/9929A VDPs
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)RU WKH ([WHUQDO 9'3 LQSXW SODQH WR EH YLVLEOH� WKH ([WHUQDO 9'3(QDEOH ELW LQ 9'35HJLVWHU � �(;9,'�

VKRXOG EH VHW WR D �� 7KH EDFNGURS FRORU �9'3 5HJLVWHU �� ORZHU � ELWV� VKRXOG EH VHW WR WUDQVSDUHQW ����

)RU WKH H[WHUQDO 9'3 SODQH WR VKRZ WKURXJK DW D JLYHQ VSRW RQ WKH VFUHHQ� WKH SDWWHUQ FRORU DW WKDW VSRW

VKRXOG EH WUDQVSDUHQW� DQG DOO VSULWHV VKRXOG QRW EH LQ WKH ZD\ �DOWHUQDWLYHO\� D VSULWH WKDW ZDV LQ WKH ZD\

FRXOG EH PDGH WUDQVSDUHQW LQ FRORU�� 1RWH WKDW WKH H[WHUQDO 9'3 IHDWXUH FDQ EH XVHG LQ HLWKHU *UDSKLFV

,� *UDSKLFV ,,� 0XOWLFRORU� RU 7H[W 0RGH�

3.6. Oscillator and Clock Generation

7KH 9'3 LV GHVLJQHG WR RSHUDWH ZLWK D ��������� �� ������ 0+] FU\VWDO LQSXW WR JHQHUDWH WKH UHTXLUHG

LQWHUQDO FORFN VLJQDOV� $ IXQGDPHQWDO IUHTXHQF\ SDUDOOHO�PRGH FU\VWDO LV WKH IUHTXHQF\ UHIHUHQFH IRU WKH

LQWHUQDO FORFN RVFLOODWRU� ZKLFK LV WKH PDVWHU WLPH EDVH IRU DOO V\VWHP RSHUDWLRQV� 7KH PDVWHU FORFN LV

GLYLGHG E\ WZR WR JHQHUDWH WKH SL[HO FORFN ���� 0+]� DQG E\ WKUHH WR SURYLGH WKH &38&/. ����� 0+] IRU

706����$ RQO\�� 7KH*520&/. LV GHYHORSHG IURP WKHPDVWHU FORFN IUHTXHQF\ GLYLGHG E\ �� �����0+]

IRU 706����$ RQO\��

3.6.1. TMS9918A Color Ph ase Generation

7KH �����0+]PDVWHU FORFN DQG LWV FRPSOHPHQW JHQHUDWH DQ LQWHUQDO VL[�SKDVH��������0+] ����+]�

FORFN WR SURYLGH WKH YLGHR FRORU VLJQDOV DQG WKH FRORU EXUVW UHIHUHQFH XVHG LQ GHYHORSLQJ WKH FRPSRVLWH

YLGHR RXWSXW VLJQDO� :KLOH WKH 9'3 VLJQDOV DUH QRW H[DFW HTXLYDOHQWV WR WKH VWDQGDUG 176& FRORUV� WKH

GLIIHUHQFHV FDQ HDVLO\ EH DGMXVWHG ZLWK WKH FRORU DQG WLQW FRQWUROV RI WKH WDUJHW FRORU PRQLWRU�

3.6.2. Video Sync and Control Generation

'HFRGLQJ WKH RXWSXWV RI WKH KRUL]RQWDO DQG YHUWLFDO FRXQWHUVJHQHUDWHV WKH KRUL]RQWDO DQG YHUWLFDO FRQWURO

VLJQDOV� 7KH SL[HO FORFN GULYHV WKH KRUL]RQWDO FRXQWHU ZKLFK LQ WXUQ LQFUHPHQWV WKH YHUWLFDO FRXQWHU�

7DEOH ��� JLYHV WKH UHODWLYH FRXQW YDOXHV RI WKH VFUHHQ GLVSOD\ SDUDPHWHUV� :LWKLQ WKH DFWLYH GLVSOD\ DUHD

GXULQJ*UDSKLFV , PRGH� WKH WKUHH /6%V RI WKH KRUL]RQWDO FRXQWHU DGGUHVV WKH LQGLYLGXDO SLFWXUH HOHPHQW

RI HDFK SDWWHUQ GLVSOD\HG� $OVR GXULQJ WKH YHUWLFDO DFWLYH GLVSOD\ SHULRG� WKH WKUHH /6%V RI WKH YHUWLFDO

FRXQWHU DGGUHVV HDFK LQGLYLGXDO OLQH LQ WKH � ð � SDWWHUQV� 7KH *UDSKLFV ,,� 0XOWLFRORU� DQG 7H[W PRGHV

XVH WKH FRXQWHUV VLPLODUO\�

7KH 706����$�����$ RSHUDWHV DW ��� OLQHV SHU IUDPH DQG DSSUR[LPDWHO\ �� IUDPHV SHU VHFRQG LQ D

QRQLQWHUODFHG PRGH RI RSHUDWLRQ� 7KH 706����$ RSHUDWHV DW ��� OLQHV SHU IUDPH DQG DSSUR[LPDWHO\ ��

IUDPHV SHU VHFRQG LQ D QRQLQWHUODFHG PRGH RI RSHUDWLRQ�
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Table 3-3: Screen Display Parameters

Parameter Pixel Clock Cycles

+RUL]RQWDO 3DWWHUQ RU 0XOWLFRORU 7H[W

+RUL]RQWDO $FWLYH 'LVSOD\ ��� ���

5LJKW %RUGHU �� ��

5LJKW %ODQNLQJ � �

+RUL]RQWDO 6\QF �� ��

/HIW %ODQNLQJ � �

&RORU %XUVW �� ��

/HIW %ODQNLQJ � �

/HIW %RUGHU �� ��

��� ���

9HUWLFDO /LQH

9HUWLFDO $FWLYH 'LVSOD\ ���

%RWWRP %RUGHU ��

%RWWRP %ODQNLQJ �

9HUWLFDO 6\QF �

7RS %ODQNLQJ ��

7RS %RUGHU ��

���
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3.7. VDP Terminal Assignments

3.7.1. TMS9918A Terminal Ass ignments

Signature T erminal I/O Description

;7$/��

;7$/ ����� , �����0+] FU\VWDO LQSXWV

&38&/. �� 2 9'3 FRORU EXUVW IUHTXHQF\ FORFN� 7\SLFDOO\ QRW XVHG RQ WKH

706����$� WKLV LV WKH FRORU EXUVW IUHTXHQF\ FORFN�

*520&/. �� 2 9'3 RXWSXW FORFN  ;7$/���� 7\SLFDOO\ QRW XVHG�

&209,' �� 2 &RPSRVLWH YLGHR RXWSXW IRU WKH 706����$

(;79'3 �� ,�2 2Q WKH 706����$� WKLV LV WKH H[WHUQDO 9'3 LQSXW�

�6<1& �� , 7KH SLQ LV D WULOHYHO LQSXW SLQ� :KHQ LW LV EHORZ ���5(6(7 5(6(7

YROWV� 5(6(7 LQLWLDOL]HV WKH 9'3� :KHQ LW LV DERYH � YROWV�

5(6(7 LV WKH V\QFKURQL]LQJ LQSXW IRU H[WHUQDO YLGHR�

9
&&

�� , �� YROW LQSXW

5'� 06% �� , 95$0 UHDG GDWD EXV

5'� �� ,

5'� �� ,

5'� �� ,

5'� �� ,

5'� �� ,

5'� �� ,

5'� �� ,

&'� 06% �� ,�2 &38 GDWD EXV� �&'�� LV WKH PRVW VLJQLILFDQW ELW

&'� �� ,�2

&'� �� ,�2

&'� �� ,�2

&'� �� ,�2
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&'� �� ,�2

&'� �� ,�2

&'� /6% �� ,�2

�� 2 &38 LQWHUUXSW RXWSXW,17

�� , &38�9'3 UHDG VWUREH&65

�� , &38�9'3 ZULWH VWUREH&6:

02'( �� , &38 LQWHUIDFH PRGH VHOHFW� XVXDOO\ D SURFHVVRU DGGUHVV OLQH

9
66

�� , *URXQG UHIHUHQFH

5� �� 2 95$0 ZULWH VWUREH:

$'� 06% �� 2 95$0 DGGUHVV�GDWD EXV �PXOWLSOH[HG KLJK DQG ORZ RUGHU

95$0 DGGUHVV DQG RXWSXW GDWD E\WHV�

$'� � 2 $'� LV WKH PRVW VLJQLILFDQW ELW DQG LV XVHG RQO\ IRU GDWD DQG

QRW IRU DGGUHVVLQJ

$'� � 2

$'� � 2

$'� � 2

$'� � 2

$'� � 2

$'� � 2

� 2 95$0 FROXPQ DGGUHVV VWUREH&$6

� 2 95$0 URZ DGGUHVV VWUREH5$6

 :KHQ GULYHQ H[WHUQDOO\� ERWK LQSXWV PXVW EH GULYHQ�

 7KH OHDVW VLJQLILFDQW DGGUHVV ELW �$'�� LV ZLUHG WR $� RI WKH G\QDPLF 5$0V� /LNHZLVH� $'� LV

ZLUHG WR$�RI WKH5$0V�&DUHPXVW EH H[HUFLVHG LQ HQVXULQJ SURSHU RULHQWDWLRQ RI WKH706����$

DGGUHVV RXWSXWV WR WKH G\QDPLF 5$0 DGGUHVV LQSXWV�
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3.7.2. TMS9928A/9929A Terminal Ass ignments

Signature T erminal I/O Description

;7$/��

;7$/ ����� , �����0+] FU\VWDO LQSXWV

5�< �� 2 9'3 FRORU EXUVW IUHTXHQF\ FORFN� 2Q WKH 706����$�����$�

WKLV LV WKH 5�< FRORU GLIIHUHQFH RXWSXW�

*520&/. �� 2 9'3 RXWSXW FORFN  ;7$/���� 7\SLFDOO\ QRW XVHG�

< �� 2 &RPSRVLWH YLGHR RXWSXW� 2Q WKH 706����$�����$� WKLV LV

WKH < �EODFN�ZKLWH OXPLQDQFH DQG FRPSRVLWH V\QF RXWSXW�

%�< �� ,�2 ([WHUQDO 9'3 LQSXW� 2Q WKH 706����$�����$ WKLV LV WKH

%�< FRORU GLIIHUHQFH RXWSXW�

�6<1& �� , 7KH SLQ LV D WULOHYHO LQSXW SLQ� :KHQ LW LV EHORZ ���5(6(7 5(6(7

YROWV� 5(6(7 LQLWLDOL]HV WKH 9'3� :KHQ LW LV DERYH � YROWV�

5(6(7 LV WKH V\QFKURQL]LQJ LQSXW IRU H[WHUQDO YLGHR�

9
&&

�� , �� YROW LQSXW

5'� 06% �� , 95$0 UHDG GDWD EXV

5'� �� ,

5'� �� ,

5'� �� ,

5'� �� ,

5'� �� ,

5'� �� ,

5'� �� ,

&'� 06% �� ,�2 &38 GDWD EXV� �&'�� LV WKH PRVW VLJQLILFDQW ELW

&'� �� ,�2

&'� �� ,�2

&'� �� ,�2

&'� �� ,�2
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&'� �� ,�2

&'� �� ,�2

&'� /6% �� ,�2

�� 2 &38 LQWHUUXSW RXWSXW,17

�� , &38�9'3 UHDG VWUREH&65

�� , &38�9'3 ZULWH VWUREH&6:

02'( �� , &38 LQWHUIDFH PRGH VHOHFW� XVXDOO\ D SURFHVVRU DGGUHVV OLQH

9
66

�� , *URXQG UHIHUHQFH

5� �� 2 95$0 ZULWH VWUREH:

$'� 06% �� 2 95$0 DGGUHVV�GDWD EXV �PXOWLSOH[HG KLJK DQG ORZ RUGHU

95$0 DGGUHVV DQG RXWSXW GDWD E\WHV�

$'� � 2 $'� LV WKH PRVW VLJQLILFDQW ELW DQG LV XVHG RQO\ IRU GDWD DQG

QRW IRU DGGUHVVLQJ

$'� � 2

$'� � 2

$'� � 2

$'� � 2

$'� � 2

$'� � 2

� 2 95$0 FROXPQ DGGUHVV VWUREH&$6

� 2 95$0 URZ DGGUHVV VWUREH5$6

 :KHQ GULYHQ H[WHUQDOO\� ERWK LQSXWV PXVW EH GULYHQ�

 7KH OHDVW VLJQLILFDQW DGGUHVV ELW �$'�� LV ZLUHG WR $� RI WKH G\QDPLF 5$0V� /LNHZLVH� $'� LV

ZLUHG WR $� RI WKH 5$0V�
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3.7.3. TMS9918A/9928A/9929A Crystals

&U\VWDOV IRU WKH 706����$�����$�����$ FDQ EH SXUFKDVHG IURP WKH IROORZLQJ�

1'.

����� 1RUWK :ROIH 5RDG

6XLWH ���

&XSHUWLQR� &$ �����

7HOHSKRQH� ������������

7HOH[� ������

&76 .QLJKWV� ,QF�

��� 5HLPDQ $YH

6DQGZLFK� ,OO �����

7HOHSKRQH� ������������



7(;$6 ,167580(176

+20( &20387(5

92

4. DEVICE APPLICATIONS

7KLV VHFWLRQ GHVFULEHV WKH KDUGZDUH DQG VRIWZDUH LQWHUIDFH EHWZHHQ D706����$�����$�����$9'3DQG

D706����PLFURSURFHVVRU� 6RPH FRQVLGHUDWLRQV LQ WKH XVH RI WKH 9'3 IRU WH[W DQG JUDSKLFV DSSOLFDWLRQV

DUH DOVR GHVFULEHG�

4.1. VDP to TMS9900 Interface

7KH FLUFXLW VKRZQ LQ )LJXUH ��� LOOXVWUDWHV D YHU\ VLPSOH LQWHUIDFH EHWZHHQ D 706���� PLFURSURFHVVRU

DQG D 706����$�����$�����$� ,Q WKLV FLUFXLW� WKH 9'3 ��ELW EXV LV FRQQHFWHG WR WKH � 06%V RI WKH

706���� ���ELW GDWD EXV� )RU PRGH VHOHFWLRQ� $�� RI WKH 706���� LV FRQQHFWHG WR WKH PRGH LQSXW SLQ�

5HDG DQG ZULWH VLJQDOV WR WKH 9'3 DUH DV IROORZV�

Figure 4-1: Minimum system interface to TMS9900
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'%,1 DQG DUH VLJQDOV IURP WKH706����ZKLFK LQGLFDWH GLUHFWLRQ IORZ RQ WKH GDWD EXV� '%,1 LV KLJK:(

ZKHQ WKH &38 LV DWWHPSWLQJ WR GR D UHDG GDWD RSHUDWLRQ� ZKLOH ,V ORZ ZKHQ WKH &38 LV RXWSXWWLQJ:(

GDWD RQWR WKH GDWD EXV�

$� LV XVHG DV D 9'3 VHOHFW VLJQDO� 7KXV� WKH9'3 LV DFWLYDWHGZKHQHYHU WKH &38 LV UHDGLQJ RU ZULWLQJ GDWD

LQ WKH XSSHU KDOI RI LWV DGGUHVV VSDFH �!���� DQG DERYH�� $OO DGGUHVVHV DERYH !���� WKHQ EHFRPH 9'3

SRUW DGGUHVVHV�+RZHYHU� LQ DPRUH VRSKLVWLFDWHG GHVLJQ�PRUH GHFRGLQJ RI WKH DGGUHVV OLQHVZRXOGEHGRQH

WR VHOHFW RQO\ WKRVH XQLTXH DGGUHVVHV UHTXLUHG E\ WKH 9'3� 7KH SXUSRVH RI $�� DQG GHFRGLQJ ORJLF LV WR

JHQHUDWH XQLTXH DGGUHVVHV IRU UHDG DQG ZULWH RSHUDWLRQV DQG WR EORFN RXW WKH UHDG GDWD RSHUDWLRQ WKDW

RFFXUV RQ WKH 706���� EHIRUH D ZULWH GDWD RSHUDWLRQ� :LWKRXW WKLV EORFNRXW ORJLF� D SXOVH RQ WKH &65

LQSXW ZRXOG RFFXU EHIRUH DQ\ GHVLUHG SXOVLQJ RI WKH &6: LQSXW� WKXV FDXVLQJ XQZDQWHG RSHUDWLRQ RI WKH

9'3� 5HIHUULQJ WR 7DEOH ��� DQG )LJXUH ���� WKH IROORZLQJ SRUW DGGUHVVHV FDQ EH GHILQHG�

Table 4-1: VDP Port Addresses for Figure 4-1

Operation Mode PortCSW CSR

:ULWH GDWD WR 95$0 � � � !����

:ULWH DGGUHVV WR 95$0 RU

:ULWH WR 9'3 5HJLVWHU

� � � !����

5HDG GDWD IURP 95$0 � � � !����

5HDG 9'3 6WDWXV � � � !����

4.2. TMS9918A/9928A/9929A Interface

)LJXUHV ��� DQG ��� VKRZ WKH LQWHUIDFH FRPSRQHQWV QHFHVVDU\ WR PDNH WKH 9'3 RSHUDWH ZLWK D W\SLFDO

70��� ���ELW EXV DSSOLFDWLRQ� 7KH &38 FDQ EH FRQQHFWHG DV VKRZQ WR DQ\ JHQHUDO�SXUSRVH ��ELW GDWD EXV

DQG FRQWURO VLJQDOV WKDW ZRUN ZLWK PRVW PLFURSURFHVVRUV� 7KH 9'3 LQWHUIDFH WLPLQJ LV VLPLODU WR WKDW RI

VWDWLF PHPRULHV DQG RFFXSLHV HLJKW XQLTXH PHPRU\ DGGUHVV ORFDWLRQV ZLWKLQ WKH &38 PHPRU\ DGGUHVV

VSDFH�
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Figure 4-2: TMS 9918A/TMS9928A/9929A interface
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Figure 4-3: TM 990 (TMS9918A/9928A/9929A) demo board
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4.2.1. TM990 (TMS9918A/9928A/9929A) Parts List

8����� ��/6���

8��� ��/6���

8����� ��/6���

8� ��/6���

8�� ��/6��

8�� 706����$�����$�����$

8����� 706����

&��� ��S)

<� ���������0+] &U\VWDO

6:��� ��SRVLWLRQ ',3 6ZLWFKHV

5� ���6 �� ���:

5��5�� %RXUQV ;;;; RU HTXLYDOHQW

1RWH� $OO SRZHU VXSSO\ SLQWV RI HDFK ,& FLUFXLW VKRXOG EH E\SDVVHG ZLWK D ���) FDSDFLWRU�

4.2.2. Composite Video Output

7KH 706����$ FRPSRVLWH YLGHR RXWSXW SLQ ����� LV GULYHQ E\ D VRXUFH�IROORZHU 026 WUDQVLVWRU WKDW

UHTXLUHV DQ H[WHUQDO SXOO�GRZQ UHVLVWRU WR 966
� $ ����RKP UHVLVWRU LV W\SLFDOO\ XVHG WR SURYLGH D ��� YROW

SHDN�WR�SHDN VLJQDO RQ WKH RXWSXW� 7KLV RXWSXW ZLOO GULYH PRVW FRORU PRQLWRUV GLUHFWO\� DOWKRXJK LQ VRPH

FDVHV LW PD\ EH QHFHVVDU\ WR SURYLGH D VLPSOH LQWHUIDFH FLUFXLW WRPDWFK WKHPRQLWRU
V LQSXW UHTXLUHPHQWV�

,I D FRORU YLGHR PRQLWRU LV QRW DYDLODEOH� DQ 5) PRGXODWRU FDQ EH XVHG WR GULYH WKH DQWHQQD WHUPLQDOV RI

D VWDQGDUG FRORU WHOHYLVLRQ� DV VKRZQ LQ )LJXUH ����
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Figure 4-4: RF Modulator connection

4.2.3. Oscillator and Timing

7KH706����$�����$�����$ LQWHUQDO WLPLQJ JHQHUDWLRQ LV FRQWUROOHG E\ D VHOI�FRQWDLQHG RVFLOODWRU DQG

WLPLQJFLUFXLWV�$��������� ���������0+]IXQGDPHQWDO�IUHTXHQF\SDUDOOHO�PRGHFU\VWDO LVXVHGWRGULYH

WKH EDVLF RVFLOODWRU IUHTXHQF\�

&� DQG &� DUH ORDG FDSDFLWRUV IRU WKH SDUDOOHO�UHVRQDQW FU\VWDO� &� DQG &� YDOXHV PD\ EH YDULHG VOLJKWO\

WR REWDLQ DFFXUDF\ LQ WLPLQJ DQG FRORU JHQHUDWLRQ DQG DOVR WR FRPSHQVDWH IRU VWUD\ FDSDFLWDQFH RQ WKH 3&

ERDUG� 7\SLFDO YDOXHV IRU &� DQG &� UDQJH EHWZHHQ ��S) DQG ��S)� $ WULPPHU FDSDFLWRU ZLWK D YDOXH RI

�S) WR ��S) PD\ DOVR EH XVHG LQVWHDG RI &� DQG DGMXVWHG WR SURYLGH SURSHU FRORUV WR WKH YLGHR PRQLWRU�

7KH 9'3PD\ DOVR EH RSHUDWHG ZLWK DQ H[WHUQDO RVFLOODWRU VRXUFH� 7KH 9'3 FRQQHFWLRQV IRU WKLV H[WHUQDO

VRXUFH DUH VKRZQ LQ )LJXUH ����
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Figure 4-5: External frequency source

7KHUH PD\ EH D VOLJKW FRORU VKLIW RU D FRPSOHWH FRORU ORVV LQ DSSOLFDWLRQV RI 5) PRGXODWRUV LI WKHUH DUH

PLVPDWFKHV LQ YROWDJHV OHYHOV RU LPSHGDQFHV EHWZHHQ WKH 9'3 DQG WKH 5)PRGXODWRU� 6HH )LJXUH ��� IRU

WKH 706����$�����$ LQWHUIDFH�

4.2.4. VRAM Connections

7KH 95$0 XVHG LQ )LJXUH ��� DUH �����W\SH G\QDPLF 5$0V WKDW PHHW WKH VSHFLILFDWLRQV LQ 6HFWLRQ ��

$GGUHVVLQJ RI WKH 95$0 LV GRQH WKURXJK WKH DGGUHVV EXV DQG WKH PHPRU\ FRQWURO OLQHV� $'��$'� DQG

5$6� &$6� DQG :5 UHVSHFWLYHO\�

'DWD ZULWWHQ WR WKH 95$0 LV DOVR VHQW RYHU WKH DGGUHVV EXV� $'� LV D 06%� DQG $'� LV WKH /6%� 'DWD

ZULWWHQ IURP WKH 95$0 LV EURXJKW LQWR WKH 9'3 YLD WKH UHDG GDWD EXV� 5'��5'�� 7KH 706����$

DXWRPDWLFDOO\ UHIUHVKHV WKH 95$0 ZLWK QR LQWHUDFWLRQ QHFHVVDU\ IURP WKH KRVW &38�

1RWH WKDW DGGUHVV � �$'�� DQG GDWD � �'�� DUH WKH06%V IRU WKH 706����$ DQG DOO RWKHU 706���� IDPLO\

PHPEHUV� 7KH 95$0SLQ GHVLJQDWLRQV �$� DQG'�� UHIHUHQFHG LQ WKH GDWDPDQXDO DUH VKRZQ DV EHLQJ WKH

/6%V WR EH FRQVLVWHQW ZLWK �����W\SH G\QDPLF 5$0 GDWD VKHHWV�
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4.3. VDP Initialization

$IWHU SRZHUXS DQG SURSHU UHVHW WLPLQJ� WKH 95$0 DOORFDWLRQ EDFNGURS FRORU DQG W\SH RI G\QDPLF 5$0

QHHG WR EH ORDGHG LQWR WKH 9'3 UHJLVWHUV�

7KH YDOXHV WR EH ORDGHG FDQ EH FDOFXODWHG E\ XVLQJ WKH H[DPSOHV DQG WDEOHV VKRZQ LQ $SSHQGL[ $� 7KH

IROORZLQJ IORZFKDUW �)LJXUH ���� VKRZV D SURFHGXUH IRU ORDGLQJ DOO HLJKW 9'3 UHJLVWHUV� 6HWWLQJ ���

FRQWDLQV D W\SLFDO 706���� VRIWZDUH SURJUDP GHVLJQHG WR ZRUN RQ WKH GHPR ERDUG� VKRZQ LQ )LJXUH ����

Figure 4-6: VDP Register initialization procedure

4.4. Typical Software Program

4.4.1. General

7KLV SURJUDP LQLWLDOL]HV WKH 706����$ DQG ORDGV WKH 3DWWHUQ *HQHUDWRU ZLWK WKH XSSHU FDVH FKDUDFWHU

VHW� ,W WKHQ ORDGV WKH FRORU WDEOH� FOHDUV WKH VFUHHQ DQG SULQWV D VLJQ�RQPHVVDJH� $IWHU LQLWLDOL]DWLRQ� D XVHU

SURJUDP DGGUHVV FDQ EH LQVHUWHG DW ORFDWLRQ ��$��
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 99/4 ASSEMBLER
VERSION 1.2                                                  PAGE 0001
  0001                   IDT 'DEMO9918'   
  0002 0000              AORG >0000   
  0003      9000  VRAMW  EQU  >9000        Address to write data to VRAM  
  0004      9002  VDPW   EQU  >9002        Address to write data to VDP   
  0005      9004  VRAMR  EQU  >9004        Address to read data from VRAM   
  0006      9006  VDPR   EQU  >9006        Address to read VDP Status Register
  0007            *   
  0008            ***************************************   
  0009            *      Initialize the 9918 with the following:  
  0010            *   
  0011            *      Reg 0 = 00 Ext Vid off, Graph 2 off  
  0012            *   
  0013            *      Reg 1 = 02 4116, Int Dis, Vid On,  
  0014            *                 Graph I, Size 1, Mag off  
  0015            *   
  0016            *      Reg 2 = 01 Name Table sub-block @>400  
  0017            *   
  0018            *      Reg 3 = 08 Color Table sub-block @>200   
  0019            *   
  0020            *      Reg 4 = 01 Pattern Gen sub-block @>800   
  0021            *   
  0022            *      Reg 5 = 06 Sprite Name Tab sub-block @>300   
  0023            *   
  0024            *      Reg 6 = 00 Sprite Patt Gen sub-block @>000   
  0025            *   
  0026            *      Reg 7 = 07 Backdrop color is Cyan  
  0027            *   
  0028            ***************************************   
  0029            *   
  0030            *   
  0031            *      Note   
  0032            *      This software assumes that the data bus of the   
  0033            *      TMS9918A is connected to the least significant   
  0034            *      byte of the TMS9900, with D7 as the most   
  0035            *      significant bit and D15 as the least significant   
  0036            *      bit  
  0037            *   
  0038            *   
  0039 0000 0201  INIT   LI   R1,VDPW      VDP Write Address  
       0002 9002  
  0040 0004 0202         LI   R2,SUTA      "Set Up Table" Address   
       0006 00B8  
  0041 0008 0203         LI   R3,>80       Address of first VDP Register  
       000A 0080  
  0042 000C C472  LP01   MOV  *R2+,*R1     Get data from mem, send to 9918  
  0043 000E C443         MOV  R3,*R1       Send Reg # to 9918   
  0044 0010 0583         INC  R3           Increment Register Count   
  0045 0012 0283         CI   R3,>88       All regs loaded?   
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       0014 0088  
  0046 0016 16FA         JNE  LP01         No, go again   
  0047            *   
  0048            *   
  0049            *      Load program loads the text patterns from  
  0050            *      a table in memory to the Pattern Generator   
  0051            *      sub-block in VRAM.   
  0052            *      ASCII >20 to >5F are included in this table  
  0053            *   
  0054            *   
  0055 0018 0201  LPG1   LI   R1,VRAMW     Address to write data to VDP   

 99/4 ASSEMBLER
VERSION 1.2                                                  PAGE 0002
       001A 9000  
  0056 001C 0202         LI   R2,VDPW      Address to write to VDP  
       001E 9002  
  0057 0020 0203         LI   R3,PATT      Mem addr of patterns   
       0022 00C0  
  0058 0024 0204         LI   R4,512       64 char x 8 bytes = 512 bytes  
       0026 0200  
  0059 0028 0205         LI   R5,>4900     Address to loads pats in VRAM  
       002A 4900  
  0060 002C C485         MOV  R5,*R2       Send LSB of VRAM address to VDP  
  0061 002E 06C5         SWPB R5           Reverse bytes  
  0062 0030 C445         MOV  R5,*R1       Send data to VRAM  
  0063 0032 D173  LPG2   MOVB *R3+,R5      Get byte from mem  
  0064 0034 06C5         SWPB R5           Reverse bytes  
  0065 0036 C445         MOV  R5,*R1       Send data to VRAM  
  0066 0038 0604         DEC  R4           All done yet?  
  0067 003A 16FB         JNE  LPG2         No, go again   
  0068            *   
  0069            ***************************************   
  0070            *      Load Color Table   
  0071            *   
  0072            *      This routine loads the color table for the   
  0073            *      text patterns just entered   
  0074            *   
  0075            *   
  0076 003C 0201         LI   R1,VRAMW     Address to write data to VRAM  
       003E 9000  
  0077 0040 0202         LI   R2,VDPW      Addres to write to VDP   
       0042 9002  
  0078 0044 0203         LI   R3,>4204     Start address of text color table  
       0046 4204  
  0079 0048 0204         LI   R4,>5F       Characters will be blue on white   
       004A 005F  
  0080 004C C483         MOV  R3,*R2       Send LSB of VRAM address to VDP  
  0081 004E 0205         LI   R5,8         Load count value, 64 chars/8 = 8   
       0050 0008  
  0082 0052 C444  LCTL   MOV  R4,*R1       Send color info to VRAM  
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  0083 0054 0605         DEC  R5           Table loaded yet?  
  0084 0056 16FD         JNE  LCTL  
  0085            *   
  0086            ****************************************  
  0087            *      Clear screen   
  0088            *   
  0089            *      This routine clears the screen by writing a space  
  0090            *      character (ASCII >20) to all locations in the  
  0091            *      Name Table   
  0092            *   
  0093            *   
  0094 0058 0201         LI   R1,VRAMW     Address to write data to VRAM  
       005A 9000  
  0095 005C 0202         LI   R2,VDPW      Address to write to VDP  
       005E 9002  
  0096 0060 0203         LI   R3,>4400     Start address in Name Table  
       0062 4400  
  0097 0064 C483         MOV  R3,*R2       Send MSB of VRAM address to VDP  
  0098 0066 0202         LI   R2,768       # of positions on screen   
       0068 0300  
  0099 006A 0203         LI   R3,>20       ASCII space char   
       006C 0020  

 99/4 ASSEMBLER
VERSION 1.2                                                  PAGE 0003
  0100 006E C443  CSL1   MOV  R3,*R1       Send space to screen   
  0101 0070 0602         DEC  R2           Are all locations clear?   
  0102 0072 16FD         JNE  CSL1         No, go again   
  0103            *   
  0104            ****************************************  
  0105            *      Print sign on message  
  0106            *      and branch to user program   
  0107            *   
  0108            *   
  0109 0074 0201         LI   R1,VRAMW     Address to write to data to VRAM   
       0076 9000  
  0110 0078 0202         LI   R2,VDPW      Address to write to VDP  
       007A 9002  
  0111 007C 0203         LI   R3,>4400     Position of message on screen  
       007E 4400  
  0112 0080 C483         MOV  R3,*R2       Send MSB of VRAM address to VDP  
  0113 0082 06C3         SWPB R3           Reverse bytes  
  0114 0084 C483         MOV  R3,*R2       Send MSB of VRAM address to VDP  
  0115 0086 0203         LI   R3,MSG0      Address of sign on message   
       0088 009E  
  0116 008A 04C4  PRNT   CLR  R4           Clear reception register   
  0117 008C D113         MOVB *R3,R4       Get a byte of text   
  0118 008E 0284         CI   R4,>FF00     Is it the EOM character?   
       0090 FF00  
  0119 0092 1303         JEQ  DONE         Yes. Goto next program segment   
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  0120 0094 06C4         SWPB R4           Reverse bytes  
  0121 0096 C444         MOV  R4,*R1       Send char to VRAM  
  0122 0098 10F8         JMP  PRNT         Get next character   
  0123 009A 0460  DONE   B    @DONE        Insert branch to users program   
       009C 009A  
  0124            *   
  0125 009E   54  MSG0   TEXT 'TEXAS INSTRUMENTS TMS9918'   
  0126 00B7   FF         BYTE >FF   
  0127                   EVEN   
  0128            *   
  0129            ***************************************   
  0130            *      This table contains the values for   
  0131            *      initializing the registers in the 9918A  
  0132            *   
  0133 00B8   00  SUTA   BYTE >00   
  0134 00B9   02         BYTE >02   
  0135 00BA   01         BYTE >01   
  0136 00BB   08         BYTE >08   
  0137 00BC   01         BYTE >01   
  0138 00BD   06         BYTE >06   
  0139 00BE   00         BYTE >00   
  0140 00BF   07         BYTE >07   
  0141            *   
  0142            ***************************************   
  0143            *      9918A Text Patterns  
  0144            *   
  0145            *      These patterns from a 5x7 character in the   
  0146            *      8x8 pattern block that is upper and left   
  0147            *      justified  
  0148            *   
  0149 00C0 0000  PATT   DATA >0000        Character SPACE     ASCII 20   
  0150 00C2 0000         DATA >0000   
  0151 00C4 0000         DATA >0000   
  0152 00C6 0000         DATA >0000   

 99/4 ASSEMBLER
VERSION 1.2                                                  PAGE 0004
  0153 00C8 2020         DATA >2020        Character !         ASCII 21   
  0154 00CA 2020         DATA >2020   
  0155 00CC 2000         DATA >2000   
  0156 00CE 2000         DATA >2000   
  0157 00D0 5050         DATA >5050        Character "         ASCII 22   
  0158 00D2 0000         DATA >0000   
  0159 00D4 0000         DATA >0000   
  0160 00D6 0000         DATA >0000   
  0161 00D8 5050         DATA >5050        Character #         ASCII 23   
  0162 00DA F850         DATA >F850   
  0163 00DC F850         DATA >F850   
  0164 00DE 5000         DATA >5000   
  0165 00E0 2078         DATA >2078        Character $         ASCII 24   
  0166 00E2 A070         DATA >A070   
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  0167 00E4 28F0         DATA >28F0   
  0168 00E6 2000         DATA >2000   
  0169 00E8 C0C8         DATA >C0C8        Character %         ASCII 25   
  0170 00EA 1020         DATA >1020   
  0171 00EC 4098         DATA >4098   
  0172 00EE 1800         DATA >1800   
  0173 00F0 40A0         DATA >40A0        Character &         ASCII 26   
  0174 00F2 A040         DATA >A040   
  0175 00F4 A890         DATA >A890   
  0176 00F6 6800         DATA >6800   
  0177 00F8 2020         DATA >2020        Character '         ASCII 27   
  0178 00FA 2000         DATA >2000   
  0179 00FC 0000         DATA >0000   
  0180 00FE 0000         DATA >0000   
  0181 0100 2040         DATA >2040        Character (         ASCII 28   
  0182 0102 8080         DATA >8080   
  0183 0104 8040         DATA >8040   
  0184 0106 2000         DATA >2000   
  0185 0108 2010         DATA >2010        Character )         ASCII 29   
  0186 010A 0808         DATA >0808   
  0187 010C 0810         DATA >0810   
  0188 010E 2000         DATA >2000   
  0189 0110 20A8         DATA >20A8        Character *         ASCII 2A   
  0190 0112 7020         DATA >7020   
  0191 0114 70A8         DATA >70A8   
  0192 0116 2000         DATA >2000   
  0193 0118 0020         DATA >0020        Character +         ASCII 2B   
  0194 011A 20F8         DATA >20F8   
  0195 011C 2020         DATA >2020   
  0196 011E 0000         DATA >0000   
  0197 0120 0000         DATA >0000        Character ,         ASCII 2C   
  0198 0122 0000         DATA >0000   
  0199 0124 2020         DATA >2020   
  0200 0126 4000         DATA >4000   
  0201 0128 0000         DATA >0000        Character -         ASCII 2D   
  0202 012A 00F8         DATA >00F8   
  0203 012C 0000         DATA >0000   
  0204 012E 0000         DATA >0000   
  0205 0130 0000         DATA >0000        Character .         ASCII 2E   
  0206 0132 0000         DATA >0000   
  0207 0134 0000         DATA >0000   
  0208 0136 2000         DATA >2000   
  0209 0138 0008         DATA >0008        Character /         ASCII 2F   
  0210 013A 1020         DATA >1020   
  0211 013C 4080         DATA >4080   

 99/4 ASSEMBLER
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  0212 013E 0000         DATA >0000   
  0213 0140 7088         DATA >7088        Character 0         ASCII 30   
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  0214 0142 98A8         DATA >98A8   
  0215 0144 C888         DATA >C888   
  0216 0146 7000         DATA >7000   
  0217 0148 2060         DATA >2060        Character 1         ASCII 31   
  0218 014A 2020         DATA >2020   
  0219 014C 2020         DATA >2020   
  0220 014E 7000         DATA >7000   
  0221 0150 7088         DATA >7088        Character 2         ASCII 32   
  0222 0152 0830         DATA >0830   
  0223 0154 4080         DATA >4080   
  0224 0156 F800         DATA >F800   
  0225 0158 F808         DATA >F808        Character 3         ASCII 33   
  0226 015A 1030         DATA >1030   
  0227 015C 0888         DATA >0888   
  0228 015E 7000         DATA >7000   
  0229 0160 1030         DATA >1030        Character 4         ASCII 34   
  0230 0162 5090         DATA >5090   
  0231 0164 F810         DATA >F810   
  0232 0166 1000         DATA >1000   
  0233 0168 F880         DATA >F880        Character 5         ASCII 35   
  0234 016A F008         DATA >F008   
  0235 016C 0888         DATA >0888   
  0236 016E 7000         DATA >7000   
  0237 0170 3840         DATA >3840        Character 6         ASCII 36   
  0238 0172 80F0         DATA >80F0   
  0239 0174 8888         DATA >8888   
  0240 0176 7000         DATA >7000   
  0241 0178 F808         DATA >F808        Character 7         ASCII 37   
  0242 017A 1020         DATA >1020   
  0243 017C 4040         DATA >4040   
  0244 017E 4000         DATA >4000   
  0245 0180 7088         DATA >7088        Character 8         ASCII 38   
  0246 0182 8870         DATA >8870   
  0247 0184 8888         DATA >8888   
  0248 0186 7000         DATA >7000   
  0249 0188 7088         DATA >7088        Character 9         ASCII 39   
  0250 018A 8878         DATA >8878   
  0251 018C 0810         DATA >0810   
  0252 018E E000         DATA >E000   
  0253 0190 0000         DATA >0000        Character :         ASCII 3A   
  0254 0192 2000         DATA >2000   
  0255 0194 2000         DATA >2000   
  0256 0196 0000         DATA >0000   
  0257 0198 0000         DATA >0000        Character ;         ASCII 3B   
  0258 019A 2000         DATA >2000   
  0259 019C 2020         DATA >2020   
  0260 019E 4000         DATA >4000   
  0261 01A0 1020         DATA >1020        Character <         ASCII 3C   
  0262 01A2 4080         DATA >4080   
  0263 01A4 4020         DATA >4020   
  0264 01A6 1000         DATA >1000   
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  0265 01A8 0000         DATA >0000        Character =         ASCII 3D   
  0266 01AA F800         DATA >F800   
  0267 01AC F800         DATA >F800   
  0268 01AE 0000         DATA >0000   
  0269 01B0 4020         DATA >4020        Character >         ASCII 3E   
  0270 01B2 1008         DATA >1008   

 99/4 ASSEMBLER
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  0271 01B4 1020         DATA >1020   
  0272 01B6 4000         DATA >4000   
  0273 01B8 7088         DATA >7088        Character ?         ASCII 3F   
  0274 01BA 1020         DATA >1020   
  0275 01BC 2000         DATA >2000   
  0276 01BE 2000         DATA >2000   
  0277 01C0 7088         DATA >7088        Character @         ASCII 40   
  0278 01C2 A8B8         DATA >A8B8   
  0279 01C4 B080         DATA >B080   
  0280 01C6 7800         DATA >7800   
  0281 01C8 2050         DATA >2050        Character A         ASCII 41   
  0282 01CA 8888         DATA >8888   
  0283 01CC F888         DATA >F888   
  0284 01CE 8800         DATA >8800   
  0285 01D0 F088         DATA >F088        Character B         ASCII 42   
  0286 01D2 88F0         DATA >88F0   
  0287 01D4 8888         DATA >8888   
  0288 01D6 F000         DATA >F000   
  0289 01D8 7088         DATA >7088        Character C         ASCII 43   
  0290 01DA 8080         DATA >8080   
  0291 01DC 8088         DATA >8088   
  0292 01DE 7000         DATA >7000   
  0293 01E0 F088         DATA >F088        Character D         ASCII 44   
  0294 01E2 8888         DATA >8888   
  0295 01E4 8888         DATA >8888   
  0296 01E6 F000         DATA >F000   
  0297 01E8 F880         DATA >F880        Character E         ASCII 45   
  0298 01EA 80F0         DATA >80F0   
  0299 01EC 8080         DATA >8080   
  0300 01EE F800         DATA >F800   
  0301 01F0 F880         DATA >F880        Character F         ASCII 46   
  0302 01F2 80F0         DATA >80F0   
  0303 01F4 8080         DATA >8080   
  0304 01F6 8000         DATA >8000   
  0305 01F8 7880         DATA >7880        Character G         ASCII 47   
  0306 01FA 8080         DATA >8080   
  0307 01FC 9888         DATA >9888   
  0308 01FE 7800         DATA >7800   
  0309 0200 8888         DATA >8888        Character H         ASCII 48   
  0310 0202 88F8         DATA >88F8   
  0311 0204 8888         DATA >8888   
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  0312 0206 8800         DATA >8800   
  0313 0208 7020         DATA >7020        Character I         ASCII 49   
  0314 020A 2020         DATA >2020   
  0315 020C 2020         DATA >2020   
  0316 020E 7000         DATA >7000   
  0317 0210 0808         DATA >0808        Character J         ASCII 4A   
  0318 0212 0808         DATA >0808   
  0319 0214 0888         DATA >0888   
  0320 0216 7000         DATA >7000   
  0321 0218 8890         DATA >8890        Character K         ASCII 4B   
  0322 021A A0C0         DATA >A0C0   
  0323 021C A090         DATA >A090   
  0324 021E 8800         DATA >8800   
  0325 0220 8080         DATA >8080        Character L         ASCII 4C   
  0326 0222 8080         DATA >8080   
  0327 0224 8080         DATA >8080   
  0328 0226 F800         DATA >F800   
  0329 0228 88D8         DATA >88D8        Character M         ASCII 4D   

 99/4 ASSEMBLER
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  0330 022A A8A8         DATA >A8A8   
  0331 022C 8888         DATA >8888   
  0332 022E 8800         DATA >8800   
  0333 0230 8888         DATA >8888        Character N         ASCII 4E   
  0334 0232 C8A8         DATA >C8A8   
  0335 0234 9888         DATA >9888   
  0336 0236 8800         DATA >8800   
  0337 0238 7088         DATA >7088        Character O         ASCII 4F   
  0338 023A 8888         DATA >8888   
  0339 023C 8888         DATA >8888   
  0340 023E 7000         DATA >7000   
  0341 0240 F088         DATA >F088        Character P         ASCII 50   
  0342 0242 88F0         DATA >88F0   
  0343 0244 8080         DATA >8080   
  0344 0246 8000         DATA >8000   
  0345 0248 7088         DATA >7088        Character Q         ASCII 51   
  0346 024A 8888         DATA >8888   
  0347 024C A890         DATA >A890   
  0348 024E 6800         DATA >6800   
  0349 0250 F088         DATA >F088        Character R         ASCII 52   
  0350 0252 88F0         DATA >88F0   
  0351 0254 A090         DATA >A090   
  0352 0256 8800         DATA >8800   
  0353 0258 7088         DATA >7088        Character S         ASCII 53   
  0354 025A 8070         DATA >8070   
  0355 025C 0888         DATA >0888   
  0356 025E 7000         DATA >7000   
  0357 0260 F820         DATA >F820        Character T         ASCII 54   
  0358 0262 2020         DATA >2020   
  0359 0264 2020         DATA >2020   
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  0360 0266 2000         DATA >2000   
  0361 0268 8888         DATA >8888        Character U         ASCII 55   
  0362 026A 8888         DATA >8888   
  0363 026C 8888         DATA >8888   
  0364 026E 7000         DATA >7000   
  0365 0270 8888         DATA >8888        Character V         ASCII 56   
  0366 0272 8888         DATA >8888   
  0367 0274 8850         DATA >8850   
  0368 0276 2000         DATA >2000   
  0369 0278 8888         DATA >8888        Character W         ASCII 57   
  0370 027A 88A8         DATA >88A8   
  0371 027C A8D8         DATA >A8D8   
  0372 027E 8800         DATA >8800   
  0373 0280 8888         DATA >8888        Character X         ASCII 58   
  0374 0282 5020         DATA >5020   
  0375 0284 5088         DATA >5088   
  0376 0286 8800         DATA >8800   
  0377 0288 8888         DATA >8888        Character Y         ASCII 59   
  0378 028A 5020         DATA >5020   
  0379 028C 2020         DATA >2020   
  0380 028E 2000         DATA >2000   
  0381 0290 F808         DATA >F808        Character Z         ASCII 5A   
  0382 0292 1020         DATA >1020   
  0383 0294 4080         DATA >4080   
  0384 0296 F800         DATA >F800   
  0385 0298 F8C0         DATA >F8C0        Character [         ASCII 5B   
  0386 029A C0C0         DATA >C0C0   
  0387 029C C0C0         DATA >C0C0   
  0388 029E F800         DATA >F800   

 99/4 ASSEMBLER
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  0389 02A0 0080         DATA >0080        Character           ASCII 5C   
  0390 02A2 4020         DATA >4020   
  0391 02A4 1008         DATA >1008   
  0392 02A6 0000         DATA >0000   
  0393 02A8 F818         DATA >F818        Character ]         ASCII 5D   
  0394 02AA 1818         DATA >1818   
  0395 02AC 1818         DATA >1818   
  0396 02AE F800         DATA >F800   
  0397 02B0 0000         DATA >0000        Character           ASCII 5E   
  0398 02B2 2050         DATA >2050   
  0399 02B4 8800         DATA >8800   
  0400 02B6 0000         DATA >0000   
  0401 02B8 0000         DATA >0000        Character _         ASCII 5F   
  0402 02BA 0000         DATA >0000   
  0403 02BC 0000         DATA >0000   
  0404 02BE F800         DATA >F800   
  0405 02C0 4020         DATA >4020        Character           ASCII 60   
  0406 02C2 1000         DATA >1000   
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  0407 02C4 0000         DATA >0000   
  0408 02C6 0000         DATA >0000   
  0409 02C8 0000         DATA >0000        Character a         ASCII 61   
  0410 02CA 7088         DATA >7088   
  0411 02CC F888         DATA >F888   
  0412 02CE 8800         DATA >8800   
  0413 02D0 0000         DATA >0000        Character b         ASCII 62   
  0414 02D2 F048         DATA >F048   
  0415 02D4 7048         DATA >7048   
  0416 02D6 F000         DATA >F000   
  0417 02D8 0000         DATA >0000        Character c         ASCII 63   
  0418 02DA 7880         DATA >7880   
  0419 02DC 8080         DATA >8080   
  0420 02DE 7800         DATA >7800   
  0421 02E0 0000         DATA >0000        Character d         ASCII 64   
  0422 02E2 F048         DATA >F048   
  0423 02E4 4848         DATA >4848   
  0424 02E6 F000         DATA >F000   
  0425 02E8 0000         DATA >0000        Character e         ASCII 65   
  0426 02EA F080         DATA >F080   
  0427 02EC E080         DATA >E080   
  0428 02EE F000         DATA >F000   
  0429 02F0 0000         DATA >0000        Character f         ASCII 66   
  0430 02F2 F080         DATA >F080   
  0431 02F4 E080         DATA >E080   
  0432 02F6 8000         DATA >8000   
  0433 02F8 0000         DATA >0000        Character g         ASCII 67   
  0434 02FA 7880         DATA >7880   
  0435 02FC B888         DATA >B888   
  0436 02FE 7000         DATA >7000   
  0437 0300 0000         DATA >0000        Character h         ASCII 68   
  0438 0302 8888         DATA >8888   
  0439 0304 F888         DATA >F888   
  0440 0306 8800         DATA >8800   
  0441 0308 0000         DATA >0000        Character i         ASCII 69   
  0442 030A F820         DATA >F820   
  0443 030C 2020         DATA >2020   
  0444 030E F800         DATA >F800   
  0445 0310 0000         DATA >0000        Character j         ASCII 6A   
  0446 0312 7020         DATA >7020   
  0447 0314 20A0         DATA >20A0   

 99/4 ASSEMBLER
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  0448 0316 E000         DATA >E000   
  0449 0318 0000         DATA >0000        Character k         ASCII 6B   
  0450 031A 90A0         DATA >90A0   
  0451 031C A0C0         DATA >A0C0   
  0452 031E 9000         DATA >9000   
  0453 0320 0000         DATA >0000        Character l         ASCII 6C   
  0454 0322 8080         DATA >8080   
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  0455 0324 8080         DATA >8080   
  0456 0326 F800         DATA >F800   
  0457 0328 0000         DATA >0000        Character m         ASCII 6D   
  0458 032A 88D8         DATA >88D8   
  0459 032C A888         DATA >A888   
  0460 032E 8800         DATA >8800   
  0461 0330 0000         DATA >0000        Character n         ASCII 6E   
  0462 0332 88C8         DATA >88C8   
  0463 0334 A898         DATA >A898   
  0464 0336 8800         DATA >8800   
  0465 0338 0000         DATA >0000        Character o         ASCII 6F   
  0466 033A F888         DATA >F888   
  0467 033C 8888         DATA >8888   
  0468 033E F800         DATA >F800   
  0469 0340 0000         DATA >0000        Character p         ASCII 70   
  0470 0342 F088         DATA >F088   
  0471 0344 F080         DATA >F080   
  0472 0346 8000         DATA >8000   
  0473 0348 0000         DATA >0000        Character q         ASCII 71   
  0474 034A F888         DATA >F888   
  0475 034C A890         DATA >A890   
  0476 034E E000         DATA >E000   
  0477 0350 0000         DATA >0000        Character r         ASCII 72   
  0478 0352 F888         DATA >F888   
  0479 0354 F8A0         DATA >F8A0   
  0480 0356 9000         DATA >9000   
  0481 0358 0000         DATA >0000        Character s         ASCII 73   
  0482 035A 7880         DATA >7880   
  0483 035C 7008         DATA >7008   
  0484 035E F000         DATA >F000   
  0485 0360 0000         DATA >0000        Character t         ASCII 74   
  0486 0362 F820         DATA >F820   
  0487 0364 2020         DATA >2020   
  0488 0366 2000         DATA >2000   
  0489 0368 0000         DATA >0000        Character u         ASCII 75   
  0490 036A 8888         DATA >8888   
  0491 036C 8888         DATA >8888   
  0492 036E 7000         DATA >7000   
  0493 0370 0000         DATA >0000        Character v         ASCII 76   
  0494 0372 8888         DATA >8888   
  0495 0374 90A0         DATA >90A0   
  0496 0376 4000         DATA >4000   
  0497 0378 0000         DATA >0000        Character w         ASCII 77   
  0498 037A 8888         DATA >8888   
  0499 037C A8D8         DATA >A8D8   
  0500 037E 8800         DATA >8800   
  0501 0380 0000         DATA >0000        Character x         ASCII 78   
  0502 0382 8860         DATA >8860   
  0503 0384 2060         DATA >2060   
  0504 0386 8800         DATA >8800   
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  0505 0388 0000         DATA >0000        Character y         ASCII 79   
  0506 038A 8850         DATA >8850   

 99/4 ASSEMBLER
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  0507 038C 2020         DATA >2020   
  0508 038E 2000         DATA >2000   
  0509 0390 0000         DATA >0000        Character z         ASCII 7A   
  0510 0392 F810         DATA >F810   
  0511 0394 2040         DATA >2040   
  0512 0396 F800         DATA >F800   
  0513 0398 3840         DATA >3840        Character           ASCII 7B   
  0514 039A 20C0         DATA >20C0   
  0515 039C 2040         DATA >2040   
  0516 039E 3800         DATA >3800   
  0517 03A0 4020         DATA >4020        Character           ASCII 7C   
  0518 03A2 1008         DATA >1008   
  0519 03A4 1020         DATA >1020   
  0520 03A6 4000         DATA >4000   
  0521 03A8 E010         DATA >E010        Character           ASCII 7D   
  0522 03AA 2018         DATA >2018   
  0523 03AC 2010         DATA >2010   
  0524 03AE E000         DATA >E000   
  0525 03B0 40A8         DATA >40A8        Character           ASCII 7E   
  0526 03B2 1000         DATA >1000   
  0527 03B4 0000         DATA >0000   
  0528 03B6 0000         DATA >0000   
  0529 03B8 A850         DATA >A850        Character           ASCII 7F   
  0530 03BA A850         DATA >A850   
  0531 03BC A850         DATA >A850   
  0532 03BE A800         DATA >A800   
  0533                   END  
  0000 ERRORS
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4.5. TMS9900 Software Subroutines

1RWH� %HIRUH XVLQJ DQ\ RI WKH OLQH GUDZLQJ VXEURXWLQHV� WKH �/RDG /LQH 'UDZLQJ 3DWWHUQV� VXEURXWLQH

PXVW EH H[HFXWHG�

Pattern 00 Pattern 01 Pattern 02

 ��  ��  ��

 ��  ��  ��

 ��  ��  ��

 ))  ��  )�

 ))  ��  )�

 ��  ��  ��

 ��  ��  ��

 ��  ��  ��

Pattern 03 Pattern 04 Pattern 05

 ��  ��  ��

 ��  ��  ��

 ��  ��  ��

 �)  )�  �)

 �)  )�  �)

 ��  ��  ��

 ��  ��  ��

 ��  ��  ��

Pattern 06

 ��

 ��

 ��

 ))

 ))

 ��

 ��

 ��
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 99/4 ASSEMBLER
VERSION 1.2                                                  PAGE 0001
  0001                   IDT 'SEGMENTS'   
  0002            ****************************************  
  0003            *   
  0004            *      TMS9918A subroutines   
  0005            *   
  0006            ****************************************  
  0007      9000  VRAMW  EQU  >9000        Address to write data to VRAM  
  0008      9002  VDPW   EQU  >9002        Address to write data to VDP   
  0009      9004  VRAMR  EQU  >9004        Address to read data from VRAM   
  0010      9006  VDPR   EQU  >9006        Address to read status from VDP  
  0011            ****************************************  
  0012            *   
  0013            *      Load Line Drawing Patterns   
  0014            *   
  0015            *      Registers used:  
  0016            *   
  0017            *      Reg 1 = Reserved   
  0018            *      Reg 2 = Reserved   
  0019            *      Reg 3 = Address of Pattern Generator   
  0020            *      Reg 4 = Pattern location in memory   
  0021            *      Reg 5 = Colors of drawing patterns   
  0022            *              (user defined)   
  0023            ****************************************  
  0024            *   
  0025            *   
  0026 0000 0201         LI   R1,VRAMW     Address to write data to VRAM  
       0002 9000  
  0027 0004 0202         LI   R2,VDPW      Address to write to VDP  
       0006 9002  
  0028 0008 0203         LI   R3,>4800     Address in Patt Gen for Pat 0  
       000A 4800  
  0029 000C 0204         LI   R4,PATD      Drawing patterns located in mem  
       000E 002E' 
  0030 0010 C483         MOV  R3,*R2       Send MSB of VRAM address to VDP  
  0031 0012 06C3         SWPB R3           Reverse bytes  
  0032 0014 C483         MOV  R3,*R2       Send LSB of VRAM address to VDP  
  0033 0016 0203         LI   R3,56        7 patterns x 8 bytes each  
       0018 0038  
  0034 001A D474  LLD1   MOVB *R4+,*R1     Send byte to VRAM  
  0035 001C 0603         DEC  R3           Decrement byte count   
  0036 001E 16FD         JNE  LLD1         If not done, get next byte   
  0037 0020 0203         LI   R3,>4200     Address of Color Table   
       0022 4200  
  0038 0024 C483         MOV  R3,*R2       Send LSB of VRAM address to VDP  
  0039 0026 06C3         SWPB R3           Reverse bytes  
  0040 0028 C483         MOV  R3,*R2       Send MSB of VRAM address to VDP  
  0041 002A C445         MOV  R5,*R1       Send color byte to VRAM  
  0042 002C 045B         B    *R11         Return to calling program  
  0043            *   
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  0044            *   
  0045            *      Pattern for line drawing   
  0046            *   
  0047            *   
  0048 002E 0000  PATD   DATA >0000        Pattern 00   
  0049 0030 00FF         DATA >00FF   
  0050 0032 FF00         DATA >FF00   
  0051 0034 0000         DATA >0000   
  0052 0036 1818         DATA >1818        Pattern 01   
  0053 0038 1818         DATA >1818   

 99/4 ASSEMBLER
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  0054 003A 1818         DATA >1818   
  0055 003C 1818         DATA >1818   
  0056 003E 0000         DATA >0000        Pattern 02   
  0057 0040 00F8         DATA >00F8   
  0058 0042 F818         DATA >F818   
  0059 0044 1818         DATA >1818   
  0060 0046 0000         DATA >0000        Pattern 03   
  0061 0048 001F         DATA >001F   
  0062 004A 1F18         DATA >1F18   
  0063 004C 1818         DATA >1818   
  0064 004E 1818         DATA >1818        Pattern 04   
  0065 0050 18F8         DATA >18F8   
  0066 0052 F800         DATA >F800   
  0067 0054 0000         DATA >0000   
  0068 0056 1818         DATA >1818        Pattern 05   
  0069 0058 181F         DATA >181F   
  0070 005A 1F00         DATA >1F00   
  0071 005C 0000         DATA >0000   
  0072 005E 1818         DATA >1818        Pattern  
  0073 0060 18FF         DATA >18FF   
  0074 0062 FF18         DATA >FF18   
  0075 0064 1818         DATA >1818   
  0076            *   
  0077            *   
  0078            ****************************************  
  0079            *   
  0080            *      Load sprites subroutine  
  0081            *   
  0082            *      Registers used:  
  0083            *   
  0084            *      R1 = Reserved  
  0085            *      R2 = Reserved  
  0086            *      R3 = Address of sprite table in VRAM   
  0087            *      R4 = Memory address of sprite table (user def)   
  0088            *      R5 = Number of bytes to transfer (user def)  
  0089            *   
  0090            ****************************************  
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  0091            *   
  0092 0066 0201         LI   R1,VRAMW     Address to write data to VRAM  
       0068 9000  
  0093 006A 0202         LI   R2,VDPW      Address to write to VDP  
       006C 9002  
  0094 006E 0203         LI   R3,>4000     Address of sprite table in VRAM  
       0070 4000  
  0095 0072 C483         MOV  R3,*R2       Send LSB of VRAM address to VDP  
  0096 0074 06C3         SWPB R3           Reverse bytes  
  0097 0076 C483         MOV  R3,*R2       Send MSB of VRAM address to VDP  
  0098 0078 D0F4  LDPL   MOVB *R4+,R3      Get byte of data from mem  
  0099 007A 06C3         SWPB R3           Reverse bytes  
  0100 007C C443         MOV  R3,*R1       Send data to VRAM  
  0101 007E 0605         DEC  R5           Are we done yet?   
  0102 0080 16FB         JNE  LDPL         No, go again   
  0103 0082 045B         B    *R11         Yes, return to calling program   
  0104            *   
  0105            ****************************************  
  0106            *   
  0107            *      Clear screen subroutine  
  0108            *   
  0109            *      Registers used:  

 99/4 ASSEMBLER
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  0110            *   
  0111            *      R1 = Reserved  
  0112            *      R2 = Reserved  
  0113            *      R3 = Start address on screen   
  0114            *   
  0115            ****************************************  
  0116            *   
  0117            *   
  0118 0084 0201  CLSC   LI   R1,VRAMW     Address to write data to VRAM  
       0086 9000  
  0119 0088 0202         LI   R2,VDPW      Address to write to VDP  
       008A 9002  
  0120 008C 0203         LI   R3,>4400     Start location of the Name Table   
       008E 4400  
  0121 0090 C483         MOV  R3,*R2       Send LSB of VRAM address to VDP  
  0122 0092 06C3         SWPB R3           Reverse bytes  
  0123 0094 C483         MOV  R3,*R2       Send MSB of VRAM address to VDP  
  0124 0096 0202         LI   R2,768       # of positions on screen   
       0098 0300  
  0125 009A 0203         LI   R3,>20       ASCII space char   
       009C 0020  
  0126 009E C443  CLS1   MOV  R3,*R1       Send space char to VRAM  
  0127 00A0 0602         DEC  R2           Are all locations clear?   
  0128 00A2 16FD         JNE  CLS1         No, go again   
  0129 00A4 045B         B    *R11         Yes, return to calling program   
  0130            *   
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  0131            *   
  0132            ****************************************  
  0133            *   
  0134            *      Print message subroutine   
  0135            *      and branch to users program  
  0136            *   
  0137            *      Registers used:  
  0138            *   
  0139            *      R1 = Reserved  
  0140            *      R2 = Reserved  
  0141            *      R3 = Starting address of message in  
  0142            *           Name Table (user defined)   
  0143            *      R4 = Memory address of message (user defined)  
  0144            *   
  0145            *      Note: end message string with a byte 00  
  0146            *   
  0147            ****************************************  
  0148            *   
  0149            *   
  0150 00A6 0201  PRNT   LI   R1,VRAMW     Address to write data to VRAM  
       00A8 9000  
  0151 00AA 0202         LI   R2,VDPW      Address to write to VDP  
       00AC 9002  
  0152 00AE C483         MOV  R3,*R2       Send LSB of VRAM address to VDP  
  0153 00B0 06C3         SWPB R3           Reverse bytes  
  0154 00B2 C483         MOV  R3,*R2       Send MSB of VRAM address to VDP  
  0155 00B4 D0B4  PRL1   MOVB *R4+,R2      Get byte of text from mem  
  0156 00B6 1303         JEQ  PRL2         If zero, then end of msg   
  0157 00B8 06C2         SWPB R2           Index byte into position   
  0158 00BA C442         MOV  R2,*R1       Send char to VRAM  
  0159 00BC 10FB         JMP  PRL1         Get next char  
  0160 00BE 045B  PRL2   B    *R11         Return to calling program  
  0161            *   

 99/4 ASSEMBLER
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  0162            *   
  0163            ****************************************  
  0164            *   
  0165            *      Erase to end of screen subroutine  
  0166            *   
  0167            *      Registers used:  
  0168            *   
  0169            *      R1 = Reserved  
  0170            *      R2 = Reserved  
  0171            *      R3 = Address in Name Table to start erasure  
  0172            *           (user defined). R3 must be equal to   
  0173            *           or greater than >4400, and must be les  
  0174            *           than or equal to >46FF  
  0175            *   
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  0176            ****************************************  
  0177            *   
  0178 00C0 0201  EEOS   LI   R1,VRAMW     Address to write data to VRAM  
       00C2 9000  
  0179 00C4 0202         LI   R2,VDPW      Address to write to VDP  
       00C6 9002  
  0180 00C8 C483         MOV  R3,*R2       Send LSB of VRAM address to VDP  
  0181 00CA 06C3         SWPB R3           Reverse bytes  
  0182 00CC C483         MOV  R3,*R2       Send MSB of VRAM address to VDP  
  0183 00CE 0202         LI   R2,>20       Load R2 with 'space' char  
       00D0 0020  
  0184 00D2 C442  EES1   MOV  R2,*R1       Send 'space' to screen   
  0185 00D4 0583         INC  R3           Increment char count   
  0186 00D6 0283         CI   R3,>4700     Are we at the end of screen?   
       00D8 4700  
  0187 00DA 1AFB         JL   EES1         If not go again  
  0188 00DC 045B         B    *R11  
  0189            *   
  0190            *   
  0191            ****************************************  
  0192            *   
  0193            *      Erase line sub   
  0194            *   
  0195            *      Registers used:  
  0196            *   
  0197            *      R1 = Reserved  
  0198            *      R2 = Reserved  
  0199            *      R3 = Starting address in line in Name  
  0200            *           Table to be erased (used defined)   
  0201            ****************************************  
  0202            *   
  0203            *   
  0204 00DE 0201  ERLN   LI   R1,VRAMW     Address to write data to VDP   
       00E0 9000  
  0205 00E2 0202         LI   R2,VDPW      Address to write to VDP  
       00E4 9002  
  0206 00E6 C483         MOV  R3,*R2       Send LSB of VRAM address to VDP  
  0207 00E8 06C3         SWPB R3           Reverse bytes  
  0208 00EA C483         MOV  R3,*R2       Send MSB of VRAM address to VDP  
  0209 00EC 0202         LI   R2,>20       Load R2 with 'space' char  
       00EE 0020  
  0210 00F0 0203         LI   R3,32        Load R3 with # of positions  
       00F2 0020  
  0211 00F4 C442  ERL1   MOV  R2,*R1       Send 'space' char to Name Table  
  0212 00F6 0603         DEC  R3           Decrement char count   

 99/4 ASSEMBLER
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  0213 00F8 16FD         JNE  ERL1         If not done, go again  
  0214 00FA 045B         B    *R11         Done, return to calling prog   
  0215            *   



7(;$6 ,167580(176

+20( &20387(5

118

  0216            *   
  0217            ****************************************  
  0218            *   
  0219            *      Draw a horizontal line   
  0220            *   
  0221            *      Registers used:  
  0222            *   
  0223            *      R3 = Address of upper left corner  
  0224            *      R4 = # of horizontal positions   
  0225            *      R5 = # of vertical positions   
  0226            *      R9 = pattern number offset   
  0227            *   
  0228            ****************************************  
  0229            *   
  0230            *   
  0231 00FC 0201  DBOX   LI   R1,>9000     Address of data to 9918  
       00FE 9000  
  0232 0100 0202         LI   R2,>9002     Address of addresses to 9918   
       0102 9002  
  0233 0104 C483         MOV  R3,*R2       Send LSB of address to 9918  
  0234 0106 06C3         SWPB R3           Reverse bytes  
  0235 0108 C483         MOV  R3,*R2       Send MSB of address to 9918  
  0236 010A 06C3         SWPB R3           Reverse bytes  
  0237 010C C189         MOV  R9,R6        Get offset   
  0238 010E 0226         AI   R6,>01       Point to upper left corner pattern 
       0110 0001  
  0239 0112 C446         MOV  R6,*R1       Send it to the 9918  
  0240 0114 C1C4         MOV  R4,R7        Store horiz count in temp reg  
  0241 0116 0647         DECT R7           Determine (length - corners)   
  0242 0118 1304         JEQ  DBL2         No length, other than corners  
  0243 011A C189         MOV  R9,R6        Pattern 00 + offset  
  0244 011C C446  DBL1   MOV  R6,*R1       Send line segment to 9918  
  0245 011E 0607         DEC  R7           Dec line count   
  0246 0120 16FD         JNE  DBL1         Not done yet, go again   
  0247 0122 C189  DBL2   MOV  R9,R6        Get offset   
  0248 0124 0226         AI   R6,>05       Point to upper right corner  
       0126 0005  
  0249 0128 C446         MOV  R6,*R1       Send it to 9918  
  0250 012A C203         MOV  R3,R8        Send address of upper left to temp 
  0251 012C C1C5         MOV  R5,R7        Send vert count to temp  
  0252 012E 0647         DECT R7           Determine (height - corners)   
  0253 0130 130C         JEQ  DBL4         No height other than corners   
  0254 0132 C189         MOV  R9,R6        Get offset   
  0255 0134 0226         AI   R6,>03       Point to vertical line pattern   
       0136 0003  
  0256 0138 0228  DBL3   AI   R8,>20       Inc vert position by 1 char  
       013A 0020  
  0257 013C C488         MOV  R8,*R2       Send address to 9918   
  0258 013E 06C8         SWPB R8           Reverse bytes  
  0259 0140 C488         MOV  R8,*R2       Send address to 9918   
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  0260 0142 06C8         SWPB R8           Reverse bytes  
  0261 0144 C046         MOV  R6,R1        Send vert line segment to 9918   
  0262 0146 0607         DEC  R7           Decrement vert count   
  0263 0148 16F7         JNE  DBL3         Not done yet, go again   
  0264 014A 0228  DBL4   AI   R8,>20       Inc vert position by 1 char  
       014C 0020  

 99/4 ASSEMBLER
VERSION 1.2                                                  PAGE 0006
  0265 014E C488         MOV  R8,*R2       Send address to 9918   
  0266 0150 06C2         SWPB R2           Reverse bytes  
  0267 0152 C488         MOV  R8,*R2       Send address to 9918   
  0268 0154 06C8         SWPB R8           Reverse bytes  
  0269 0156 C189         MOV  R9,R6        Get offset   
  0270 0158 0226         AI   R6,>02       Point to lower left corner pattern 
       015A 0002  
  0271 015C C446         MOV  R6,*R1       Send it to 9918  
  0272 015E C1C4         MOV  R4,R7        Send horiz count to temp   
  0273 0160 0647         DECT R7           Determine (horiz - corners)  
  0274 0162 1304         JEQ  DBL6         No horiz other than corners  
  0275 0164 C189         MOV  R9,R6        Get offset   
  0276 0166 C446  DBL5   MOV  R6,*R1       Send horiz pattern to 9918   
  0277 0168 0607         DEC  R7           Decrement horiz count  
  0278 016A 16FD         JNE  DBL5         If not done, go again  
  0279 016C C189  DBL6   MOV  R9,R6        Get offset   
  0280 016E 0226         AI   R6,>04       Point to lower right pattern   
       0170 0004  
  0281 0172 C446         MOV  R6,*R1       Send pattern to 9918   
  0282 0174 C1C5         MOV  R5,R7        Store vert count in temp   
  0283 0176 0647         DECT R7           Decrement vert count   
  0284 0178 1312         JEQ  DBL8         If no vert segments, done  
  0285 017A C1C4         MOV  R4,R7        Store horiz count in temp  
  0286 017C 0607         DEC  R7           Decrement horiz count  
  0287 017E C203         MOV  R3,R8        Store address of upper left corner 
  0288 0180 A207         A    R7,R8        Find upper right corner location   
  0289 0182 C189         MOV  R9,R6        Get offset   
  0290 0184 0226         AI   R6,>03       Point to vertical line pattern   
       0186 0003  
  0291 0188 C1C5         MOV  R5,R7        Store vert count in temp   
  0292 018A 0647         DECT R7           Determine (height - corners)   
  0293 018C 0228  DBL7   AI   R8,>20       Increment vert position by 1 char  
       018E 0020  
  0294 0190 C488         MOV  R8,*R2       Send address to 9918   
  0295 0192 06C8         SWPB R8           Reverse bytes  
  0296 0194 C488         MOV  R8,*R2       Send address to 9918   
  0297 0196 06C8         SWPB R8           Reverse bytes  
  0298 0198 C446         MOV  R6,*R1       Send pattern to 9918   
  0299 019A 0607         DEC  R7           Decrement vert count   
  0300 019C 16F7         JNE  DBL7         If not done, go again  
  0301 019E 045B  DBL8   B    *R11         Sub done return to calling program 
  0302            *   
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  0303            *   
  0304            ****************************************  
  0305            *   
  0306            *      Load text colors subroutine  
  0307            *   
  0308            *      Registers used:  
  0309            *   
  0310            *      R4 = Colors for text characters  
  0311            *   
  0312            ****************************************  
  0313            *   
  0314 01A0 0201  LDTC   LI   R1,>9000  
       01A2 9000  
  0315 01A4 0202         LI   R2,>9002  
       01A6 9002  
  0316 01A8 0203         LI   R3,>4204     Address for text colors in 9918  
       01AA 4204  

 99/4 ASSEMBLER
VERSION 1.2                                                  PAGE 0007
  0317 01AC C483         MOV  R3,*R2       Send address to 9918   
  0318 01AE 06C3         SWPB R3           Reverse bytes  
  0319 01B0 C483         MOV  R3,*R2       8 color char x 8 text/char = 64  
  0320 01B2 C444  LCLI   MOV  R4,*R1       Send word to 9918  
  0321 01B4 0602         DEC  R2           Decrement count  
  0322 01B6 16FD         JNE  LCLI         If not done, do again  
  0323 01B8 045B         B    *R11         Done, return to calling program  
  0324            *   
  0325            *   
  0326            ****************************************  
  0327            *   
  0328            *      Draw a vertical line sub   
  0329            *   
  0330            *      Registers used:  
  0331            *   
  0332            *      R3 = Address on screen   
  0333            *      R4 = # of positions  
  0334            *      R9 = Pattern offset  
  0335            *   
  0336            ****************************************  
  0337            *   
  0338 01BA C483  DVLN   MOV  R3,*R2       Send address to 9918   
  0339 01BC 06C3         SWPB R3           Reverse bytes  
  0340 01BE C483         MOV  R3,*R2       Send address to 9918   
  0341 01C0 06C3         SWPB R3           Reverse bytes  
  0342 01C2 C445         MOV  R5,*R1       Send pattern to 9918   
  0343                   END  
  0000 ERRORS
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5. TMS9918A/9928A/9929A ELECTRICAL SPECIFICATIONS

5.1. Absolute Maximum Ratings over Operating Free-Air Temperature Range
(unless otherwise noted)*

6XSSO\ YROWDJH 9
&&

� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���� WR ��9

$OO LQSXW YROWDJHV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���� WR ��9

2XWSXW YROWDJH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� WR �9

&RQWLQXRXV SRZHU GLVVLSDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���:

2SHUDWLQJ IHH�DLU WHPSHUDWXUH UDQJH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��& WR ���&

6WRUDJH WHPSHUDWXUH UDQJH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ����& WR �����&

 6WUHVV EH\RQG WKRVH OLVWHG XQGHU $EVROXWH 0D[LPXP 5DWLQJV PD\ FDXVH SHUPDQHQW GDPDJH WR

WKH GHYLFH� 7KLV LV D VWUHVV UDWLQJ RQO\ DQG IXQFWLRQDO RSHUDWLRQ RI WKH GHYLFH DW WKHVH RU DQ\ RWKHU

FRQGLWLRQV EH\RQG WKRVH LQGLFDWHG LQ WKH 5HFRPPHQGHG 2SHUDWLQJ &RQGLWLRQV VHFWLRQ RI WKLV

VSHFLILFDWLRQ LV QRW LPSOLHG� ([SRVXUH WR DEVROXWHPD[LPXP UDWH FRQGLWLRQV IRU H[WHQGHG SHULRGV

PD\ DIIHFW GHYLFH UHOLDELOLW\�

5.2. Recommended Operating Conditions*

Parameter Min Nom Max Unit

6XSSO\ YROWDJH 9
&&

���� ���� 9

6XSSO\ YROWDJH 9
66

� 9

,QSXW YROWDJH� 9
,

�6<1& SLQ5(6(7

6<1& DFWLYH �� �� 9

5(6(7 DFWLYH ��� 9

6<1& DQG 5(6(7 LQDFWLYH � � 9

+LJK�OHYHO LQSXW� 9
,+

;7$/�� ;7$/� ���� 9

$OO RWKHU LQSXWV ��� 9

,QSXW YROWDJH� 9
,
�

(;7 9'3 SLQ

�706����$ RQO\�

6<1& OHYHO

:KLWH OHYHO

%ODFN OHYHO

���

���

�

9

9

9

/RZ�OHYHO LQSXW YROWDJH� 9
,/

��� 9

2SHUDWLQJ IUHH�DLU WHPSHUDWXUH� 7
$

� �� �&

 $OO YROWDJHV YDOXHV DUH ZLWK UHVSHFW WR 9
66
�



7(;$6 ,167580(176

+20( &20387(5

122

5.3. Electrical Characteristics over Full Ranges
of Recommended Operating Conditions (unless otherwise noted)

TMS9918A/9928A/9929A

Test Conditions Min Typ Max Unit

9
2+

+LJK�OHYHO

RXWSXW

YROWDJH

� �5$6 &$6 5�:

,
2+
 ����$

��� ���

9
$OO RWKHU RXWSXWV ��� ���

9
2/

/RZ�OHYHO

RXWSXW

YROWDJH

&38 GDWD ,
2/
 ���P$ ��� ���

9
'5$0 LQWHUIDFH ,

2/
 ����$ ���

,
2=+

2II�VWDWH RXWSXW FXUUHQW KLJK�OHYHO

YROWDJH DSSOLHG� '��'� RXWSXWV

9
2
 ����9 � ��� �$

,
2=/

2II�VWDWH RXWSXW FXUUHQW KLJK�OHYHO

YROWDJH DSSOLHG� '��'� RXWSXWV

9
2
 ���9 � ���� �$

,
,+

+LJK�OHYHO LQSXW FXUUHQW 9
,
 ����9�

DOO RWKHU SLQV

DW �9

�� �$

,
,/

/RZ�OHYHO LQSXW FXUUHQW 9
,
 �9�

DOO RWKHU SLQV

DW �9

��� �$

TMS9918A Only (Figure 5-1)

Parameter Test C onditions Min Nom Max Unit

9ZKLWH
9LGHR YROWDJH OHYHO RI ZKLWH�

&209,'

5
/
 ���6

��� ��� ��� 9

9
EODFN

9LGHR YROWDJH OHYHO RI EODFN

�EODQN�� &209,'

��� ��� ��� 9

9
V\QF

9LGHR YROWDJH OHYHO RI V\QF�

&209,'

���� ��� ��� 9

� $OO W\SLFDO YDOXHV DUH DW 9
&&
 ����9� 7

$
 ��(&�
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Electrical Characteristics over Full Ranges of
Recommended Operating Conditions (unless otherwise noted) (Continued)

TMS9928A/9929A Only (Figure 5-1)

Parameter Test C onditions Min Nom Max Unit

9
ZKLWH

9LGHR YROWDJH OHYHO RI ZKLWH� <�

5�<� %�< RXWSXWV�

5
/
 ���6

��� ��� ��� 9

9
EODFN

9LGHR YROWDJH OHYHO RI EODFN

�EODQN�� <� 5�<� %�< RXWSXWV

��� ��� ��� 9

9V\QF 9LGHR YROWDJH OHYHO RI V\QF� <

RXWSXW

��� ��� ��� 9

TMS9929A Only

Parameter Test C onditions Min Typ Max Unit

936 &RORU EXUVW YLGHR YROWDJH OHYHO
ZLWK UHVSHFW WR 9 QR FRORU

5�< RXWSXW
���� 9

9
QHJ

&RORU EXUVW YLGHR YROWDJH OHYHO
ZLWK UHVSHFW WR 9 QR FRORU

%�< RXWSXW
����� 9

TMS9918A/9928A/9929A ( Figure 5-2)

Parameter Test C onditions Min Nom Max Unit

9LGHR YROWDJH GLIIHUHQFH� ZKLWH�
EODFN� <� 5�<� %�< RXWSXWV

��� ��� 9

,&& $YHUDJH VXSSO\ FXUUHQW IURP 9
&&

7
$
 ��(& ��� ��� P$

&
L

,QSXW
FDSDFLWDQFH

'��'�

S)
$OO RWKHU LQSXWV XQPHDVXUHG

I  ��0+]�
SLQV DW �9

��
��
��

&
R

2XWSXW FDSDFLWDQFH XQPHDVXUHG
I  ��0+]�
SLQV DW �9

�� S)

� $OO W\SLFDO YDOXHV DW 9
&&
 ����9� 7

$
 ��(&
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5.4. Timing Requirements over Full Ranges
of Recommended Operating Conditions (TMS9918A/9928A/9929A)

CPU-VDP Interface ( Figu res 5-3 and 5-4)

Parameter Min Nom Max Unit

WVX�$�5/� $GGUHVV VHWXS WLPH EHIRUH &65 ORZ � QV

WVX�$�:/� $GGUHVV VHWXS WLPH EHIRUH &6: ORZ �� QV

WK�:/�$� $GGUHVV KROG WLPH DIWHU &6: ORZ �� QV

WVX�'�:+� 'DWD VHWXS WLPH EHIRUH &6: KLJK ��� QV

WK�:+�'� 'DWD KROG WLPH DIWHU &6: KLJK �� QV

WZ�:/� 3XOVH ZLGWK� &6: ORZ ��� QV

WZ�&6�+�� 3XOVH ZLGWK� FKLS VHOHFW KLJK

�UHTXHVWLQJ PHPRU\ DFFHVV�

� �V

WZ�&6�+�� 3XOVH ZLGWK� FKLS VHOHFW KLJK

�QRW UHTXHVWLQJ PHPRU\ DFFHVV�

� �V

VDP-VRAM Interface ( Figure 5-5 and 5-6)

Parameter Min Nom Max Unit

WF 0HPRU\ UHDG RU ZULWH F\FOH WLPH ��� QV

WVX�'�&+� ,QSXW GDWD VHWXS WLPH EHIRUH &$6 KLJK �� QV

WK�&+�'� ,QSXW GDWD KROG WLPH DIWHU &$6 KLJK � QV
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External Clock Source ( Figure 5-7)

Parameter Min Typ Max Unit

IH[W ([WHUQDO VRXUFH IUHTXHQF\ ��������� ��������� ��������� 0+]

W
U
�W
I

([WHUQDO VRXUFH ULVH�IDOO WLPH �� �� QV

W
Z+

([WHUQDO VRXUFH KLJK�OHYHO SXOVH ZLGWK �� �� �� QV

WZ/ ([WHUQDO VRXUFH ORZ�OHYHO SXOVH ZLGWK �� �� �� QV

WS' ([WHUQDO VRXUFH SKDVH GHOD\ IURP ;7$/�

IDOOLQJ HGJH WR ;7$/� IDOOLQJ HGJH

�� �� �� QV

5.5. Switching Characteristics over Full Range
of Recommended Operating Conditions (TMS9918A/9928A/9929A)

CPU-VDP Interface

Parameter
Test
Conditions Min Nom Max Unit

7$�&65� 'DWD DFFHVV WLPH IURP &65 ORZ

&
/
 ���S)

QV

W
39;

'DWD GLVDEOH WLPH DIWHU &65 KLJK QV

W39;�$ 'DWD LQYDOLG WLPH IURP DGGUHVV

FKDQJHV

QV

W&38&/. &38 FORFN RXWSXW FORFN IUHTXHQF\

�I
H[W � ��

0+]

W*520&/. *520 FORFN RXWSXW FORFN IUHTXHQF\

�I
H[W � ��

N+]
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VDP-VRAM Interface ( Figu res 5-5 and 5-6)

Parameter
Test
Conditions Min Typ Max Unit

W
:

3XOVH ZLGWK� KLJK&$6

&
/
 ��S)

�� ��� ��� QV

W
:�&/� 3XOVH ZLGWK� ORZ ��� ��� ��� QV&$6

W
:�5+� 3XOVH ZLGWK� KLJK ��� ��� ��� QV5$6

W:�5/� 3XOVH ZLGWK� ORZ ��� ��� ��� QV5$6

W:�:� 3XOVH ZLGWK� ZULWH SXOVH ��� ��� ��� QV

W&$ � &/
'HOD\ WLPH� FROXPQ DGGUHVV WR &$6

ORZ

��� �� QV

W5$ � 5/
'HOD\ WLPH� URZ DGGUHVV WR ORZ �� �� �� QV5$6

W
G �:/

'HOD\ WLPH� GDWD WR 5� ORZ � � �� QV:

W
:+ � &/

'HOD\ WLPH� 5� KLJK WR ORZ �� �� �� QV: &$6

W
: � &+

'HOD\ WLPH� 5� ORZ WR KLJK ��� ��� ��� QV: &$6

W
: � 5+

'HOD\ WLPH� 5� ORZ WR KLJK �� �� �� QV: 5$6
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TMS9918A Composite video output ( Figu res 5-8 and 5-9)

Parameter
Test
Conditions Min Typ Max Unit

W
&/ � &$

&ROXPQ DGGUHVV YDOLG DIWHU ORZ&$6

&
/
 ��S)

�� �� �� QV

W
5/ � 5$

5RZ DGGUHVV YDOLG DIWHU ORZ �� �� �� QV5$6

W
5/ � &$

&ROXPQ DGGUHVV YDOLG DIWHU ORZ �� ��� ��� QV5$6

W
&/ � '

'DWD YDOLG DIWHU ORZ ��� ��� ��� QV&$6

W
5/ � '

'DWD YDOLG DIWHU ORZ �� ��� ��� QV5$6

W
:/ � '

'DWD YDOLG DIWHU 5� ORZ ��� ��� ��� QV:

W
&+ �:/

5HDG FRPPDQG YDOLG DIWHU KLJK � QV&$6

W
&/ �:

:ULWH FRPPDQG YDOLG DIWHU ORZ ��� ��� ��� QV&$6

W
&+ � 5/

'HOD\ WLPH� KLJK WR ORZ �� �� QV&$6 5$6

W
&/ � 5+

'HOD\ WLPH� ORZ WR KLJK ��� ��� ��� QV&$6 5$6

W
5/ � &/

'HOD\ WLPH ORZ WR ORZ �� �� �� QV5$6 &$6
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TMS9918A Composite video output ( Figu res 5-8 and 5-9)

Parameter
Test
Conditions Min Typ Max Unit

W
IO

)DOO WLPH 9EODFN WR 9V\QF

5
/
 ���6

&/  ��S)

�� QV

W
:�+6� 3XOVH ZLGWK� KRUL]RQWDO V\QF ���� �V

WUO 5LVH WLPH 9V\QF WR 9EODFN �� QV

W+6 � &' 'HOD\ WLPH� V\QF WR FRORU EXUVW ��� QV

W
:�&%� :LGWK� FRORU EXUVW ��� �V

W&% � /%
'HOD\ WLPH� FRORU EXUVW WR OHIW ERUGHU ���� �V

W
U�

5LVH WLPH 9EODFN WR 9ZKLWH �� QV

W:�/%� /HIW ERUGHU YLGHR ZLGWK ���� �V

WI� )DOO WLPH 9ZKLWH WR 9EODFN ��� QV

W
:�$'� :LGWK RI DFWLYH GLVSOD\ DUHD ����� �V

W:�5%� 5LJKW ERUGHU YLGHR ZLGWK ���� �V

W5% � +6
'HOD\ WLPH� ULJKW ERUGHU WR

KRUL]RQWDO ZLGWK

���� �V

W
9)%

9HUWLFDO IURQW EODQNLQJ ����� �V

W
96

9HUWLFDO V\QF ����� �V

9
9%%

9HUWLFDO EDFN EODQNLQJ ��� �V

W
$%$

$FWLYH SOXV ERUGHU DUHD WLPH ���� PV

1RWH� )DOO WLPHV GHSHQG RQ H[WHUQDO SXOO�GRZQ UHVLVWRU�
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TMS9928A/9929A Y, R-Y, B-Y Outputs ( Figu res 5-10 thr ough 5-13)

Parameter
Test
Conditions Min Typ Max Unit

WI� )DOO WLPH 9EODFN WR 9V\QF

5
/
 ���6

&
/
 ��S)

��� QV

W
:�+6� 3XOVH ZLGWK� KRUL]RQWDO V\QF ���� �V

WU� 5LVH WLPH 9V\QF WR 9EODFN ��� QV

W
:�%3� :LGWK� EDFN SRUFK ���� �V

W:�/%,� :LGWK� OHIW ERUGHU ��� �V

W:�3� 3XOVH ZLGWK� SL[HO ������ QV

W:�KRU]� :LGWK� KRUL]RQWDO OLQH ������ �V

W
:�$',� :LGWK� DFWLYH GLVSOD\ DUHD ����� �V

WU� 5LVH WLPH 9EODFN WR 9ZKLWH �� QV

WI� )DOO WLPH 9ZKLWH WR 9EODFN �� QV

W:�5%,� :LGWK� ULJKW ERUGHU ���� �V

W:�)3� :LGWK� IURQW SRUFK ���� �V

WU� 5LVH WLPH� 9 QR FRORU WR 9 SRV &% ��� QV

I:�&%�� 3XOVH ZLGWK� SRV FRORU EXUVW ��� �V

WI� )DOO WLPH� 9 SRV &% WR 9 QR FRORU ��� QV

:�&% � /%,� 'HOD\ WLPH� SRV &% RQ OHIW ERUGHU ���� �V

W
I�

)DOO WLPH� 9 QR FRORU WR 9 QHJ &% ��� QV

W
U�

5LVH WLPH� 9 QHJ &% WR 9 QR FRORU ��� QV

W
:�96,� 3XOVH ZLGWK� YHUWLFDO V\QF ��� QV

W9)%, 9HUWLFDO IURQW EODQNLQJ ������ �V

W96, 9HUWLFDO V\QF ������ �V

W9%%, 9HUWLFDO EDFN EODQNLQJ ������ �V

W
$%$,

$FWLYH DUHD SOXV ERUGHU DUHD WRWDO ����� PV

9HUWLFDO WLPH ����� PV

1RWH� )DOO WLPHV GHSHQG RQ H[WHUQDO SXOO�GRZQ UHVLVWRU�
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Figure 5-1: Load circuit for COMVID (all devi ces) and
R-Y, Y, B-Y switching ch aracteristics (TMS9928A/9929A)

Figure 5-2: Load circuits for all outputs except COMVID, R-Y, Y, B-Y
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Figure 5-3: CPU-VDP write cycle for TMS9918A/9928A/9929A
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Figure 5-4: CPU-VDP read cycle for TMS9918A/9928A/9929A
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Figure 5-5: VRAM write cycle
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Figure 5-6: VRAM read cycle
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Figure 5-7: External clock timing w aveform

Figure 5-8: TMS 9918A COMVID horizontal timing
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Figure 5-9: TMS 9918A vertical timing

Figure 5-10: TMS 9928A/9929A Y horizontal timing

Figure 5-11: TMS 9928A/9929A R-Y horizontal timing
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Figure 5-12: TMS 9928A/9929A B-Y horizontal timing

Figure 5-13: TMS 9929A vertical timing
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6. MECHANICAL DATA

6.1. TMS9918 40-pin Plastic Dual-In-Line Package
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6.2. TMS9918 40-pin Ceramic Dual-In-Line Package
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Appendix A. ASCII Character Set

1RWH� 6RIWZDUH SURJUDPV DSSO\ WR DOO WKUHH 9'3V �706����$�����$�����$��

7KLV DSSHQGL[ FRQWDLQV WKH GLDJUDPV DQG VRIWZDUH OLVWLQJ RI DQ XSSHU DQG ORZHU FDVH$6&,, FKDUDFWHU VHW�

7KH FKDUDFWHU PDWUL[ LV � ð � LQ WKH � ð � SL[HO EORFN� 7KHVH FKDUDFWHUV DUH OHIW�MXVWLILHG VR WKH\ FDQ EH

XVHG LQ WKH WH[W �� ð � SL[HOV� PRGH�

3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ ��

�� �� �� ��

�� �� �� ��

�� �� �� )�

�� �� �� ��

�� �� �� )�

�� �� �� ��

�� �� �� ��

�� �� �� ��

3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ ��

�� &� �� ��

�� &� $� ��

$� �� $� ��

�� �� �� ��

�� �� $� ��

�� �� �� ��

(� �� �� ��

�� �� �� ��

3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ �$ 3DWWHUQ �%

�� �� �� ��

�� �� $� ��

�� �� �� ��

�� �� �� )�

�� �� �� ��

�� �� $� ��

�� �� �� ��

�� �� �� ��
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3DWWHUQ �& 3DWWHUQ �' 3DWWHUQ �( 3DWWHUQ �)

�� �� �� ��

�� �� �� ��

�� �� �� ��

�� )� �� ��

�� �� �� ��

�� �� �� ��

�� �� �� ��

�� �� �� ��

3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ ��

�� �� �� )�

�� �� �� ��

�� �� �� ��

$� �� �� ��

&� �� �� ��

�� �� �� ��

�� �� )� ��

�� �� �� ��

3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ ��

�� )� �� )�

�� �� �� ��

�� )� �� ��

�� �� )� ��

)� �� �� ��

�� �� �� ��

�� �� �� ��

�� �� �� ��
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3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ �$ 3DWWHUQ �%

�� �� �� ��

�� �� �� ��

�� �� �� ��

�� �� �� ��

�� �� �� ��

�� �� �� ��

�� (� �� ��

�� �� �� ��

3DWWHUQ �& 3DWWHUQ �' 3DWWHUQ �( 3DWWHUQ �)

�� �� �� ��

�� �� �� ��

�� )� �� ��

�� �� �� ��

�� )� �� ��

�� �� �� ��

�� �� �� ��

�� �� �� ��

3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ ��

�� �� )� ��

�� �� �� ��

$� �� �� ��

%� �� )� ��

%� )� �� ��

�� �� �� ��

�� �� )� ��

�� �� �� ��
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3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ ��

)� )� )� ��

�� �� �� ��

�� �� �� ��

�� )� )� ��

�� �� �� ��

�� �� �� ��

)� )� �� ��

�� �� �� ��

3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ �$ 3DWWHUQ �%

�� �� �� ��

�� �� �� ��

�� �� �� $�

)� �� �� &�

�� �� �� $�

�� �� �� ��

�� �� �� ��

�� �� �� ��

3DWWHUQ �& 3DWWHUQ �' 3DWWHUQ �( 3DWWHUQ �)

�� �� �� ��

�� '� �� ��

�� $� &� ��

�� $� $� ��

�� �� �� ��

�� �� �� ��

)� �� �� ��

�� �� �� ��
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3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ ��

)� �� )� ��

�� �� �� ��

�� �� �� ��

)� �� )� ��

�� $� $� ��

�� �� �� ��

�� �� �� ��

�� �� �� ��

3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ ��

)� �� �� ��

�� �� �� ��

�� �� �� ��

�� �� �� $�

�� �� �� $�

�� �� �� '�

�� �� �� ��

�� �� �� ��

3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ �$ 3DWWHUQ �%

�� �� )� )�

�� �� �� &�

�� �� �� &�

�� �� �� &�

�� �� �� &�

�� �� �� &�

�� �� )� )�

�� �� �� ��
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3DWWHUQ �& 3DWWHUQ �' 3DWWHUQ �( 3DWWHUQ �)

�� )� �� ��

�� �� �� ��

�� �� �� ��

�� �� �� ��

�� �� �� ��

�� �� �� ��

�� )� �� ��

�� �� �� )�

3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ ��

�� �� �� ��

�� �� �� ��

�� �� )� ��

�� �� �� ��

�� )� �� ��

�� �� �� ��

�� �� )� ��

�� �� �� ��

3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ ��

�� �� �� ��

�� �� �� ��

)� )� )� ��

�� �� �� ��

�� (� (� %�

�� �� �� ��

)� )� �� ��

�� �� �� ��
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3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ �$ 3DWWHUQ �%

�� �� �� ��

�� �� �� ��

�� )� �� ��

�� �� �� $�

)� �� �� &�

�� �� $� $�

�� )� (� ��

�� �� �� ��

3DWWHUQ �& 3DWWHUQ �' 3DWWHUQ �( 3DWWHUQ �)

�� �� �� ��

�� �� �� ��

�� �� �� )�

�� '� &� ��

�� $� $� ��

�� �� �� ��

)� �� �� )�

�� �� �� ��

3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ ��

�� �� �� ��

�� �� �� ��

)� )� )� ��

�� �� �� ��

)� $� )� ��

�� �� $� ��

�� (� �� )�

�� �� �� ��
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3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ ��

�� �� �� ��

�� �� �� ��

)� �� �� ��

�� �� �� ��

�� �� �� $�

�� �� $� '�

�� �� �� ��

�� �� �� ��

3DWWHUQ �� 3DWWHUQ �� 3DWWHUQ �$ 3DWWHUQ �%

�� �� �� ��

�� �� �� ��

�� �� )� ��

�� �� �� &�

�� �� �� ��

�� �� �� ��

�� �� )� ��

�� �� �� ��

3DWWHUQ �& 3DWWHUQ �' 3DWWHUQ �( 3DWWHUQ �)

�� (� �� $�

�� �� $� ��

�� �� �� $�

�� �� �� ��

�� �� �� $�

�� �� �� ��

�� (� �� $�

�� �� �� ��
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Appendix B. Choosin g VRAM Memor y

:KHQ FKRRVLQJ WKH 95$0 PHPRU\� WKH XVHU PXVW WDNH LQWR FRQVLGHUDWLRQ WKH SURSDJDWLRQ GHOD\ WLPHV

RI WKH V\VWHP LQ DGGLWLRQ WR WKH DFFHVV WLPH RI WKH PHPRU\ DQG GDWD VHWXS WLPH RI WKH 9'3�

$IWHU WKH 9'3 RXWSXWV D ORZ OHYHO VLJQDO RQ � WKHUH LV D GHOD\ WLPH �W
G�5$6�� IRU WKLV ORZ OHYHO WR UHDFK5$6

WKH95$0PHPRU\� WKHUH LV D VLPLODU GHOD\ �W
G�&$6�� IRU D VLJQDO RXWSXW RQ WKH SLQ WR UHDFK WKH95$0&$6

PHPRU\� )LQDOO\� WKHUH LV D GHOD\ �W
G�GDWD�� IRU GDWD RXWSXW E\ WKH PHPRU\ WR UHDFK WKH 9'3� 7KHVH GHOD\V

�VKRZQ LQ )LJXUH%��� GHSHQG RQ WKH OHQJWK RI WKH ZLUHV EHWZHHQ9'3 DQGPHPRU\� DQG RQ WKH FDSDFLWLYH

ORDG EHLQJ GULYHQ�

9DOLG GDWD DSSHDULQJ RQ 5'��5'� LV VWUREHG LQWR WKH 9'3 ZKHQ LV EURXJKW KLJK� 7KHUHIRUH� WKH&$6

PHPRU\ FKRVHQ PXVW KDYH IDVW HQRXJK DFFHVV WLPHV� WD�5� DQG WD�&� VR WKDW YDOLG GDWD LV SUHVHQW RQ

5'��5'� ZKHQ D SRVLWLYH WUDQVLWLRQ RFFXUV RQ �&$6

)RU ��.PHPRULHV IURP7H[DV ,QVWUXPHQWV �706�����;;�� WKH WLPHV W5/�&/ DQG WD�&� FDQ YDU\� EXW WKHLU

VXP LV HTXDO WR WD�5� �W5/�&/ � WD�&�  WD�5��� 7KXV� ZKHQ W
G�5$6� ! WG�&$6�� WKH OLPLWLQJ DFFHVV WLPH LV WD�5��

$IWHU WKH PHPRU\ UHFHLYHV D QHJDWLYH WUDQVLWLRQ RQ WKH LQSXW� WKH PHPRU\ DFFHVV WLPH� WD�5�� PXVW5$6

EH IDVW HQRXJK VR WKDW YDOLGGDWD LV SUHVHQW RQ5'��5'�ZKHQ JRHV KLJK �VHH)LJXUH%��� WKH HTXDWLRQ&$6

IRU WKLV LV�

W5/�&/ � WZ�&/� � WG�5� � WG�GDWD� � WVX�'�&+�

8QGHU ZRUVW FDVH FRQGLWLRQV� WKLV HTXDWLRQ FDQ EH XVHG WR ILQG RXW KRZ PXFK WLPH LV DOORZHG IRU V\VWHP

GHOD\V XVLQJ GLIIHUHQW PHPRULHV�

Table B-1: Worst case tim ing for VDP

Memories System Delays

W
Z&/

���QV 0,1

W
5/�&/ ��QV 0,1

WVX�'�&+ ��QV 0$;

,I WKH YDOXHV IURP 7DEOH %�� DUH SODFHG LQ WKH HTXDWLRQ� ZH ILQG

W5/�&/ � WZ�&/� 9'3 0,1 � W
G�5$6� � WG�GDWD� 6<6 � WD�5�0(0 � WVX�'�&+� 9'3 0$;

���QV � WD�5� 0(00$; � >WG�5$6� � WG�GDWD�@ 6<6 0$;
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Table B-2: DRAM system delays

Part No. t a(R) System Delays

������� ���QV ��QV 0$;

������� ���QV ��QV 0$;

������� ���QV ���QV 0$;

)URP WKH GDWD JLYHQ KHUH� WKH 9'3 ZLOO ZRUN ZLWK ERWK ��� DQG ��� 706���� G\QDPLF 5$0V SURYLGHG

WKH V\VWHP GHOD\V DUH VPDOO HQRXJK� 7KH 9'3 GRHV QRW PHHW WKH WD�5� VSHFLILFDWLRQV IRU WKH ���706����

DQG LV XQDEOH WR XVH WKH ��� XQGHU ZRUVW FDVH FRQGLWLRQV� 7KH 9'3 KDV EHHQ YHULILHG WR ZRUN ZLWK ERWK

��� DQG ���706����V LQ D V\VWHP DSSOLFDWLRQ� 1RWH WKDW LQ DGGLWLRQ WR WKH HTXDWLRQ GHULYHG DERYH� WKDW

DOO PHPRU\ WLPLQJ UHTXLUHPHQWV PXVW EH PHW DV VSHFLILHG LQ D PHPRU\ GDWD ERRN�

Figure B-1: Memory configuration showing delay times
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Figure B-2 Relative timing of VRAM to VDP
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Appendix C. Pattern and Screen Worksheets

Pattern
Name

Pattern
Name
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Pattern
Name

Pattern
Name
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Pattern
Name

Pattern
Name
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TI Sales Offices

$/$%$0$� +XQWVYLOOH� ��� :\QQ 'ULYH� 6XLWH ���� +XQWVYLOOH� $/������ ����� ���������

$5,=21$� 3KRHQL[� 32 %R[ ������ ���� 1� ��UG $YH� 6XLWH %� 3KRHQL[� $= ������ ����� ���������

&$/,)251,$� (O 6HJXQGR� ��� 6� 'RXJODV 6W� (O 6HJXQGR� &$ ������ ����� ��������� ,UYLQH� �����

&DUWZULJKW 5RDG� ,UYLQH� &$ ������ ����� ��������� 6DFUDPHQWR� ���� 3RLQW :HVW :D\� 6XLWH ����

6DFUDPHQWR�&$ ������ ����� ���������6DQ'LHJR� ����:HVW5LGJH $YH� 6XLWH %� 6DQ'LHJR� &$ ������

����� ��������� 6DQWD &ODUD� ���� %HWV\ 5RVV 'U� 6DQWD &ODUD� &$ ������ ����� ��������� :RRGODQG

+LOOV� ����� (UZLQ 6W� :RRGODQG +LOOV� &$ ������ ����� ���������

&2/25$'2� 'HQYHU� ���� (� +DPGHQ 6W� 6XLWH ���� 'HQYHU� &2 ������ ����� ���������

&211(&7,&87�:DOOLQJIRUG� � %DUQHV ,QGXVWULDO 3DUN 5G� %DUQHV ,QGXVWULDO 3DUN�:DOOLQJIRUG� &7

������ ����� ���������

)/25,'$� &OHDUZDWHU� ���� 86 +Z\ �� 1� 6XLWH ���� &OHDUZDWHU� )/ ������ ����� ��������� )W�

/DXGHUGDOH� ���� 1: ��QG 6W� )W� /DXGHUGDOH� )/ ������ ����� ��������� 0DLWODQG� ���� 0DLWODQG

&HQWHU 3DUNZD\� 0DLWODQG� )/ ������ ����� ���������

*(25*,$� $WODQWD� ���� 1RUWKHDVW ([S\� %XLOGLQJ �� $WODQWD� *$ ������ ����� ���������

,//,12,6� $UOLQJWRQ +HLJKWV� ��� :� $OJRQTXLQ� $UOLQJWRQ +HLJKWV� ,/ ������ ����� ���������

,1',$1$� )W� :D\QH� ���� ,QZRRG 'U� )W� :D\QH� ,1 ������ ����� ��������� ,QGLDQDSROLV� ���� 6�

/\QKXUVW� 6XLWH -����� ,QGLDQDSROLV� ,1 ������ ����� ���������

,2:$� &HGDU 5DSLGV� ��� &ROOLQV 5G 1(� 6XLWH ���� &HGDU 5DSLGV� ,$ ������ ����� ���������

0$5</$1'� %DOWLPRUH� �5XWKHUIRUG3O� ���� 5XWKHUIRUG 5G� %DOWLPRUH�0' ������ ����� ���������

0$66$&+86(776� :DOWKDP� ��� 7RWWHQ 3RQG 5G� :DOWKDP� 0$ ������ ����� ���������

0,&+,*$1� )DUPLQJWRQ +LOOV� ����� :� �� 0LOH 5G� )DUPLQJWRQ +LOOV� 0, ������ ����� ���������

0,11(627$� (GLQD� ���� 3DUNODZQ� (GLDQ� 01 ������ ����� ���������

0,66285,�.DQVDV &LW\� ����:DUG 3NZ\� .DQVDV &LW\�02 ������ ����� ���������6W� /RXLV� �����

:HVWOLQH ,QGXVWULDO 'ULYH� 6W� /RXLV� 02 ������ ����� ���������

1(: -(56(<� &ODUN� ��� 7HUPLQDO $YH� :HVW� &ODUN� 1- ������ ����� ���������

1(: 0(;,&2� $OEXTXHUTXH� ���� $OLFH 16(� 6XLWH (� $OEXTXHUTXH� 10 ������ ����� ���������
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1(: <25.� (DVW 6\UDFXVH� ���� 2OG &ROODPHU 5G� (DVW 6\UDFXVH� 1< ������ ����� ���������

(QGLFRWW� �� 1DQWLFRNH $YH� 32 %R[ ���� (QGLFRWW� 1< ������ ����� ���������0HOYLOOH� � +XQWLQJWRQ

4XDGUDQJOH� 6XLWH �&��� 32 %R[ ����� 0HOYLOOH� 1< ������ ����� ��������� 3RXJKNHHSVLH� ��� 6RXWK

$YH� 3RXJKNHHSVLH� 1< ������ ����� ��������� 5RFKHVWHU� ���� -HIIHUVRQ 5G� 5RFKHVWHU� 1< ������

����� ���������

1257+ &$52/,1$� &KDUORWWH� � :RRGODZQ *UHHQ� :RRGODZQ 5G� &KDUORWWH� 1& ������

����� ��������� 5DOHLJK� ���� +LJKZRRGV %OYG� 6XLWH ���� 5DOHLJK� 1& ������ ����� ���������

2+,2� %HDFKZRRG� ����� &RPPHUFH 3DUN 5G� %HDFKZRRG� 2+ ������ ����� ��������� 'D\WRQ�

.LQJVOH\ %OGJ� ���� /LQGHQ $YH� 'D\WRQ� 2+ ������ ����� ���������

2./$+20$� 7XOVD� ���� (� 6NHOO\ 'U� 6XLWH ���� 7XOVD� 2. ������ ����� ���������

25(*21� %HDYHUWRQ� ���� 6: ���WK 6W� 6XLWH ���� %HDYHUWRQ� 25 ������ ����� ���������

3(116</9$1,$� )W� :DVKLQJWRQ� ��� 9LUJLQLD 'U� )W� :DVKLQJWRQ� 3$ ������ ����� ���������

&RUDRSROLV� ��� 5RXVHU 5G� � $LUSRUW 2IILFH 3.� &RUDRSROLV� 3$ ������ ����� ���������

7(11(66((� -RKQVRQ&LW\�32'UDZHU ����� (UZLQ +Z\� -RKQVRQ &LW\� 71 ������ ����� ���������

7(;$6�$XVWLQ� �����5HVHDUFK%OYG� 32%R[ ����� $XVWLQ� 7; ������ ����� ���������'DOODV�32%R[

����� 5LFKDUGVRQ� 7; ������ +RXVWRQ� ���� 6RXWKZHVW )UZ\� 6XLWH ���� +RXVWRQ� 7; ������ 6DQ

$QWRQLR� ���� &HQWUDO 3DUN 6RXWK� 6DQ $QWRQLR� 7; ������ ����� ���������

87$+� 6DOW /DNH &LW\� ���� :HVW ���� 6RXWK� 6DOW /DNH &LW\� 87 ������ ����� ���������

9,5*,1,$� )DLUID[� ���� 3URVSHULW\� )DLUID[� 9$ ������ ����� ���������0LGORWKLDQ� ����� 6XWWHU
V

0LOO &LUFOH� 0LGORWKLDQ� 9$ ������ ����� ���������

:,6&216,1� %URRNILHOG� ��� %LVKRSV :D\� 6XLWH ���� %URRNILHOG� :, ������ ����� ���������

:$6+,1*721� 5HGPRQG� ���� ���QG $YH� 1( %OGJ �� 5HGPRQG� :$ ������ ����� ���������

&$1$'$� 2WWDZD� ���0F/DUHQ 6W� 2WWDZD� &DQDGD� .�3 �0�� ����� ���������5LFKPRQG +LOO� ���

&HQWUH 6W (� 5LFKPRQG +LOO� 2QWDULR� &DQDGD� /�& �%�� ����� ��������� 6W� /DXUHQW� 9LOOH 6W� /DXUHQW�

4XHEHF� &DQDGD� +�6 �5�� ����� ���������
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TI Distributors

$/$%$0$� +DOO�0DUN ����� ���������

$5,=21$� 3KRHQL[� .LHUXOII ����� ��������� 0DUVKDOO ����� ��������� 5�9� :HDWKHUIRUG

����� ��������� :\OH ����� ��������� 7XFVRQ� .LHUXOII ����� ���������

&$/,)251,$� /RV $QJHOHV�2UDQJH &RXQW\� $UURZ ����� ��������� ����� ��������� -$&2

����� ��������� ����� ��������� .LHUXOII ����� ��������� ����� ��������� 0DUVKDOO ����� ���������

����� ��������� ����� ��������� 5�9� :HDWKHUIRUG ����� ��������� ����� ��������� ����� ��������� :\OH

����� ��������� ����� ��������� 6DQ 'LHJR� $UURZ ����� ��������� .LHUXOII ����� ��������� 0DUVKDOO

����� ��������� 5�9� :HDWKHUIRUG ����� ��������� :\OH ����� ��������� 6DQ )UDQFLVFR %D\ $UHD�

$UURZ ����� ��������� .LHUXOII ����� ��������� 0DUVKDOO ����� ��������� 7LPH ����� ��������� 8QLWHG

&RPSRQHQWV ����� ��������� :\OH ����� ��������� 6DQWD %DUEDUD� 5�9� :HDWKHUIRUG ����� ���������

&2/25$'2� $UURZ ����� ��������� .LHUXOII ����� ��������� 5�9� :HDWKHUIRUG ����� ��������� :\OH

����� ���������

&211(&7,&87� $UURZ ����� ��������� 'LSORPDW ����� ��������� .LHUXOII ����� ��������� 0DUVKDOO

����� ��������� 0LOJUD\ ����� ���������

)/25,'$�)W�/DXGHUGDOH�$UURZ��������������'LSORPDW ��������������+DOO�0DUN��������������

.LHUOXII ����� ��������� 2UODQGR� $UURZ ����� ��������� 'LSORPDW ����� ��������� +DOO�0DUN

����� ��������� 0LOJUD\ ����� ��������� 7DPSD� 'LSORPDW ����� ��������� .LHUXOII ����� ���������

*(25*,$� $UURZ ����� ��������� +DOO�0DUN ����� ��������� .LHUXOII ����� ��������� 0DUVKDOO

����� ���������

,//,12,6� $UURZ ����� ��������� 'LSORPDW ����� ��������� +DOO�0DUN ����� ��������� .LHUXOII

����� ��������� 1HZDUN ����� ���������

,1',$1$� ,QGLDQDSROLV� $UURZ ����� ��������� *UDKDP ����� ��������� )W� :D\QH� *UDKDP

����� ���������

,2:$� $UURZ ����� ���������

.$16$6� .DQVDV &LW\� &RPSRQHQW 6SHFLDOWLHV ����� ��������� +DOO�0DUN ����� ���������:LFKLWD�

/&203 ����� ���������

0$5</$1'� $UURZ ����� ��������� +DOO�0DUN ����� ��������� .LHUXOII ����� ��������� 0LOJUD\

����� ���������

0$66$&+86(776�$UURZ��������������'LSORPDW ��������������.LHUXOII ��������������0DUVKDOO

����� ��������� 7LPH ����� ���������
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0,&+,*$1� 'HWURLW� $UURZ ����� ��������� 1HZDUN ����� ��������� *UDQG 5DSLGV� 1HZDUN

����� ���������

0,11(627$� $UURZ ����� ��������� 'LSORPDW ����� ��������� +DOO�0DUN ����� ��������� .LHUXOII

����� ���������

1(: +$036+,5(� $UURZ ����� ���������

1(: -(56(<� $UURZ ����� ��������� 'LSORPDW ����� ��������� -$&2 ����� ��������� .LHUXOII

����� ��������� 0DUVKDOO ����� ���������

1(: 0(;,&2� $UURZ ����� ��������� ,QWHUQDWLRQDO HOHFWURQLFV ����� ���������

1(: <25.� /RQJ ,VODQG� $UURZ ����� ��������� 'LSORPDW ����� ��������� -$&2 ����� ���������

0DUVKDOO ����� ��������� 0LOJUD\ ����� ��������� ����� ��������� 5RFKHVWHU� $UURZ ����� ���������

0DUVKDOO ����� ��������� 5RFKHVWHU 5DGLR 6XSSO\ ����� ��������� 6\UDFXVH� $UURZ ����� ���������

'LSORPDW ����� ��������� 0DUVKDOO ����� ���������

1257+ &$52/,1$� $UURZ ����� ��������� ����� ��������� +DOO�0DUN ����� ��������� .LHUXOII

����� ���������

2+,2� &LQFLQQDWL� *UDKDP ����� ��������� &OHYHODQG� $UURZ ����� ��������� +DOO�0DUN

����� ��������� .LHUXOII ����� ��������� &ROXPEXV� +DOO�0DUN ����� ��������� 'D\WRQ� $UURZ

����� ��������� (6&2 ����� ��������� 0DUVKDOO ����� ���������

2./$+20$�&RPSRQHQW6SHFLDOWLHV ��������������+DOO�0DUN ��������������.HUXOII ��������������

25(*21� .LHUXOII ����� ��������� :\OH ����� ���������

3(116</9$1,$� $UURZ ����� ��������� $UURZ ����� ��������� *HQHUDO 5DGLR ����� ��������� +DOO�

0DUN ����� ��������� 0LOJUD\ ����� ���������

7(;$6� $XVWLQ� $UURZ ����� ��������� &RPSRQHQW 6SHFLDOWLHV ����� ��������� +DOO�0DUN

����� ��������� .LHUXOII ����� ��������� 'DOODV� $UURZ ����� ��������� &RPSRQHQW 6SHFLDOWLHV

����� ��������� +DOO�0DUN ����� ��������� ,QWHUQDWLRQDO (OHFWURQLFV ����� ��������� .LHUXOII

����� ��������� (O 3DVR� ,QWHUQDWLRQDO (OHFWURQLFV ����� ��������� +RXVWRQ� $UURZ ����� ���������

&RPSRQHQW 6SHFLDOWLHV ����� ��������� +DOO�0DUN ����� ��������� +DUULVRQ (TXLSPHQW ����� ���������

.LHUXOII ����� ���������

87$+� 'LSORPDW ����� ��������� .LHUXOII ����� ��������� :\OH ����� ���������

9,5*,1,$� $UURZ ����� ���������
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:$6+,1*721� $UURZ ����� ��������� .LHUXOII ����� ��������� 8QLWHG &RPSRQHQWV ����� ���������

:\OH ����� ���������

:,6&216,1� $UURZ ����� ��������� +DOO�0DUN ����� ��������� .LHUXOII ����� ���������

&$1$'$�&DOJDU\�)XWXUH ��������������9DUDK ��������������'RZQVYLHZ�&(6&2��������������

+DPLOWRQ� 9DUDK ����� ���������0RQWUHDO� &(6&2 ����� ��������� )XWXUH ����� ���������2WWDZD�

&(6&2 ����� ��������� )XWXUH ����� ���������4XHEHF&LW\�&(6&2 ����� ���������7RURQWR� )XWXUH

����� ��������� 9DQFRXYHU� )XWXUH ����� ��������� 9DUDK ����� ��������� :LQQLSHJ� 9DUDK

����� ���������

TI Worldwide Sales Offices

$/$%$0$� +XQWVYLOOH� ��� :\QQ 'ULYH� 6XLWH ���� +XQWVYLOOH� $/ ������ ����� ���������

$5,=21$� 3KRHQL[� 32 %R[ ������ ���� 1� ��UG $YH� 6XLWH �� 3KRHQL[� $= ������ ����� ���������

&$/,)251,$� (O 6HJXQGR� ��� 6� 'RXJODV 6W�� (O 6HJXQGR� &$ ������ ����� ��������� ,UYLQH� �����

&DUWZULJKW 5G� ,UYLQH� &$ ������ ����� ��������� 6DFUDPHQWR� ���� 3RLQW :HVW :D\� 6XLWH ����

6DFUDPHQWR�&$ ������ ����� ���������6DQ'LHJR� ���� 9LHZ5LGJH$YH� 6XLWH %� 6DQ'LHJR� &$ ������

����� ��������� 6DQWD &ODUD� ���� %HWV\ 5RVV 'U� 6DQWD &ODUD� &$ ������ ����� ���������:RRGODQG

+LOOV� ����� (UZLQ 6W� :RRGODQG +LOOV� &$ ������ ����� ���������

&2/25$'2� 'HQYHU� ���� (� +DPSGHQ 6W� 6XLWH ���� 'HQYHU� &2 ������ ����� ���������

&211(&7,&87�:DOOLQJIRUG� � %DUQHV ,QGXVWULDO 3DUN 5G� %DUQHV ,QGXVWULDO 3DUN�:DOOLQJIRUG� &7

������ ����� ���������

)/25,'$� &OHDUZDWHU� ���� 86 +Z\ �� 1� 6XLWH ���� &OHDUZDWHU� )/ ������ ����� ��������� )W�

/DXGHUGDOH� ���� 1: ��QG 6W� )W� /DXGHUGDOH� )/ ������ ����� ��������� 0DLWODQG� ���� 0DLWODQG

&HQWHU 3DUNZD\� 0DLWODQG� )/ ������ ����� ���������

*(25*,$� $WODQWD� ���� 1RUWKHDVW ([S\� %XLOGLQJ �� $WODQWD� *$ ������ ����� ���������

,//,12,6� $UOLQJWRQ +HLJKWV� ��� :� $OJRQTXLQ� $UOLQJWRQ +HLJKWV� ,/ ������ ����� ���������

,1',$1$� )W� :D\QH� ���� ,QZRRG 'U� )W� :D\QH� ,1 ������ ����� ��������� ,QGLDQDSROLV� ���� 6�

/\QKXUVW� 6XLWH -����� ,QGLDQDSROLV� ,1 ������ ����� ���������

,2:$� &HGDU 5DSLGV� ��� &ROOLQV 5G 1(� 6XLWH ���� &HGDU 5DSLGV� ,$ ������ ����� ���������

0$5</$1'� %DOWLPRUH� � 5XWKHUIRUG 3O� ���� 5XWKHUIRUG 5G� %DOWLPRUH� 0'������ ����� ���������

0$66$&+86(776� :DOWKDP� ��� 7RWWHQ 3RQG 5G� :DOWKDP� 0$ ������ ����� ���������
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0,&+,*$1� )DUPLQJWRQ +LOOV� ����� : �� 0LOH 5G� )DUPLQJWRQ +LOOV� 0, ������ ����� ���������

0,11(627$� (GLQD� ���� 3DUNODZQ� (GLQD� 01 ������ ����� ���������

0,66285,� .DQVDV &LW\� ����:DUG 3NZ\� .DQVDV &LW\�02������ ����� ���������6W� /RXLV� �����

:HVWOLQH ,QGXVWULDO 'ULYH� 6W� /RXLV� 02 ������ ����� ���������

1(: -(56(<� &ODUN� ��� 7HUPLQDO $YH� :HVW� &ODUN� 1- ������ ����� ���������

1(: 0(;,&2� $OEXTXHUTXH� ���� $OLFH 16(� 6XLWH (� $OEXTXHUTXH� 10 ������ ����� ���������

1(: <25.� (DVW 6\UDFXVH� ���� 2OG &ROODPHU 5G� (DVW 6\UDFXVH� 1< ������ ����� ���������

(QGLFRWW� ���1DQWLFRNH$YH� 32%R[ ���� (QGLFRWW� 1< ������ ����� ���������0HOYLOOH� �+XQWLQJWRQ

4XDGUDQJOH� 6XLWH �&��� 32 %R[ ����� 0HOYLOOH� 1< ������ ����� ��������� 3RXJKNHHSVLH� ��� 6RXWK

$YH� 3RXJKNHHSVLH� 1< ������ ����� ��������� 5RFKHVWHU� ���� -HIIHUVRQ 5G� 5RFKHVWHU� 1< ������

����� ���������

1257+ &$52/,1$� &KDUORWWH� � :RRGODZQ *UHHQ� :RRGODZQ 5G� &KDUORWWH� 1& ������

����� ��������� 5DOHLJK� ���� +LJKODQGV %OYG� 6XLWH ���� 5DOHLJK� 1& ������ ����� ���������

2+,2� %HDFKZRRG� ����� &RPPHUFH 3DUN 5G� %HDFKZRRG� 2+ ������ ����� ��������� 'D\WRQ�

.LQJVOH\ %OGJ� ���� /LQGHQ $YH� 'D\WRQ� 2+ ������ ����� ���������

2./$+20$� 7XOVD� ���� (� 6NHOO\ 'U� 6XLWH ���� 7XOVD� 2. ������ ����� ���������

3(116</9$1,$� )W� :DVKLQJWRQ� ��� 9LUJLQLD 'U� )W� :DVKLQJWRQ� 3$ ������ ����� ���������

&RUDSROLV� ��� 5RXVHU 5G� � $LUSRUW 2IILFH 3N� &RUDSROLV� 3$ ������ ����� ���������

7(11(66((� -RKQVRQ&LW\�32'UDZHU ����� (UZLQ+Z\� -RKQVRQ &LW\� 71 ������ ����� ���������

7(;$6� $XVWLQ� ����� 5HVHDUFK %OYG� 32%R[ ����� $XVWLQ� 7;������ ����� ���������'DOODV�32%R[

����� 5LFKDUGVRQ� 7; ������ +RXVWRQ� ���� 6RXWKZHVW )UZ\� 6XLWH ���� +RXVWRQ� 7; ������

����� ��������� 6DQ $QWRQLR� ���� &HQWUDO 3DUN 6RXWK� 6DQ $QWRQLR� 7; ������ ����� ���������

87$+� 6DOW /DNH &LW\� ���� :HVW ���� 6RXWK� 6DOW /DNH &LW\� 87 ������ ����� ���������

9,5*,1,$� )DLUID[� ���� 3URVSHULW\� )DLUID[� 9$ ������ ����� ���������0LGORWKLDQ� ����� 6XWWHU
V

0LOO &LUFOH� 0LGORWKLDQ� 9$ ������ ����� ���������

:,6&216,1� %URRNILHOG� ��� %LVKRSV :D\� 6XLWH ���� %URRNILHOG� :, ������ ����� ���������

:$6+,1*721� 5HGPRQG� ���� ���QG $YH� 1(� %OGJ �� 5HGPRQG� :$ ������ ����� ���������
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&$1$'$� 2WWDZD� ���0F&ODUHQ 6W� 2WWDZD� &DQDGD� .�3 �0�� ����� ���������5LFKPRQG+LOO� ���

&HQWUH 6W� (� 5LFKPRQG +LOO� 2QWDULR� &DQDGD /�& �%�� ����� ��������� 6W� /DXUHQW� 9LOOH 6W� /DXUHQW

4XHEHF� ���� 7UDQV &DQDGD +Z\� 6W� /DXUHQW� 4XHEHF� &DQDGD +�6 �5�� ����� ���������

$5*(17,1$� 7H[DV ,QVWUXPHQWV $UJHQWLQD 6$,&)� .P ��� � 5XWD 3DQDPHULFDQD 'RQ 7RUFXDWR� &&

����� ���� &RUUHR�&HQWUDO� %XHQRV $LUHV� $UJHQWLQD� ���������

$8675$/,$� 7H[DV ,QVWUXPHQWV $XVWUDOLD /WG� 8QLW �$� � %\ILHOG 6W� 32 %R[ ���� 1RUWK 5\GH� 16:

����� 6\GQH\� $XVWUDOLD� ������������ �WK )ORRU� ��� 6W� .LOGD 5G� 0HOERXUQH ����� 9LFWRULD� $XVWUDOLD�

������������

$8675,$� 7H[DV ,QVWUXPHQWV *HV PE+� 5HQQZHJ ��� ���� 9LHQQD� $XVWULD� ������������

%(/*,80� 7H[DV ,QVWUXPHQWV 6$� 0HUFXUH &HQWUH� 5DNHWVWUDDW� 5XH GH OD )XVHH ���� ���� %UXVVHOV�

%HOJLXP� �����������

%5$=,/�7H[DV ,QVWUXPHQWV(OHFWURQLFRVGR%UDVLO /WGD� 5XH3DGUH3HUHLUD'H$QGUDGH� ���&HS������

6DR 3DROR� %UD]LO� �������������

'(10$5.� 7H[DV ,QVWUXPHQWV $'� 0DULHOXQGYHM ��(� ���� +HUOHY� 'HQPDUN� ����������

),1/$1'� 7H[DV ,QVWUXPHQWV )LQODQG 2<� )UHVVHQNDWX �� 3/ ���� ����� +HOVLQNL ��� )LQODQG�

����������

)5$1&(�7H[DV ,QVWUXPHQWV)UDQFH� /D %RXUVLGLHUH� %DW $51���� �����/H3OHVVLV5RELQVRQ� )UDQFH�

����������� �� 4XDL 5DPEDXG� ����� /\RQ� )UDQFH� ����������� � $Y GH OD &KDUWUHXVH� ����� 0H\ODQ�

)UDQFH� ����������� � 3ODFH GH %UHWDJQH� ����� 5HQQHV� )UDQFH� ����������� ������� $OOH GH %DUFHORQH�

5HVLGHQFH /
$XWD\� ����� 7RXORXVH� )UDQFH� �����������

*(50$1<�7H[DV ,QVWUXPHQWV 'HXWVFKODQG*PE+�.XUIXHUVWHQGDPP���� ���� %HUOLQ ��� *HUPDQ\�

������������ ,,, +DJHQ ��� )UDQNIXUWHU $OOHH ���� ���� (VFKERUQ� *HUPDQ\� ������������ ���� (VVHQ�

*HUPDQ\�������������:LQWHUKXGHU:HJ������+DPEXUJ���*HUPDQ\�������������+DJJHUW\VWUDVVH

�� ���� )UHLVLQJ� *HUPDQ\� ���������� 5LHWKRUVW �� ����+DQRYHU ��� *HUPDQ\� ������������

$UDEHOODVWUDVVH ������ ���� 0XQLFK ��� *HUPDQ\� ���������� 0DULHQWRUJUDEHQ ���� ���� 1XHUQEHUJ�

*HUPDQ\� ����������� .UHIHOGHUVWUDVVH ������ ���� 6WXWWJDUW ��� *HUPDQ\� ������������

+21* .21*� 7H[DV ,QVWUXPHQWV $VLD /WG� ��� $VLDQ +RXVH� � +HQQHVV\ 5G� +RQJ .RQJ� ����������

,7$/<� 7H[DV ,QVWUXPHQWV ,WDOLD 6SD� 9LD (XURSD ������ &RORJQR 0RQ]HVH� 0LODQ� ,WDO\� ������������

9LD 6DODULD ����� ������ 5RPH� ,WDO\� ����������� 9LD 0RQWHEHOOR ��� ����� 7XULQ� ,WDO\� �����������

-$3$1� 7H[DV ,QVWUXPHQWV $VLD /WG� $R\DPD )XML %OGJ� �)� ������� .LWD�$R\DPD� 0LQDWR�NX� 7RN\R�

-DSDQ ���� ���� ���������
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.25($� 7H[DV ,QVWUXPHQWV 6XSSO\ &RPSDQ\� 5RRP ���� .ZDQJ 3RRQJ %OGJ� ���� +ZD\DQJ 'RQJ�

6XQJGRQJ�.X� 6HRXO� .RUHD� ���������

0(;,&2�7H[DV ,QVWUXPHQWV GH 0H[LFR 6$� 3RQLHQWH ��� ����� &RO ,QGXVWULDO 9DOOHMR� 0H[LFR &LW\ ���

')� 0H[LFR� �������������

1(7+(5/$1'6� 7H[DV ,QVWUXPHQWV +ROODQG %9� /DDQ 9DQ GH +HOHQGH 0HHVWHUV ���$� 32 %R[ ����

���� $* $PVWHOYHHQ� +ROODQG� �����������

125:$<� 7H[DV ,QVWUXPHQW $6� 5\HQVYLQJHQ ��� 2VOR �� 1RUZD\� ����������

3+,/,33,1(6�7H[DV ,QVWUXPHQWV$VLD/WG� ��WK)ORRU�%$�/HSDQWR%XLOGLQJ�3DVHR'H5R[DV�0DNDWL�

0HWUR 0DQLOD�

32578*$/� 7H[DV ,QVWUXPHQWV (TXLXSDPHQWR (OHFWURQLFR /'$� 5XD (QJ� )UHGHULFR 8OULFK� ����

0RUHLUD 'D 0DLD� 'RXUR� 3RUWXJDO� ���������

6,1*$325(� 7H[DV ,QVWUXPHQWV $VLD /WG� 32 %R[ ����� ��� %HQGHPHHU 5G� 6LQJDSRUH �� 5HSXEOLF RI

6LQJDSRUH� �����������

63$,1� 7H[DV ,QVWUXPHQWV (VSDQD 6$� %DOPHV ��� �� %DUFHORQD ��� 6SDLQ�

6:('(1� 7H[DV ,QVWUXPHQWV ,QWHUQDWLRQDO 7UDGH &RUSRUDWLRQ �6YHULJHILOLDOHQ�� 1RUUD +DQQYDJHQ ��

)DFN 6���� �� 6WRFNKROP ��� 6ZHGHQ� ����������

7$,:$1�7H[DV ,QVWUXPHQWV7DLZDQ/WG� ��WK)ORRU�)X6KLQJ%OGJ� ��6XQJ�.LDQJ5G�7DLSHL� 7DLZDQ�

5HSXEOLF RI &KLQD� �����������

81,7('.,1*'20�7H[DV ,QVWUXPHQWV/WG�0DQWRQ/DQH�%HGIRUG�(QJODQG0.���38������������
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Statement of File Origin

7KLV ILOH ZDV FUHDWHG IRU XVHUV RI 3&��� D 7,�����$ HPXODWRU UXQQLQJ RQ DQ ,%0 3&�

5HSURGXFHG ZLWK SHUPLVVLRQ RI WKH SXEOLVKHU &RS\ULJKW ������ 7H[DV ,QVWUXPHQWV

,QFRUSRUDWHG� 7KLV ILOH ZDV FUHDWHG E\ VFDQQLQJ WKH 7H[DV ,QVWUXPHQWV ����

706����$�706����$�706����$ 9LGHR 'LVSOD\ 3URFHVVRUV 'DWD 0DQXDO� $OWKRXJK

7H[DV ,QVWUXPHQWV KDV JUDQWHG SHUPLVVLRQ IRU WKLV� 7, LV QR ZD\ UHVSRQVLEOH IRU DQ\

HUURUV� RPLVVLRQV RU FKDQJHV LQWURGXFHG E\ WKLV SURFHVV� ,Q WKH FDVH RI D GLVSXWH� WKH XVHU

RI WKLV ILOH LV UHIHUUHG WR WKH RULJLQDO PDQXDO�

:KLOH HYHU\ HIIRUW ZDV PDGH WR HQVXUH WKDW WKH WH[W DQG JUDSKLFV FRQWHQW RI WKLV ILOH DUH DQ DFFXUDWH FRS\

RI WKH RULJLQDO 7, PDQXDO� &D'' (OHFWURQLFV FDQ DVVXPH QR UHVSRQVLELOLW\ IRU DQ\ HUURUV LQWURGXFHG

GXULQJ VFDQQLQJ� HGLWLQJ� RU FRQYHUVLRQ�

,I \RX ILQG DQ HUURU� ZH ZLOO DWWHPSW WR FRUUHFW LW DQG SURYLGH \RX ZLWK DQ XSGDWHG ILOH� <RX FDQ FRQWDFW

XV DW�

CaDD Electr onics
45 Centerville Drive

Salem, NH 03079-2674

9HUVLRQ ������


