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The state machine is the “master controller” of the vector  ed through latch D8, results in a low BLANK to the Z axis out- cme—Dol—&s | | 2 e anos ocav | | D amac oo D ovanacdo | UNMDACHI COONTER | SeoonTER b URMDACYII— = lies only. For example, the LS174
generator circuitry. It receives instructions from the game put. v IR a2 el ‘Pl EEr hacon o anasecar | L% Shig IS AL (ReStiRh I-T O &
MPU, via the vector generator RAM. It carries out these instruc- e " i T 01 thru -04 PCB, but is at location
tions by accessing the appropriate sections of the vector The microcomputer outputs an address that results in a . veex e ' N e pvie He' OO 0 S0 B 0 R
generator ROM memory, using the vector generator program  DMAGO. signal that causes HALT to go high, and clears the 0% ! —{D>ore— TsReT . :
counter to do so. The state machine reads the vector generator  vector generator data latches. This makes TIMERO thru XN PR £ 2z i ) uslg einrfffwzrecr:fceuitdgzlsgzr:%ttlig:z
ia Ti " e i ; - : e . . 1535 seoa XK eno 3 B0 Semy .
:'ﬁQM r<3ata.(:nathr'rlwccj-zr03) ;nd decpdesthls mformatlpn todeter-  TIMERS signals all low. The state machine now begins exe- The purpose of the vector timer is to time out the length of time it §8383 $38%8 243 TrCrerset P (1) T——— 1353 S0 Y 277 refer to the -01 thru -04 PCB assem-
ine how it should use this data: 1) to draw a vector; 2) to move  cuting instructions, starting at vector memory location 0. takes to “draw” an actual vector on the monitor display. During the 1113 HEEE ii3 $55% 11T $ 82 blies only.
the monitor beam to a new position on the monitor display; 3) interval when the X and Y position counters are actually drawing the 35 e C 53553 3333 131
to “jump” to a new vector memory address; 4) to return to a When the state machine receives the operation code for a vector, STOP is high. This prevents the vector generator state i ; o ; ;
previous vector memory address; or 5) to tell the game MPU HALT instruction, it outputs a low HALTSTROBE, setting the machine from advancing to its next state until the vector currently jumping” to this new position, the beam itself is turned off to pre- determines whether the counters count up or down. DVX11 is used
that it has completed its current instructions, and is waiting for ~ HALT flip-flop A9, and suspending state machine operation. being drawn is completed. As soon as the vector has been drawn VST HEiveal o Miiapis' ko ARPAANING, S0 HoS, saass o presst. T s B I B L S AR 10 CONEYOENTIAL Reproduction. Torbiosan without  ihe
its next command. §TGE ool St o v i Vo S il il to th t’ new_ position into the counters, the state generator causes The UNMDACX1 thru UNMDACX10 (X axis unmultiplexed digital- SORRIOEN TS Neprdcton, InDiden wilhoul e
THG0 sitnals foad and srdtile the veotor iidilad thes X el 9 te irteaded g e ine 1o advance to the nex LDSTROBE to go low. At this time, a new 12-bit number (DVX0-11) is to-analog converter signals) are transferred to the output of the Cattormia T arawng s only conditonaly ssued ang
The state machine consists of input gates B8 and E6, ROM  and Y position counters and tell the ROM that fhe vector ate in its intended sequence. ThThef X and Y position counters are two identical circuits. loaded into the counters from the vector generator memory data multiplexers and stored at the outputs of the latches on each rising L O O ey e e L the
st 4% ; ) . ‘ erefore, the following description discusses only the X position latches. edge of the 6 MHz clock (from the microcomputer clock circuitry). inereon norany rght 10 eproduce s draming or any part
'?IBI\,A:EaEEICh D8, clock circuitry A7, and decoder E8. Four bit input  generator is now actively drawing a vector. The HALT input to The vector timer consists of multiplexer F6, decoder E7, LATCH counters. ¢ . i . The state machine can also instruct these counters to count up The DACX1* thru DACX1(()' signals are sent w trtwe digital-to-alrjuélzé ek o i i
RO thru TIMERS is the operation code input to the state GO flip-flop A9 sets the outputs to ensure that the vector timer M7, ADDER M8, and counters B7, C7, and D7. M7 contains a scale The X position counters contain rate multipliers (J8 and K8), or down any specific number of counts. This will cause the beam to converters (DACs) in the X video output. e e By e s e Sh t2 S-d A
machine. The A4 thru A6 address input to ROM C8 tells the  and position counters are not active when the state machine is factor which is added in M6 to the four timer signals. If TIMERO thru down/up counters (C9, D9 and E9), multiplexers (D10, E10, and F10), move to the left or to the right a specific distance relative to where The DACX1* thru DACX10" outputs represent the physical place- . eet s, olae
ROM which instructions to perform. Address inputs AO thru A3 halted. When a low is clocked through A9, the vec- TIMER3 inputs are any state but all high, decoder E7 directly and associated gates (B8 and H10). The output of the down/up it was. During this beam movement, the beam is turned on withthe  ment of the beam on the monitor. The far left of the monitor screen
from latch D8 tells the ROM which state was last performed. tor timer and X and Y position counters begin to operate from decodes the sum and loads the decoded low into one of the counters Is a 12-bit binary number that represents the horizontal  desired intensity. This Is the procedure used to draw a vactoronthe s 0, the center Is $12, and the farright is 1023, Therefors, if the ASTEROIDS
The address A7 input GO tells the ROM that the position the GO, GO and GO* signals. When STOP is clocked through counters. When GO goes low, the counters count from the loaded location of the beam on the monitor screen (or X axis), with O being ~ monitor screen. The direction (to the left or right) and length (0 to  DACX1* thru DACX10" signal was greater than 1023, the monitor
counters are presently drawing a vector. The HALT input to A7 A9, the vector timer has reached its maximum count, and GO count until the counters all reach their maximum count. This count hatarlett signof thescresmand 183 belng tedar Nght sidoof the 1 ORI C L S VideO Generatcr
tells the ROM that the vector generator has completed its  goes high. This means the vector has been drawn is a maximum length of 1024. At this time STOP goes low and cl screen. Increasing or decreasing this binary number output will tion is determined by DVX0-11 (from the vector generator memory the left side of the screen, a “‘wraparound” condition. To prevent a
operations. i the GO flip-fi ?th t : hi go W and clears cause the beam to move to the right or left, respectively. The vector data latches). This data contains information that determines how wraparound, the multiplexers’ select input from UNMDACX11 goes i
i WY e ip-flop of the state machine. generator state machine decodes instructions from its memory, many clock pulses the counters will receive and whether the high when the count is greater than 1023 or less than 0. This selects Section of 034986.01 thru .04 G
During -Inifial poweemp. of the game, the FALT signal | The \(GCK input to the_clock circuitry is a t?uffered 1.5 MHz _ . and then is capable of using that data to alter the binary count of counters will count up or down. UNMDACX12 to be output from the multiplexers to the DACs, forc- B
a1 by ) p g , the signal is  clock §lgnal from the microcomputer. Th|§ is the same fre- . If the TIMER signals are all high, ALPHANUM goes low and data these counters in one of two ways. DVX0-9 memory data is loaded into rate multipliers J8 and K8. ing all zeros or all ones, and thus keeping the beam on the ap- " 034986_05 d 06 A
?hese h°.W. e microcomputer reads the high HAL.T signal quency used to clock the MPU of the microcomputer. The signals DVX11 and DVY11 are decoded by decoder E7. This is added The state machine can preset these counters to an entirely dif- The function of these devices is to space the desired number of propriate side on the screen, instead of allowing it to wraparound. -ana -
roug its SWltC!’\ input port (buffer M10) on data line DBQ. signal clocks latch D8 unless the microcomputer is addressing to the scale factor and loaded into the counters. ferent number from their previous contents. This will cause the counter clock pulses at equal intervals over the time period that it The XVLD and YVLD (X and Y valid) outputs from the X and Y posi-
This tells the_ _mlcrocom_puter that the vector generator is the vector RAM or ROM memories (when VMEM goes low). beam to “jump’” to a new location on the monitor screen instan- will take to draw the desired vector. This insures that vectors of dif- tion counter multiplexers are latched and gated together to enable
halted and waiting for an instruction. To ensure that the beam  Then the clock input to latch D8 goes high and stays high until taneously, i.e., for drawing a new vector from a different starting ferent lengths will still be displayed with the same relative beam in- the Z axis output, BVLD (beam valid). O«
is off when the state machine is halted, the high HALT, clock- ~ VMEM goes high. position than where the previous vector ended. While the beam is tensity. DVX10 and 11 are loaded directly into the counters. DVX10 fidbiie CoEWRIBELETS SRagR)
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