






























































































































































































































































































































































































































































































































































































































































































































































































































FPI 0902 -579 
FPREC 0006 -572 634 635 
FPSCR 05E6 -634 635 636 
FPSCR1 05EC -635 637 
FPTR2 OOFE -626 
FRO 00D4 -606 
FR1 OOEO -608 
FR2 00E6 -609 
FRE OODA -607 
FREQ 0040 -237 3314 3336 
FRMADR 0068 -4033 4682 4687 5098 5105 5107 
FRMERR 008C -148 2102 
FRX OOEC -610 
FSCR 05E6 -636 
FSCRl 05EC -637 
FSTOP DDAB -589 
FSTOR DDA7 -588 
FSUB DA60 -580 
FTYPE 003E -235 3152 3382 4000 
GBX EFE8 -3240 3244 
GBYTE EF06 3119 -3232 3255 
GETCAR 0007 -3407 
GETCH F593 4058 -4290 4416 
GETCHR 0007 -90 
GETDAT 0040 -2751 2804 
GETOUT F749 4465 -4510 
GETPLT F5A2 4291 -4295 4361 4626 4639 4666 5238 5535 
GETREC 0005 -89 
GET SEC F39D 3885 3919 3927 -3975 
GLBABS 02EO -447 
GOBACK EB09 -2072 
GOERR EF3D 3080 -3086 
GOHAND E689 883 902 924 950 955 984 1027 1056 

-1151 
GOOD EA65 1903 1905 1923 -1927 
GOODST EE32 2822 -2824 
GOON EB64 2151 -2159 
GOREAD ED6F 2597 -2606 
GPRIOR 026F -369 1429 4151 4170 
GRACTL DOID -711 
GRAFM DOll -699 
GRAFPO DOOD -695 
GRAFPl DOOE -696 
GRAFP2 DOOF -697 
GRAFP3 0010 -698 
HARDI F277 3583 -3818 
HATABS 031A -512 513 1102 1104 1175 3642 
HDR OOFB -3112 
HITCLR DOlE -712 
HITIMR ECCC -2490 2494 
HITONE 0005 -1644 2296 
HOLD1 0051 -255 4143 4221 4237 4245 4700 4790 4798 

5190 5191 5198 5262 



HOLD2 029F -415 4792 4801 
HOLD3 029D -413 4915 4928 4932 
HOLD4 02BC -426 5528 5541 
HOLD5 02BD -427 
HOLDCH 007C -286 4472 4512 4522 
HOME F7D6 -4582 4988 
HOWMCH F25F -3798 3809 
HPOSMO D004 -686 
HPOSM1 D005 -687 
HPOSM2 D006 -688 
HPOSM3 D007 -689 
HPOSPO DOOO -682 
HPOSPl DOOl -683 
HPOSP2 D002 -684 
HPOSP3 D003 -685 
HSCROL D404 -740 
ICAX1 034A -528 3682 
ICAX1Z 002A -213 935 1004 3153 4102 4104 4197 4277 

4463 
ICAX2 034B -529 
ICAX2Z 002B -214 3070 3151 4099 
ICBAH 0345 -523 1072 3680 3962 
ICBAHZ 0025 -208 1073 
ICBAL 0344 -522 1070 3678 3960 
ICBALZ 0024 -207 959 1025 1071 1131 1133 1172 1192 
ICBLH 0349 -527 1143 
ICBLHZ 0029 -212 1145 
ICBLL 0348 -526 1140 3966 
ICBLLZ 0028 -211 947 948 1016 1017 1020 1121 1122 

1125 1126 1141 1142 1144 
ICCOM 0342 -520 3676 3964 
ICCOMT 0017 -189 849 887 1106 
ICCOMZ 0022 -205 840 934 961 979 1003 1032 1050 

5389 
ICDNO 0341 -519 
ICDNOZ 0021 -204 1197 
ICHID 0340 -518 788 928 
ICHIDZ 0020 -203 864 904 914 929 1093 1189 
ICIDNO 002E -216 816 927 1069 1084 1138 1164 
ICPTH 0347 -525 792 
ICPTHZ 0027 -210 892 906 
ICPTL 0346 -524 790 
ICPTLZ 0026 -209 890 908 
ICSPR 034C -530 
ICSPRZ 002C -215 216 217 810 889 891 1103 1105 

1109 1112 1113 1114 1159 1161 
ICSTA 0343 -521 
ICSTAZ 0023 -206 899 995 1065 1085 1153 
IDENT FOF2 -3527 3535 3536 3538 
IDENTH OOFO -3535 3536 3734 
IDENTL 00F2 -3536 3733 
IFP D9AA -577 
IHINIT E6D5 1230 -1269 



IMASK 028B -399 
INATAl FB4A 5072 -5082 
INATAC FB32 4292 -5069 
INBIJFF 00F3 -617 
INC2A F9F8 4866 4871 -4873 
INCBF1 E676 1132 -1134 
INCBFP E670 960 1029 -1131 
INCRSl FA77 4885 4914 4917 4919 -4934 
INCRS2 F9E4 4861 -4863 
INCRS3 F9F7 4868 4870 -4872 4876 
INCRSA F9DC 4633 -4859 5531 
INCRSB F9D4 4293 4659 -4855 5231 
INCRSC F9DA 4856 -4858 
INCRSR F9D8 4322 -4857 
INIMLH 0007 -3410 3843 
INIMLL 0000 -3409 3841 
INIT EF41 3122 -3141 
INSCH1 F852 -4637 
INSCH3 F85E 4636 -4643 
INSCH4 F844 -4630 4642 
INSCH5 F86A 4645 -4648 
INSCH6 F861 -4644 4647 
INSCHR F837 -4625 5691 
INSCLR 0020 -117 
INSOAT 0070 -287 4627 4637 4640 4858 4882 4892 4900 

4918 
INSLI1 F8C6 -4693 4696 
INSLI2 F8CE 4692 -4697 
INSLIA F8A5 -4677 4895 
INSLIN F8A4 -4676 5681 
INTABS 0200 -310 1232 1292 1293 1294 1295 1296 1297 

1298 1299 1329 1331 1694 3631 4081 
INTATA FEFA 5081 -5704 
INTEMP 0220 -335 1557 1563 
INTINV E46B -75 1229 3852 
INTORG E605 -26 1215 1268 
INTSPR 0014 -1584 
INTTBL EC84 -2419 
INTZBS 0010 -182 3616 
INVFLG 02B6 -421 4486 4488 4527 
IOCl E406 823 -830 
IOC1A E408 -831 836 
IOC2 E4F3 847 -849 
IOC6 E514 866 -873 
IOC7 E519 -879 
IOCB 0340 -517 831 1076 
IOCBAS 0020 -202 832 1075 
IOCBSZ 0010 -200 201 795 
IOCFRE OOFF -107 787 865 903 915 
IRGEN 020E -678 1306 1308 1324 1326 2000 2034 2332 

2374 4117 
IRGST 020E -664 1302 1318 
ISEOF FOOD 3233 -3257 



ISRODN EA90 1697 -1975 2420 2425 2426 
ISRSIR EBOF 1696 -2091 2419 2423 2424 
ISRTD EACF 1698 -2026 2421 2427 2428 
JMPP E735 1319 -1323 
JSRIND F6Al -4426 4446 
JTADRH OOEB -2272 2273 2654 
JTADRL OOEC -2273 2652 
JTIMER EBEC -2271 2272 2273 
JTIMR1 E8CA 1411 -1528 
JTIMR2 E8CD 1447 -1529 
JVECK 028C -400 1330 1332 1335 1354 1359 1362 
K1 F729 4491 -4495 
K2 F734 4496 -4500 
K3 F73F 4501 -4505 
K4 F776 4525 -4529 
K5 F768 4514 4517 4519 4521 -4524 
K6 F74D 4506 -4512 
K7 F745 4468 -4508 
K8 F773 4511 -4528 
KBCODE D209 -660 1477 5775 5780 
KBD 004B -121 
KBDHND E420 -4070 
KBDORG F3E4 -32 4023 4084 
KBDSPR 0014 -5804 
KEYBDV E420 -57 3353 3355 3519 3847 4065 
KEY DEL 02F1 -460 1463 1465 5778 5790 
KGETC1 F71E 4485 -4490 
KGETC2 F6DD -4461 4483 4489 4494 4499 4504 
KGETC3 F6FE -4476 4523 
KGETCH F6E2 4072 4392 -4463 4471 
LBFEND 05FF -638 
LBPRl 057E -630 
LBPR2 057F -631 
LBUFF 0580 -632 633 
LDPNTR EB6A 1805 1838 -2175 2223 2250 
LEDGE 0002 -252 3622 
LENGTH 022F -1212 
LFRTCM F7A5 -4558 4566 
LINBUF 0247 -367 5091 5093 
LINZBS 0000 -166 
LIRG 0000 -3419 
LL E72F 1317 -1320 
LMARGN 0052 -256 3623 4282 4555 4565 4592 4595 4611 

4678 4718 5144 5234 5242 5264 5275 5280 
5285 5370 

LOIGET FB22 -5054 5123 5192 
L02GET FB23 4705 -5055 
LOCKFL 0023 -103 
LOG DECD -597 
LOGI0 DEDl -598 
LOGCOL 0063 -268 4399 4583 4591 4617 4621 4623 4631 

4635 4657 4661 4859 4879 5188 5194 5197 
5201 5203 5212 5233 5241 5252 5274 5279 



LOGGET FB20 4614 4722 -5053 
LOGMAP 02B2 -420 4578 4715 4717 4929 5032 5033 5034 
LOOPM E71F -1313 1321 
LOOPM2 E72A 1315 -1318 
LOT ONE 0007 -1645 2294 
LPENH 0234 -343 1422 
LPENV 0235 -344 1420 
MOPF 0000 -714 
MOPL 0008 -722 
M1PF 0001 -715 
M1PL 0009 -723 
M2PF 0002 -716 
M2PL OOOA -724 
M3PF D003 -717 
M3PL OOOB -725 
MASKTB FEB9 5022 -5645 
MAXOEV 0021 -513 1094 1174 
MAXIOC 0080 -201 797 822 
MEMLO 02E7 -453 3842 3844 
MEMORY M 0000 0 
MEMTOP 02E5 -452 3838 3840 4088 4259 4261 
MLTTMP 0066 -270 271 4034 4784 4786 4787 4789 4791 

4794 4796 4799 4800 4802 4807 4808 4822 
4823 4825 4832 4837 

MODATA E9FO 1827 -1838 
MODEM 004D -125 
MONORG FOE3 -31 3398 3503 
MONSPR 0014 -4023 
MOTRGO 0034 -1664 2217 2244 3166 3206 
MOTRST 003C -1665 1706 2262 2633 3290 
MOVLI1 FB58 -5096 5103 
MOVLI2 FB7A 5112 -5114 
MOVLIN FB4E 4693 -5091 
MOVVEC F17D -3630 3633 
MYBUFF F32D -3904 3920 
MVNXB F32F -3905 3908 
MXDMDE FE5D 4216 -5572 
MXDMOD 0010 -116 
N 004E -2900 3071 3086 
NACK 004E -1633 
NARG 0000 0 
NBUFSZ 0028 -2893 3073 
NCOMHI 003C -1663 1709 2062 
NCOMLO 0034 -1662 1776 
NEWCOL 0061 -267 5401 5403 5420 5423 
NEWROW 0060 -266 5399 5408 
NLR F005 3252 -3254 
NMIEN D40E -748 1270 
NMIRES D40F -749 1384 
NMIST D40F -750 1372 1376 
NOAl F1Fl 3701 -3703 
NOA2 F212 3716 3719 -3721 
NOBl FIF8 3704 -3706 



NOBOOT F1FF 3707 -3713 
NOCAR2 F220 3722 -3730 
NOCART F1FC 3699 -3710 3725 
NOCKSM 003C -231 1889 2150 2154 
NOCLR EAE9 2051 -2054 
NOCSB2 F3BF 3993 -3995 
NOCSBT F3EO 3998 -4012 
NODAT 0000 -2750 
NOFtJNC F63D 4048 4073 4075 -4373 
NOINIT F2DC 3866 -3868 
NOISE1 EC45 2341 -2343 2346 
NOKEY F2CE 3855 -3857 
NOMOD F4AB 4180 -4184 
NONDEV 0082 -138 1183 
NORMAL 004E -1625 
NOROWS FE99 4912 4964 -5624 
NoseRl FA32 4898 -4900 
NOSCRL FA2C -4897 
NOT8 F48B 4156 4167 -4170 
NOTCAS ECOC 2290 -2299 
NOTCST E96B 1733 -1738 
NOTDER EA52 1908 -1914 
NOTDON EA81 -1957 1962 
NOTE 0026 -106 
NOTEND EABE 1986 -2008 
NOTERR EAOO 1843 -1849 
NOTMXD F4F5 4196 4199 -4219 
NOTOPN 0085 -141 805 1098 
NOTYET EB3C 2112 -2131 
NOWARM F2DD 3863 -3869 
NOWRPO EA98 1979 -1982 
NSIGN OOEE -612 
NTBRKO EA88 1958 -1961 
NTBRK1 EBOO 2065 -2068 
NTBRK2 ED17 2559 -2562 
NTFRAM EB1D 2100 -2105 
NTOVRN EB25 2106 -2111 
NTWRP1 EB50 2141 -2144 
NtJMDLE FE51 4216 4220 -5569 
NVALID 0084 -140 839 5394 
NWOK EA56 1896 1912 -1917 
NXTENT F18C -3641 3644 
ODNHI OOEA -2425 2426 
ODNLO 0090 -2426 
OFFCRS FAE4 4404 4431 -5002 
OKTIM1 EDIF 2565 -2568 
OKTIMR ED48 2584 -2588 
OLDADR 005E -265 4836 4840 5004 
OLDCHR 005D -264 4362 5003 
OLDCOL 005B -263 5421 5424 
OLDROW 005A -262 4330 5409 5443 
OPEN 0003 -88 841 
OPENC EF4C 3119 -3151 



OPINP EF5D 3133 3156 -3160 
OPNCOM F404 4101 -4106 
OPNEDT F118 -3551 3553 3554 
OPNERR F453 -4141 
OPNH OOFl -3553 3554 3679 
OPNIN 0004 -113 115 
OPNINO OOOC -115 
OPNL 0018 -3554 3677 
OPNOT 0008 -114 115 
OPNOUT 0002 -2892 
OPNRTN EF8F 3165 -3190 3198 
OPNTMP 0066 -271 4153 4162 4191 4217 4218 4219 
OPOK EFD3 3184 -3226 
OPOUT EF95 3158 -3194 
OPSYS F17B -3629 
OSRAM F28A 3634 -3831 
OUTCH F5B7 4059 -4308 
OUTCH2 F5FF -4344 4368 4630 
OUTCHA F5BD -4311 
OUTCHB F5D7 4318 -4321 
OUTCHE F5CA 4313 -4316 4435 
OUTPLT F5EO 4321 -4326 4327 4607 5523 5539 
OVRRUN 008E -150 2108 
POPF 0004 -718 
POPL DOOC -726 
P1PF 0005 -719 
P1PL DOOD -727 
P2PF 0006 -720 
P2PL DOOE -728 
P3PF 0007 -721 
P3PL DO OF -729 
PACTL D302 -754 1272 1278 1345 1707 2218 2245 2263 

2634 3167 3207 3291 
PADDLO 0270 -371 1500 
PADDL1 0271 -372 
PADDL2 0272 -373 
PADDL3 0273 -374 
PADDL4 0274 -375 1502 
PADDL5 0275 -376 
PADDL6 0276 -377 
PADDL7 0277 -378 
PAGETB FE75 4179 -5601 
PALFLG 0000 -17 1647 1653 2483 2488 2538 2541 3168 

3172 3209 3213 3317 3320 3340 3343 
PBCTL 0303 -755 1273 1279 1349 1710 1777 2063 2635 
PBPNT 001D -195 2974 2984 2990 3001 3014 
PBRK EF8B -3188 3221 
PBUFSZ 001E -196 2955 2988 2998 3046 3082 
PBYTE F010 3119 -3263 
PCOLRO 02CO -432 1434 
PCOLRl 02C1 -433 
PCOLR2 02C2 -434 
PCOLR3 02C3 -435 



PDEVN 0040 -2896 3036 
PENH D40C -746 1421 
PENV D40D -747 1419 
PHACR1 FC9F -5313 5316 
PHACRS FC9D 4625 4651 5211 -5312 5526 
PHCHLO EE7F -2940 3002 3003 
PHCLOS EEDC 2913 -3013 
PHINIT EE78 2918 -2932 
PHOPEN EE9F 2912 -2972 
PHPUT EF14 2964 -3059 
PHSTAT EE81 2916 -2954 2972 
PHSTLO EE7D -2939 2956 2957 
PHWRIT EEA7 2915 -2982 
PIA 0300 -751 752 753 754 755 
PIRG E6F3 -1281 1577 1578 
PIRG1 FFOC 5782 -5787 
PIRG2 FFFO -5795 
PIRG3 FFCB 5777 -5780 
PIRG4 FFEB 5779 5786 -5793 
PIRG5 FFBE 4082 -5775 
PIRGH 00E6 1252 -1577 1578 
PIRGL 00F3 1254 -1578 
PLACRl FCAA -5323 5326 
PLACRS FCA8 4643 4674 5253 -5322 5543 
PLOT 0050 -1627 
PLUS ECF8 2518 -2520 
PLYARG 05EO -633 634 
PLYEVL 0040 -591 
PMBASE 0407 -742 
PNMI E791 -1372 1579 1580 
PNMIl E799 1373 -1375 
PNMIH 00E7 1256 -1579 1580 
PNMIL 0091 1258 -1580 
POINT 0025 -105 
POKEY 0200 -650 651 652 653 654 655 656 657 

658 659 660 661 662 663 664 665 
666 667 668 669 670 671 672 673 
674 675 676 677 678 679 

POKMSK 0010 -183 1307 1316 1325 1997 1999 2031 2033 
2303 2329 2331 2372 2373 4115 4116 

POKTAB EOOO 2521 2524 -2699 
PORTA 0300 -752 1275 1347 1482 1489 
PORTB 0301 -753 1276 1351 
POTO 0200 -651 1499 
POTl 0201 -652 
POT2 0202 -653 
POT3 0203 -654 
POT4 0204 -655 1501 
POT5 0205 -656 
POT6 0206 -657 
POT7 0207 -658 
POTGO 020B -662 1505 
PRINTR 0050 -123 



PRINTV E430 -58 3511 3848 
PRIOR D01B -709 1430 
PRMODE EF1A 2983 3013 -3069 
PRNBUF 03CO -533 2940 2986 2996 
PRNORG EE78 -29 2875 2925 
PRNSPR 0014 -3097 
PRVOPN 0081 -137 869 
PSIOC EFOl 3043 -3045 
PTEMP 001F -197 2982 2985 
PTIMOT 001C -194 2933 3050 3060 
PTRIGO 027C -383 1516 
PTRIGl 027D -384 1513 
PTRIG2 027E -385 
PTRIG3 027F -386 
PTRIG4 0280 -387 
PTRIG5 0281 -388 
PTRIG6 0282 -389 
PTRIG7 0283 -390 
PTRLP E8AC -1509 1520 
PUTADR EE6D 2827 2834 -2862 
PUTBC EE43 2826 -2831 
PUTCAR OOOB -3408 
PUTCHR OOOB -92 886 
PUTCNT EE21 2811 -2817 
PUTDAT 0080 -2752 2809 
PUTDTO EEOl 2801 -2803 
PUTLIN F385 3735 -3958 
PUTMSC FCF3 4567 4782 -5377 
PUTREC 0009 -91 
PUTSEC 0050 -2745 
PUTTXT 0009 -3406 3963 
PWRONA F3E4 4049 4062 4076 -4086 
PWRUP F125 3493 3497 3566 -3576 3686 
PWRUPl F128 3568 -3578 
RADFLG OOFB -622 
RADON 0000 -623 
RAMLO 0004 -170 3589 3590 3591 3595 3596 3795 3798 

3800 3801 3804 3897 3899 3906 3910 3912 
3913 3915 3936 3939 3940 

RAMSIZ 02E4 -451 3655 3663 3837 
RAMTOP 006A -273 4090 4133 4144 4207 4229 4575 5166 

5180 
RANDOM D20A -661 
RANGE FA96 4290 4309 4955 4957 -4959 5522 5534 
RANGEl FAB7 4969 -4975 
RANGE2 FABB 4974 -4977 
RANGE3 FA9E 4961 -4963 
RBLOK EFE9 3130 3236 -3241 
RBLOKV E47A -80 3129 3977 
RCIl E5A7 963 968 -973 
RCIll E5BF -994 
RCI1A E574 936 -943 
RCI1B E571 -940 944 



RCI2 E5AC -979 
RCI3 E587 949 -955 974 
RCI4 E5C3 957 970 981 986 -998 
RCI6 E5B2 -984 991 
RDBAD EE51 -2838 2845 
RDBYTE F3l0 -3892 3895 
RDONLY 0087 -143 1008 
READ 0052 -1616 3978 
RECEIV EAEO 1840 1891 -2048 2257 
RECVDN 0039 -228 2055 2070 2122 
RECVDS EC60 -2371 
RECVEN EClB 2061 -2320 
REDGE 0027 ..... 253 3624 
RELONE EASl 1989 -1997 
RENAME 0020 -100 
RESET Fl1B 3489 3499 -3564 
RETURl F634 4044 4047 4057 4060 4070 4071 4074 4294 

4364 4366 -4369 4529 4996 5334 5553 
RETUR2 F621 4287 4315 4320 4323 -4361 4422 4447 
RETUR3 FAEl 4994 -4996 
RETURN EAOD 1831 1851 1854 -1861 2265 2646 
RIRGHI 0000 -1660 2241 
RIRGLO 0078 -1655 2240 
RMARGN 0053 -257 3625 4557 4562 4600 4869 4960 4962 

5227 5246 5283 
RNGER1 FAD8 -4991 
RNGER2 FAD6 4986 -4990 
RNGERR FAD1 4966 4967 4973 4976 4979 4980 -4988 
RNGOK FAC4 4971 -4981 
ROWAC 0070 -278 4940 4942 4943 4945 5442 5470 5476 

5478 5480 5481 5485 
ROWCRS 0054 -258 4329 4388 4407 4540 4544 4546 4547 

4586 4602 4646 4663 4690 4701 4702 4776 
4783 4849 4887 4904 4913 4933 4965 5053 
5132 5134 5189 5215 5224 5236 5248 5277 
5313 5324 5339 5342 5398 5444 5489 5491 
5529 5533 

ROW INC 0079 -283 5405 5413 5490 
RRETRN EBOE -2081 
RSIRG OOOA -1657 2236 
RTCLOf.<. 0012 -185 1393 1396 1398 1404 2573 2599 3315 

3334 3347 
S 0053 -2902 3079 
SAVADR 0068 -272 4033 4185 4187 4262 4264 4654 4656 

4668 4672 
SAVIO 0316 -505 2571 2590 2592 
SAVMSC 0058 -261 4172 4174 4241 4243 5160 5162 5377 

5379 
SBUFSZ 0010 -2895 3081 
SCOLLP E80E -1433 1439 
SCREDT 0045 -120 
SCRENV E410 -56 3517 3846 4052 
SCRFLG 02BB -425 4629 4644 4926 



SCRMEM 0093 -156 4768 
SCRNOK Fl0B 3685 -3687 3688 3690 
SCROLl FBB7 4721 -5164 5177 5181 
SCROL2 FBCA 5169 5172 -5174 
SCROLL FBAC 4925 -5159 
SOLSTH 0231 -339 1423 
SOLSTL 0230 -338 1425 4253 4255 4266 4268 
SOMCTL 022F -337 1427 4111 4285 4286 
SECTl F301 -3885 4003 
SECTX F34C -3919 3924 
SEND EA6B -1940 2225 2443 
SENOOS EC5F 1861 1964 -2370 2632 
SENOEN EBF2 1692 1943 2207 -2284 
SENOEV E468 -74 1691 3205 
SENOIN EC8A 1779 1807 -2436 
SERIN 0200 -663 2114 2131 
SEROUT 0200 -677 1952 1992 2010 
SETBSZ EF34 3074 3078 -3082 
SETOCB EEE6 2961 3004 -3034 
SETLOP E8F7 -1561 1562 
SETTAB F820 -4621 5685 
SETVBL E8EO 1224 1226 -1556 
SETVBV E45C -70 1225 2660 3178 3217 
SETVBX EOB9 2215 2242 2253 2447 -2652 
SEX 0000 -3415 3675 3959 
SFH EF64 -3163 
SHFAMT 006F -277 4298 4347 4843 
SHFLOK 02BE -428 4092 4493 4498 4503 4520 
SHIFTl F5Bl 4299 -4302 
SHIFT2 F610 4348 -4351 
SHIFTO F5AA -4298 4301 
SHIFTU F608 -4347 4350 
SIOWAY 0053 -1624 
SIGNON F223 3485 -3733 
SIN BD81 -600 
SIO E959 1686 -1726 
SIOINT E944 1689 -1706 
SIOINV E465 -73 1688 3851 
SIOORG E944 -27 1584 1702 
SIOSB F095 3242 -3361 3394 
SI05PR 0014 -2727 
SIOV E459 -69 1685 2821 2962 3005 3384 
5IRHI OOEB -2423 2424 
SIRLO OOOF -2424 
SIZEM OOOC -694 
SIZEPO 0008 -690 
SIZEPl 0009 -691 
5IZEP2 OOOA -692 
51 ZEP3 OOOB -693 
5KCTL 020F -679 1716 2300 2324 
SKRES 020A -676 2097 2326 
5KSTAT 020F -665 1459 1469 2096 2568 2588 2611 2613 
50UNOR 0041 -238 1715 2340 



SPACE 0020 -2899 2995 
SPECIA EF4B 3119 -3145 
SPECIL OOOE -95 846 848 
SPECL F23F 3582 -3781 
SOR BEBl -603 
SRETRN EB34 2116 -2121 2156 
SRSTA 0040 -3103 3377 
SRTIM2 0006 -1219 1475 
SRTIMR 022B -333 1467 1472 1476 1526 5794 
SRTIRO EB9B 2211 -2214 
SRTIR1 EBCl 2238 -2241 
SRTIR2 EBE9 2260 -2265 
SSFLAG 02FF -473 1338 4326 5783 5785 
SSKCTL 0232 -340 1714 2285 2299 2321 2323 2612 
STACK S 0000 0 
STACKP 0318 -507 1727 2640 
STATC 0053 -2748 2810 2825 2958 3042 3871 
STATIS 0000 -94 
STATU F028 3119 -3280 
STATUS 0030 -219 1846 1849 1864 1894 1911 1915 1917 

1927 1941 2060 2074 2103 2109 2119 2638 
STATVH 0002 -2736 2737 2814 
STATVL OOEA -2737 2812 
STICKO 0278 -379 1487 1491 1509 
STICK1 0279 -380 
STICK2 027A -381 
STICK3 027B -382 
STIMER D209 -675 
STLOOP E877 -1482 1494 
STORE F917 4190 4204 4210 4212 4214 4222 4232 4234 

4236 4238 4242 4244 4247 4249 4251 4257 
4267 4269 -4745 

STORE1 F91D -4748 
STRBEG FC5C 4545 -5261 
STRERR F942 4764 -4768 
STRIGO 0284 -391 1498 
STRIG1 0285 -392 
STRIG2 0286 -393 
STRIG3 0287 -394 
STRL E890 -1497 1504 
STROK F946 4746 4754 4763 4767 -4770 
STTMOT EC75 1815 2252 -2396 
SUBBFL E677 998 1059 -1138 
SUB END FA7A -4939 5493 5521 
SUBTMP 029E -414 4752 4757 
SUCCES 0001 -134 898 1850 1895 1940 2059 2993 3016 

3226 3239 3266 3280 3289 4112 4370 4981 
SUSUAL EB38 -2124 2148 2162 
SV7H 00E8 -1523 1524 
SV7L 0073 -1524 
SWAP FCB3 4384 4398 4418 4424 4429 4436 4448 -5333 
SWAP 1 FCC2 -5339 5346 
SWAP3 FeD7 5337 -5350 



SWAPA FCB9 4995 5333 -5335 
SWPFLQ 0078 -285 4121 4907 4993 5221 5347 5349 5366 
SWSTA 0080 -3104 3380 
SYIRG E706 1243 -1301 
SYIRG2 E71B 1304 -1310 
SYIRG8 E762 1322 -1343 
SYIRG9 E76F 1346 -1349 
SYIRGA E77A 1350 -1353 
SYIRGB E78F 1235 1236 1237 1240 1241 1242 -1364 
SYRTI E790 1234 -1365 
SYRTI2 E78B 1358 -1362 
SYSVB1 E7BA 1394 1397 -1399 
SYSVB2 E7D6 1410 -1412 
SYSVB3 E7E5 1417 -1419 
SYSVB4 E832 1446 -1448 
SYSVB6 E8C3 1471 -1525 
SYSVB7 E873 1468 1473 -1480 1523 1524 1527 
SYSVBA E844 1453 -1456 
SYSVBB E834 -1449 1457 
SYSVBL E7AE 1227 1247 -1393 
SYSVBV E45F -71 
SYVB6A E857 1461 1464 -1467 
TAB F810 -4609 4619 5675 
TAB1 F823 4612 4615 -4617 
TAB2 F82A 4616 -4620 
TABMAP 02A3 -419 4125 5041 5043 5049 5050 5058 
TBLENT FOE3 -3510 3538 3641 
TBLLEN OOOE -3538 3640 
TDHI OOEA -2427 2428 
TOLD OOCF -2428 
TEMP 023E -354 1667- 1668 1901 
TEMP 1 0312 -502 2478 2496 
TEMP2 0314 -503 
TEMP3 0315 -504 2578 2596 
TEMPHI 0002 -1667 1668 1884 
TEMPLO 003E -1668 1880 
TIMERl 030C -497 2472 2474 2477 2481 2574 2575 
TIMER2 0310 -500 2468 2469 2471 2475 2479 
TIMFLQ 0317 -506 2068 2220 2247 2274 2564 2583 2662 
TIMIT EBA5 -2220 2221 
TIMIT1 EBCB -2247 2248 
TIMOUT 008A -146 1918 2073 
TINOEX 0293 -409 4119 
TMPCHR 0050 -254 4352 4356 5097 5100 
TMPCOL 02B9 -424 
TMPLBT 02Al -417 4818 4827 4831 
TMPROW 02B8 -423 5314 5323 
TMPXl 029C -412 
TOADR 0066 -4034 4685 4689 5096 5099 5109 5111 5113 
TONE1 0002 -3113 3196 
TONE2 0001 -3114 3163 
TOUT EBOA 2069 -2073 2586 
TOUTl ED44 2566 -2585 



TRAMSZ 0006 -171 3597 3654 3668 3697 3700 3715 3797 
3805 3808 3836 

TRIGO DOlO -730 1497 
TRIGl DOll -731 
TRIG2 D012 -732 
TRIG3 D013 -733 
TRNRCD 0089 -145 994 
TSTAT 0319 -508 1845 1928 
TSTCT1 FC8F -5299 5305 
TSTCT2 FC9C 5301 -5306 
TSTCTL FC8D 4432 4524 -5298 
TSTDAT 0007 -172 3653 3660 3698 3703 3721 
TWICE EE4F -2836 2840 
TXTCOL 0291 -408 4283 
TXTMSC 0294 -410 4135 4137 
TXTOLD 0296 -411 
TXTROW 0290 -407 4281 5341 5344 
UNLOCK 0024 -104 
UPDNCM F787 -4544 4551 
USAREA 0480 -548 
VBATRA E7C8 1402 -1406 
VBREAK 0206 -314 1361 
VBWAIT F496 -4175 4177 
VCOUNT D40B -745 2572 2598 4175 
VCTABL E480 -24 1232 1694 3630 4081 
VDELAY DOIC -710 
VDSLST 0200 -311 1232 1374 
VECTBL E400 -23 
VIMIRG 0216 -322 1281 
VINTER 0204 -313 1352 
VKEYBD 0208 -315 1293 4081 
VPRCED 0202 -312 1348 
VSCROL D405 -741 
VSERIN 020A -316 1299 1309 1694 
VSEROC 020E -318 1297 
VSEROR 020C -317 1298 
VTIMR1 0210 -319 1296 
VTIMR2 0212 -320 1295 
VTIMR4 0214 -321 1294 
VVBLKD 0224 -329 1522 
VVBLKI 0222 -328 1385 
WAIT EAIA -1876 2449 
WAITER EC9B 1820 -2447 
WAITTM EF7C -3179 3180 
WARMST 0008 -175 3578 3584 3588 3862 3989 
WARMSV E474 -78 1379 3487 
WATCOM E9D7 1795 -1815 
WCll E605 1034 1039 -1044 
WCIIA E5D4 1005 -1012 
WCIIB E5DI -1009 1013 
WCI2 E60A -1050 
WCI3 E5E5 1018 -1024 1045 
WCI4 E5EB 1021 -1027 
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WCI5 
WDLR 
WFAK 
WFAK1 
WFL 
WIRGHI 
WIRGLO 
WMODE 
WOK 
WRITE 
WRITEC 
WRONLY 
WSIOSB 
WSIRG 
WSYNC 
WTLR 
XBOOT 
XITVBL 
XITVBV 
XMTDON 
XXIT 
ZERIT 
ZERORM 
ZIOCB 
ZOSRAM 
ZOSRM2 
ZOSRM3 
ZTBUF 
ZTEMP1 
ZTEMP3 
ZTEMP4 

E615 
EFC6 
F087 
F08C 
F060 
0000 
00B4 
0289 
EA3D 
0057 
0057 
0083 
FOD2 
OOOF 
D40A 
F046 
F361 
E905 
E462 
003A 
E7E2 
EC6D 
F138 
0020 
F160 
F163 
F16E 
F04A 
00F5 
00F9 
OOF7 

1028 1041 1052 -1059 
-3220 3223 

3337 -3350 
3350 -3353 

-3324 3335 
-1659 2214 
-1654 2213 

-397 3161 3191 3195 3286 
-1901 
-1617 2807 
-2898 3069 

-139 939 
3272 3297 3305 -3389 

-1656 2209 
-744 1560 5357 
3294 -3299 
3926 -3928 
1228 1248 1418 -1571 
-72 

-229 1948 1961 2029 
1413 -1418 

-2378 2381 
-3587 

-199 
3585 -3610 

-3612 3615 
-3617 3619 
-3301 3303 
-618 
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x. INTRODUCTION 

The ATARI (R) 800 T M and ATARI 400 T M Personal Computer Systems 
contain a 6502 microprocessor, 4 I/O chips, operating system ROM, expandable 
RAM, and several MSI chips for address decoding and data bus buffering. 
This manual is primarily intended to describe the 4 I/O chips in sufficent 
detail to allow experienced programmers to create assembly language programs, 
such as video games. All four Input/Output chips are controlled by the 
microprocessor by writing directly into their registers which are decoded 
to exist in microprocessor memory space just as RAM does. These I/O chips 
can also be interrogated by the microprocessor by reading similar registers. 

Many registers are write only and cannot be read after they are 
written. In some cases, reading from the same address gives the value 
contained in a separate read only register. Some write only registers are 
strobes. No data bits are needed in this case since the presence of the 
address on the bus is what triggers the requested action. The usual 
convention is to use the STA (Store Accumulator) instruction for such 
registers. For example, STA WSYNC performs the wait for Sync function. 
STX (Store X) or STY (Store Y) would work just as well. In BASIC, a POKE 
could be used (the data could be anything). Reading a register is accomp­
lished by using any of the load instructions (LDA, LDX etc.). In BASIC 
'a PEEK would be used. When the hardware register names are defined in an 
equate list, the programmer can refer to the registers by name rather than 
using the addresses directly. 

It is really not necessary for the programmer to know which 
I/O functions are performed by which of the 4 chips, however it 
does help in learning these functions. 

This manual should be used in conjunction with the Operating 
System (OS) Manual, a 6502 programming manual, and the ATARI 400/800 
Basic Reference Manual. 

CHIP NAME 

ANTIC 

CTIA 

FUNCTION 

DMA{Direct Memory Access) control 
NMI{Non-Maskab1e Interrupt) control 
Vertical and Horizontal fine scrolling 
Light pen position registers 
Vertical line counter 
WSYNC{wait for horizontal sync) 

Priority control (display of overlapping objects) 
Co10r-Lumimance control (colors and brightness assigned 
to all objects including DMA objects from ANTIC) 
PLAYER-MISSILE objects (4 players and 4 missiles) 

Graphics registers 
Size control 
Horizontal position control 

Collision detection between all objects 
Switches and triggers (miscellaneous I/O functions) 
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CHIP NAME 

POKEY 

PIA 

FUNCTION 

Keyboard scan and control 
Serial communications port (bidirectional) 
Pot scan (digitizes position of 8 independent pots) 
Audio generation (4 channels) 
Timers 
IRQ (maskable interrupt) control from peripherals 
Random number generator 

Controller (Joystick) jacks read or write 
Peripheral control and interrupt lines 
IRQ (maskable) interrupt control from peripherals 

Section II describes the hardware in some detail, including the 
various graphics modes. Section III lists the hardware registers one at a 
time, describing what each bit is used for. It is organized by functional 
groups (interrupts, graphics, audio, etc.). Section IV contains a sample 
display program. Section V contains various figures and block diagrams of 
the system. Sections VI and VII list the hardware registers in address 
order and alphabetical order. Section VII includes hex and decimal 
addresses, the OS shadow registers and the page numbers where more infor­
mation can be found. 
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lll. DESCRIPTION OF HARDWARE 

A. ANTIC AND CTIA 

TV Display: The ANTIC and CTIA chips generate the television 
display at the rate of 60 frames per second on the NTSC (US) system. 
The PAL (European) system is different and is described in the section 
on NTSC vs PAL. Each frame consists of 262 horizontal TV lines and each 
line is made up of 228 color clocks, as shown in figure VI-3. The 6502 
microprocessor runs at 1.79 MHz. This rate was chosen so that one 
machine cycle is equivalent in length to two color clocks. One clock 
is approximately equal in width to two TV lines. 

In any graphics mode, the display is divided up into small squares 
or rectangles called pixels (picture elements). The highest resolution 
graphics mode has a pixel size of 1/2 color clock by 1 TV line. A 
sample display list is given in section IV. 

The current TV line may be determined by reading the vertical counter 
(VCOUNT). This register gives the line count divided by 2. There are 262 
lines per frame so VCOUNT runs from 0 to 130 (0 to 155 on the PAL system). 
The 0 point occurs near the end of vertical blank (see figure VI.S). 
Vertical blank (VBLANK) is the time during which the electron beam returns 
back to the top of the screen in preparation for the next frame. The 
Atari 800 does not do interlacing, so each frame is identical unless 
the program which is being executed changes the display. Vertical sync 
(VSYNC) occurs during the fourth through sixth lines of vertical blank 
(VCOUNT = hex 7D through 7F). This tells the TV set where each frame 
starts. After VSYNC, there are 16 more lines of VBLANK for a total of 22 
lines of VBLANK. The display list jump and wait instruction (to be 
described later) causes the display list graphics to start at the end of 
VBLANK. 

Operating System (OS): The ATARI 400/800 comes with a 10K Operating 
System (OS) in ROM. The OS affects some of the hardware registers, so 
it will be mentioned from time to time in this manual. Refer to the OS 
manual for more details. The OS descriptions in this manual apply to the 
version that was being distributed when this manual was written. 

The OS supports most of the hardware graphics modes (BASICS, GRAPHICS, 
PLOT, and DRAWTO commands). The OS always displays 24 background lines after 
the end of vertical blank. This convention is used at Atari to compensate 
for television sets which overscan. Most TV's are designed so that the 
edges of the picture are cut off. This is fine for ordinary broadcasts, 
but with a computer it is essential for all important information to be 
displayed on the screen. It is fairly common for four to eight color 
clocks at the right or left edge of the picture to overscan. A TV set 
that has excessive overscan may have to readjusted to obtain a satisfactory 
display. 
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The as uses 192 TV lines for its display and devotes the remaining 
24 lines to overscan. It uses the standard display width of 160 color 
clocks. The hardware will allow displays of any length, but it is recom­
mended that the standards be followed. The exception might be a border 
or other information which is merely decorative and not essential to use 
of the program. 

as Shadowing: Since many of the hardware registers are write-only 
and cannot be read the as has a rumber of "shadow registers" in RAM. 
Every TV frame during vertical blank the as takes the values in some of 
its shadow registers, and writes them out to the corresponding hardware 
register. The as does attract color shifting on all of the color registers 
if ATRACT (on as register) is negative. This is to prevent damage to the 
TV screen phosphors which can occur if the brightness is turned up too high 
and the same high-luminance display is left on for a long time. The as also 
reads the joysticks and other controllers during vertical blank and stores 
the results in shadow registers, so that user programs do not have to include 
code to unpack the data. There are a few interrupt-related registers which 
the as changes or reads during interrupt processing. Programs usually access 
the as shadow registers instead of accessing the hardware directly. However, 
the as shadowing can be disabled by changing the vertical blank and interrupt 
vectors (see as manual). 

WSYNC: In addition to a Vertical Blank Interrupt, which allows the 
Microprocessor to synchronize to the vertical TV display, this system also 
provides a Wait for Horizontal Sync (WSYNC) command that allows the 
microprocessor to synchronize itself to the TV horizontal line rate. This 
sync takes effect when the processor writes to an I/O location called 
WSYNC, whenever it desires horizontal synchronization. Writing to this 
address sets a latch which pulls to zero a pin on the microprocessor 
called READY. When READY goes to zero the microprocessor stops and waits. 
The latch is automatically reset (returning READY true) at the beginning 
of the next horizontal blank interval, releasing the microprocessor to 
resume program execution. 

Object DMA (Direct Memory Access): The primary function of the Antic 
chip is to fetch data from memory (independent of the microprocessor) for 
display on the TV screen. It does this with a technique called "Direct 
Memory Access" or DMA. It requests the use of the memory address and data 
bus by sending a signal called HALT to the microprocessor, causing the 
processor to become "TRI-STATE" (open circuit) all during the next computer 
cycle. The ANTIC chip then takes over the address bus and reads any data 
it wishes from memory. Another name for this type of DMA is "cycle stealing". 
Once initiated, this DMA is completely and automatically controlled by the 
Antic chip without need for futher microprocessor intervention. 

There are two types of DMA: Playfield and Player-Missile (see Figure 
11.2). The playfield Dl1A control circuit on the Antic chip resembles a 
small dumb microprocessor. By halting the main microprocessor it can 
fetch its own instructions from memory (the display list) addressed by its 
program counter(display list pointer). Each instruction defines the type 
(alpha character or memory map), and the resolution (size of bits on the 
screen), and the location of the data in memory which is to be displayed 
on the next group of lines. 
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In order to begin this DMA the main microprocessor must store a 
display list of instructions in memory, store data to be displayed in 
memory, tell the ANTIC where the display list is (initialize the display 
list pointer) and enable the DMA control flags on the ANTIC (DMACTL 
register). 

In addition to the playfield DMA described above, the ANTIC 
chip simultaneously controls another DMA channel. This type of DMA 
addresses PLAYER-MISSILE graphics data stored in memory and passes the 
graphics data on to the CTIA chip graphics registers. This type of DMA 
(if enabled) occurs automatically, interspersed with the playfield DMA 
described previously. This PLAYER-MISSILE DMA has no display list or 
instructions, and is therefore much simpler than the PLAYFIELD DMA. 

In addition to the two types of display DMA, the ANTIC chip also 
generates DMA addresses for the refresh of the dynamic memory RAM used 
in this system. This is also completely automatic and need be consider­
ed by the programmer only if he is concerned with real-time programming 
where an exact count of the computer cycles is important. 

Color-luminance: A color-luminance register is used on the CTIA chip 
for each Player-Missile and Playfield type. Each color-lum register is 
loaded by the microprocessor with a code representing the desired color 
and luminance of its 'corresponding Player-Missile or Playfield type. As 
the serial data passes through the CTIA chip it is "impressed" with the 
color and luminance values contained in these registers, before being sent 
to the TV display. In areas of the screen where there are no objects the 
background color (COLBK) is displayed. The CTIA also does collision 
detection (to be described later). 

Priority: When moving objects, such as players and missiles, 
overlap on the TV screen (with each other or with Playfield) a decision 
must be made as to which object shows in front of the other. Objects 
which appear to pass in front of others are said to have Priority over 
them. Priority is assigned to all objects by the CTIA chip before the 
serial data from each object is combined with the other objects and sent 
to the TV screen. 

The priority of objects can be controlled by the microprocessor by 
writing into the control register PRIOR. The functions of the bits in 
this register are given in the table in the PRIOR register description in 
section III. 

Players and Missiles: The players and missiles are small objects 
which can be moved quickly in the horizontal direction by changing their 
position registers. They are called players and missiles because they 
were originally designed to be used in games for objects such as airplanes 
and bullets. However, there are many other possible applications for 
them. The four Rlayer-missile color registers, in conjunction with the 
four playfield color registers and the background color register, make 
it possible to display 9 different colors at the same time. 
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There are a total of four players and four missiles. The four 
missiles may be grouped together and used as a 5th player. These 
objects are positioned horizontally by 8 horizontal position registers 
(HPOS (X». These registers may be reloaded at any time by the proces­
sor, allowing an object to be replicated many times across a horizontal 
TV line. 

The shape of a player-missile is determined by the data in its 
graphics register (GRAF (X». Players have independent 8 bit graphics 
registers. The four missiles have 2 bit registers (located within one 
address). These registers may also be reloaded at any time by the 
processor, although they are usually changed during horizontal blank 
time. The data in each graphics register is placed on the display 
whenever the horizontal sync counter equals the corresponding horizon­
tal position register. The same data will be displayed every line unless 
the graphic registers are reloaded with new data. 

The player-missile graphic registers may be reloaded by the micro­
processor (GRAF (X», or automatically from memory with direct memory 
access (DMA) (see figure 11.3). The programmer must place the object 
graphics in memory, write the player-missile base address (PMBASE), and 
enable player-missile DMA (DMACTL, GRACTL). The transfer of object 
graphics from memory to display is then fully automatic. 

PMBASE specifies the most significant byte (MSB) of the address of 
the player-missile graphics. The location of the graphics for each 
object is determined by adding an offset to PMBASE *256 (decimal). The 
bytes between the base address and the missile data are not used by 
Antic, so they are available to the programmer. 

Only the five most significant bits of PMBASE are used with 
single-line resolution and the six most significant bits are used 
with two-line resolution. This means that the location of the graphics 
in memory is restricted to certain page boundaries. Two-line resolu­
tion means that each byte of data is repeated for two lines. (see 
DMACTL, bit 4). 640 (decimal) bytes (5X128) are required for two-line 
resolution and 1280 bytes (5x256) for one-line resolution. 

Each byte in the player graphics area represents eight pixels which 
are to be displayed on the corresponding line(s) of the TV screen. A 
1 indicates that the player's color-Ium is to be displayed in that pixel. 
The graphics may be anything, not just rectangles like the ones in figure 
11.3. The player graphics may fill the entire height of the screen or 
they may be only a couple of lines high if the rest of the display data is 
all O's. Each byte in the missile display also represents eight pixels, 
two pixels for each missile. Each pixel may be 1, 2, or 4 color clocks, 
and is determined by the SIZE registers. 

Playfield: Playfield is always generated by DMA. There are four 
playfields, each identified by its own color-Ium register and collision 
detection. Playfield is generated by two different DMA techniques: 
memory map and character. Both methods provide lists of instructions in 
memory, independent of the player-missile generation. 
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Player-Missile Base Address (PMBASE) = MSB of address. 
Resolution is controlled by bit 4 of DMACTL. 

ADDRESS 
Two-line 
resolution 

(hex) 

+180 

+200 

+280 

+300 

+380 

+400 

OFFSET 
One-line 

resolution 
(hex) 

+300 

PMBASE*100(hex) 

M 

+400 -~ •• t-~'--~---II.-..f./ 

PO 

+400 

PI 

+600 

P2 

+700 

P3 

+800 

Player-Missile 
Vertical screen 
map in memory 

Missile TV SCREEN 
Number 

/ 
./ 

/ 

/1 
/ 

I I I 
I I I I 

~ ~ 
.. 
POI 
I I 

I I MO -P2 
~ 1111 

I I 
I I • I Pl 

~ 
Ml 

P31 M3 
- - - ;-"'';:''1 ':::':-"-~:"""'-----' 

I 
I 
I 
I Horizontal position 
I~for each object is set 

independently by 8 
horizontal position 
registers. 

Each section of memory maps directly 
onto total height of TV screen. 
Object vertical position is determined 
only by its location in its section 
of memory. One byte of memory equals 
1 or 2 television lines vertically. 

Figure 11.2 P LAY E R - MIS S I L E D M A 
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Unlike players and missiles, there are no horizontal position registers 
for playfield. Each player can only have one byte of display per line. 
Playfield, on the other hand, may require up to 48 bytes per line because 
it can fill the entire width of the screen. 

There are three different playfield widths: narrow (128 color 
clocks), standard (160 color clocks), and wide (192 color clocks). 
The width is selected by storing into DMACTL. The advantage of a narrower 
width is that less RAM is required and fewer machine cycles are stolen for 
DMA. The OS graphics modes use the standard screen width. 

Display List: The display list is a sequence of display instructions 
stored in memory. These instructions are either one (1) byte or three (3) 
bytes long. The display list can be considered a display program, and the 
Display List Counter that fetches these instructions can be thought of as 
a display program counter. (10 bit counter plus 6 bit base register.) 

The display list counter can be initialized by writing to DLISTH and 
DLISTL. (or OS shadow registers SDLSTH and SDLSTL). Once initialized 
this counter value is used to address the display list, fetch the instruc­
tion, display one (1) to sixteen (16) lines of data on the TV screen, 
increment the Display List Counter, fetch the next display instruction, 
and so on automatically without microprocessor control (see DLISTL and 
DLISTH). DLISTL and DLISTH should be altered only during vertical blank 
or when DMA is disabled (see DMACTL). ' 

Each instruction defines the type (alpha character or memory map) and 
the resolution (size of bits on screen) and the location of data in memory 
to be displayed for a group (1 to 16) of lines. Each group of lines is 
called a display block. 

THE DISPLAY LIST CANNOT CROSS A 1K BYTE MEMORY BOUNDARY UNLESS 
A JUMP INSTRUCTION IS USED. 

'~ ____________ ~ _____________ J 

\ / 
--------------~-------------- --------------~--------------

Counter 
DISPLAY LIST COUNTER 
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Display Instruction Format: Each instruction consists of either an 
opcode only, or of an opcode followed by two (2) bytes of operand. 

IOpcodel ------Single Byte Display Instruction 

I Operand I ----Triple Byte Display Instruction 

IOpcodel } 

I Operand I 

The opcode is always fetched first and placed in the Instruction 
Register. This opcode defines the type of instruction (1 or.3 bytes) 
and will cause two more bytes to be fetched if needed. If fetched, 
these next two (2) bytes will be placed in the Memory Scan Counter, 
or in the Display List Counter (if the instruction is a Jump). 

Display Instruction Register (IR): Thib register is loaded with the 
opcode of the current display list instruction. It cannot be accessed 
directly by the programmer. There are three basic types of display list 
instructions: blank, jump, and display. 

Blank 
(I-byte) 

~~ 
(3-bytes) 

ID71D61D51D41 01 01 01 01 

This instruction is used to create 1 to 8 blank lines on the 
display (blackground color). 

D7 
D6 - D4 
D3 - DO 

1 = display list instruction interrupt 
0-7 1-8 blank lines 
o blank 

ID71D61 xl xl 01 01 01 11 
This instruction is used to reload the Display List Counter. 
The next two bytes specify the address to be loaded (LSB first). 

D7 
D6 

D5-D4 
D3-DO 

1 
o 
1 
X 
1 

display list instruction interrupt 
jump (creates one blank line on display) 
jump and wait until end of next vertical blank 
don't care 
jump 

Display 
(1 or 3 bytes) ID71D61D51D41D31D21Dlinoi 

This instruction specifies the type of display for the next 
display block. 

D7 
D6 

DS 
D4 
D3-DO 

1 = display list instruction interrupt 
o 1 byte instruction 
1 3 byte instruction (reload Memory Scan Counter 

using address in next two bytes, LSB first). 
vertical scroll enable 1 

1 
2-F = 

horizontal scroll enable 
display mode (memory or character map -
see following pages). 
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RSCROL I Ixx xx xxi Ixxl Ixxl Ixxl Ixxl Ixxl Horizontal Scrolling 
VSCROL I I xx xx Ixxlxxl 1 Ixxlxxl I Ixxlxxl Vertical Scrolling 
LD MEM SCAN 1 I XX xxlxxlxxl 1 1 1 Ixxlxxlxxlxxl Load memory scan (3 byte) 
INST INTERRUPT 1 1 IXXlxxlxxlxxlxxlxxlxxlxxl Display instruction interrupt 

I I 
BLK 1 001 

" 2 101 
" 3-7 I 

80 
90 

" 8 70 FO 
JMP 01 81 
JVB 41 I C1 
CRR (40,2,8) 02 12 22 32142 52 62 72 82 92 A2 B2 C2 D2 E2 F2 

" (40,2,10) 03 13 23 33 43 53 63 73 83 93 A3 B3 C3 D3 E3 F3 
"(40,4,8) 04 14 24 34 44 54 64 74 84 94 A4 B4 C4 D4 E4 F4 
" (40,4,16) OS 15 25 35 45 55 65 75 85 95 AS B5 C5 D5 E5 F5 
"(20,5,8) 06 16 26 36 46 56 66 76 86 96 A6 B6 C6 D6 E6 F6 
" (20,5,16) 07 17 27 37 47 57 67 77 87 97 A7 B7 C7 D7 E7 F7 

MAP (40,4,8) 08 18 28 38 48 58 68 78 88 98 A8 B8 C8 D8 E8 F8 
" (80,2,4) 109 19 29 39 49 59 69 79 89 99 A9 B9 C9 D9 E9 F9 
" ( 8 ° , 4 , 4 ) lOA 1 A 2 A 3 A 4 A 5 A 6 A 7 A 8 A 9 A AA B A CAD A E A FA 
"(160,2,2) lOB IB 2B 3B 4B 5B 6B 7B 8B 9B AB BB CB DB EB FB 
"(160,2,1) 10C 1C 2C 3C 4C 5C 6C 7C 8C 9C AC BC CC DC EC FC 
II (160,4,2) 10D 1D 2D 3D 4D 5D 6D 7D 8D 9D AD BD CD DD ED FD 
II (160,4,1) 10E IE 2E 3E 4E 5E 6E 7E 8E 9E AE BE CE DE EE FE 
II (320,2,1) 10F IF 2F 3F 4F SF 6F 7F 8F 9F AF BF CF DF EF FFI 

I I I 
I 1 .... 1 __ 
I -,-1 __ _ 

I 

Number of TV lines per cell 
Number of Colors (Background + Playfield types) 
Number of Horizontal cells (standard width screen) 

Figure 11.3 DISPLAY INSTRUCTION OPCODES 
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Blank 1 line 
Blank 2 lines 
Blank 3 thru 7 lines 
Blank 8 lines 
Jump (3 byte instruction) 
Jump & wait for Vert. Blank 

(also 3 byte) 

Character Mode 
Instructions 

Memory Map Mode 
Instructions 



Bit 7 of a display list instruction can be set to create a display 
list interrupt if bit 7 of NMIEN is set. The display list interrupt code 
can change the colors or graphics during the middle of the TV display. 
The type of interrupt is determined by checking NMIST. NMIRES clears 
NMIST. The current OS will vector through VDSLST (Hex 200 and 201) to 
the user's display list interrupt routine. See the OS manual for program­
ming details. 

Bits 5 and 4 of a display type of display list instructions are used 
to enable vertical and horizontal scrolling. The amount of scrolling 
depends on the values in the VSCROL and HSCROL registers (to be described 
later). 

Memory Scan Counter: This counter is not directly accessible by the 
programmer. It is loaded with the value in the last 2 bytes of a 3 byte 
(non-Jump) instruction. 

This counter points to the location (address) in memory of data to be 
directly displayed (memory map display) or to the location of character 
name strings to be indirectly displayed (character display). 

A single byte instruction does not reload this counter. This implies 
a continuation in memory of data to be displayed from that displayed by 
the previous instruction. Since this counter really consists of 4 bits of 
register and 12 of actual counter, a continuous memory block cannot cross 
4K byte memory boundaries, unless the counter is repositioned with a 3 
byte Load Memory Scan Counter instruction. 

7 , 

r 

MSB third byte of 3 byte 
byte instruction 

6 5 4 3 2 1 

""'" \ ,......... 

0 

I 

7 , 

,( 

Counter 

LSB Second byte of 3 
byte instruction 

6 5 4 3 2 

""""" / 
~ 

1 0 

, 

Memory Map Display Instructions: Data in memory (addressed by the 
Memory Scan Counter) is displayed directly when executing a memory (bit) 
map display instruction. As data is being displayed it is also stored in 
a shift register so that it can be redisplayed for as many TV lines as 
required by the instruction. 
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Shift 

Memory Scan Counter 
Addresses each byte 

Memory 

~~~~~~~~~~~r-~ 
~~~~~~~~~I11~~~~~1I[J] 

+ + ~ 
111111II111 

Shift register data is displayed for four TV scan lines in this example. 

In Instruction Register (IR) display modes 8 through F, one or two 
bits of memory are used to specify what is to be displayed on each pixel 
of the screen. Pixel sizes range from 1/2 clock by 1 TV line to 4 clocks 
by 8 TV lines. The OS and BASIC support most of these graphics modes 
(BASIC GRAPHICS command). Two modes, C and E, are not supported by the 
OS. These modes have rectangular pixels, which are approximately twice as 
wide as they are high. 

In IR mode F, only one color (COLPF2) can be displayed. Two different 
luminances are available. If a bit is a zero, then the luminance of the 
corresponding pixel comes from COLPF2. If the bit is a one, them the 
luminance is determined by the contents of COLPF1 (abbreviated to PF1). 

In IR modes 9,B, and C, two different colors can be displayed. A 
zero indicates background color and a one indicates PFO color. The 
difference between the various modes is in the size of the pixels. 

In IR modes 8,A,D, and E, two bits are used to specify the color 
of each pixel. This allows four different colors to be displayed. 
However, only four pixels can be packed into each byte, instead of eight 
as in the previous m~des. The bit assignments are shown below. 

SHIFT REGISTER 7 6 I 5 4 132 1 0 
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Memorx MaE DisElax Modes 

I as I Colors PixelslByteslScan IColor I I Bit I 
land Ilnst. per per I per ILineslClockslBits I Values Color 
IBASICIReg. Mode Std. Std. I per I per Iper I in Reg. 
Modes HEX Line Line Pixel Pixel Pixel Pixel Select 

00 BAK 
3 8 4 40 10 8 4 2 01 PFO 

10 PFI 
11 PF2 

4 9 2 80 10 4 2 1 0 BAK 
1 PFO 

00 BAK 
5 A 4 80 20 4 2 2 01 PFO 

10 PFI 
11 PF2 

6 B 2 160 20 2 1 1 0 BAK 
1 PFO 

C 2 160 20 1 1 1 0 BAK 
1 PFO 

00 BAK 
7 D 4 160 40 2 1 2 01 PFO 

10 PFI 
11 PF2 
00 BAK 

E 4 160 40 1 1 2 01 PFO 
10 PFI 
11 PF2 

8 F 1 ~ 320 40 1 k 2 1 0 PF2 
1 PFI 

~LUM) 
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Character Display Instructions: The first step in using the character 
map mode is to create a character set in memory (or the built-in OS 
character set at hex EOOO may be used). The character set contains eight 
bytes of data for the graphics for each character. The meaning of the 
data depends on the mode. The character set can contain 64 or 128 characters, 
also depending on the mode. The MSB (Most Significant Byte) of the 
address of the character set is stored in CRBASE (or the OS Shadow CRBAS). 
Only the most significant six or seven bits of CRBAS are used (see CRBASE 
description in sect"ion III). The other one or two bits and the LSB of the 
address are assumed to be zero, so the character set must start at an 
acceptable page boundary. 

The next step is to set up the display list for the desired mode. 
Then the actual display is set up. This consists of a string of character 
names or codes. Each name takes one byte. The last 6 or 7 bits of the 
name selects a character. For a 64 character set, the name would range 
from 0 through 63 (decimal). For a 128 character set, the range would be 
o through 127 (decimal). The upper one or two bits of the name byte are 
used to specify the color or other special information, depending on the 
mode. 

Character names (codes) are fetched by the memory scan counter, and 
are placed in a shift register. On any given line of display the shift 
register rotates, changing only the name portion of the character address, 
as shown below. 

After a full line of character data has been displayed the line 
counter will increment. The next line again addresses all characters by 
name for that line number. 

In 20 character per line modes the seven most significant bits of 
CRBASE are used. This requires that the character set to start upon a 512 
byte memory boundary. The set must contain 64 charcters, 8 bytes each, 
giving a total of 512 bytes for the set. 

The 40 character per line modes use the six most significant bits 
of CRBASE,forcing the character set to start on a 1K byte memory boundary. 
The set must have 128 characters of 8 bytes each. This gives a total of 
1024 bytes for the set. 

Rex Graphics Chars. Number Bytes Number Bytes 
Code Mode Per of per of Char. in 

Line Colors Char. in set Char Set 

2 0 40 2 8 128 1024 

3 40 2 8 128 1024 

4 40 4 8 128 1024 

5 40 4 8 128 1024 

6 1 20 5 8 64 512 

7 2 20 5 8 64 512 
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Shift 
Register 

CHBASE 

I I 
I 

\. 

r 

I 
'= 

Character Display 

(20 Character per line mode example) 

Codes (names) 
Stored in 
Shift Register 

F 
I 

IJJ 
Color 

Register 
Select 

I I 

X 

I 

::: 
Address portion 
Character name 

~ 
.I not used 

,........., 

'I ~ 

"" Character Data Address 

Character Set 
in Memory 

w 

y 

Addresses data in 
character set 

displays on the 

Color ass.igned 
by color register 
selected 
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'\ 

J 
of 

V '\ 

I 
.I 

Internal 
codes for 
characters 
in memory 

F 

x 

z 

o 
1 TV 
2 Scan 
3 Lines 
4 
5 
6 
7 



There are six charcter map modes, IR modes 2 through 7. Modes 2,6 
and 7 are supported by the OS and BASIC (GRAPHICS 0,1 and 2). 

In IR modes 6 and 7, the upper two bits of each character ~ select 
one of four playfield colors. For each data bit that contains a one, the 
selected playfield color is displayed. For each zero data bit, the 
background color is displayed. The four character colors plus the background 
color gives a total of five different colors. the mode 6 characters are 
eight lines high and the mode 7 characters are sixteen lines high (each 
data byte is displayed for two lines). 

In IR modes 4 and 5, each character is only four pixels wide instead 
of eight (as in the other modes). Two bits per pixel of data are used to 
select one of three playfield colors, or background. Seven ~ bits are 
used to select the character. If the most significant name bit is a zero 
then data of 10 (binary) selects PF1. If the name bit 7 is one, then data 
bits of 10 select PF2. This makes it possible to display two characters 
with different colors, using the same data but different name bytes. 

In IR modes 2 and 3, each pixel is half of a color clock in width. 
This makes it possible to have forty eight-pixel-wide characters in a 
standard width line. These modes are similar to memory mode F in that two 
luminances can be displayed, but only one color is available at a time. 
In IR mode 3, each character is 10 lines high. This makes it possible to 
define lower case characters with descenders. The last fourth of the 
character set (name bits 5 and 6 equal to one) is lowered. The hardware 
takes the first two data bytes and moves them to the bottom of the character, 
displaying two blank lines at the top of the character (see next page). 

In IR modes 2 and 3, bit 7 of the character name is used for inverse 
video or blanking. This is controlled by CHACTL (Character Control). If 
bit 2 of CHACTL is a one then all of the characters will be displayed 
upside down, regardless of mode. If CHACTL bit 1 is set, then each 
character which has bit 7 of its name set will be displayed in inverse 
video (the luminances will be reversed). If CHACTL bit 0 is set, then 
each character which has bit 7 set will be blanked (only background wil be 
displayed). Characters can be blinked on and off by setting name bit 7 to 
1 and toggling CHACTL bit O. Inverse video and blank apply only to IR 
modes 2 and 3. If both inverse video and blank are set then the character 
will appear as an inverse video blank character (solid square). 

Hardware Collision Detection: 60 bits of collision register are 
provided to detect and store overlap (hits) between players, missiles and 
playfield. These collisions can be read by the microprocessor from 
addresses DOOO through DOOF. There are no bits for missile to missile 
collisions. 

16 bits for Missile to Playfield 
16 bits for Player to Playfield 
16 bits for Missile to Player 
12 bits for Player to Player (PO to PO always reads as zero, etc.) 

The 1/2 clock memory map mode (IR code 1111) and the 1/2 clock Character 
mode (IR.codes 0011 and 0010) are both playfield type 2 collisions and will 
be stored in bit 2 of the playfield collision registers. 
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Data 

Actual 
Display 

Upper Case 

1R Mode 3-Upper and Lower Case 

Lower Case 
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Character MaE DisElay Modes 

1 OS Chars. 1 Scan Color Data Color 1 Bit 
1 and IInst. Golors per Lines Clocks Bits· Select IValues Color 
IBASICIReg. per Std. per per per Bits Inl in Reg. 
Modes HEX Mode Line Char. Pixel Pixel Name Data Select 

0 2 1~ 40 8 k 
2 1 0 PF2 

1 PFI 
{LUM) 

3 1~ 40 10 ~ 1 0 PF2 
1 PFI 

I {LUM) 
00 BAK 

4 5 40 8 1 2 Bit 7 01 PFO 
= 0 10 PF1 

11 PF2 

Bit 7 11 PF3 
= 1 

00 BAK 
5 5 40 16 1 2 Bit 7 01 PFO 

= 0 10 PF1 
11 PF2 

IBit 7 11 PF3 
= 1 

0 BAK 
1 6 5 20 8 1 1 00 1 PFO 

01 1 PFI 
10 1 PF2 
11 1 PF3 

0 BAK 
2 7 5 20 16 1 1 00 1 PFO 

01 1 PFI 
10 1 PF2 
11 1 PF3 
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Vertical and Horizontal Fine Scrolling: Playfield objects are difficult 
to move smoothly. Memory map playfield can be moved by rewriting sections 
of memory. However, this is extremely time-consuming if large sections 
of the screen must be moved smoothly. Character playfield objects can be 
moved easily in a jerky fashion by changing the memory scan counter. 
However, this results in a large position jump .from one character position 
to another, not a smooth motion. For this reason hardware registers 
(VSCROL and HSCROL) and counters are provided to allow smooth horizontal 
or vertical motion, up to one character width horizontally and up to one 
character height vertically. After this much smooth motion has been 

( 

done by increasing the value in these registers, memory is rewritten or 
the memory scan counter is modified and smooth motion is resumed for 
another character distance. 

Vertical Scrolling: A zone of playfield on the screen can be scrolled 
upward by using VSCROL and bit 5 of the display list instruction. The 
display blocks at the upper and lower boundaries of the zone must have a 
variable vertical size. In particular, the first display block within that 
zone must be shortened from the top, and the last display block must be 
shortened from the bottom (i.e. not all of the top and bottom blocks will 
be displayed). 

The vertical dimension of each display block is controlled by a 4 bit 
counter within the ANTIC, called the 'Delta Counter' (DCTR). Without 
vertical scrolling, it starts at ° on the first line, and counts up to a 
standard value, determined by the current display instruction. (Ex: 
for upper and lower case text display, the end value is 9. For 5 color 
character displays, it is 7 or 15.) 

If bit 5 of the instruction remains unchanged between consecutive 
display blocks, then the second block is displayed in the normal fashion. 
If bit 5 of the instruction goes from 1 to ° between two consecutive 
display blocks, the second block will start with Delta = 0, as usual, but 
will count up until delta=VSCROL, instead of the standard value. This 
shortens that display block from the bottom. 

To define a vertically scrolled zone, the most direct method is to 
set bit 5 to 1 in the first display instruction for that zone, and in all 
consecutive blocks but the last one. If the VSCROL register is not 
rewrittren on the fly, this results in a total scrolled zone that has a 
constant number of lines (provided that the VSCROL value does not exceed 
the standard individual block size). If N is the standard block size, the 
top block will be N-VSCROL lines (N > VSCROL ), and the last block will be 
VSCROL + 1 lines: (N-VSCROL) + (VSCROL + 1) = N + 1. Shown on the 
following page is an example of a scrolled zone, top block, for 8 VSCROL 
values for N = 8. 

Horizontal scrolling is described under HSCROL in section III. 
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Simple Display List Example: BASIC starts out in as graphics mode 0 
which displays 40 characters across by 24 rows. This is IR mode 2 with a 
standard screen width. The as sets up the display list near the top of 
RAM with room for the character names at the top of RAM. On a 32 K-byte 
machine, the display list would start at hex 7C20. The next three bytes 
are hex 70's to create 24 blank lines. The next byte is a hex 42. The 
4 tells the hardware to reload the memory scan counter with the following 
address (7C40). This is the address of the data to be displayed. The 2 
tells the hardware to display one line of IR mode 2 characters. The 
next 23 bytes specify 23 more lines of mode 2 characters. Hex 41 is the 
code for jumping and waiting until the end of the next vertical blank. 
The address to jump to is 7C20, . the start of the display list. The next 
960 bytes are the list of characters to be displayed, 40 bytes per line. 
The OS must set up the display list pointer (DLISTH and DLISTL) to the 
starting address of the display list (7C20). It also sets CHBASE to the 
MSB of the address of the character set (EO). 

This is a simple example because only one mode is used and the memory 
scan counter is only loaded at one point. It is possible to have different 
modes on different lines, change character sets and colors, etc., as shown 
in the example in Section IV. 
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OS Mode 0 Display List (40 chars x 24 lines) 

Address (hex) Data (hex) 

7C20 

7C40 

70 } 
70 
70 

42 } 
40 
7C 

2 
2 
2 

2 
2 
2 

41 } 
20 
7C 

} 

24 blank lines 

reload memory scan counter with 7C4C 
IR mode 2 

23 more IR mode 2 instructions 

Jump back to 7C20 and 
wait for end of vertical blank. 

960 bytes of display data 
(character names) 

Cycle Counting: As explained previously, the ATARI 800 6502 micropro­
cessor runs at a rate of 114 machine cycles per TV line (1.79 MHZ). There 
are 262 lines per TV frame and 60 frames per second on the NTSC (U.S) system. 
(The PAL (Europeon) system is different. See the section on NTSC vs. PAL.) 

Each machine cycle is equivalent in length to 2 color clocks. There 
are 228 color clocks on a TV line. The highest resolution graphics modes 
have a pixel size of 1/2 color clock by 1 TV line. Horizontal blank takes 
40 machine cycles. This is when the beam returns to the left edge of the 
screen in preparation for displaying the next TV line. A wait for Sync 
(WSYNC) instruction stops the 6502. The processor is restarted exactly 7 
machine cycles before the beginning of the next TV line. The program can 
thus change graphics or colors during horizontal blank in preparation for 
the next line. 

The ANTIC chip steals cycles from the 6502 in order to do memory 
refresh and fetch graphics data when needed. The general rule to remember 
is that each byte fetched from memory requires one machine cycle. If a 
display list memory map instruction extends over several lines then the data 
is only fetched on the first line. Memory refresh takes 9 cycles out of 
every line, unless pre-empted by a high-resolution graphics mode. Memory 
refresh continues during vertical blank. 

Missile DMA takes one cycle per line in the one-line resolution mode 
and one cycle every~other line in the two line resolution mode. Missile 
DMA can be enabled without doing player DMA. However, if player DMA is 
enabled then missile DMA will also be done (see DMACTL, GRACTL bits). 
Player DMA requires 4 cycles everyone or two lines, depending on the 
resolution used. 
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Each fetch of a display list byte takes one cycle, so three cycles 
are required for a three byte instruction. 

Player/missile and display list instruction fetch DMA take place 
during horizontal blank, if they are required for the next line. 

In memory map modes, the graphics data is fetched as needed throughout 
the first line of the display list instruction, then saved by ANTIC for 
use in succeeding lines. In character modes, the character codes are 
fetched during the first line of each row of characters, along with the 
graphics data needed for that line. On the next lines, only the graphics 
data is fetched, since ANTIC remembers the character codes. 

In the 40 x 24 character mode, with a standard screen width, most of 
the cycles during the top line of each row of characters are requried to 
fetch the character codes and data, so there is only time for one memory 
refresh cycle instead of the usual nine. Less DMA is required with a narrow 
screen width so two memory refresh cycles would occur in this case. 

The memory refresh is done fast enough to make up for the lost cycles 
in the high resolution modes. Once memory refresh starts on a line, it 
occurs every four cycles unless pre-empted by DMA. 

All interrupts reach the 6502 near the end of horizontal blank. 
With standard or narrow screen widths, refresh DMA starts after the end of 
horizontal blank. 

The time at which ANTIC does cycle stealing is deterministic, but 
depends on the graphics mode, screen width and whether or not horizontal 
scrolling is enabled. Horizontal scrolling requires extra graphics data: 
see HSCROL. 

ANTIC does horizontal scrolling of an even number of color clocks by 
delaying the time at which it DMA's the data. To do an odd number of color 
clocks (which involves half of a machine cycle), ANTIC has a one color clock 
internal delay. 

Theoretically, it is possible to write a program which changes graphics 
or colors "on the fly", i.e. during the middle of a TV line. However, 
with all the DMA going on, the cycle counting gets to be quite complicated, 
and is beyond the scope of this manual. 

There are a number of delays associated with the display of graphics. 
These occur in the ANTIC and the CTIA. The ANTIC sends data to the CITA 
which adds in the color information. Thus the timing for changing colors on 
the fly is different from that for changing graphics on the fly. 
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Horizontal Blank DMA Timing 

When DMA is enabled, cycles are stolen at the times shown below. 
End of 

L.previous ____ •• f~4~--~Horizontal Blank~ ____________ •• ~1 
I-Line 

20 machine cycles (40 color clocks) 

5 411111412 8 '--r-' 
1-9 refresh cycles. 

WSYNC 
char. and graphics 
data DMA (depends on 
graphic mode) 

Interrupt 
~ _______ Address DMA (3-byte display list 

instruction) 
~ ____________ Player 

~ _________________ Display list instruction fetch DMA 
~ ____________________ Mis s il e DMA 

Cycle Counting Example: This example uses the 40 character by 24 line 
display list given on page 11.24. This display ,list is 32 bytes long so 
display list DMA takes 32 machine cycles. It takes 960 cycles to DMA the 
characters and 8*960 to DMA the character data. The refresh DMA takes 9 
cycles for each of 262 lines, except for the 24 lines where the characters 
are read, where only 1 refresh cycle occurs. 

DMA description 
display list 
characters 
character data 
refresh 
total 

Machine 

40x24 
960x8 

262x9-24x8 

cycles 
32 

= 960 
=7680 
=2166 
10838 

Thus the total DMA per frame is 10838 machine cycles. One frame 
is 262 lines with 114 machine cycles per line for a total of 29868 machine 
cycles per frame. Thus 36% of each frame is required for DMA in OS graphics 
mode O. 

NTSC vs. PAL Systems: There are two versions of the ATARl 800: the NTSC 
(United States T.V. standard) and PAL (one of the European T.V. standards). 
The PAL system has been designed so that most programs will run without 
being modified. However, some differences may be noticeable. There is a 
hardware register (PAL) which a program can read to determine which type of 
system it is running on and adjust accordingly. 
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The PAL T.V. has a slower frame rate (50 Hz. instead of 60 Hz.) so 
games will be slower unless an adjustment is made. PAL has more T.V. 
lines per frame (312 instead of 262). The Atari 800 hardware compensates 
for this by adding extra lines at the beginning of vertical blank. Display 
lists do not have to be altered. However, their actual vertical height will 
be shorter. PAL ATARI 800 colors are similar to NTSC because of a hardware 
modification. 

B. POKEY 

Audio: There are 4 semi-independent audio channels, each with its own 
frequency, noise, and volume control. Each has an 8 bit "divide by N" 
frequency divider, controlled by an 8 bit register (AUDFX). (See audio-serial 
port block diagram.) Each channel also has an 8 bit control register (AUDCX) 
which selects the noise (poly counter) content, and the volume. 

Frequency Dividers: All 4 frequency dividers can be clocked simultane­
ously from 64 KHZ or 15 KHZ. (AUDCTL bit 0). Frequency dividers 1 and 3 
can alternately be clocked from 1.79 MHZ (AUDCTL bits 6 and 5). Dividers 2 
and 4 can alternately be clocked with the output of dividers 1 and 3 (AUDCTL 
bits 4 and 3). This allows the following options: 4 channels of 8 bits 
resolution, 2 channels of 16 bit resolution, or 1 channel of 16 bit and 2 
channels of 8 bit. 

Poly Noise Counters: There are 3 polynomial counters (17 bit,S bit 
and 4 bit) used to generate random noise. The 17 bit poly counter can be 
reduced to 9 bits (AUDCTL bit 7). These counters are all clocked by 1.79 
MHZ. Their outputs, however, can be sampled independently by the four 
audio channels at a rate determined by each channel's frequency divider. 
Thus each channel appears to contain separate poly counters (3 types) 
clocked at its own frequency. This poly counter noise sampling is controlled 
by bits 5,6 and 7 of each AUDCX register. Because the poly counters are 
sampled by the "divide by N" frequency divider, the output obviously cannot 
change faster than the sampling rate. In these modes (poly noise outputted) 
the dividers are therefore acting as "low pass" filter clocks, allowing only 
the low frequency noise to pass. 

The output of the noise control circuit described above consists of 
pure tones (square wave type), or polynomial counter noise at a maximum 
frequency set by the "divide by N" counter (low pass clock). This output 
can be routed through a high pass filter if desired (AUDCTL bits 1 and 
2). 
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Audio Noise Filters: 

VOL 

Low Frequency 
Noise 

Cll t off set 
counter. 

Any channel noise output (without high pass filter) 

VOL 

Channel 
- by N 

Frequency 

~ ________________________________________________ Frequency 

Channel 1 output (with high pass filter) 

~ ________________________________________________ Frequency 

Channel 2 output (with high pass filter) 

Clock 

D 



High Pass Filters: The high pass filter consists of a "D" flip flop 
and an exclusive-OR Gate. The noise control circuit output is sampled by 
this flip flop at a rate set by the "High Pass" clock. The input and output 
of the Flip Flop pass through the exclusive-OR Gate. If the flip flop input 
is changing nuch faster than the clock rate, the signal will pass easily 
through the exclusive-OR Gate. However, if it is lower than the clock rate, 
the flip flop output will tend to follow the input and the two exclusive-OR 
Gate inputs will mostly be identical (11 or 00) giving very little output. 
This gives the effect of a crude high pass filter, passing noise whose 
minimum frequency is set by the high pass clock rate. Only channels 
1 and 2 have such a high pass filter. The high pass clock for channel 1 
comes from the channel 3 divider. The high pass clock for channel 2 comes 
from the channel 4 divider. This filter is included only if bit 1 or 2 of 
AUDCTL is true. 

Volume Control: A volume control circuit is placed at the output of 
each channel. This is a crude 4 bit digital to analog converter that 
allows selection of one of 16 possible output current levels for a logic 
true audio input. A logic zero audio input to this volume circuit always 
gives an open circuit (zero current) output. The volume selection is 
controlled by bits 0 thru 3 of AUDCX. "Volume Control only" mode can be 
invoked by forcing this circuit's audio input true with bit 4 of AUDCX. In 
this mode the dividers, noise counters, and filter circuits are all discon­
nected from the channel output. Only the volume control bits (0 to 8 of 
AUDCX) determine the channel output current. 

The audio output of any channel can be completely turned off by writing 
zero to the volume control bits of AUDCX. All ones gives maximum volume. 

C. SERIAL PORT 

The serial port consists of a serial data output (transmission) 
line, a serial data input (receiver) line, a serial output clock line, a 
bi-directional serial data clock line, and other miscellaneous control lines 
described in the Operating System Manual. Data is transmitted and received 
as 8 bits of serial data preceded by a logic zero start bit, and succeeded 
by a logic true stop bit. Input and output clocks are equal to the baud 
(bit) rate, not 16 times baud rate. Transmitted data changes when the 
output clock goes true. Received data is sampled when the input clock goes 
to zero. 

Serial Output: The transmission sequence begins when the processor 
writes 8 bits of parallel data into the serial output register (SEROUT)(see 
audio and serial port block diagram). When any previous data byte trans­
mission is finished the hardware will automatically transfer ~ data from 
(SEROUT) to the output shift register, interrupt the processor to indicate 
an empty (SEROUT) register (ready to be reloaded with the next byte of 
data), and automatically serially transmit the shift register contents with 
start-stop bits attached. If the processor responds to the interrupt, and 
reloads SEROUT before the shift register is completely transmitted, the 
serial transmission will be smooth and continuous. 
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Output data is normally transmitted as logic levels (+4V=true OV=False). 
Data can also be transmitted as two tone information. This mode is selected 
by bit 3 of SKCTL. In this mode audio channel 1 is transmitted in place of 
logic true, and audio channel 2 in place of logic zero. Channel 2 must be 
the lower tone of the tone pair. 

The processor can force the data output line to zero (or to audio 
channel 2, if in two tone mode) by setting bit 7 of SKCTL. This is required 
to force a break (10 zeros) ~ode transmission. 

Serial OutEut Clock: The serial output data always changes when the 
serial output clock goes true. The clock then returns to zero in the center 
of the output data bit time. 

The baud (bit) rate of the data and clock is determined by audio 
channel 4 audio channel 2, or by the input clock, depending on the serial 
mode selected by bits 4, 5, and 6 of SKCTL. (See chart at end of this 
section.) 

Serial InEut: The receiving sequence begins when the hardware has 
received a complete 8 bit serial data word plus start and stop bits. This 
data is automatically transferred to the 8 bit parallel input register 
(SERIN), and the processor is interrupted to indicate an input data byte 
ready to read in SERIN. The processor must respond to this interrupt, and 
read SERIN, before the next input data word reception is complete, otherwise 
an input data "over-run" will occur. This over-run will be indicated by bit 
5 of SKSTAT (if bit 5 of IRQST is not RESET (true) before next input complete), 
and means input data has been lost. This bit should be tested whenever 
SERIN is read. Bit 7 of SKSTAT should also be tested to detect frame errors 
caused by extra (or missing) data bits. 

Direct Serial Input: The serial data input line can be read directly 
by the microprocessor if desired, ignoring the shift register, by reading 
bit 4 of SKSTAT. 

Bi-Directional Clock: This clock line is used to either receive a 
clock from an external clock source for clocking transmitted or received 
data, or is used to supply a clock to external devices indicating the 
transmit or reception rate. This clock line direction is determined 
by the serial mode selected by bits 4, 5, and 6 of SKCTL. (See mode chart 
at the end of this section.) Transmitted data changes on the rising edge of 
this clock. Received data is sampled on the trailing edge of this clock. 

Asynchronous Serial Input: Unclocked serial data (at an approximately 
known (+5%) rate) can be received in the asynchronous modes. The receive 
(input) shift register is clocked by audio channel 4. Channels 3 and 
4 should be used together (AUDCTL bit 3 = 1) for increased resolution. 
In asynchronous modes, channels 3 and 4 are reset by each start bit at the 
beginning of each serial data byte. This allows the serial data rate to be 
slightly different from the rate set by channels 3 and 4. 
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Serial Mode Control: There are 6 useful modes (of the possible 8) 
controlled by bits 4, 5, and 6 of SKCTL. These are described on the next 
page. 

Note that two tone output (bit 3 of SKCTL) may be used in any of these 
modes except for the bottom pair. This is because channel 2 is used to set 
the output transmit rate and is therefore not available for one of the two 
tones. 

Note that the output clock rate is identical to the output data rate. 

Serial Mode Control (see also register description SKCTL): 

Force Break 

ID7 D6 D5 D4 D31D2IDIIDO I SKCTL REGISTER 

Pot scan and keyboard CTRL 

Two Tone Control 

Mode Control Bits 

....!-~_....Ioo---J.,Ou t 
D6 D51D4 Rate 

I 
o 0 10 ext 

I 

I 
o 0 1 ext 

o 

o 

1 

1 

1 

1 

1 o 

1 1 

o 0 

o 1 

1 0 

I 
1 I 1 

I 
I 

chan 
4 

CH4 
A 

chan 
4 

CH4 
A 

Chan 
2 

Chan 
2 

Out 
Clock 

ext 

ext 

chan 
4 

CH4 
A 

chan 
4 

CH4 
A 

Chan 
2 

Chan 
2 

In 
Rate 

ext 

chan 
4 
A 

chan 
4 

CH4 
A 

ext 

CH4 
A 

Chan 
2 

Chan 
4 
A 

Bi-Dir 
Clock 

ext 
input 

ext 
input 

chan 
4 
output 

input 

ext 
input 

input 

Chan 
4 
Output 

Input 
not 
used 

A=asynchronous 

I 
I Comments 
ITrans. & Receive rates set by 
lexternal clock. Also internal 
Iclock phase reset to zero. 

Trans. rate set by external 
clock. Receive asynch. (ch. 4) 
(CH3 and CH4) 

Trans. & Receive rates set by 
Chan. 4. Chan. 4 output on Bi­
Directional clock line. 

INot Useful 
I 

ITrans. Rate Set by Chan. 4 
IReceive Rate set by External 
IClock. 

INot Useful 
I 

ITrans. rate set by chan. 2 
IRecieve rate set by chan. 4 Chan. 
14 out on Bi-Direct. Clock line. 

ITrans. Rate set by Chan. 2. Re­
Iceive async. (chan 3&4) Bi-Dir. 
IClock not used (Tri-state condi­
Ition) 

Two tone (bit3) not useable in these modes 
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D. INTERRUPT SYSTEM 

There are two basic types of interrupts defined on the microprocessor: 
NMI (non maskable interrupt) and IRQ (interrupt request). It is recommended 
that a thorough understanding of these interrupt types be acquired by 
reading all chapters concerning interrupts in the 6502 microprocessor 
programming and hardware manuals. 

In this system NMI interrupts are used for video display and reset. 
IRQ interrupts are used for serial port communication, peripheral devices, 
timers, and keyboard inputs. 

NMI Interrupts: Even though NMI interrupts are "unmaskable" on 
the micrprocessor, this system has interrupt enable (mask) bits for NMI 
function. (Bits 6 and 7 of NMIEN) When these bits are zero NMI interrupts 
are disabled (masked) and prevented from causing a microprocessor NMI 
interrupt. (see NMIEN register description) The 3 types of NMI interrupts 
are: 

1. D7 

2. D6 

3. D5 

Instruction Interrupt (during display time any display 
instruction with bit 7=1 will cause this interrupt to occur 
(if enabled) at the start of the last video line displayed by 
that instruction.) 

Vertical Blank Interrupt (interrupt occurs (if enabled) at 
the beginning of the vertical blank time interval.) 

Reset Button Interrupt (pushing the SYSTEM RESET button will 
cause this interrupt to occur.) 

Since any of these interrupts will cause the processor to jump to the 
same NMI address, the system also has NMI status bits which may be examined 
by the processor to determine which source caused the NMI interrupt. Bits 
5, 6, and 7 of NMIST serve this function (see NMIST register description). 
These status bits are set by the corresponding interrupt function (even if 
the interrupt is masked from the processor by NMIEN). The status bits may 
be reset together by writing to the address NMIRES. 

Two of the interrupt enable bits (bits 6 and 7 of NMIEN) are cleared 
automatically during system power turn on and therefore these NMI interrupts 
are initially disabled (masked), preventing any power turn on service routine 
from being interrupted before proper initialization of registers and pointers.* 
They can then be enabled by the processor whenever desired, by writing into 
bits 6 and 7 of NMIEN. Except for the reset button interrupt, they can also 
be disabled by the processor by writing a zero into bits 6 or 7 or NMIEN. 
The reset button cannot be disabled, allowing an unstoppable escape from any 
possible "hangup" condition. 

These NMI interrupt functions are each separated in time (to prevent 
overlaps) and converted to pulses by the system hardware, in order to supply 
NMI transitions required by the microprocessor logic. 

* - NOTE: Bit 5 is never disabled and therefore the Reset Button 
should not be pressed during power turn on. 
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IRQ Interrupts: IRQ interrupts are all "maskable" together by one bit 
of the status register on the microprocessor. This bit is set to the 
disable condition automatically by power turn on to prevent interrupt of 
power turn on service routines.** In addition to this processor IRQ mask 
bit, there are separate system IRQ interrupt enable bits for each IRQ 
interrupt function (bits 0 thru 7 of IRQEN). These bits are not initialized 
by power turn on, and must be initialized by the program before enabling the 
processor IRQ. The 8 types of IRQ interrupts are: 

D7 BREAK KEY (depression of the break key) 
D6 = OTHER KEY (depression of any other key) 
D5 SERIAL INPUT READY (Byte of serial data has been received and is 

ready to be read by the processor in SERIN register). 
D4 SERIAL OUTPUT NEEDED (Byte of serial data is being transmitted and 

SEROUT is ready to be written to again by the processor). 
D3 TRANSMISSION FINISHED (serial data transmission is finished. 

Output shift register is empty). 
D2 TIMER #4 (audio divider #4 has counted down to zero) 
Dl TIMER #2 (audio divider #2 has counted down to zero) 
DO TIMER #1 (audio divider #1 has counted down to zero) 

In addition to the above IRQ interrupts (enabled by bits 0 through 7 of 
IRQEN and identified by status bits 0 thru 7 of IRQST) there are two more 
system IRQ interrupts which are generated over the serial bus Proceed and 
Interrupt lines. 

D7 of PACTL 
DO of PACTL 
D7 of PBCTL 
DO of PBCTL 

peripheral "A" interrupt status bit 
peripheral "A" interrupt enable bit 
peripheral "B" interrupt status bit 
peripheral "B" interrupt enable bit 

These last two interrupts ~ automatically disabled by power turn on, 
and their status bits are reset by reading from port A register and port B 
register. (See PORTA, PACTL, PORTB, and PBCTL Register descriptions.) 

The IRQEN register, like the NMIEN register, enables interrupts 
when its bits are 1 (logic true). The IRQST however (unlike the NMIST) has 
interrupt status bits that are normally logic true, and go to zero to 
indicate an interrupt request. The IRQST status bits are returned to logic 
true only by writing a zero into the corresponding IRQEN bit. This will 
disable the interrrupt and simultaneously set the interrupt status bit to 
one. Bit 3 of IRQST is not a latch and does not get reset by interrupt 
disable. It is zero when the serial out is empty (out finished) and true 
when it is not. 

** - NOTE: An NMI also disables the I bit. 
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INTERRUPT SUMMARY 

I 
NAME I FUNCTIONS ENABLE 

I 
STATUS 

STATUS 
RESET 

I Display 
I NMI I Instruction 
IINTERRUPTSIVert. Blank 
I Reset Button 

NMIEN NMIST 
(Bits 6 thru 7) (Bits 5 thru 7) 
Normally Zero 

(Disabled) 
Normally Zero 

(no interrupt) 

Address 
NMIRES 

(Resets all NMI 
status together) 

KEYS IRQEN IRQST Reset (to true) 
Serial (Bits 0 thru 7) (Bits 0 thru 7) By Zero in 
ports zero is Normally True Corresponding 
Timers (Disabled) * (no interrupt) Bit of IRQEN 

{except Bit 3)* 
IRQ 

INTERRUPTS Peripheral DO of PACTL D7 of PACTL Reset by 
A Normally Zero INormally Zero Reading PORT 

{Disabled) I {no interrupt) Register 
I 

Peripheral DO of PBCTL I D7 of PBCTL Reset by 
B INormally Zero INormally Zero Reading PORT 

I {Disabled) I {no interrupt) Register 

E. CONTROLLERS 

A variety of controllers can be plugged into the four jacks on the 
front of the console. This includes joysticks, paddle (pot), twelve-key 
keyboard, and light pen (when available). 

A 

B 

The controller ports are read through the PORTA and PORTB regisers 
and the POT and TRIG registers. The OS reads these registers during 
vertical blank and stores into its own RAM locations. These are STICK, 
PADDLO through PADDL7, PTRIG'S and STRIG'S. The OS sets up PORTA AND 
PORTB for input. This is done by setting PACTL or PORTB (Port Control) 
bit 2 to a 0 (to select the "direction control register), then writing all 
O's to the desired port. PACTL (PBCTL) bit 2 is then changed back to 
a 1, allowing the program to read from the port. The ports can also be 
set up for output by writing l's instead of O's while the direction control 
mode is selected. 

Joysticks: The joysticks have four switches, one each for right (R), 
left (L), back (B) and forward (F). 

These switches are read through PORTA and PORTB. A fifth switch is 
activated by pressing the red trigger button. The trigger buttons are 
read from TRIGO through TRIG3. A value of 0 indicates that a button has 
been pressed and a 1 indicates that it has not been pressed. 
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The TRIG registers are normally read directly, but they can be used 
in a latched mode. Writing a zero to bit 2 of GRACTL disables the latches 
and sets them to 1. Writing a 1 to bit 2 enables the latches. If a joy­
stick trigger button is pushed at any time while bit 2 of GRACTL is 1 
the latch value will change to zero and stay that way. A program can 
use this to determine whether the joystick trigger buttons have ever been 
pressed during a certain period of time. 

Paddles: The paddles come in pairs, so eight paddles can be connected 
to the four jacks. The paddles are read by storing into POTGO, then 
reading the POT registers at least 228 lines later. The values range from 0 
(with the paddle turned to the right) to 228 (paddle turned counter-clockwise). 
The value indicates how many TV lines it takes to charge up the capacitor 
which is the series with the potentiometer. Turning the knob to the right 
lowers the resistance, so the capacitor charges up quickly. Turning the 
knob to the left increases the resistance and the charging time. The 
capacitor dump transistors are used to discharge the capacitors so that a 
new reading can be mode. The POTGO command clears the counters and turns 
off the dump transistors to allow the capacitors to charge up. The ALLPOT 
register contains one bit for each paddle. When the capacitor has charged 
up to the threshold value the ALLPOT bit changes fron one to zero and the 
POT register contains the correct readings. Bit 2 of SKCTL (Serial Port 
Control) enables fast pot scan. In this mode, It takes only two scan lines 
to charge up the capacitors to the maximum level instead of 228 lines. Bit 
2 is first set to 0 to dump the capacitors. Then Bit 2 is set to 1 to start 
the pot scan. The fast pot scan is not as accurate as the normal scan mode. 
Bit 2 of SKCTL must be set to 0 to use normal scan mode. Otherwise, the 
capacitors will never dump. Note that some paddles have a range smaller 
than 0 to 228 due to differences in the pots. The left and right paddle 
triggers for each paddle pair are read from the left and right bits for the 
corresponding joystick (PORTA or PORTB). 

Keyboard Controllers: Each keyboard controller has a twelve-key pad 
and plugs into a joystick controller port. The first step in using the 
keyboard is to select a ~ by setting the port direction to output and 
writing a 0 to the bit in the PORTA or PORTB register which selects the 
desired row (see PORTA, SECTION III). The other rows should have l's 
written to them. Columns are read through the POT and TRIG registers (see 
controller PORT PINOUT chart in section III). Appendix H of the BASIC 
Reference Manual contains a Basic program which reads the controllers. The 
first and second columns of the keyboard use the same pins as the pots for 
the paddle controllers, so they are read by reading the POT (or PADDL) 
registers. When a button is pushed, the pot line is grounded, so the pot 
capacitors never charge up to the threshold level and the reading is 228 
(the maximum). When the button in the selected row and column is not pushed 
the capacitor is connected to +SV through a relatively small resistor, 
giving a POT value of about 2 (this may vary). Since the reading is not 
critical, the fast pot scan mode can be used, so that only a 2 line wait is 
required between selecting the row and reading the POT register. The 
convention has been adopted of comparing the POT reading with 10 (decimal). 
If is it greater than 10 then the button has been pressed. The third 
column is read through the joystick trigger line, so it works just like a 
joystick trigger (O=button is pressed, l=not pressed). 
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Light Pen: A light pen is a device that can detect the electron beam 
as it sweeps across the TV screen. It is used to point directly at an image 
on the TV display. Applications include selecting menu items and drawing 
lines. The ATARI 400/800 hardware was designed so that a light pen can be 
plugged into any of the joystick controller ports (see end of section 
III). 

When anyone of the joystick trigger lines (pin 6) is pulled low, the 
ANTIC chip takes the current VCOUNT value and stores it in PENV. The 
horizontal color clock value (0-227 decimal) is stored in PENH. The least 
significant bit is inaccurate and should be ignored. Since there are a 
number of delays involved in displaying the data and changing the light 
pen register, each system must be cal brated. Software which uses the 
light pen should contain a user-interactive calibration routine. For 
example, the user could point the light pen at a crosshair in the center 
of the screen and the program could compute the required horizontal offset. 
PENH will wrap around from 227 to 0 near the right hand edge of a standard 
width display because of the delay. The pen will not work if it is pointed 
at a black area of the screen, since the electron beam is turned off. It is 
a good idea to read two (or more) values and average them, since the user 
will probably not hold the pen perfectly steady. 
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III. HARDWARE REGISTERS 

This section lists the hardware registers and Operating System (OS) 
shadow registers. 

In the following descriptions, true always refers to a bit whose value 
is 1. 

A. PAL (DOI4) 

Not D3 D2 Dl INot I 
Used IUsed 

D3 D2 Dl 

1 1 1 NTSC (US TV) 

0 0 0 PAL (European TV) 

This byte can be read by a program to determine which type of system 
the program is running on. 

B. INTERRUPT CONTROL 

NMIEN (Non Maskable Interrupt Enable) (D40E): This address writes data 
to the NMI interrupt enable bits. 

D7 D6 

o disabled (masked) 
1 enabled 

Not 
Used 

D7 Display List Instruction Interrupt Enable. This bit is 
cleared by Power Reset, and may be set or cleared by the 
processor. 

D6 Vertical Blank Interrupt Enable. This bit is cleared by Power 
Reset, and may be set or cleared by the processor. 

SYSTEM RESET Button Interrupt 

This interrupt is always enabled. The SYSTEM RESET button should 
not be pressed during power turn on. 

(Set to hex 40 by as IRQ code.) 
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NMIST (Non Maskable Interrupt Status) (D40F): This address read the NMI 
Status Register (Read by as NMI code). 

D7 D6 

o no interrupt 
1 = interrupt 

D5 
Not 

Used 

D7 This bit identifies an NMI interrupt caused by bit 7 of a 
Display List Instruction. 

D6 This bit identifies an NMI interrupt caused by the beginning 
of vertical blank. 

D5 This bit identifies an NMI interrupt caused by the SYSTEM 
RESET button. 

NMIRES (NMI Status Register Reset) (D40F): This write address resets 
the Non Maskable Interrupt Status Register (NMIST). 

Not 
Used 

( Written by as NMI code.) 

IRQST (IRQ Interrupt Status) (D20E): This address reads the data from 
the IRQ Interrupt Status Register. 

D7 

o Interrupt 
1 No Interrupt 

D6 D5 D4 D3 D2 Dl DO 

D7 0 Break Key Interrupt 
D6 0 Other Key Interrupt 
D5 = 0 Serial Input Data Ready Interrupt 
D4 0 Serial Output Data Needed Interrupt 
D3 0 Serial Output (Byte) Transmission Finished Interrupt * 
D2 0 Timer 4 Interrupt 
Dl 0 Timer 2 Interrupt 
DO 0 Timer 1 Interrupt 

* - NOTE: Used for generation of 2 stop bits. See IRQ description 
in section II (no direct reset on bit 3). 
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IRQEN (IRQ Interrupt Enable) (D20E): This address writes data to the IRQ 
Interrupt Enable bits. 

D7 D6 

o disable, corresponding IRQST bit is set to 1 
1 = enable 

DS D4 D3 D2 Dl DO 

D7 Break Key Interrupt Enable 
D6 Other Key Interrupt Enable 
DS Serial Input Data Ready Interrupt Enable 
D4 Serial Output Data Needed Interrupt Enable 
D3 Serial Out Transmission Finished Interrupt Enable 
D2 Timer 4 Interrupt Enable 
Dl Timer 2 Interrupt Enable 
DO Timer 1 Interrupt Enable 

OS SHADOW: POKMSK (hex 10) 

Use AND's and OR's to change one bit in POKMSK without affecting 
the others. Store the desired value in both IRQEN and POKMSK. 

C. TV LINE CONTROL 

VCOUNT (Vertical Counter) (D40B): This address reads the Vertical TV 
Line Counter (8 most significant bits). 

D7 

V8 

D6 DS D4 D3 

V7 V6 VS V4 

D2 Dl 

V3 V2 

DO 

VI 
va not read. 

VO Two line 
resolution 
supplied. 

WSYNC (Wait for Horizontal Blank Synchronism - i.e. wait until start of 
next TV line.) (D40A): 

not used 

This address sets a latch that pulls down on the RDY line to the 
microprocessor, causing it to wait until this latch is automatically reset 
by the beginning of horizontal blank. Display list interrupts may be 
delayed by 1 line if WSYNC is used. (Used by OS keyboard click routine.) 
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D. GRAPHICS CONTROL 

DMACTL (Direct Memory Access Control) (D400): This address writes data 
into the DMA Control Register. 

Not 
Used D5 

D5 

D4 

D4 

D3 

D2 

D1,DO 

D4 D3 D2 D1 DO 

1 Enable instruction fetch 

1 1 Line P/M resolution 

0 2 line P/M resolution 

= 1 Enable Player DMA 

1 Enable Missile DMA 

0 0 No Playfield DMA 

0 1 Narrow Playfield DMA 
(128 Color Clocks) 

1 0 Standard Playfield DMA 
(160 Color Clocks) 

= 1 1 Wide Playfield DMA 
(192 Color Clocks) 

DMA 

See GRACTL. OS Shadow: SDMCTL (22F) default value hex 22 

GRACTL (Graphics Control) (D01D): This address writes data to the 
Graphic Control Register. 

Not 
Used 

D2 

D1 

DO 

1 

1 

1 

D2 D1 DO 

Enable latches on TRIGO - TRIG3 inputs (latches are 
cleared and TRIGO - TRIG3 act as normal inputs when this 
control bit is zero). 

Enable Player DMA to Player Graphics Registers. 

Enable Missile DMA to Missile Graphics Registers. 

DMA is enabled by setting bits in both DMACTL and GRACTL. Setting 
DMACTL only will result in cycles being stolen but no display will be 
generated. 
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CHACTL (Character Control) (D401): This address writes data into the 
Character Control Register. 

Not 
Used D2 Dl DO 

D2 Character Vertical Reflect Bit. This bit is sampled at the 
beginning of each line of characters. If true it causes the 
line of characters to reflect (invert) vertically (for upside 
down characters). 

Dl Character Video Invert Flag (used for 40 Character Mode 
only) • If bit 7 of character code is true thi.s flag causes 
that character to be blue on white (if normal colors are 
white on blue). 

DO Character Blank (Blink) Flag (used for 40 Character Mode 
only). If bit 7 of character code is true this flag causes 
that character to blank. Blinking characters are produced by 
setting bit 7 of the characters to 1, then periodically 
changing DO of CHACTL. 

OS SHADOW: CRACT (2F3) 

DLISTL( Display List Low )(D402): This address writes data into the 
low byte of the Display List Counter. 

D7 D6 D5 D4 D3 D2 Dl DO 

{DiSPlay 
7 6 5 4 3 2 1 0 List 

Counter 
Bit 

as SHADOW: SDLSTL (hex 230) Position. 

DLISTH (Display List High) (D403): This address writes data into the 
high byte of the Display List Counter. 

D7 D6 D5 D4 D3 D2 Dl DO 

{DiSPlay 
15 14 13 12 11 10 9 8 List 

Counter 
Bit 
Position. 

OS SHADOW: SDLSTH (HEX 231) 

The Display List is a list of display instructions in memory. These 
instructions are addressed by the Display List Counter. Loading these 
registers defines the address of the beginning of the Display List. (See 
sections I and II.) 

Note: The top 6 bits are latches only and have no count capability, therefore 
the display list can not cross a 1K byte memory boundary unless a jump 
instruction is used. 
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DLISTL and DLISTH should be changed only during vertical blank or with 
DMA disabled. Otherwise, the screen may roll. Bit 7 of NMIEN must be set 
in order to receive display list interrupts. 

CHBASE (Character Address Base Register) (D409): This address writes 
data into the Character Address Base Register. The data specifies the most 
significant byte (MSB) of the address of the desired character set (see 
section II). Note that the last 1 or 2 bits are assumed to be O. 

40 Character Modes 

ID7 ID6 IDs~4 ID3 ID2 I * CHBASE 
"lC: ) 

CIS 11322 110 t: 9 114 III I 8 I 7 I 6 I 5 4 

"""'" Base Address Char Name Line Counter 

20 Character Modes 

!D7 ID6 IDS ~D4 ID3 ID2 ID1 J * CHBASE 
.......,.,. 

(15 114 113 Ig!ll 110 9 ~8 I 7 I 6 :::5 4 3 Jd222iJ 
Base Address Char Name Line Counter 

Os SHADOW: CHBAS (2F4) 

PMBASE (Player-Missile Address Base Register) (D407): This address 
writes data into the Player-Missile Address Base Register. The data 
specifies the MSB of the address of the player and missile DMA data (see 
section II). 

One Line Resolution 

ID7 ID6 IDS ID4 ID3 I not used PMBASE 
.......... ~ 

~5 114 1~112 6 I 5 I 42:: 3 I 2 I 1 I 0 ] 
) 

Base Address Player-Missile Player-Missile Scan 
Select Counters 

Two Line Resolution 

~7 ID6 IDs~4 ID3 ID2 I * PMBASE 
") 

65 113:g2 110~ } 114 III 6 5 I 4 I 3 I 2 I 1 I 0 ... 
""" Base Address Player-Missile Player-Missile Scan 

Select Counter 

* = Not Used 
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HSCROL (Horizontal Scroll Register) (D404): This address writes data 
into the Horizontal Scroll Register. Only playfield is scrolled, not 
players and missiles. 

not used 
D3 D2 Dl DO 

o to 15 color 
clock right shifts 

The display is shifted to the right by the number of color clocks 
specified by HSCROL for each display list instruction that contains a I in 
its HSCROL Flag bit (bit 4 of instruction byte). 

When horizontal scrolling is enabled, more bytes of data are needed. 
For a narrow playfield (see DMACTL bits 1 and 0) there should be the same 
number of bytes per line as for standard playfield with no scrolling. 
Similarly, for standard playfield use the same number of bytes as for the 
wide playfield. For wide playfield, there is no change in the number of 
bytes and background color is shifted in. 

VSCROL (Vertical Scroll Register) (D405): This address writes data into 
the Vertical Scroll Register. 

not used 
D2 Dl DO 

8 line display modes 

not used 
D3 D2 Dl DO 

16 line display modes 

The display is scrolled upward by the number of lines specified in 
the VSCROL register for each display list instruction that contains a 1 in 
its VSCROL Flag bit (bit 5 of instruction byte). The scrolled area will 
terminate with the first instruction having a zero in bit 5. (see section 
II for more details). 

PRIOR (Priority) (DOIB): This address writes data into the Priority 
Control Register. 

D7 D6 D5 D4 D3 D2 Dl DO 

D7-D6 = 0 D5 
Multiple Color Player Enable. 
This bit causes the logical "or" function of the bits of 
the colors of Player 0 with Player 1, and also of Player 2 
with Player 3. This permits overlapping the position of 2 
players with a choice of 3 colors in the overlapped regiort. 
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D4 Fifth Player Enable. 

D3, D2, Dl, 
& DO 

Higher 
Priority 

This bit causes all missiles to assume the color of Playfield 
Type 3. (COLPF3). This allows missiles to be positioned 
together with a common color for use as a fifth player. 

Priority Select (Mutually Exclusive). 
These bits select one of 4 types of priority. Objects with 
higher priority will appear to move in front of objects 
with lower priority. 

D3=1 D2=1 Dl=l DO=l 
I I I 

[PFO IC PFO I PC] I 
PO] PFI I PFI I PI I PI I 

PO I PF2 Ie PFO 
I P2 

PI ] I PF3 + P5 I PFI I[ :;0 P2 I PO] I PF2 
P3 I PI I PF3 + 5 I F~'l 
PF2 I P2 I P2 ] I PF2 

~3 + P5 I P3 I P3 I PF3 + 5 
BAK I BAK I BAK I BAK 

NOTE: The use of Priority bits in a "non-exclusive" mode (more than 1 
bit true) will result in objects (whose priorities are in conflict) 
turning BLACK in the overlap region. 

EXAMPLE: PRIOR code = 1010 This will black PO or PI if they are over 
PFO or PFI. It will also black P2 or P3 if they are over PF2 or 
PF3. In the one-color 40 character modes, the luminance of a 
pixel in a character is determined by COLPFl, regardless of the 
priority. If a higher priority player or missile overlaps the 
character then the color is determined by the player's color. 

OS SHADOW: GPRIOR (26F) 

COLPFO - COLPF3 (Playfield Color) (D016, D017, D018, D019): These 
addresses write data to the Playfield Color-Lum Registers. 

D7 D6 D5 D4 D3 D2 Dl DO 
(see COLBK for bit assignment) 

OS SHADOWS: COLORO - 3 (2C4-2C7) 
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COLBK (Background Color) (D01A): This address writes data to the 
Background Color-Lum Register. 

Color Luminance 
I I I I I Not I 

D7 L D6 I DS 1 D4 D3 I D2 I D1 Used 

X X X X 0 0 0 Zero Luminance (black) 
0 0 1 

ETC. 
1 1 1 Max. Luminance (white) 

0 0 0 0 Grey 
0 0 0 1 Gold 
0 0 1 0 Orange 
0 0 1 1 Red-Orange 
0 1 0 0 Pink 
0 1 0 1 Purple 
0 1 1 0 Purple-Blue 
0 1 1 1 Blue 
1 0 0 0 Blue 
1 0 0 1 Light-Blue 
1 0 1 0 Turquoise 
1 0 1 1 Green-Blue 
1 1 0 0 Green 
1 1 0 1 Yellow-Green 
1 1 1 0 Orange-Green 
1 1 1 1 Light-Orange 

OS SHADOW: COLOR4 (2C8) 

E. PLAYERS AND MISSILES 

DMACTL, GRACTL, PMBASE and PRIOR also affect players and missiles. 

COLPMO - COLPM3 (Player-Missile Color) (D012, D013, D014, D01S): These 
addresses write to the Player-Missile Color-Lum Registers. Missiles have 
the same color-Ium as their player unless missiles are used as a Sth player 
(see bit 4 of PRIOR). A Sth player missile gets its color from COLPF3. 

D7 D6 DS D4 D3 D2 Dl DO 
(see COLBK for bit assignments) 

OS SHADOWS: PCOLRO - 3 (2CO-2C3) 

GRAFPO - GRAFP3 (Player Graphics Registers): (PO DOOD, PI DOOE, P2 DOOF, 
P3 DOlO): These addresses write data directly into the Player Graphics 
Registers, independent of DMA. If DMA is enabled then the graphics registers 
will be loaded automatically from the memory area specified by PMBASE(see 
page 11.3). 

I D7 I D6 DS D4 D3 D2 D1 DO 
Left Right 

Player on TV Screen 
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GRAFM (Missile Graphics Registers) (DOll): This address writes data 
directly into the Missile Graphics Register, independent of DMA. 

I D7 I D6 I D5 I D4 I D3 I D2 I D1 I DO 

~~~~ 
M3 M2 Ml MO 

SIZEPO - SIZEP3 (Player Size) (PO D008, PI D009, P2 DOOA, P3 DOOB): 
These addresses write data into the Player Size Control Registers. 

Not 
Used Dl 

o 

o 

1 

1 

DO 

o 

1 

o 

1 

Horizontal Size 
Register (Player) 

Normal Size 
(8 color clocks wide) 

Twice Normal Size 
(16 color clocks wide) 

Normal Size 

4 Times Normal Size 
(32 color clocks wide) 

With normal size objects, each bit in the graphics register corresponds 
to one color clock. For larger objects, each bit is extended over more than 
one color clock. 

SIZEM (Missile Size) (DOOC): This address writes data into the Missile 
Size Control Register. 

I D7 I D6 

~ 
M3 

I 
D5 I D4 

~ 
M2 

D3 I D2 I D 1 I DO 

0 0 

0 1 

1 0 

1 I 

Horizontal Size 
Register (Missile) 

Normal Size 
(2 color clocks wide) 

Twice Normal Size 
(4 color clocks wide) 

Normal Size 

4 Times Normal Size 
(8 color clocks wide) 

HPOSPO - HPOSP3 (Player Horizontal Position) (PO DOOO, PI DOOI, P2 D002, 
P3 D003): These addresses write data into the Player Horizontal Position 
Register (see display diagram in section IV). The horizontal positon value 
determines the color clock location of the left edge of the object. Hex 30 
is the left edge of a standard width screen. Hex DO is the right edge of a 
standard screen. 

D7 D6 D5 D4 D3 D2 Dl DO 
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HPOSMO - HPOSM3 (Missile Horizontal Position)(MO D004, Ml D005, 
M2 D006, M3 D007): These addresses write data into the Missile Horizontal 
Position Registers (see HPOSPO description). 

D7 D6 D5 D4 D3 D2 Dl DO I 
VDELAY {Vertical Dela~){DOIC): This address writes data into the 

Vertical Delay Register. 

D7 D6 D5 D4 D3 D2 Dl DO 

P3 P2 PI PO M3 M2 Ml MO 

VDELAY is used to give one-line resolution in the vertical po­
sitioning of an object when the 2-line resolution display is enabled. 
Setting a bit in VDELAY to 1 moves the corresponding object down by one 
TV line. 

If player-missile DMA is enabled then changing the vertical location 
of an object by more than one line is accomplished by moving bits around 
in the memory map. If DMA is disabled then the vertical location can be 
set up by assembly language code which stores data into the graphics 
registers at the desired line. 

MOPF, MIPF, M2PF, M3PF (Missile to Pla~field Collisions) {DOOO, DOOl, 
D002, D003): These addresses read Missile to Playfield Collisions. 
A 1 bit means that a collision has been detected since the last HITCLR. 

Not Used 
(zero forced) D3 

3 

D2 

2 

Dl DO 

1 o Playfield Type 

POPF, PIPF, P2PF, P3PF {Pla~er to Pla~field Collisions) {D004, 
D005, D006, D007): These addresses read Player to Playfield Collisions. 

Not Used 
(zero forced) D3 D2 

3 2 

Dl DO 

1 o Playfield Type 

MOPL, MIPL, M2PL, M3PL (Missile to Player Collision) (D008, D009, 
DOOA, DOOB): These addresses read Missile to Player Collisions. 

Not Used 
(zero forced) D3 

3 

D2 

2 

Dl DO 

1 o P layer Number 

POPL, PIPL, P"PL, P3PL {Pla~er to Player Collisions) {DOOC, DOOD, DOOE, 
DOOF): These addresses read Player to Player Collisions 

Not Used 
(zero forced) D3 D2 

3 2 

Dl DO 

1 o P layer Number 

(Player 0 against Player 0 is always a zero). Etc. 
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HITCLR (Collision "HIT" Clear) DOlE 

This write address clears all collision bits described 
above. 

F. AUDIO 

Not 
Used 

AUDCTL (Audio Control) (D208): This address writes data into the Audio 
Mode Control Register. (Also see SKCTL two-tone bit 3 and notes). 

I D7 I D6 I D5 D4 D3 D2 D1 DO 

D7 Change 17 bit poly into a 9 bit below poly. 
D6 Clock Channell with 1.79 MHZ, instead of 64 KHZ. 
D5 Clock Channel 3 with 1.79 MHZ, instead of 64 KHZ. 
D4 Clock Channel 2 with Channell, instead of 64 KHZ (16 BIT). 
D3 Clock Channel 4 with Channel 3, instead of 64 KHZ (16 BIT). 
D2 Insert Hi Pass Filter in Channell, clocked by Channel 3. 

(See section II.) 
D1 Insert Hi Pass Filter in Channel 2, clocked by Channel 4. 
DO Change Normal 64 KHZ frequency, into 15 KHZ. 

Exact Frequencies: The frequencies given above are approximate. The 
Exact Frequency (fin) that clocks the divide by N counters is given below 
(NTSC only, PAL different). 

FIN FIN 

1.79 MHZ 1.78979 MHZ Use modified formula for fout 

64 KHZ 63.9210 KHZ 
- Use normal formula for fout 

15 KHZ 15.6999 KHZ 

The Normal Formula for output frequency is: 

Fout Fin/2N 

Where N = The binary number in the frequency register (AUDF) , plus 1 (N=AUDF+1). 
The MODIFIED FORMULA should be ~sed when Fin = 1.79 MHZ and a more exact result 
is desired: 

Where:. 

Fout Fin 
2(AUDF + M) 

M = 4 if 8 bit counter (AUDCTL bit 3 or 4 = 0) 
M = 7 if 16 bit counter (AUDCTL bit 3 or 4 = 1) 

111.12 



AUDFl, AUDF2, AUDF3, AUDF4 (Audio Frequency) (D200. D202. D204. D206) 
These addresses write data into each of the four Audio Frequency Control 
Registers. Each register controls a divide by "N" counter. 

I I I I 
D7 I D6 I D5 I D4 I D3 

0 0 0 0 0 

0 0 0 0 0 

ETC. 

1 1 1 1 1 

I I 
I D2 I Dl 

0 0 

0 0 

1 1 

I 
I DO 

0 

1 

1 

"N" 

1 

2 

256 

Note: "N" is one greater 
than the binary number 
in Audio Frequency 
Register AUDF(X). 

AUDCl, AUDC2, AUDC3, AUDC4 (Audio Channel Control) (D201, D203. 
D205, D207): These addresses write data into each of the four Audio Control 
Registers. Each Register controls the noise content and volume of the 
corresponding Audio Channel. 

Noise Content or Distortion Volume 
I I I I I I Divisor "N" set 

HEX D7 I D6 I D5 I D4 D3 I D2 I Dl I DO by audio frequency 
register. 

0 0 0 0 0 - 17 BIT poly - 5 BIT 
.poly - N 

2 0 0 1 0 - 5 BIT poly - N - 2 

4 0 1 0 0 - 4 BIT poly - 5 BIT 
poly - N 

6 0 1 1 0 - 5 BIT poly - N - 2 

8 1 0 0 0 - 17 BIT poly - N 

A 1 X 1 0 - Pure Tone - N - 2 

C 1 1 0 0 - 4 BIT poly - N 

1 X X X 1 - Force Output 
(Volume only) 

0 0 0 0 0 - Lowest Volume (Off) 

8 1 0 0 0 - Half Volume 

F 1 1 1 1 - Highest Volume 
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PITCH VALUES FOR THE MUSICAL NOTES-AUDCTL =0, AUDC = hex AX 

AUDF 
Hex Dec 

HIGH C 1D 29 
NOTES B IF 31 

AI! or Bb 21 33 
A 23 35 
GI! or Ab 25 37 
G 28 40 
FI! or Gb 2A 42 
F 2D 45 
E 2F 47 
DI! or Eb 32 50 
D 35 53 
cl! or Db 39 57 
C 3C 60 
B 40 64 
All or Bb 44 68 
A 48 72 
GI! or Ab 4C 76 
G 51 81 
FI! or Gb 55 85 
F 5B 91 
E 60 96 
DII or Eb 66 102 
D 6C 108 
cil or Db 72 114 

MIDDLE C C 79 121 
B 80 128 
All or Bb 88 136 
A 90 144 
Gil or Ab 99 153 
G A2 162 
FII or Gb AD 173 
F B6 182 
E C1 193 
DII or Eb ce 204 
D D9 217 

LOW ell or Db E6 230 
NOTES e F3 243 

STlMER (Start Timer) (D209): This write address resets all audio 
frequency dividers to their "AUDF" value. These dividers generate timer 
interrupts when they count down to zero (if enabled by IRQEN). (also see 
IRQST) 

not used 

RANDOM (Random Number Generator) (D20A): This address reads the high 
order 8 bits of a 17 bit polynomial counter (9 bit, if bit 7 of AUDCTL=1). 

D7 D6 D5 D4 D3 D2 Dl I DO I 
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G. KEYBOARD AND SPEAKER 

CONSOL (Console Switch Port) (DOIF): 
from the console switches and indicators. 
code. ) 

This address reads or writes data 
(Set to 8 by as Vertical Blank 

Not Used 
(zero forced) D3 D2 Dl DO 

Hex 08 should be written to this address before reading the switches. 

Ones written will pull down on the switch line. 

CONSOL Bit Assignment: 

DO 
Dl 
D2 
D3 

Game Select - 0 means switch pressed. 
Game Start } 

Option Select 
Loudspeaker - should be held at 1 

except when writing 0 
momentarily. OS writes a 
1 during vertical blank'. 

KBCODE (Keyboard Code) (D209): This address reads the Keyboard Code, 
and is usually read in response to a Keyboard Interrupt (IRQ and bits 6 or 7 
of IRQST). See IRQEN for information on enabling keyboard interrupts. See 
SKCTL bits 1 and 0 for key scan and debounce enable. 

D7 D6 D5 D4 D3 

D7 Control Key 
D6 Shift Key 

D2 Dl DO 

Read by OS into shadow CH when key is hit. The OS has a get character 
function which converts the keycode to ATASCII (Atari ASCII). 
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KEYCODE TO ATASCII CONVERSION 

KEY KEY KEY KEY 
CODE CAP L.C. U.C. CTRL CODE CAP L.C. U.C. CTRL 

00 L 6C 4C OC 20 , 2C 5B 00 
01 J 6A 4A OA 21 SPACE 20 20 20 
02 . 3B 3A 7B 22 . 2E 5D 60 , 
03 23 N 6E 4E OE 
04 24 
05 K 6B 4B OB 25 M 6D 4D OD 
06 + 2B 5C IE 26 / 2F 3F 
07 * 2A 5E IF 27 "" * * * 
08 0 6F 4F OF 28 R 72 52 12 
09 29 
OA P 70 50 10 2A E 65 45 05 
OB U 75 55 15 2B Y 79 59 19 
OC RET 9B 9B 9B 2C TAB 7F 9F 9E 
OD I 69 49 09 2D T 74 54 14 
OE - 2D SF lC 2E W 77 57 17 
OF = 3D 7C ID 2F Q 71 51 11 
10 V 76 56 16 30 9 39 28 
11 31 
12 C 63 43 03 32 0 30 29 
13 33 7 37 27 
14 34 BACKS 7E 9C FE 
15 B 62 42 02 35 8 38 40 
16 X 78 58 18 36 < 3C 7D 7D 
17 Z 7A SA lA 37 > 3E 9D FF 
18 4 34 24 38 F 66 46 06 
19 39 H 68 48 08 
lA 3 33 23 * 3A D 64 44 04 
IB 6 36 26 3B 
lC ESC IB IB IB 3C CAPS * * * 
ID 5 35 25 3D G 67 47 07 
IE 2 32 22 FD 3E S 73 53 13 
IF 1 31 21 * 3F A 61 41 01 

* = special handling 
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H. SERIAL PORT (see peripheral connector on console) 

SKCTL (Serial Port control)(D20F): This address writes data into the 
register that controls the configuation of the serial port, and also the 
Fast Pot Scan and Keyboard Enable. 

D7 D6 
D7 

D6) 
D5 
D4 

D3 

D2 

Dl 

DO 

D5 D4 D3 D2 Dl DO 

(Bits are normally zero 
and perform the functions 
shown below when true.) 

Force Break (force serial output to zero (space»* 

Serial Port Mode Control (see mode chart at end of 
Serial port description, page 11.34). 

Two Tone (Serial output transmitted as two tone signal instead of 
logic true/false.) 

Fast Pot (Fast Pot Scan. The Pot Scan Counter completes its 
sequence in two TV line times instead of one frame time. The 
capacitor dump transistors are completely disabled.) 

Enable Key Scan (Enables Keyboard Scanning circuit) 

Enable Debounce (Enables Keyboard Debounce circuits) 

DO-Dl (Both Zero) Initialize (State used for testing and initializing 
chip) ** 

OS SHADOW: SSKCTL (hex 232) 

The OS enables key scan and debounce and may change the other bits for 
different I/O operations. In particular, an aborted cassette operation may 
leave the two tone bit in the true state, causing undesirable audio signals. 
This may be corrected by writing hex 13 to both SKCTL and SSKCTL after doing 
I/O and/or before modifying the audio registers. 

* NOTE: 

**NOTE: 

When powered on, serial port output may stay low even if this bit 
is cleared. To get S.P. high (mark), send a byte out (recommend 
00 or FF). 

There is no original power on state. Pokey has no reset pin. 
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SKSTAT (Serial Port-Keyboard Status) (D20F): This address reads the 
status register giving information about the serial port and keyboard. 

I I (Bits are normally true 
D7 D6 D5 D4 D3 D2 Dl I DO and provide the following 

information when zero.) 
D7 = 0 Serial Data Input Frame Error 

D6 = 0 Serial Data Input Over-run Latches 
must be 

D5 = 0 = Keyboard Over-run reset = 1 
(SKRES) 

D4 0 = Direct from Serial Input Port 
(D5 and D6 are set to 

D3 0 = Shift Key Depressed zero when new data 
and same bit of IRQST 

D2 0 = Last Key is Still Depressed is zero) 

Dl 0 = Serial Input Shift Register Busy 

DO = 1 Not Used (Logic True) 

SKRES (Reset above Status Register) (D20A): This write address resets 
bits 7, 6, and 5 of the Serial Port-Keyboard Status Register to 1. 

not used 

SERIN (Serial Input Data) (D20D): This address reads the 8 bit parallel 
holding register that is loaded when a full byte of serial input data has 
been received. This address is usually read in response to a serial data in 
interrupt (IRQ and bit 5 of IRQST). Also see IRQEN. 

D7 D6 D5 D4 D3 D2 Dl DO 

Serial I/O Port Connector Pinout: 

2 4 6 8 10 12 
o o o 000 

0 0 0 0 0 

3 5 7 9 11 

1. Clock In 2. Clock Out 
3. Data In to computer 4. GND 
5. Data Out of Computer 6. GND 
7. Command 8. Motor Control 
9. Proceed 10. +5 / Ready 

11. Audio In 12. +12 
13. Interrupt 

See serial port description in as manual for more details. 
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SEROUT (Serial Output Data) (D20D): This address writes to the 8 bit 
parallel holding register that is transferred to the output serial shift 
register when a full byte of serial output data has been transmitted. This 
address is usually written in response to a serial data out interrupt (IRQ 
and bit 4 of IRQST). 

D7 D6 D5 D4 D3 D2 D1 DO 

I. CONTROLLER PORTS (front of console) 

PORTA (Port A)(D300): This address reads or writes data from Player 0 
and Player 1 controller jacks if bit 2 of PACTL is true. This address 
writes to the direction control register if bit 2 of PACTL is zero. I/O for 
both ports (A and B) goes through a 6520/6820 

Data Register-Addressed if bit 2 of PACTL is 1. 

Joystick Operation 
I I I I 

D7 D6 D5 I D4 I D3 I D2 I D1 DO 
O=Switch pressed 
l=Switch not pressed 

Right Back ~ight Back 
Left Fwd. Left Fwd. 

~~-------~-------_/~--------~--------/ 

D7 

I 

Stick1 
(Jack 2) 

StickO 
(Jack 1) 

Paddle Operation 
I I I 

D6 I D5 I D4 I D3 D2 I D1 I DO 
L- PTRIG2 I 1- PTRIGO 

PTRIG3 PTRIG1 

o eration 

O=Switch 
l=Switch 

~~~ ~~:} 
L....-_____ 3rd Row 

'--------- 4rd Row 

'------- ~~~ ~~:} 
'-------- 3rd Row 

'---------- 4th Row 

Jack 2 

pressed 
not pressed 

Jack 1 

Direction Control Re ister-Addressed if bit 2 of PBCTL is 0 
I I I I I I I 

Each bit corresponds to a jack pin 

O=input 
l=output 

OS SHADOWS: STICKO (hex 278), STICK1 (279), PTRIGO-3 (27C-27F 
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PACTL (Port A Control) (D302): This address writes or reads data from 
the Port A Control Register. 

D7 D6 D5 D4 D3 D2 D1 DO 
x 0 1 1 X X 0 X 

Port A Control 
Register 

Set up register as shown 
(X = described below) 

D7 - (Read only) Peripheral A Interrupt Status Bit. Serial 
bus Proceed line. (Reset by reading Port A Register. 
Set by Peripheral A Interrupt.) 

D3 - Peripheral Motor Control line on serial bus (write). 
(O = On 1 = Off) 

D2 - Controls Port A addressing described above (write). 
(I = Port A Register 0 = Direction Control Register). 

DO - Peripheral A Interrupt Enable Bit. (Write) 1 = Enable. 
Reset by power turn-on or processor. Set by Processor. 

PORTB (Port B)(D301): This address reads or writes data from Player 2 
and Player 3 controller jacks if bit 2 of PBCTL is true. This address 
writes to the direction control register if bit 2 of PBCTL is zero. I/O for 
both ports (A and B) goes through a 6520/6820. 

Data Register-Addressed if bit 2 of PBCTL is 1 

Jo~stick 0Eeration 
I I I I O=Switch pressed 

D7 D6 D5 I D4 I D3 I D2 I D1 DO l=Switch not pressed 
Right Back Right Back 

\ 
Left Fwd:;\ Left Fwd/ 

"" "" Stick3 Stick2 
(Jack 4) (Jack 3) 

Paddle ° eration 
I I I I O=Switch pressed 

l=Switch not pressed 

PTRIG7 

board Controller 
I I I I 

Top ROW} 2nd Row Jack 3 
3rd Row 
4rd Row 

Top ROW} 2nd Row Jack 4 
3rd Row 
4th Row 
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Control Re ister-Addressed if bit 2 of PBCTL is 0 
I I I I I I 

Each bit corresponds to a jack pin 

O=input 
l=output 

OS SHADOWS: STICK2 (hex 27A), STICK3 (27B), PTRIG4-7 (280-283) 

PBCTL (Port B Control) (D303): This address writes or reads data from 
the Port B Control Register. 

D7 
x 

Read Onl:2: 
I I I Port B Control 

D6 I D5 I D4 I D3 D2 D1 DO Register 
0 1 1 X X 0 X Set up register as 

shown (X=Described 
below) 

D7 (Read only) Peripheral B Interrupt Status Bit. Serial 
bus Interrupt line. Reset by Reading Port B Register. 
Set by Peripheral B Interrupt. 

D3 Peripheral Command Identification. Serial bus Command 
Line. 

D2 Controls Port B addressing described above. 
(1= Port B Register 0 = Direction Control Register) 

DO Peripheral B Interrupt Enable Bit. 1 = Enable. 
Reset by power turn-on or processor. Set by processor. 
(Set to hex 3C by OS IRQ code) 

POTO - POT7 (Pot Values) (D200-D207): These addresses read the value (0 
to 228) of 8 pots (paddle controllers) connected to the 8 lines pot port. 
The paddle controllers are numbered from left to right when facing the 
console keyboard. Turning the paddle knob clockwise results in decreasing 
pot values. The values are valid only after 228 TV lines following the 
"POTGO" command described below or after ALLPOT changes. 

D7 D6 D5 D4 D3 D2 D1 DO 

Each Pot Value (0-228) 

OS SHADOWS: PADDLO - 7 (hex 270-277) 

111.21 



ALLPOT (All Pot Lines Simultaneously) (D208): This address reads the 
present state of the 8 line pot port. 

Capacitor dump transitors 
pot scan mode (bit 2 of SKCTL) 

must be turned off by either going to fast 
or starting pot scan (POTGO). 

I D7 
I I 
I D6 I DS D4 D3 D2 DI DO 

Pot number: o = Pot register value is valid. 
7 6 S 4 3 2 1 o 1 Pot register value is not valid. 

8 Pot Line States 

POTGO (Start Pot Scan) (D20B): 

No 
Data Bits Used 

This write address starts the pot scan sequence. The pot values 
(POTO - POT7) should be read first. This write strobe is then used causing 
the following sequence. 

1. Scan Counter cleared to zero. 
2. Capacitor dump transistors turned off. 
3. Scan Counter begins counting. 
4. Counter value captured in each of 8 registers (POTO -

POT7) as each pot line crosses trigger voltage. 
S. Counter reaches 228, capacitor dump transistors turned 

on. 

(Written to by as vertical blank code) 

TRIGO, TRIGI, TRIG2, TRIG3 (Trigger Ports)(O DOlO, 1 DOll, 2 DOI2, 
3 D013): These addresses read port pins normally connected to the joystick 
controller trigger buttons. 

Not Used 
(Zero Forced) DO 

o 
1 

button pressed 
button not pressed 

as SHADOWS: STRIGO-3 (hex 284-287) 

NOTE: TRIGO thru TRIG3 are normally read directly by the microprocessor. 
However, if bit 2 of GRACTL is 1, these inputs "are latched whenever 
they go to logic zero. These latches are reset (true) when bit 2 
of GRACTL is set to O. 

111.22 



PENH (Light Pen Horizontal Color Clock Position) (D40C): This address 
reads the Horizontal Light Pen Register (based on the horizontal color clock 
counter in hardware). The values range from 0 to decimal 227. Wraparound 
occurs when the pen if near the right edge of a standard-width screen. PENH 
and PENV are modified when any of the joystick trigger lines is pulled low. 

D7 D6 D5 D4 D3 D2 D1 DO 

H7 H6 H5 H4 H3 H2 HI HO 

OS SHADOW: LPENH (hex 234) 

PENV (Light Pen Vertical TV Line Position) (D40D): This address reads 
the Vertical Light Pen Register (8 most significant bits, same as VCOUNT). 

D6 D5 D4 

LP8 7 6 5 

D3 D2 D1 

4 3 2 

DO 

1 o LPO not read. Two line 
resolution supplied. 

OS SHADOW: LPENV (hex 235) 

Front Panel (Controller) Jacks as I/O Parts: 

PIA (6520/6820) 
Out: TTL levels, 1 load 
In: TTL levels, 1 load 

Port A Circuit (typical): 

~~-. 0-0-1 --r 
6520 (A) I 

Port 
220 

T 

Port B Circuit 

6520 (B) t--............ ....." 

Port .001 

"Trigger" Port Circuit (typical): 

CTIA Trig 220 ~~-.-0-0-1--t 

T 

111.23 
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Controller Port Pinout: 

PIN JOYSTICK 

1 Forward 

2 Back 

3 Left 

4 Right 

5 

6 Trigger Button 

7 

8 GND 

9 

* Write 
** PORTA or PORTB 

Male 
(console) 

Controllers 
PADDLE (POT) 

A(Left)Trigger 

B(Right)Trigger 

POT B(Right) 

+5 

GND 

POTA (Left) 

*** STICK 0, 1, 2 or 3 

111.24 

Female 
(connector) 

HARDWARE 
KEYBOARD REGISTERS 

Top Row* Bit ° or 4** 

2nd Row* Bit 1 or 5** 

3rd Row* Bit 2 or 6** 

Bottom Row* Bit 3 or 7** 

1st Column POT 1,3,5,7 

3rd Column TRIGO,I,2,3 

+5 

2nd Column POT 0,2,4,6 

OS 
VARIABLES 

Bit 0*** 

Bit 1*** 

PTRIGO,2,4,6 
Bit 2*** 
PTRIGl,3,5,7 
Bit 3*** 
PADDLl,3,5,7 

STRIGO,1,2,3 

PADDLO,2,4,6 



IV. SAMPLE PROGRAM 

This assembly language program illustrates the use of players, missiles, 
and display lists. The diagram on the next page shows what the display 
looks like and which objects are used. The comments in the program listing 
describe how it works. 

IV.l 



H 
<: 
N 

TV LINES 

AFTER 

START OF 

DISPLAY 

Player/ 
Missiles 

16 

M2 
M3 

CHECKERS DISPLAY 

Color Clocks > 
32 (decimal) 

PO PI P2 P3 

38 3C SC 7C 9C BC 
~ / 

v 
Player/Missile Horizontal Position 

Register Values (hex). 

End of Vertical Blank 

24 Blank Lines 
20 Characters across by 8 lines high 
16" "" " " " 

8 Rows 
16 Characters across by 16 lines high 

16 Characters across by 8 lines high 



~0013 

D4139 
D400 
022F 
D0ee 
D008 
e2C0 
13230 
13231 
De1.D 
D4e7 
e26F 
1321313 
D4eE 

013813 
131341 
1313413 
00213 
0131.13 
01301. 

H 131300 
-< 0131.0 

1313213 
W 01330 

0040 
0050 
0136'21 
13070 

;2 TITLE "ATfiFtI 80rJ CHFCYH .. "-. ["I',.~LH"'" p.'," r. ·-.HI'1I-J ::/~l,'P.f1" 

~0 COPYRIGHT ATARI 19813 
413 
50 
60 

THIS IS AN EXfiMPLE OF A DISPLAY LIST WHICH USES CHARHCTER MfiPPING TO 
,PPO[)UCE THE CHECKERS fiN[) THE TOP Ar~[) 80TTOt'l BORDERS OF THE BOARD. 

70 
80 

; PLA''''ERS ARE USED FOR THE RED SQUARES. THIS GIVES 6 COLORS WITHOUT 
; CHArm I NG THE' COLOR REG I STERS. 

90 ,t1IS:=;ILES APE USED FOP THE LEFT AtJr) F'IGHT E-:(IF;[,ERS 
~l~e ;THE PROGRfiM SlA~TS AT THE LUCATION SPECIFIED BY PMS. 
~110 ;A FEW TRICKS ARE USED TO SAVE FtHM. BUT FURTHER OPTIMIZATION IS f~SSI8LE 
0120 ) THIS IS A RAM BASED PROGRAt1 I-JHICH RUNS WITH THE A5SEt1BLER CARTRIDGE. NOT A 
0n0 ; ROM CARTR I DOE. 
01.40 ; 
01.513 ; COLLEEN (ATARI 8(0) EQUATES 
13160 
01.70 CHBASE $D4139 
01.813 Dt'lACTL c: $D4130 
01.90 SDMCTL S022F 
02013 HPospe SDe0e 
02113 SIZEPe SDee8 
02213 PCOLRe = se2C0 
0230 SDLSTL se230 
132413 SDLSTH S0231. 
0250 GRACTL SDe1D 
02613 PMBASE SD4e7 
132713 GPRIOR se26F 
132813 VDSLST se2ee 
132913 NMIEN $D4eE 
0300 
133113 ; DISPLAY LIST EQUATES 
133213 ; 
13:5313 INT S8e ; DISPLAY LIST INTERRUPT (BIT 7 OF NMI STATUS) 
13340 JMPWT $41. ; JUMP AND WA I T UNT I L H~D OF NEXT VERT I CAL BLANK (3 B't'TES) 
133513 RELOAD $413 ; RELOAD t1EM SCAN COUNTER (3 BYTES) 
13360 VSC S2e ;VERTICAL SCROLL ENABLE 
0370 HSC $10 ; HORIZONTAL SCROLL ENABLE 
03813 JUMP 1. ; JUMP I NSTRUCT I ON (3 B''''TES) 
13390 BLANK1. 0 ; 1. BLANK TV LINE 
13400 BLANK2 $1.13 ; 2 BLANK LINES 
134113 BLANK'3 S2e ; 3 
0420 BLANK4 S30 ; 4 
0430 BLANKS $40 ;5 
0440 BLANK6 $50 i 6 
1345'21 BLANK7 $60 ; 7 
04613 BLANK8 $70 ;8 BLANK TV LINES 



H 
<: 
~ 

ATARI 800 CHECKERS DISPLAY BY C. SHAW ~/3~/90 

0000 

01320 

0131313 
0e2~ 

0e2~ 
0024 
01325 
01327 
0029 
0029 
0e2F 
0030 
01332 
;ae~4 

13039 
00~~ 

0e~8 

ee~9 

e0~e 

13000 
e0e~ 
0002 
e0e~ 
00134 

1301313 
1313913 
g0C0 
'Seee 

13470 
134813 
134913 
1351313 
e5~0 
135213 
13530 
135413 
esse 
135613 
13570 
13580 
0590 
13600 
e6~e 

0620 
13630 
06413 
06513 
136613 
136713 
136813 
136913 
1371313 
e7~e 

137213 
137313 
13740 
0750 
137613 
0770 
137813 
137913 
09130 
08~0 

13820 
08~e 

138413 

PAGE 

INTOFF $213 ; USED TO GET INTERNAL CODE FOR UPPER CASE ALPHANUf'lERICS 

; INTERNAL CHARACTER CODES 

SPI 
AI 
CI 
DI 
EI 
GI 
HI 
II 
OI 
PI 
RI 
TI 
YI 
NU 
N81 
N9I 
NeI 

, -INTOFF 
'A-INTOFF 
"C-INTOFF 
'D-INTOFF 
"E-INTOFF 
"G-INTOFF 
'H-INTOFF 
"I-INTOFF 
"O-INTOFF 
'P-INTOFF 
"R-INTOFF 
"T-INTOFF 
"Y-INTOFF 
"1.-INTOFF 
/9-INTOFF 
"9-INTOFF 
'e-INTOFF 

; CHECKERS EQUATES 

; CODES FOR SPECIAL CHECKERS CHARACTER SET 

EMPTY 
CHECKER= 
KING 
CURS 
BORDER 

CLP0 
CLP~ 

CLBOR 
Pf'lB 

o 
~ 

2 
~ 
4 

13 
$913 
$ce 
$50013 

; EMPTY SQUARE 
; ORDINARY CHECKER 

; CURSOR (x> 
; USED FOR TOP AND BOTTor'l BORDERS OF BOARD 

PLAYER 0 (HUMAN) 
PLAYER ~ (COMPUTER> 
BORDER COLOR (USED TO SET UP 2 f'JS8/S OF CHAR) 

; PLA'1"ER MISSILE BASE ADDRESS 8. PROGRAf'l LOCATIOU 



H 
<! 

VI 

(\. 

AlARI B0e CHECKERS DISPLA',. 8Y C. SHAW :l/:l1/Be 

0000 

0000 
5000 
5020 

5021 
5180 
5200 
5280 
5300 
53B0 

5400 
541.4 
5424 
54A4 

0850 PAGE 
0860 
0870 ; PAM VARIABLES 
0880 j 

0890 *= PMB 
090'11 BOARD *"" *+32 
091.0 T0 *= "'+1. 
0920 , 

; CHECKER BOARD (ONLY 32 BLACK SQUARES ARE USED) 
; TEMP FOR MOVING BOARD TO MEM MAP 

0930 ; PLR'''ER AND MISS I LE G~APH I CS. 
0940 ;PLAYERS ARE USED FOR SQURRES, MISSILES FOR LEFT RND RIGHT BORDERS 
0950 
0960 *= PMB+S180 
0970 GRM03 *= *+$80 ; MISSILE GRAPHICS 
0980 GRP0 *= *+$80 ; PLAYER 0 GRAPHICS 
0990 GRP1 *= *+$80 ; PLA'T'ER 1 
1000 GRP2 *= *+$80 2 
1.010 GRP3 *= ... +$80 3 
1020 
1030 TITL *= *+20 ; TOP LINE OF CHARS -- ATASCII MESSAGE 
1.040 TOPBRD *= *+16 ; TOP BORDER OF BOARD 
1.050 BRDSP *= 8*16+* ; BOARD DISPLAY 
1.060 BOTBRD *= *+16 ; BOTTOM BORDER 



H 
<: 
0\ 

ATARI 900 CHECKERS vISPLA',. BY C. SHAW 3/31./90 

54B4 

54B4 

5600 00 
5601. 00 
5602 00 
5603 00 
56134 00 
5605 1313 
5606 130 
56137 1313 
56138 3C 
5609 7E 
560A FF 
560B FF 
56ec FF 
56eD FF 
56eE 7E 
56eF 3C 
561.13 3C 
561.1. 7E 
561.2 A5 
561.3 A5 
561.4 C3 
561.5 C3 
561.6 7E 
561.7 3C 
561.8 C3 
561.9 66 
561.A 3C 
561.B 1.8 
561.C 1.8 
561.D 3C 
561.E 66 
561.F C3 
56213 1313 
5621. FF 
5622 FF 
5623 FF 
5624 FF 
5625 FF 
5626 FF 
5627 1313 

113713 
10813 ; 
1(1S>~ ;GP 
1.1013 , 
11:1.13 
1.1.213 GR 
1130 

1.1.413 

1.1.513 

1.1.613 

1.1.713 

· PAGE 

SPECIRL CHFCKEPS CHRRACTEf.' Sc.T (ot~L'" COvES 13-4 Af.'E USEvj. 

... = PI"E->+~6ee 

· BYTE 13,13,0,13,13,0,0,13 ; BLANK (0) 

· BYTE $3C, $7E, SFF, SFF,SFF,SFF,$7E,$3C ; CHECKER (1.) 

· B'yTE S3e, S7L SA5, SA5, SC3, $C3, $7E, $3C ; KING (2) 

· BYTE $C3, $66,$3C, $1.8, $1.8, $3C,$66,SC3 ; CURSOR (3) 

· BYTE e,$FF,$FF,$FF,$FF,$FF,SFF,e ; BORDER (4) 



H 
<: 
-....J 

ATARI eee CHEev.ERS DISPLAY BY C. SHAW 3/31/80 

5628 

5628 70 
5629 70 
562A 70 
562B 46 
562C 131354 
562E 813 
562F 136 
5630 113 

5631 137 
5632 513 
5633 07 
5634 50 
5635 07 
5636 50 
5637 137 
563e 513 
5639 07 
563A 513 
563B 07 
563C 513 
563D 137 
563E 513 
563F 07 

56413 10 
5641. 136 
5642 41. 
5643 2856 

5645 48 
5646 A956 
564e eD09D4 

564B A92D 
564D 8D1313D4 
56513 68 
5651. 413 

1.1.80 . PAGE 
1.1.90 ; 
1;':00 , 
1210 jDISPLAY LIST 
1220 ; 
12313 
1.240 
1.250 
1260 
1.270 
1.280 
1.2913 
1.3013 
131.13 
1.3213 
1.330 
1.340 
1350 
1360 
1370 
1.380 
1390 
1400 
14113 
1.420 
1430 
1.440 
1.4513 
1.460 
1470 

DSP 
· BYTE 
· BYTE 
· BYTE 
· BYTE 
· WORD 
· BYTE 
· BYTE 
· BYTE 

· BYTE 
· BYTE 
· BYTE 
· BYTE 
· BYTE 
· BYTE 
· BYTE 
· BYTE 
· BYTE 
· BYTE 
· BYTE 
· BYTE 
· B'T'TE 
· BYTE 
· BYTE 

BLANKe 
BLANK8 
BLANK8 

; 24 BLANK LINES 

RELOAD+6 ; LINES 0-7. MESSAGE LINE: 213 ACROSS X 5 COLOR X 1 LINE RESOLUTION CHARACTERS 
TITL 
INT+BLANK1. i8. INTERRUPT TO CHANGE CHARACTER BASE ADDRESS AND CHANGE TO NARROW SCPEEN. 
6 ;9-1.6. TOP BORDER: 1.6 X 5 X 1 CHARS (LAST LINE IS TOP OF 1ST ROW OF SQUARES) 
BLANK2 ; 1.7-1.8. TOP OF FIRST ROW OF SQUARES 

7 
BLANK6 
7 
BLANK6 
7 
BLANK6 
7 
BLANK6 
7 
BLANK6 
7 
BLANK6 
7 
BLANK6 
7 

CHECKERBOARD (8 LINES OF CHARS WITH SPACES INBETWEEN - 22 LINES/SQUARE) 
;19-34. 16X5X2 LINE RESOLUTION CHARS 
;35-40. FIRST 3 LINES=BOTTOM OF PREVIOUS SQUARE. 
;41-56 
;57-62. LAST 3 LINES=TOP OF NEXT SQUARE. 
; 63-78 
; 79-84 
i 85-1130 
; 1.131.-1.136 
j 1137-122 
i 1.23-1.28 
; 129-1.44 
; 1.45-1.513 
; 1.51.-1.66 
i 167-172 
; 1.73-188 

1.480 j 

1.490 · BYTE BLANK2 
NEXT THREE LINES ARE BOTTOl'1 OF PREV I OUS SQUARE. 

; 189-190. END OF NORt'1AL D I SPLAY (SHOULD BE ON SCREEN ON ALL TV ~ S). 
;191.-198. BOTTOM BORDER (MAY OVERSCAN, BUT NOT ESSENTIAL TO GAME PLAY) 
iWAIT FOR NEXT VBLANK, THEN START OVER 

1.500 
1510 
1.520 
1530 
1.540 
1550 
1.560 
1573 
1.58121 

· BYTE 6 
· BYTE JMPWT 
· WORD DSP 

DSP -- DISPLAY LIST INTERRUPT HANDLER. 
CHANGES CHARACTER BASE AND WIDTH OF DISPLAY FOR SPECIAL CHECKERS GRAPHICS. 
THE OS WILL CHANGE CHBASE BACK TO NORMAL DURING VERTICAL BLANK. 

15913 NCHR 
1.6013 PHA 

LDA 
STA 

1.61.13 
1.6213 
16313 
1.640 
1.650 
1.6613 
16713 
16813 

#GR/256 
CHBASE 

j INSTRUCTION FETCH DMA ENABLE, P/M 2 LINE RES, P/M Dt'1A ENABLE, NARROW SCREEN (1.28 CLOCKS) 
LDA #$2D 
STA Dt'1ACTL 
PLA 
RTI 



H 
<: 
00 

ATARI Bee CHECKERS DISPLAY 9'/ (; SHAW ~/~1./80 

5652 

5652 

57013 A92E 
57132 BD2Fe2 

57135 Agee 
57137 AA 

5709 9D0050 
570B 9D0e51. 
570E 9D0052 
571.1. 9D0053 
571.4 9D0054 
571.7 EB 
571.B D0EE 

571.A A90E 
571.C A05E 
571.E 999451. 
5721. 88 
5722 D0FA 

5724 A01.0 
5726 A9C4 
5728 991.~54 
572B 99A354 
572E 88 
572F D0F7 

5731. A9F0 
573~ A20A 
5735 991.852 
5738 999852 
573B 991.853 
573E 999853 

1.690 
1.7130 ; 

PAGE 

1. ('1.0 , W IT I ALIZAT I Otl COC·E. -- S1 f-1PT E:.<ECUTI ot~ HEPE 
1.720 ; 
1.7313 *= PMB+~70e 
1.740 ; 
1. 7513 ; ItH T OS ~ S DMACTL VAR I ABLE 
1.760 ; IrlSTRUCTION FETCH DMA ENABLE, P/M 2 LINE RES, P/M DMA ENABLE, STANDARD SCREEN (1.613 CLOCKS) 
1.770 
1.780 LDA *S2E 
1.790 STA SDMCTL 
1.81313 ; 
1.81.13 ; CLEAR RAM 
1.820 ; 
1.830 LOA *13 
1.840 TAX 
1.850 IN ITLP 
1..860 
1.870 
1.880 
1.890 
1.900 
1.91.0 
1.920 
1.930 ; 

STA 
STA 
STA 
STA 
STA 
INX 
BNE 

PMB,X 
PMB+S1.00,X 
PMB+$20e,X 
PMB+$~0e,X 

PMB+$400,X 

INITLP 

1.9413 ; INITIALIZE MISSILE GRAPHICS FOR BORDERS 
1.950 
1.9613 
1.9713 
1.9813 LQPZ 
1.990 
2000 
201.0 ; 

LDA 
LD'T' 
STA 
DEY 
BNE 

*$0E 
*S5E 
GRt103+$1.4, Y 

LQPZ 

2020 ; I N I TI ALI ZE TOP AND BOTTOM BORDERS. 
213313 
2040 
21350 
21360 TBLP 
213713 
213813 
21390 
21.1313 , 

LDY 
LOA 
STA 
STA 
DE.,.' 
BNE 

*1.6 
*CL80R+BORDER 
TOPBRD-L Y 
BOTBRD-L Y 

TBLP ,CONTINUE UNTIL Y-0 

21.1.13 ; INITIALIZE PLA'T'ER GRAPHICS FOR SQUARES (CHECKER BOARD) yze 
21.20 ; 
21.30 
21.413 IN2 
21.513 IN~ 

21.613 
21.70 
21.80 
21.913 

LDA 
LOX 
STA 
STA 
STA 
STR 

*SF0 
*1.13 
GRPe+$1.8,Y 
GRP1.+$1.8,Y 
GRP2+S1.8,Y 
GRP3+$1.8,Y 



H 
<: 
\.0 

ATAR I 800 CHECKERS D I SPLAY B'" C. SHAW 3'/3:1./80 

574:1. 
5742 
5744 
5747 
5748 
5749 
574A 
574C 
574E 
5750 
5752 

48 
A90A 
99985:1. 
68 
C8 
CA 
:1.0E9 
49FF 
C058 
90E:1. 
Aoes 

2200 
22:1.0 
2220 
2230 
2240 
2250 
2260 
2270 
2280 
2290 
2300 
23:1.0 

PHA 
LDA 
STA 
PLA 
INY 
C'EX 
BPL 
EOR 
CP'T' 
BCC 
LOY 

#XOA 
GRM03+$:1.8,Y iREST OF MISSILE GRAPHICS 

IN3 
#$FF 
#88 
IN2 
#8 

;FILL IN OPPOSITE SQUARES 

2~20 I N IT I ALI ZE PLA'''ER AND MISS I LE POS IT IONS AND COLORS 

5754 
5757 
575A 
575B 
575E 
576:1. 
5764 
5765 

B9D857 
9900De 
8A 
9908D0 
B9Ee57 
99C002 
88 
:1.0EO 

2330 
2~40 N4 
2350 
23613 
2~7e 

2380 
23913 
24013 
24:1.0 

LDA 
STA 
TXA 
STA 
LDA 
STA 
DEY 
BPL 

ITBL, '" 
HPOSP0,Y 

SIZEP0, 'T' 
ITBLL Y 
PCOLRe,Y 

IN4 

; $FF 
; $03 I ND I CATES 4 T I I'lES NORMAL SIZE < REST I S DON / T CARE) 

24213 • 
2430 ; OS, ANTIC, POKEY INITIALIZATION 
24413 

5767 A928 2450 
5769 8D3e02 24613 
576C A956 2470 
576E 8D3:1.e2 24813 
577:1. A903 2490 
~77~ 80:1.000 2500 
5776 A950 25:1.13 
5778 8De7D4 25213 
~77B A9:1.4 25313 
577D 8D6Fe2 25413 
5780 A945 25513 
5782 8De002 2560 
'5785 A956 2570 
5787 8D0102 2580 
S78A SE0ED4 25913 

2600 ; 

LDA 
STA 
LDA 
STA 
LOA 
STA 
LOA 
STA 
LDA 
STA 
LDA 
STA 
LDA 
STA 
STX 

#DSP&$FF 
SDLSTL 
#DSP/256 
SDLSTH 
#3 
GRACTL 
#PMB/256 
PMBASE 
#$:1.4 
GPRIOR 
#NCHR.UFF 
VDSLST 
~NCHR/256 

VDSLST+1 
NMIEN 

; DISPLAY LIST START ADDRESS (LSB) 

; MSB OF ADDRESS 

; ENABLE PLA'T'ER/MISSILE DMA TO GRAPHICS REGS. 

; MSB OF ADDRESS OF PLA'T'ER/M I SS I LE GRAPH I CS 

; 5TH PLAYER ENABLE <USE PF3 FOR MISSILE COLOR), PF TAKES PRIO OVER PLAYERS 
; OS PRIORITY REG 
; DISPLAY LIST INTERRUPT VECTOR (LSB) 

; X:::$FF $C0 ENABLES DISPLAY LIST & VBLANK INTERRUPT~ 

26:1.13 ; INITILIZE BOARD DISPLAY 
2620 i 

5780 A20B 26~0 LDX #1:1. 
264'1 BRDLP 

':78F A90:1. 2650 
'57~':It 9D~)050 2660 
57'34 A98:1. 267'1 
5796 9D:1.450 2680 
'5799 CA 2690 
579A :1.0Fl 2700 

271.0 ; 

LGA #CHEC~.ER+CLP0 ; HUMAN PIECES ON SQUARES 0-11 
STA ~OHPD.X 

LDA #CHEC~ER+CLP:1. ,COMPUTER PIECES ON SQUARES 20-31 
STA BOARD+20,X 
DE/. 
8PL BRDLP 



H 
<::: 
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0 

flTRR I 800 CHECKERS D I SF'LR',.' BY C. SHRI-I 3/:rl/80 

5,'9C A2B 
579E 8[:'E957 
57Rl 9D0054 
57R4 CR 
57R5 10F7 

2720 ; MOVE COF",.'RIGHT f1ESSAGE TO MESSAGE DISPLA',.' LINE 
;'730, 
~(4(:1 

2750 IN6 
2760 
2770 
2780 
2790 

LD>~ 

l.DR 
STA 
DEX 
BPL 

ttl ~" 
COP,,', X 
1 IlL, X 

IN6 

2800 ; LOOP 10 MOVE BOAkD TO GRAPHICS RREA. 
2810 ; THE CHECKERS f>f.~OGPAM LOGIC COULD BE ADDED HERE OR A VBLANK INTERRUPT COULD BE USED. 
2820 ; 
2830 LOOP 

57A7 20AD57 2840 
57AA 4CA757 2850 

2860 

JSR UPCHR 
JMP LOOP 

57AD A21F 
57AF A000 

57Bl A903 
57B3 8D2050 

5786 BD0050 
57B9 992654 
57BC BDFC4F 
57BF 993454 
57C2 C8 
57C3 C8 
57C4 C8 
57C5 C8 
57C6 CA 
57C7 CE2050 
57CA 10EA 

57CC 98 
57 CD 18 
57CE 6910 
57D0 A8 
57Dl 8A 
57D2 E903 
57D4 AA 
57D5 B0DR 
57D7 60 

2870 
2880 
2890 
2900 ; UPCHR -- SUBROUTINE TO f'10VE 32 BYTES OF CHECKER BOARD TO DISPLAY RAM. 
2910 ; 
2920 UPCHR 
2930 
2940 
2950 
2960 
2970 
2980 
2990 
3000 
3010 
3020 
3030 
3040 
3050 
3060 
3070 
3080 
3090 
310'21 
]110 
3120 
3130 
3140 
3150 
3160 
3170 
318'21 
319'21 
3200 
3210 ; 
322'21 ; 
3230 

UPLPl 

UPLP2 

LOX *31 ; SQUARE 31 = UPPER LEFT 
LDY tt0 

LDA tt4-1 ;4 SQUARES/LINE 
STA T0 

BOARD,X LOA 
STA 
LDA 
STA 
INY 
INY 
INY 
INY 
DEX 
DEC 
BPL 

BRDSP+2,Y ; FOR ROWS SHIFTED TO RIGHT 
BOARD-4,X 
BRDSP+$10, Y ; FOR Rm·IS SHIFTED TO LEFT 

T'T'A 
CLC 

T0 
UPLP2 

RDC #$10 
TAY 
TXA 
S8C #4-1 
TAX 
BCS UPLPl 
RTS 

; CRRR'T' IS CLERR (SUBTF:ACT 4) 
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F1TARI 81313 CHECKERS DISPLA',.. B',.. C. SHAW 3/31/813 

57D8 3C 
57D9 5C 
57DA 7C 
57DB 9C 
57DC BC 
57DD 38 
57DE 38 
57DF 38 

57Ee 34 
57E1. 34 
57E2 34 
57E3 34 
57E4 36 
57E5 88 
57E6 eE 
57E7 26 
57E8 1313 

13131313 
1313813 
00413 

57E9 1313 
57EA 23 
57EB 2F 
57EC 313 
57ED 39 
57EE 32 
57EF 29 
57Fe 27 
57F1. 28 
57F2 34 
57F3 A1. 
57F4 B4 
57F5 A1. 
57F6 B2 
57F7 A9 
57F8 51 
57F9 59 
57FF1 58 
57FB 513 

; DATA 32413 
32513 
3260 
3270 
3280 
32913 
3300 

J HORIZONTAL PO:=·ITWt~ OF PLA'r'ERS (SQUF1RES) F1ND MISSILES (SIDE BORDERS). 
;Me~PIGHT 80RGEP. Ml=LEFT BORDER 
; M2 & M3 F1RE F'Lf1CED WITH M1. 

P0. Pl. P2, Pl, M0, Ml, M2, M3 
ITBL 

· BYTE $3C, $5C, $7C. S9C, $BC, $38,$38.$38 

33113 
33213 iCOLOR TABLE 
33313 ITBL1. 
33413 . BYTE $34,.34,$34.$34 ;4 PLAYERS (RED SQUARES) 

33513 
33613 
3370 
33813 
33913 
341313 j 

· BYTE $36 
· BYTE $88 
· BYTE $0E 
· BYTE $26 
· BYTE 13 

;PFe RED CHECKERS AND MESSAGES 
;PF1. BLUE CHARACTERS 
,PF2 WHITE CHECKERS AND MESSF1GES 
;PF3 YELLOW BORDER (CHARS & MISSILES) 
,BK: BLACK BACKGROUND 

3410 ,"COP''''RIGHT ATARI 1.980" 1'1ESSAGE 
3420 , 
3430 OF 
3440 OF2 
3450 OF3 
34613 TGTBL 
34713 COPY 

3480 

$00 
$813 
$40 

JFOR PF0 COLOR (RED) 
,FOR PF2 COLOR (WHITE) 
,FOR PF1. COLOR (BLUE) 

· BYTE SPI.CI+OF,OI+OF,PI+OF,YI+OF.RI+OF, II+OF,GI+OF,HI+OF,TI+OF 

· BYTE AI+OF2.Tl+OF2,Al+OF2,RI+OF2. II+OF2,N1.I+OF3.N9I+OF3,N8I+OF3,N0I+OF3 





~. HARDWARE REGISTER LISTS 

A. ADDRESS ORDER 

CTIA ADDRESSES 

WRITE READ 
Address Name DescriDtion Name DescriDtion 
DOFF 

} ! REPEAT AS BELOW 7 MORE TIMES 

D020 
DOIF CON SOL Write Consol SW.Port CON SOL Read Consol SW. Port 
DOlE HITCLR Collision Clear 
DOID GRACTL Graj)hic Control 
DOIC VDELAY Vert. Delay 
D9lB PRIOR Priority Select 
DOlA COLBK Col-Ium Bkgnd 
D019 COLPF3 Color-Ium of 3 
D018 COLPF2 Playfield 2 
D017 COLPFI Playfield 1 
D016 COLPFO Playfield 0 
DOIS COLPM3 Color-Ium of 3 
D014 COLPM2 Pla3er-Missile 2 PAL READ PAL/NTSC bits 
D013 COLPMl Player-Missile 1 TRIG3 Read Joystick 
D012 COLPMO Player-Missile 0 TRIG2 Trigger 
DOll GRAFM GraDhics All Missiles TRIGI Buttons 
DOlO GRAFP3 Graphics Player 3 TRIGO 
DOOF GRAFP2 Graphics Player 2 P3PL Read Player 
DOOE GRAFPl GraDhics Player 1 P2PL to Player 
DOOD GRAFPO Graphics Player 0 PlPL Collisions 
DOOC SIZEM Size All Missiles POPL 
DOOB SIZEP3 Size Player 3 M3PL Read Missile 
DOOA SIZEP2 Size Player 2 M2PL To Player 
DOO9 SIZEPI Size Player 1 MlPL Collisions 
DOO8 SIZEPO Size Player 0 MOPL 
DOO7 HPOSM3 Horz. Posit. Missile 3 P3PF Read Player 
DOO6 HPOSM2 Horz. Posit. Missile 2 P2PF To Playfield 
DOOS HPOSMI Horz. Posit. Missile 1 PlPF Collisions 
DOO4 HPOSMO Horz. Posit. Missile 0 POPF 
DOO3 HPOSP3 Horz. Posit. Player 3 M3PF Read Missile 
DOO2 HPOSP2 Horz. Posit. Player 2 M2PF To Playfield 
DOOI HPOSPI Horz. Posit. Player 1 MlPF Collisions 
DOOO HPOSPO Horz. Posit. Player 0 MOPF 

V.l 



ANTIC ADDRESSES 

WRITE READ 
Address Name Descri~tion Name Description 
D4FF 

} t REPEAT (AS BELOW) 15 MORE TIMES 

D410 
Reset NMI NMI Interrupt 

D40F NMIRES Interrupt Status NMIST Status Register 
NMI Interrupt 

D40E NMIEN ENABLE 
Light Pen Register 

D40D PENV Vertical 
Light Pen Register 

D40C PENH Horizontal 
Vertical Line 

D40B VCOUNT Counter 
Wait for HBLANK 

D40A WSYNC Synchronism 
Character Base 

D409 CHBASE Address Red 

D408 
Player-Missile Base 

D407 PMBASE Address Rezister 

D406 
Vertical Scroll 

D405 VSCROL Register 
Horizontal Scroll 

D404 HSCROL Register 
Display List 

D403 DLISTH Pointer (High Byte) 
Display List 

D402 DLISTL Pointer (Low Byte) 
Character Control 

D401 CHACTL Register 
DMA Control 

D400 DMACTL Register 
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POKEY ADDRESSES 

WRITE READ 
Name I Description Name Description 

D2FF 

} t REPEAT (AS BELOW) 15 MORE TIMES 

D210 
Serial Port 4 Key Serial Port 4 Key 

D20F SKCTLS Control SKSTAT Status Register 
IRQ Interrupt IRQ Interrupt 

D20E IRQEN Enable IItQST Status Register 
Serial Port Serial Port 

D20D SEROUT Output Reg. Input Register 

D20C 
Start Pot Scan 

D20B POTGO Sequence Vertical Line 
Reset Status Random Numb 

D20A SKRES (SKSTAT) RANDOM Generator 

D209 STIMER Start Timers KBCODE Keyboard Code 
Read 8 Line Pot 

D208 AUDCTL Audio Control ALLPOT Port State 
Audio Channel 4 

D207 AUDC4 Control POT 7 
Audio Channel 4 

D206 AUDF4 Frequency POT 6 
Audio Channel 4 

D205 AUDC3 Control POT 5 Read the 
Audio Channel 3 value of 

D204 AUDF3 FreQUency POT 4 each POT 
Audio Channel 2 

D203 AUDC2 Control POT 3 
Audio Channel 2 

D202 AUDF2 Freguency POT 2 
Audio Channel 1 

D201 AUDCl Control POT 1 
Audio Channel 1 

D200 AUDFI Frequenc~ POT 0 
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PIA ADDRESSES 

WRITE READ 

Address Name Description Name Description 
D3FF I 

Repeat as shown below many times 
D304 

D303 PBCTL PORT B CONTROL PBCTL Same as write 

D302 PACTL PORT A CONTROL PACTL Same as write 
Direction Register 

PORTB If PBCTL Bit 2-0 PORTB Same as write 
D301 (otherwise) 

Jack 2 & Jack 3 Jack 2 & Jack 
PORTB If Direction Bits PORTB If Direction 

Are 1 * Are 0 * 
Direction Register 

PORTA If PACTL Bit 2=0 PORTA Same as write 
D300 (Otherwise) 

Jack 0 & Jack 1 Jack o & Jack 
PORTA If Direction Bits PORTA If Direction 

Are 1 * Are 0 * 

* NOTE: Output data is retained in Jack Output Registers. 
If direction bits are true, a read of the jacks 
will read old data from these registers. 

3 
Bits 

1 
Bits 



B. ALPHABETICAL ORDER 

Hardware Register OS Shadow -Address Address 
Name Description Hex Dec Name Hex Dec 
ALL POT Read 8 line Pot Port State D208 53768 
AUDC1 Audio Channel 1 Control D201 53761 
AUDC2 Audio Channel 2 Control D203 53763 
AUDC3 Audio Channel 3 Control D205 53765 
AUDC4 Audio Channel 4 Control D207 53767 
AUDCTL Audio Control D208 53768 
AUDF1 Audio Channel 1 Frequency D200 53760 
AUDF2 Audio Channel 2 Frequency D202 53762 
AUDF3 Audio Channel 3 Frequency D204 53764 
AUDF4 Audio Channel 4 Frequency D206 53766 
CHACTL Character Control D401 54273 CHART 2F3 755 
CHBASE Character base address D409 54281 CHBAS 2F4 756 
COLBK Color-Luminance of Background D01A 53274 COLOR4 2C8 712 
COLPFO Color Luminance of Playfield 0 D016 53270 COLORO 2C4 708 
COLPF1 Color Luminance of Playfield 1 D017 53271 COLOR1 2C5 709 
COLPF2 Color Luminance of Playfield 2 D018 53272 COLOR2 2C6 710 
COLPF3 Color Luminance of Playfield 3 D019. 53273 COLOR3 2C7 711 
COLPMO Color Luminance of Player-Missile 0 DOl2 53266 PCOLRO 2CO 704 
COLPM1 Color Luminance of Player-Missile 1 DOl3 53267 PCOLR1 2C1 705 
COLPM2 Color Luminance of Player-Missile 2 D014 53268 PCOLR2 2C2 706 
COLPM3 Color Luminance of Player-Missile 3 D01S 53269 PCOLR3 2C3 707 
CON SOL Console Switch Port DOlF 53279 Set to 8 during VBLANK 
DLISTH Display List Pointer (high byte) D403 54275 SDLSTH 231 561 
DLISTL Display List Pointer (low byte) D402 54274 SDLSTL 230 560 
DMACTL Direct Memory Access (DMA) Control D400 54272 SDMCTL 22F 559 
GRACTL Graphic Control DOlD 53277 
GRAFM Graphics for all Missiles DOll 53265 
GRAFPO Graphics for Player 0 DOOD 53261 
GRAFP1 Graphics for Playet; 1 DOOE 53262 
GRAFP2 Graphics for Player 2 DOOF 53263 
GRAFP3 Graphics for Player 3 DOlO 53264 
HITCLR Colission Clear DOlE 53278 
HPOSMO Horizontal Position of Missile 0 DOO4 53252 
HPOSM1 Horizontal Position of Missile 1 DOO5 53253 
HPOSM2 Horizontal Position of Missile 2 DOO6 53254 
HPOSM3 Horizontal Position of Missile 3 DOO7 53255 
HPOSPO Horizontal Position of Player 0 DOOO 53248 
HPOSP1 Horizontal Position of Player 1 DOO1 53249 
HPOSP2 Horizontal Position of Player 2 DOO2 53250 
HPOSP3 Horizontal Position of Player 3 DOO3 53251 
HSCROL Horizontal Scroll D404 54276 
IRQEN Interrupt Request (IRQ) Enable D20E 53774 POKMSK 10 16 
IRQST IRQ Status D20E 53774 
KBCODE Keyboard Code D209 53769 CH 2FC 764 
MOPF Missile 0 to Pla~field Collisions DOOO 53248 
MOPL Missile 0 to Player Collisions DOO8 53256 
M1PF Missile 1 to Playfield Collisions DOOl 53249 
MlPL Missile 1 to Player Collisions DOO9 53257 
M2PF Missile 2 to Playfield Collisions DOO2 53250 
M2PL Missile 2 to Player Collisions DOOA 53258 
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Hardware Register OS Shadow 

Name Descri~tion 

Address 
Hex Dec Name 

Address 
Hex Dec 

M3PF Missile 3 to Playfield Collisions 
M3PL Missile 3 to Player 

D003 
DOOB 

NMIEN Non-Maskable Interrupt (NMI) 
NMIRES NMI reset 
NMIST NMI Status 

Enable D40E 
D40F 
D40F 

POPF Player 0 to Playfield Collisions 
POPL Player 0 to Player Collisions 
PlPF Player 1 to Playfield Collisions 
P1PL Player 1 to Player Collisions 
P2PF Player 2 to Playfield Collisions 
P2PL Player 2 to Player Collisions 
P3PF Player 3 to Playfield Collisions 
P3PL Player 3 to Player Collisions 
PACTL Port A Control 
PAL PAL/NTSC indictor 
PBCTL Port B Control 
PENH Light Pen Horizontal Position 
PENV Light Pen Vertical Position 
PMBASE Player Missile Base Address 
PORTA Port A 
PORTB Port A 
POTO Pot 0 
POT1 Pot 1 
POT2 Pot 2 
POT3 Pot 3 
POT4 Pot 4 
POT5 Pot 5 
POT6 Pot 6 
POT7 Pot 7 (right paddle controller) 
POTGO Start POT Scan Se~ence 
PRIOR Priority Select 
RANDOM Random number generator 
SERIN Serial Port Input 
SEROUT Serial Port output 
SIZEM Sizes for all missiles 
SIZEPO Size of Player 0 
SIZEP1 Size of Player 1 
SIZEP2 Size of Player 2 
SIZEP3 Size of Player 3 
SKCTL Serial Port Control 
SKREST Reset Serial Port Status (SKSTAT) 
SKSTAT Serial Port Status 
STIMER Start Timer 
TRIGO Joystick Controller Trigger 0 
TRIGI Joystick Controller Trigger 1 
TRIG2 Joystick Controller Trigger 2 
TRIG3T Joystick Controller Trigger 3 
VCOUNT Vertical Line Counter 
VDELAY Verical Delay 
VSCROL Vertical Scroll 
WSYNC Wait for Horizontal Sync 

V.6 

D004 
DOOC 
D005 
DOOD 
D006 
DOOE 
D007 
DOOF 
D302 
D014 
D303 
D40C 
D40D 
D407 
D300 
D301 
D200 
D201 
D202 
D203 
D204 
D205 
D206 
D207 
D20B 
DOlB 
D20A 
D20E 
D20D 
DOOC 
D008 
D009 
DOOA 
DOOB 
D20F 
D20A 
D20F 
D209 
DOlO 
DOll 
D012 
D013 
D40B 
D01C 
D405 
D40A 

53251 
53259 
54286 Set to $40 by IRQ code 
54287 written to by NMI code 
54287 read by NMI code 
53252 
53260 
53253 
53261 
53254 
53262 
53255 
53263 
54018 Set to 
53268 
54019 Set to 
54284 LPENH 
54285 LPENV 
54279 

$3C by IRQ Code 
I I 

$3C by IRQ Code 
234 564 
235 565 

54016 STICKO.l 278.279 632.633 
54017 STICK2,3 27A,27B 634,635 
53760 PADDLO 270, 624 
53761 PADDL1 271 625 
53762 PADDL2 272 626 
53763 PADDL3 273 627 
53764 PADDL4 274 628 
53765 PADDL5 275 629 
53766 PADDL6 276 630 
53767 PADDL7 277 631 
53771 WRITTEN DURING VBLANK 
53275 GPRIOR 26F 623 
53770 
53774 
53773 
53260 
53256 
53257 
53258 
53259 
53775 SSKCTL 
53770 
53775 
53769 
53264 STRIGO 
53265 STRIGL 
53266 STRIG2 
53267 STRIG3 
54283 
54276 
54277 

232 

284 
285 
286 
287 

54282 Used by keyboard 
click routine 

562 

644 
645 
646 
647 



VI. FIGURES 

A. MEMORY MAP 

ADDRESS 
FFFF 

0800 
DOOO-D7FF 
CFFF 

BFFF 

8000 
7FFF 

2000 
IFFF 

FUNCTION 

Operating System 
And 

Math Routines 

Hardware Addresses 

Reserved for Future 
O.S. expansion 

ROM Cartridge 

(Colleen left and right 
slot and Candy single 
slot all add'ress 
this space) 

RAM 

Expansion * 

RAM initially 
supplied in the 
product 

to 

SIZE 

10K 

2K 

4K 

16K 

8K 

* RAM expansion can actually exten to BFFF. However, the ROM cartridges 
will deselect the RAM. Deselection occurs on 8K boundaries. Atari 400 
units are RAM expandable only at the factory. They can accept RAM up 
to 2FFF (16K) when fully extended. 
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TEST CPU 
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APPENDIX A 

USE OF PLAYER/MISSILE GRAPHICS 

\'-lITH BASIC 

The ATARI ® 400/800 1M Hardware Manua1 should be read first to understand 
the details of the Player/Missile Graphics. 

To enable the P/M Graphics from BASIC the following procedure 
can be used:* 

1. Generate the playfield, either with a GRAPHICS call or build 
a custom display list with a serids of POKE statements. 

2. Enable P/M DMA control by a POKE 559 with either a 62 for 
single line resolution players or a 46 for double line 
resolution players. 

3. There are four players and four missiles (or five players if 
the four missiles are combined into one player). Each of 
these has a horizontal position register that controls its 
horizontal position on the screen. The registers and their 
locations are as follows: 

ADDRESS HORIZONTAL POSITION OF 

53248 Player 0 
53249 Player 1 
53250 Player 2 
53251 Player 3 
53252 Missile 1 
53253 Missile 2 
53254 Missile 3 
53255 Missile 4 

The horizontal positions can range on the playfield between 41 
and 200. So POKE 53249,120 will move Player 1 to the middle 
of the screen. 

*NOTE: All number references are decimal. 
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Use of Player/Missile Graphics 
with BASIC, cont. 

4. Each player (and its missile) has a color register which 
determines its color. These registers can be controlled by 
poking to the following locations: 

ADDRESS 

704 
705 
706 
707 
711 

COLOR OF 

P/M 0 
P/M 1 
P/M 2 
P/M 3 
fifth player (if enabled) 

Thus a POKE 706,200 will color player 2 green. 

5. The P/M bit information (those bytes which actually describe 
the shape of the player) must be stored in an area where it 
will not interfere with BASIC or the operating system. It 
must also start at a 2K memory boundary if single line 
resolution players are used, or a lK boundary for double line 
resolution players. 

6. The page number (i.e. number of 256 byte sections of memory) 
for the starting address of the P/M information obtained in 
step 5 is poked into location 54279. 

7. Enable the P/M DMA by a POKE 53277,3. 

8. The starting address of each player is obtained by multiplying 
the number obtained in step 6 by 256 and then adding the 
offset indicated in P/M memory configuration table. 

9. The vertical position of the player is determined by its 
location in memory. After the initial offset is obtained in 
step 8, its height may be defined. Its range on the playfield 
is from 32 to 223 in single line resolution and from 16 to III 
in double line resolution. By adding the desired height to 
the initial offset, the absolute address of each player is 
found. The appropriate bit information for the player can now 
be poked into this address. 
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Use of Player/Missile Graphics 
with BASIC, cont. 

(9, cont.) 

Example to Generate a rectangular box player, eight color 
clocks wide and four lines high in immediate mode. 

STEP TYPE RESULT 

1 GRAPHICS 8 Setup Mode 8 Playfield 

2 POKE 559, 62 Enable P/M DMA single line 

3 POKE 53248,120 Set horizontal position 

4 POKE 704,88 Set color to pink 

5 I = PEEK(106)-8 Get P/M base address 

6 POKE 54279,1 Store in base register 

7 POKE 53277,3 Enable P/M DMA 

8 J = I * 256 + 1024 Get player starting address 

9 POKE J + 125,255 Draw player on screen 
POKE J + 126,129 
POKE J + 127,129 
POKE J + 128,255 
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Use of Player/Missile Graphics 
with BASIC, cont. 

I 

I 

DMACTL 
bit D4=0 

start at 
PMBASE*UU4':l5b 

~crL 

bit D4=1 

start at 
PMBASE * ~~ L:, 

+-- 8 bits wide ---r1 +--- 8 bits wide _-r 
384 bytes 768 bytes 
unused unused 

1M2 IMl I 
M3 iMO 

Player 0 

Player 1 

I ! 
Player 2 M3 M2 

+1024 I Player 3 

Ml I MO 

128 bytes 
per player 

'- V 
/' 

double line 
resolution 

Player 0 

Player 1 

Player 2 

Player 3 

256 bytes 
per player 

'----- -_/ V 

single line 
resolution 

I 

+0 

+768 

+1024 

+1280 

+1536 

+1792 

+2048 
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PlAYER-MISSILE 

Memory 
Configuration 

Absolute address 
determined by 
PMBASE. 

Relative address 
shown along sides 
of maps. 

Each Player-Missile 
section (128 bytes 
in single line, 256 
bytes in double line) 
maps directly onto 
the total height of 

Cf) TV screen. 
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APPENDIX B 

MIXING GRAPHICS MODES 

I. GENERAL 

This procedure describes how to mix several graphic modes on 
the TV screen at the same time using BASIC commands. Each graphics 
mode has a different number of scan lines per "Mode Line" (one line 
of a graphics mode). The TV screen must consist of 192 scan lines, 
so when mixing modes, they must be combined in· such a way as to get 
192 scan lines. This is accomplished by modifying the Display 
List. 

When a graphics mode is set on the computer, the ols allocates 
RAM space for the graphics mode, then builds th~ display list 
adjacent to the graphics RAM, and sets a pointer to the beginning 
of the display list. Each "mode line" is constructed from a "mode 
byte" in the display list that determines how many scan lines in 
each mode line. The display list describes the screen display from 
top to bottom. 

A Display List must be built for the "max RAM mode" (the 
graphi~s mode that requires the most RAM) then modified with POKES 
to mix the other modes with it. This "max RAM mode" cannot be a 
s p 1 its c r e e n mod e (t ext win dow), the ref 0 r e " m a x RAM mod e" + 1 6 mu s t 
be used. If the max RAM mode will be at the top of the screen, then 
the "LMS byte" (load memory scan byte) at the top of the Display 
List will already be correct. If not, the "LMS byte" will have 
to be modified. 

The Display List is modified by POKING a new mode byte for 
each mode line that is not a max ~A~ mode line. At the end of the 
display list is a JUMP instruction pointing to the top of the 
Display list. When the Display List is modified, the JUMP instruc­
tion must be placed immediately after the last mode byte. 

Example #1 will be used throughout this procedure to 
illustrate each step. 
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Mixing Graphics Modes, cont. 

II. PROCEDURE TO SET UP SCREEN IN MIXED MODES: 

1. Select modes desired, then look up which mode is the max 
RAM mode from table #2. 

example: modes selected - mode 1, mode 7, mode 2 

mode 7 = max RAM mode 

2. Use table #1 to calculate the number of mode lines such 
that the total number of scan lines = 192. 

example: scan 
lines 

II mode per scan 
mode line mode lines 

line 
1 6 8 48 
7 56 2 112 
2 2 16 32 

192 TOTAL 

3. If the max RAM mode is at the top of the screen, then skip 
this step: Calculate the LMS byte by setting the left 
nibble to 4, then use table #1 to find the right nibble for 
the graphics mode at the top of the screen. 

example: 1. left nibble = 4 
2. right nibble for mode 1 6 
3. LMS byte = 46 (HEX) 

4. Calculate the mode byte for each mode. Set the left nibble 
to 0, use table #1 to find the right nibble for each mode. 

example: I Left I Rightl Hode 
Model Nibblel Nibblel Byte 

I I I (HEX) 

I I I 
1 I 0 I 6 I 06 
7 I 0 I D I OD 
2 I 0 I 7 I 07 
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Mixing Graphics Modes, cont. 

II. PROCEDURE TO SET UP SCREEN IN MIXED MODES, cont.: 

5. Convert all bytes to decimal. 

example: Bvte (HEX) DEC 
LMS 46 70 

Mode 1 06 6 
Mode 7 aD 13 
Mode 2 07 7 

6. Execute a graphics calIon the computer using the max RAM 
mo de (+ 16) • 

example: GRAPHICS 7 + 16 

7. PEEK the Display List pointer and use it to calculate a 
variable labelled "START". 

example: START PEEK(560) + PEEK(561) * 256 + 4 

8. If the max RAM mode is at the top of the screen, then skip 
this step: Poke the LMS byte to location START-I. 

example: POKE START-l,70 

9. Every mode line requires a mode byte in the Display List in 
the same order as the mode lines appear on the screen. The 
mode bytes must be POKED into the Display List at location 
START + offset, where offset mode line U. 

Example: MODE LINE II POKE INSTRUCTION 

2 POKE START + 2 , 6 
3 POKE START + 3 , 6 

MODE 1 4 POKE START + 4 , 6 
5 POKE START + 5 , 6 
6 POKE START + 6 , 6 

MODE 7 see note for mode 7 (max RAM mode) 

MODE 2 63 POKE START + 63,7 
64 POKE START + 64,7 

NOTE: ,The Display List will already be correct for the max RAM 
mode, ~herefore its mode bytes do not need to be POKEd. 
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Mixing Graphics Modes, cont. 

II. PROCEDURE TO SET UP SCREEN IN MIXED MODES, cont.: 

10. POKE the JUMP instruction followed by the LO byte, then the 
HI byte into the Display List. The offset for the JUMP 
POKE is the last mode line # + 1, for LO byte it is + 2, 
for HI byte it is + 3. 

example: (last mode line # was 64) 

REMARK 

JUMP 
LO BYTE 
HI BYTE 

POKE INSTRUCTION 

POKE START + 65,65 
POKE START + 66, PEEK(560) 
POKE START + 67, PEEK(561) 

III. PROCEDURE TO PRINT AND PLOT IN MIXED MODES 

1. If the mode line #'s of a mode on the screen fall within 
the range of that mode's normal mode line #'s then use the 
following procedure: 

a. POKE 87 with the mode # 
b. Determine the Y coordinate by counting the # of mode 

lines from the top of the screen to the current 
position. 

c. Determine the X position in the normal manner for that 
mode. 

d. Depending on the mode, either PLOT and DRAWTO, or 
POSITION and PRINT. 

e. These steps must be done for each mode on the screen 
that meets the condition in step 1. 

example: MODE 1 POKE 87,1 
POSITION 2,I:PRINT #6;"TEXT" 

MODE 7 POKE 87,7 
COLOR l:PLOT 20,20:DRAWTO 30,30 

MODE 2 See step 2 
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Mixing Graphics Modes, cont. 

III. PROCEDURE TO PRINT AND PLOT IN MIXED MODES, cont. 

2. Some modes may have mode line #'s outside of their normal 
range. 

example: Mode 2 normally has mode line #'s 1 through 12 
(full screen). These are modified to #63 and 
#64 in example #1. 

To prevent the computer from giving a "cursor out of range" 
error message the following procedure can be used: 

a. Set a variable labelled "MEMST" to be the display 
memory start pointer. 

MEMST = PEEK(START) + PEEK(START + 1) * 256 
b. Set a variable labelled CHRPOS to position characters 

to be printed on the target line. 

CHRPOS = MEMST + [(MI-l)*R-X2 *(R-20)-M3 *(R-I0)]+X 

Hhere: 

X horizontal position of character on the target 
line. 

R the RAM per line of the Max RAM Mode (table #1). 
MI = the Mode Line # of the target line. 
M2 = the number of mode lines of 20 bytes of RAM per 

line above the target line. 
M3= the number of mode lines of 10 bytes of RAM per 

line above the target line. 

Example: calculate CHRPOS for Mode Line #64 (the 
last line of the Mode 2 area) at horizontal 
position 5. 

X 5 
R 40 
MI 64 
M2 7 (6 from Mode 1 area, 1 from Mode 2 area). 
M3 0 

CHRPOS MEMST + [(64-1)*40-7*(40-20)-0*(40-10)]+5 
CHRPOS HEMST + [(63)*40-7*(20)-0*(30)]+5 
CHRPOS MEMST + [2520 - 140] + 5 
CHRPOS MEMST + [2380] + 5 
CHRPOS HEMST + 2385 
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Mixing Graphics Modes, cont. 

III. PROCEDURE TO PRINT AND PLOT IN MIXED MODES, cont. 

2. cont. 
c. If few characters will be printed, then each character's 

internal value may be looked up in the Internal 
Character Set Table (Table 9.6), in the new BASIC 
Reference Manual. This value is then POKED into 
CHRPOS. 

d. If strings are to be output, and if the ATASCII values 
of all the characters lie within one of the ranges 
shown in the table below, then do the following: 

1) Obtain the appropriate ATASCII value range for 
the characters 

2) Do the OPERATION the table indicates on the 
ATASCII value of each character. 

3) POKE this value into CHRPOS. 

ATASCII VALUE 
RANGE 

0-31 
32-95 
96-127 

128-159 
160-223 
224-255 

OPERATION 

Value + 64 
Value - 32 
NONE 
Value + 64 
Value - 32 
NONE 

Example: 1) assume we want to print the word "TEXT" 
in the mode 2 area of example #1 using 
the CHRPOS calculated previously. 

2) these characters are in the ATASCII 
VALUE RANGE of "32 - 95". 

3) the OPERATION for this range is "Value-32", 
so 32 must be subtracted from each 
ATASCII value. 

4) the program statements would now look 
like this: 

T$(1,4) 
CHRPOS 

"TEXT" 
HEMST + 2385 

FOR X = 1 TO LEN(T$) 
POKE CHRPOS + X-I, ASC[T$(X,X)] - 32 

NEXT X t t 
(OPERATION: value 

5) the FOR/NEXT loop POKEs the first 
character of T$, ASC[T$(X,X)]-32, into 
CHRPOS + O. 

6) the next iteration POKEs the next 
character of T$ into the next CHRPOS, 
and so on. 
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Mixing Graphics Modes, cont. 

TABLE 111 

MODE BYTE 

I ~ ~ I I SCAN I I I 
I LEFT I I RIGHT I C. C. I LINESI I I RAM 

REMARK I NIBBLEI I NIBBLEI PER I PER I II I MODEl PER 
(HEX) I I (HEX) PIXELI MODE I COLORSI I LINE 

I I I LINE I I 
I I 2 1: I 8 1~ (3)1 0 I 40 

G) 2 
4 I CHAR I 3 k I 10 1 ~ I I 40 Ii! 

I I 4 1 I 8 4 I I 40 

CD 
I MODES I 5 1 I 16 4 I 40 

0 I I 6 1 8 5 I 1 20 
I I 7 1 16 5 I 2 20 
I I 8 4 8 4 1 3 10 
I I 9 2 4 2 I 4 10 

CD 4 IGRAPHICI A 2 4 4 I 5 20 
I I B 1 2 2 I 6 20 
I MODES I C 1 1 2 I 20 
I I D 1 I 2 4 I 7 40 

CD 0 I I E 1 I 1 4 I 40 
I I F ~ I 1 1 ~ I 8 40 

BLANK 0-7 I @ I 0 BLANK I I 
JUMP 4 ISPECIALI 1 JUMP I I 

CD When the max RAM mode is not at the top of the screen, the 
left nibble of the LMS byte must be changed to a 4. 

Left nibble for all mode bytes after the LMS byte. o 
0) Color & Lum for the field is controlled by Setcolor 2, and 

Lum for charactors or graphics from Setcolor 1. 

JUMP - used to end the display list and return to the 
beginning. 

BLANK - to output selected number of background lines. 
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Mixing Graphics Modes, cont. 

TABLE 112 

GRAPHICS MODES 
RAM REQUIREMENTS 

Mode 8 + 16 8138 Bytes 

8 8112 

7 + 16 4200 

7 4190 

6 + 16 2184 

6 2174 

5 + 16 1176 

5 1174 

4 + 16 696 

4 694 

3 + 16 432 

3 434 

2 + 16 420 

2 424 

1 + 16 672 

1 674 

0 992 

These values include the display list and any imbedded 
unused memory blocks. 
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760 
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256 

Topo 
Free 
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MODE: 

32 bytes DL 
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character 
map 
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34 bytesDL 

400 
bytes 

character 
map 

80 bytes 
unused 

160 bytes 
text 

window 

---

32 bytes DL 

480 
bytes 

character 24 bytes DL 
map 

200 
bytes 

bit 
map 

40 unused 

160 160 bytes 
bytes text 

unused window 

1 +16 2 

MEMORY CONFIGURATIONS 

54 bytes DL 56 bytes DL 

I 

400 480 
bytes bytes 

bit bit 
20 bytes DL 34 bytes DL 32 bytes DL map map 

240 200 240 
bytes bytes bytes 

bit bit bit 
map map map 

80 bytes 

40 unused unused 

160 160 bytes 160 160 bytes 160 
bytes text bytes text bytes 

unused window unused window unused 

2+16 3 3+16 4 4+16 



tJj 

I 
I-' 
I-' 

.. 
Decreasing 

RAM 

Top of 
Free 

RAM .. 

RAM 

Bytes 
8192 . 

. 

6144 

4096 

-

2048 -

MODE: 

54 bytes DL .... 56 bytes DL~ 

800 bytes 960 bytes 

bitmap bitmap 
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160 text 160 unused 

5 5+16 

MEMORY CONFIGURATIONS 
FOR MODES 5 - 8 

94bytesDL~ 

96 unused ~ 

3200 

bytes 
94 bytes DL ~ 104 bytes DL ~ bit 

map 

1600 1920 

bytes bytes 

bit bit 

map map 

640 bytes 

320 unused unused 

160 text 160 unused 160 text 

6 6+16 7 

1 (0 Dytes UL """1r :lU:llJytes UL -. 

80unused~ 80 unused ~ 

6400 7680 

bytes bytes 

bit bit 
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APPENDIX C: PINOUTS 

Monitor Jack (800 only) 

D . I . N. 5 Jack 

Audio Output 3 

composite· chroma~ : 

Ground • 

Serial I/O Jack 

2 4 6 8 10 

• • • • 
• • • • 
3 5 7 9 

1. Clock Input 
2 . Clock Output 
3 . Data Input 
4 • Ground 
5 • Data Output 
6 . Ground 
7 . Command 

Controller Jack 

2 3 4 
• • • • 

• • • • 
6 7 8 9 

1. (Joystick) Forward Input 
2. (Joystick) Back Input 
3. (Joystick) Left Input 
4. (Joystick) Right Input 
5. B Potentiometer Input 

• 

• 11 

1 __ -.~. Composite Luminence .---
4 .-c--oI----Composi te Video 

12 

• 

8 . Motor Control 
9 • Proceed 

10. +5/Ready 
11. Audio Input 
12. +12 volts 
13. Interrupt 

6. Trigger Input 
7. +5 volts 
8. Ground 
9. A Potentiometer Input 
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