PROGRAM COUNTER e
MICROCOMPUTER VECTOR GENERATOR RAM VECTOR GENERATOR
SHEET 1, SIDEB VECTOR GENERATOR TO/FROM VECTOR GENERATOR
= .
S e A 0 DATA BUFFER L PAT B MEMORY
3 T1,S
MEMORY ADDRESS SELECTOR bkl b DATA
= LATCHES
TIMERE +5V +5V +SY +5V
MAL o / i Ls 13 8 18
Ls32 R/wWe o2 2y ix 3 Jmapt— W ~ 9::—370:3 sop-?oss 9:» 73035 90’\17‘3\353
/ \ P. RZ_9 -—”—za 1532 A9 TATCHS 34 i +5V
TMAPUSH - e 6 =@ §2 — s 3v|2— BUFFEN A8 e 1 12, 5ep0 b lae
223 Tl T« PR29 —"138 x2 72 L7 ERTEHe .‘ K
23311 1331 3313 aB12 —Han ST 2 g, L avspi— A6 D i BomAT— 1140 4 e SEALE
222 2727 <37« ADMA 12 -—'—‘;’45 arp i3 *a‘sk'” zyzo:?*m - e +eyv DDUAL ‘: 5o so': SCALEZ
ABII —3» v e A Fror N v P —— VROMT he el mlal - DDMAS 3B 30 SCALE!
|‘?>ll D;b: b\l‘bl) D:Di b-‘saz.nzb: ADMA Il — '55 5 A 2vep'e VRAM A" NYSY i pomas —4ieo 5173%¢9 2 —scaee
e N el B e I 2 ¥ 22K x (20) pomas —42p" 20 DXl
«| rREcFie | RecFie | REcFuwE VNEM = TP(DISPLAY) A ~ s ¢ e oomaz—2f10 7% rafle—ovxio
», = DOMA? @95 I peftl)  pg7 vomal —3{1p  1af?
s RA o 6 (M8lay D] 87|22 ppe 18 W e
i ws s —que ) c eale “ o0 YT DOMAS e e ovX8
P —=2A ZYJ— 1/04 DDMAJZ (5.6 1415) O L]
" %o —=£128 1103 L pOMA2 N (@ Ls24s T |
2 :Jz“ ‘B'O_z" 3 m“—Awo\ /02 2 pOMAI 2 ”‘T/A B :‘u_e_u)__ Dg; il ; A
W | o= VAN | *
mwa _,0370: onwaz’o: a: Ql|oal9037 ",: ADMAABIS __Jif‘: LS|S74Y 2 s X l €6 Vj’“ DDMA D | @23\ » )sz Iv(llex - ga| Tmf——l“ llo
ADMAS —2fag T B I3 ‘3 278 J9 DOMA® A
883 w339 s9:¢ ABS — {24 wh—ams = = J—‘ K DDMAT :-sb “.’z_m’”
Sxpo IR EL LTt e s 0 e ouxs
8393 83539 55%839°¢9 __JI_T_‘S BRI pomas —4lep 7€ (alS pyxa
f—l‘_b_s_i_L%B_z_t_s_b_lv_a VVEW 1 +5v domaz—24{20"52 20|52
* INSTALL RPS * | : | CMALD dv—_\p o DOMAZ ‘; ' 70‘—:— ovx2
ONLY IF USING LSI70'S | | | (‘SL‘,"LI;; E ap7 —Hi3a i 18 phd IQT o
INSTEAD OF LSL70'S | % | | LOADS —'3{a aal2—— ADMAS aoma7 —3e w2 wHE— am7 ’ DDMAS GD‘ saf— bvXe
| a 4 | [l
wl LT LT ol s ST et it o [
L __ Rrez |o~<_l_k RPI 1ok | 5| COUNTER ~[4 ADMAG6 ——{28 —
—_—— LOADS Daoa tu:b ADMAS ABS5 —5IA 4
B = ADMAS—I:IB 1y AMS
_ 3 3 g . AB4 —T4A
e D i e O e
ovya —3 WS " AL SAALD 1 J_f_l | GIS LATCHI —]“ Lo
pvva — 4 52T 5 oape SLD“C‘:: = VMEM = o[ <K s \
ouve — TR 1Y oaos Loaps —=a oA P—— ADMA9 . Oomar —* 4D sap- TIMERS
B bvys —= LOADG LOADIO e Lg“fn o8[2—— ADMAIO ] Domas —2 :; sZ x :mt::
IR oAbt —24c e AB3 aA ) DDMAS 3 IMERI
) YIS . tomnz —gb (OUNTEKOD L) :z:::; ADMA3 __1345 2 4‘(2— AM3 VECTOR G EN ERATOR ROM DDMA4 ': ‘DL:ZS‘O ': TIMERS®
Bo; CAE. AB2 —2|iaLsis7 |, DoMA3— .. 1 ” DvY il
I\ ?rz ADMA2 —3iB 1Y F— AM2 Ly . npuu——; 1.0 'mz DVYIO
ABI ———22A o S . ’I DDMAI—THD I°|9 DvyYe
4 s \\ ADMA! o8 17 ﬂ o DOMA® —— 68D 8q)| DvYa
e Ol v S M il I, 10 o=
0eAr™ EEE I "N Pﬁ ADMAQ —938 ¥ - ) . =
ovre—2 B T cony _T' is S - N N/P2 | B The data latches consist of latch 0 (H6), latch 1 (F6), | -
puvio —2f PR Loxnu TwEw — L AT -y latch 2 (J6), and latch 3 (K6). Inputs DDMAO thru DDMA7 B
vy —2 “Y 3; Lm,.,/ A8 23 e are the data outputs from the vector-generator memory.
eI )
TIHW AM7 5 A7 . +5V
we —2 “ o Latches 0 thru 2 are directly clocked by the rising edge e
| _-’r e s N of the LATCHO, LATCH1, and LATCH2 outputs from the PSS
Counters F4, H4 and J4 contain the address of the next  The program counter may also be preset to “return” to The address selector consists of multiplexers F2, H2, J2 and K2. When VMEM is low, - — 0y g vector generator’s state machine. Latch 3 is clocked by EA O
data byte (instruction) to be fetched from the Vector a previous address which it had stored in its “stack”. The the MPU of the mlcroqomputer__grains access to the address inputs of the vector oy - O LATCHS3 or by LATCHO, if ALPHANUM is low. Latch 0 is toaks—=jon  Rape-—=durs
Generator memory. Because these counters point to the = stack consists of register files F3, H3, & J3, and down/up generator memory. In this state, B is from ®2 and VW (vector generator write) is e cleared when RESET, DMAGO, or ALPHANUM goes low. powas —lanieels — ol
next instruction in memory to be retrieved and performed, counter K4. The stack is a 4-word 12-bit memory, used to low when &2 and R/WB are both low. When VMEM is high, the address input to the vector °7 A Latch 1 is cleared by ALPHANUM. somaz — 13 7 aafe —ovea
they are called the program counter. This program count-  save the contents of the program counter for future generator memory is from the vector generator program counter and state machine. In 8 o PRI s | R
er is incremented one count (to the next sequential ad- reference. It is loaded when 13(|IVIAFU§FI is low. Imme- this state, BUFFEN and VW are both held high by the pullup resistors connected to the fos 4 5omA4 oSN i/ R (R
dress) each time the information at its current address is  diately after information is written into the stack 2B and 3B inputs of multiplexer K2. re | ooma3 L°
: tely ck, counter p S ! s S
loaded into data latch 0 or data latch 2. K4 increments one count. Immediately before loading the Y o i g FRERRESLY: ‘@ 3 i e ot
. program counter from the stack, counter K5 decrements Address decoder L2 decodes address bits A11 and A12, and selects the RAM or one of — . 0OMA 0 i
The program counter may also be preset to “jump” toa one count. three ROMs of the vector-generator memory. el Pl
new address. This new address can be loaded into the VRoMZ
program counter from the vector generator memory via This address-selecting arrangement allows the game MPU to access the vector- e = =
data latches F6 and H6 and buffers H5 and J5. generator memory, i.e., write data into the vector-generator RAM to instruct the vector VRoMT
generator what it should do next. The address selector can then allow the vector-
generator program_counter and state machine to access this same area of RAM also, and
STATE MACHINE ».J:zv read what instructions were sent to it by the game MPU.
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The state machine is the “master controller” of the vector- _ The microcomputer outputs an address that results in a NaEE L el TR wls bi Lo s Ll Lo dls b Lo lo e N i
generator circuitry. It receives instructions from the game DMAGO signal that causes HALT to go high, and clears the £ i s el N : B AL L v: LA [ LR I
MPU, viathe vector generator RAM. It carries out these instruc- vector-generator data latches. This makes TIMERO thru N COUNTER _ T Y L2l . Laian L5191 e
tions by accessing the appropriate sections of the vector-gen- TIMER3 signals all low. The state machine now begins exe- esin T le AT e — T ream e oo S T s P I
erator ROM memory, using the vector-generator program cuting instructions, starting at vector memory location 0. e D D s FBRPFT BT wp T vwmDACY—' TS
counter to do so. The state machine reads the vector-generator SToP: pvxie
RQM data gwa Timer 0-3) apd decodes this information to deter- When the state machine receives the operation code for a e EL ' uSote  Gmwke
mine how it should use this data.\:.1)to draw a vector; 2) tomove HALT instruction, it outputs a low HALTSTROBE, setting the MV ware o - -
the monitor beam to a new position on the monitor display; 3) HALT flip-flop A9, and suspending state machine operation. . . . L 33 Q 9 $ige $:3 seoy rare Ll T8
to “jump” to a new vector memory address; 4) to return to a The purpose of the vector timer is to time out the length of time it g§sdd 328 $38 2333 7323 2332
. [ ” H B . 3
previous vector memory address; or 5) to tell the game MPU  The GO signals load and enable the vector timer and the X takes to “draw” an actual vector on the monitor display. During the §&33 "SS5 585 1113 1111 144
that it has completed its current instructions, and is waiting for and Y position counters and tell the ROM that the vector interval when the X- and Y-position counters are actually drawing e i PEe
its next command. generator is now actively drawing a vector. The HALT input to the veptor, STOP is h_|gh. Tms prevents the vector-generator state s
i GO flip-flop A9 sets the outputs to ensure that the vector fimer rg\qchlr&e from advancllntg (;o Ats next statt(; until tthehvectbor cu(rjrently g‘%éggggfkt PFE:psrgc_:‘usct?;rf Fﬂ?&lﬁ"ia‘?ﬁ%‘f'@ﬁ?
e state machine consists of input gates B8 and E5, ROM and position counters are not active when the stat ine i being drawn is completed. As soon as the vector has been drawn it dentical circui - Fs Grawing 15 only condisionally’ issed, and nelther
> cor e machine is , : ’ The X- anc Y-position counters are two identical circuits. Therefore, ~ 12-bi -11) i i - i iqi o vt Bl i i Bt g B Bl
C8, latch D8, clock circuitry A6, and decoder E8. Four-bit input halted. When a low GOSTROBE is clocked through A9, the vec- STOP goes low, allowing the state machine to advance to the next the following dgscription discusses only the X-position counters. ger?etfar:g:ngzrm(gr\;)?ag)Iallfclt?eag B At S EE an;l:)e %’:mZQCX1-thru| UNM?ACX: 2 (X&ax'sdunmumplexed digital to FiGhi . o 15onse 10 436, the Subject mater of he draw.
TIMEBO thru TIMERS3 is the operan_on-code input to the state tor timer and X- and Y-position counters begin to operate from state in its intended sequence. The X-position counters contain rate multipliers (J8 and K8), The state machine can also instruct these counters to count up or  the mgultiplexefsr iﬁlicszm arrizmrg nesdggeof a:?\e set:mc; e::tlc:::E 3:J;pmmtr?; 'n"c?r°§:?yr?§r?:g{'o°rréi°rggﬁ i?r:?srmfrtaiara'nsgmg:";'ﬁfrep‘)a?{
machine. The A4 thru A6 address input to ROM C8 tells the the GO, GO and GO* signals. When STOP is clocked through _ _ _ down/up counters (C9, D9 and E9), multiplexers (C10, D/E10, E10), latch  down any specific number of counts. This will cause the beam to move  microcomputer clock circuitry). The DACX1 thru DACX10 signals are and for manufaciurs. under” the” corporation's. witte E
ROM which instructions to perform. Address inputs A0 thru A3 A9, the vector timer has reached its maximum count, and GO The vector timer consists of multiplexer F5, decoder E8, latch M8, (F10), and associated gates (B8 and H10). The output of the down/up to the left or to the right a specific distance relative to where it was.  sent to the digital-to-analog converters (DACs) in the X video output e e Aol ke e ritien’ Sgpeamont
from latch D8 tells the ROM which state was last performed. goes high. This means the vector has been drawn. adder M5, and counters B6, C6, and D6. M6 contains a scale factor counters is a 12-bit binary number that represents the horizontal loca-  During this beam movement, the beam is turned on with the desired in- The DACX1 and DACX10 outputs represent the physical placement o o Horaision t1om the borporetion Mt
The address A7 input GO tells the ROM that the position which IS.added in M5 to the four timer signals. If TIMERO thru tion of the beam on the monitor screen (or X axis), with 0 being the far  tensity. This is the procedure used to draw a vector on the monitor  of the beam on the monitor. The far left of the monitor screen is 0, the °Awame(Commumamscompany
counters are presently drawing a vector. The HALT input to A7 The VGCK input to the clock circuitry is a buffered 1.5MHz TIMER3 inputs are any state but all high, decoder E6 directly :eft side of tﬁe screen and 1023 being the far right side of the screen.  screen. The direction (to the left or right) and length (0 to 1023) of the  center is 512, and the far right is 1023. Therefore, if the DACX1 thru
tells the ROM that the vector generator has completed its clock signal from the microcomputer. This is the same fre- decodes the sum and loads the decoded low into one of the count- g\ec:';a?éng] cIr dteczﬁas[n%tthlslbfmary number output will cause the  vector to be drawn relative to the beam’s current position is deter- DACX10 signal was greater than 1023, the monitor beam would go off
operations. auency. Used 15 clack the MPU of tha mi ter: Th ers. When GO goes low, the counters count from the loaded count cve to the right or left, respectively. The vector generator mined by DVX0-11 (from the vector generator memory data latches).  the right side of the screen and start again on the left side of the H
. icrocomputer. The . - . . . state machine decodes instructions from its memory, and then is ca-  This data contains information that determines h lock d E iti Sheet 2 S|de A
signal clocks latch D8 unless the microcomputer is addressing until the counters all reach their maximum count. This count is a pable of using that data to alter the binary count of tl';ese counters in ulses the t ill i b= coiinlens Hill Bone sk lon wraparoupd S wragparound, i d
During initial power-up of the game, the HALT signal is pre- the vector RAM or ROM memories (when VMEM goes low) maximum length of 1024. At this time STOP goes low and clears the one of two ways 5p ordown, o scuiier e cafintors Wi et multltp e tsetkr:ct ;r;)%gt fr|0m om0, Toas setscts DNMDAGKI2 1o
set Iow.. The _mlcrpcomputer reads the high HALT signal Then the clock input to latch D8 goes high and stays high until GO flip-flop of the state machine. The state machine can preset these counters to an entirely different DVX0-9 memory data is loaded into rate multipliers J8 and K8. The g(e)uoutI:u%rfes);rth:nmuItipgxglisttgiaé)g:gss?ggrsu U:I?Azzﬁc?sxgrzgﬁ ASTEROIDS DELUXETM
thr.ough its SWItch input port (sel/mux L10) on data line DB7. VMEM goes high. ) _ nymber frora their previous contents. This will cause the beam to  function of these devices is to space the desired number of counter  ones and thus keeping the beam on the a,pproprigte side on the .
This tells the_ .mlcrocomputer that the vector generator is . If the TIMER signals are all high, ALPHANUM goes low and data “jump” to anew location on the monitor screen instantaneously, i.e.,  clock pulses at equal intervals over the time period that it will take to screen, instead of allowing it to wraparound VldeO Generator
halted and waiting for an instruction. To ensure that the beam signals DVX11 and DVY11 are dgcoded by decoder E6. This is added for drawing a new vector from a different starting position than where  draw the desired vector. This insures that vectors of different lengths The XVLD and YVLD (X and Y valid) o.utputs from the X- and
is off when the state machine is halted, the high HALT, clocked to the scale factor and loaded into the counters. the previous vectorlendeq. While the beam is “jumping” tol this new  will still be displayed with the same relative beam intensity. DVX10and  Y-position counter multiplexers are latched (F10) and gated together to SectiOn Of 036471 -02 A
through latch D8, results in a low BLANK to the Z-axis output. position, the beam itself is turned off to preven.t .unwanted lines from 11 are loaded directly into the counters. DVX10 determines whether  enable the Z axis output, BVLD (beam valid).
appearing on the screen. To preset this new position into the counters,  the counters count up or down. DVX11 determines the quadrant of the
the state generator causes LDSTROBE to go low. At this time, anew  vector being drawn.
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