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REGULATOR/AUDIO | PCB SCHEMATIC (0344

RegulatorfAudio | PCB

The Regulator/Audio | PCB has the dual functions of regu-
lating the + 5 VDC logic power to the game PCB and ampli-
fying the audio from the game PCB.

Regulator Circuit

The regulator consists of voltage reguiator Q1, current
source power transistor Q3 and Q3’s bias transistor Q2. The
reqgulator accurately regulates the logic power input to the
game PCB by monitoring the voltage through high-
impedance inputs + SENSE and — SENSE. The inputs are
directly from the +5 VDC and ground inputs to the game
PCB. Therefore, the regulator regulates the voltage on the
game PCB. This eliminates a reduced voitage due to IR
buildup on the wire harness between the regulator and the
game PCB. Variable resistor RS is adjusted for the + 5 VDC
on the game PCB. Once adjusted, the voltage at the input of
the game PCB will remain ¢constant at this voltage.

Regulator Adjustment

1. Connect a voltmeter between + 5V and GND test points
of the game PCB.

2. Adjust variable resistor R8 on the Regulator/Audio | PCB
for +5 VDC reading on the voltmeter.

3. Connect a voltmeter between +5 V REG and GND on
the RegulatorfAudio | PCB. Voltage reading must not be
greater than +5.5 VDC. If greater, try cleaning edge
connectors on both the game PCB and the Regula-
toriAudio | PCB.

4. If cleaning PCB edge connectors doesn’t decrease
voltage difference, connect minus lead of voltmeter to
GND test point of Regulator/Audio | PCB and plus lead
to GND test point of game PCB. Note the voltage.

Now connect minus lead of voltmeter to + 5 REG test
point on RegulatorfAudio | PCB and plus lead to +5V
test point on game PCB. From this you can see which
harness circuit is dropping the voitage. Troubleshoot
the appropriate harness wire or harness connector.

Audio Circuit

The audio circuit contains two independent audio ampli-
fiers. Each amplifier consists of a TDA2002AV amplifier with
a gain of ten.
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The High Score Memory circuit consists of an erasable re-
programmable ROM N9, latches L9, P9, N10 buffer M9, and
timer N11,

N11 produces a 12KHz Q-15V squarewave. This signal when
+ 15, forward biases diode CR4 and allows capcitor C50 to
charge th -29V. When it's OV, CR4 is then cut-off and CR3 is
forward biased which causes C49 to develop a charge. C49
charges to approximately -28V. This is the potential required
for EAROM N9 to operate.

The MPU addresses the EAROM (ABO-ABS) via latch N10,
when EAADDRL goes high, and data is latched into the
EAROM on DBO0-DB7 through latch L9.

The function of the EAROM (read, write or erase} is deter-
mined by the MPU on data lines DBC-DB3. Latch D9 receives a
high EI%?SNTHGL signal from the MPU address decoder and
function data is passed to the EAROM. '

Data in the EAROM is read by the MPU when the EAREAD is
addressed by the MPU after a reset pulse or during self-test.
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NOTE:
Either a 74L5$245 or an AMB304B may be used at
location E2. Pin numbers not enclosed in paren-
theses are for 74LS245. Pin numbers in paren-
theses are for an AMB304B.

ROM/PROM CIRCUITRY

FROM SWITCH INPUTS

RAM CIRCUITRY

SHEET 2, SIDE B

Program memory for the Asteroids Delux
game is contained in three ROMs,
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This circuitry consists of the PCB
inputs and outputs for the +5 VDC
logic power and 25 VAG input to the
on board regulators, The + 5 VDG in-
puts and outputs are discussed on
Sheet 1, Side A of this schematic set.

The 25 VAC inputs are received by
two full wave rectifiers. Diodes CRS
and CR8 rectify the negative cycle of
the input and the 7915 regulates the
voltage at -15 VDC. Diodes CR3 and
CR10 rectify the positive pulse of the
25 VAC input and the 7815 regulates
the voltage at + 15 VDC. The 7812 re-
gulates at + 12 VDC. The 7805 regu-
lates an additional 5 VDG for the
DACs. Zener diode CR12 supplies the
+ 8.2 VDC for the sample and hold
circuit. The + 22V {unregulated) is
used to power operational amplifiers
P11 and L8 in the audio output.

+8.2V

C:I Denotes a test point
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MEMORY MAP

The address decoder performs the function of turning on or
enabling the appropriate circuitry at the critical time, so that in-
formation can be transferred back and forth between the game
circuitry and the MPU. The memory map below is for the
Asteroids Deluxe™ game.

It you are going to use the Automatic RAM/ROM Tester,
please remember to remove MPU C3 and ground the WDOG
DISABLE test point.
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MPU CIRCUITRY
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on-maskable interrupt} counter causes an Interrupt o)
ut of the MPU every 4 msec. The interrupt is derived pel33
KHz by a factor of 12 through counter C4. The inter-

hen pin & of inverter B4 goes low. During power-up,
ter is disabled by . During Self-Test, e NMI
r TEST.
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CLOCK CIRCUIT
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NOTE:
The MPU in this game operates at a frequency of
1.5 MHz Therelfore the MPU chip must be the
§502A. The 6502°s maximum frequency is 1 MHz
and is not compatible with this game.
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During inital power-up, the delayed charging of capacitor C22
causes a preset of flip-flop D3 and a clear of counter D4. This |
results in holding input to the MPU low. When the charge
of C22 reaches about 1.5 VDC, preset and clear inputs are re-
moved. Counter D4 counts to 128 at 3-KHz rate, and RESET is
removed (goes high) from the input of the MPU. This aliows the
logic power input to the PCB to stabilize before allowing the MPU |
to begin its initialization routine.
If the MPU program Is operating [%rogerlﬁf the MPU address
decoding circuitry will output the {Watchdog clear)
signal at predetermined intervals. This serves to clear counter D4
before it counts up to the state that will create the RESET condi-
- tion. If the MPU program strays from its intended sequence and
does not output thquIE'EH signal, counter D4 will count up to NMI CC
the RESET state and cause the MPU to return to its initialization
routine.
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DACX1 thru UNMDACX10 (X-axis unmultiplexed digital-to-
erter signals} are transferred and stored at the output of
xers on each rising edge of the 6-MHz clock (from the
ter clock circuitry). The DACX1 thru DACX10 signals are
ligital-to-analog converters (DACs) in the X video output.
(1 and DACX10 outputs represent the physical placement
on the monitor. The far left of the monitor screen is 0, the
2, and the far right is 1023. Therefore, if the DACX1 thru
nal was greater than 1023, the monitor beam wauld go off
le of the screen and start again on the left side of the
wraparound” condition. To prevent a wraparound, the
' select input from UNMDACX11 goes _high when the
ater than 1023 or less than 0. This selects UNMDACX12 to
om the multiplexers to the DACs, forcing ail zeros or all
hus keeping the beam on the appropriate side on the
ad of allowing it to wraparound.

) and YVLD (X and Y valid) outputs from the X- and
unter multiplexers are latched (F10) and gated together to
axis output, BVLD (beam valid).

NOTICE TO ALL PERSONS RECEIVING THIS DRAWING
CONFIDENTIAL: Reproduction forbidden without the
spacific written permission of Atan, Inc., Sunnyvale, CA,
This drawing i3 only conditionally issued, and neither
receipt nor possession theraol conders or transters any
right In, ar licensa to uge, the subject matter of the draw-
ing or any design or technical infgrmation sh thareon,
nor any right 1¢ reproduce this drawing or any Ipaﬂ
thereof. Except for manufaciure by vendors of Atan, Inc.,
and lor manufacture under the cofparation’s wrillen
license, no right o reproduce this drawing is granted or
the subject maiter thergof unless by written agreement
with or written permission from the corporation.
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X- AND Y-POSITION COUNTERS

b5t !D‘E

[ 15 3T-]

UNMBRC K
UMMDACKZ
VA DACES
DR DAC A&

f-position counters are two identical circuits. Therefore,
description discusses only the X-position counters.
lion counters contain rate multipliers (8 and K3),
ters (C9, D9 and E9), multiplexers {C10, D/IE10, E10), laich
ociated gates (B8 and H10). The output of the down/up
12-bit binary number that represents the horizontal loca-
m on the monitor screen (or X axis}), with 0 being the far
» screen and 1023 being the far right side of the screen.
decreasing this binary number output will cause the
 to the right or left, respectively. The vector generator
 decodes instructions from its memory, and then is ca-
 that data to alter the binary count of these counters in
yS.

achine can preset these counters to an entirely different
their previous contents. This will cause the beam to
sw location on the monitor screen instantaneously, i.e.,
1ew vector from a different starting position than where
ector ended. While the beam is “jumping” to this new
yeam itself is turned off to prevent unwanted lines from
he screen. To preset this new position into the counters,
rator causes EﬁSI ROBE to go low. At this time, a new

12-bit number (DVX0-11) is loaded into the counters from the vector
generator memory data latches.

The state machine can also instruct these counters to count up or
down any specific number of counts. This will cause the beam to move
to the left or to the right a specific distance relative to where it was.
During this beam movement, the beam is turned on with the desired in-
tensity. This is the procedure used to draw a vector on the monitor
screen. The direction (to the left or right) and length (0 to 1023) of the
vector to be drawn relative to the beam’s current position is deter-
mined by DVX0-11 (from the vector generator memory data latches).
This data contains information that determines how many clock
pulses the counters will receive and whether the counters will count
up or down,

DVX0-9 memory data is loaded into rate multipliers J8 and K8. The
function of these devices is to space the desired number of counter
clock pulses at equal intervals over the time period that it will take to
draw the desired vector. This insures that vectors of different lengths
will still be disptayed with the same relative beam intensity. DVX10 and
11 are loaded directly into the counters. DVX10 determines whether
the counters count up or down. DVX11 determines the quadrant of the
vector being drawn.
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| VECTOR TIMER
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The purpose of the vector timer is to time out the length of time it
takes to “draw” an actual vector on the monitor display. During the
interval when the X- and Y-position counters are actually drawing
the vector, STOP is high. This prevents the vector-generator state
machine from advancing to its next state untii the vector currently
being drawn is completed. As soon as the vector has been drawn,
STGE goes low, allowing the state machine to advance to the next
state in its intended sequence.

The vector timer consists of multiplexer F5, decoder E6, latch M6,
adder M5, and counters B6, C6, and D6. M6 contains a scale factor
which is added in M5 to the four timer signals. If TIMERO thru
TIMER3 inputs are any state but all high, decoder E6 directly
decodes the sum and loads the decoded low into one of the count-
ers. When GO goes low, the counters count from the locaded count
until the counters all reach their maximum count. This count is a
maximum length of 1024. At this time STOP goes low and clears the
GO flip-flop of the state machine.

If the TIMER signals are all high, ALPHANUM goes low and data
signals DVX11 and DVY11 are decoded by decoder E6. This is added
to the scaile factor and loaded into the counters.
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The state.machine is the “master controller” of the vector-
generator circuitry. It receives instructions from the game
MPU, via the vector generator RAM. It carries out these instruc-
tions by accessing the appropriate sections of the vector-gen-
erator ROM memory, using the vector-generator program
counter to do so. The state machine reads the vector-generator
ROM data (via Timer 0-3) and decodes this information to deter-
mine how it should use this data: 1) to draw a vector; 2) to move
the monitor beam to a new position on the monitor display; 3)
to “jump” to a new vector memory address; 4) to return to a
previous vector memory address; or 5) to tell the game MPU
that it has completed its current instructions, and is waiting for
lts next command. .

The state machine consists of input gates B8 and ES, ROM
C8, latch DB, clock circuitry A6, and decoder ES8. Four-bit input
TIMERO thru TIMER3 is the operation-code input to the state
machine. The A4 thru A6 address input to ROM C8 tells the
ROM which instructions to perform. Address inputs A0 thru A3
from latch D8 tells the ROM which state was last performed.
The address A7 input GO tells the ROM that the position
counters are presently drawing a vector. The HALT input to A7
tells the ROM that the vector generator has completed its
operations,

During initial power-up of the game, the HALT signal is pre-
set low. The microcomputer reads the high HALT signai
through its switch input port {sel/fmux L10) on data line DB7.
This tells the microcomputer that the vector generator is
nalted and waiting for an instruction. To ensure that the beam
is off when the state machine is halted, the high HALT, clocked
through latch D8, results in a low BLANK to the Z-axis output.
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HET n5‘i¢~—'@o;—:—
LA

ror—2

emuz—

The microcomputer outputs an address that results in a
DMAGO signal that causes HALT to go high, and clears the
vector-generator data latches. This makes TIMERO thru
TIMERS3 signals all low. The state machine now begins exe-
cuting instructions, starting at vector memory location O.

When the state machine receives the operation code for a
HALT instruction, it outputs a low HALTS FEGEE, setting the
HALT flip-flop A9, and suspending state machine operation.

The GO signals load and enable the vector timer and the X
and Y position counters and tell the ROM that the vector
generator is now actively drawing a vector. The HALT input to
GO flip-flop A9 sets the outputs to ensure that the vector timer
and position counters are not active when the state machine is
halted. When a low GOSTROBE is clocked through A9, the vec-
tor timer and X- and Y-position counters begin to operate from
the GO, GO and GO" signals. When STOP is clocked through
A9, the vector timer has reached its maximum count, and

goes high. This means the vector has been drawn.

The VGCK input to the clock circuitry is a bufiered 1.5MHz
clock signal from the microcomputer. This is the same fre-
quency used to clock the MPU of the microcomputer. The
signal clocks latch D8 unless the microcomputer is addressing
the vector RAM or ROM memories {when goes low).
Then the clock input to latch D8 goes high and stays high until

goes high.

Sheet 2, Side A



PROGRAM COUNTER
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Counters F4, H4 and J4 contain the address of the next
data byte (instruction} to be fetched from the Vector
Generator memory. Because these counters point to the
next instruction in memory to be retrieved and performed,
they are called the program counter. This program count-
er is incremented one count {to the next sequential ad-
dress) each time the information at its current address is
loaded into data latch O or data latch 2.

The program counter may also be preset to “jump” toa
new address. This new address can be lpaded into the
program counter from the vector generator memory via
data latches F6 and H6 and buffers H5 and J5.

STATE MACHINE
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GeovnTER

F4 gl
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The program counter may also be preset to “return” to
a previous address which it had stored in its “stack”. The
stack consists of register files F3, H3, & J3, and down/up
counter K4. The stack is a 4-word 12-bit memory, used to
save the contents of the program counter for future
reference. It is lcaded when &hﬁpﬂgﬁ is low. Imme-
diately after information is written into the stack, counter
K4 increments one count. Immediately before loading the
program counter from the stack, counter K5 decrements
one count.
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The address selector consists of multiplexers F2, H2, J2 and K2. When VMEM is low,
the MPU of the microcomputer gains access to the address inputs of the vector
generator memory. In this state, EB'F’FEN is from ®2 and VW (vector generator write) is
low when ®2 and R/WB are both low. When VMEM is high, the address input to the vector
generator memory is from the vector generator program counter and state machine. In
this state, EUFFEh and VW are both held high by the pullup resistors connected to the
2B and 3B inputs of multiplexer K2.

Address decoder L2 decodes address bits A11 and A12, and selects the RAM or one of
three ROMs of the vector-generator memory.

This address-selecting arrangement allows the game MPU to access the vector-
generator memory, i.e., write data into the vector-generator RAM to instruct the vector
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
read what instructions were sent to it by the game MPU.
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OR TO/FROM VECTOR GENERATOR
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The data latches consist of latch 0 (H6), latch 1 (F6),
latch 2 (J6), and latch 3 (K6). Inputs DDMAQ thru DDMA7
are the data outputs from the vector-generator memory.

Latches O thru 2 are directly clocked by the rising edge

of the LATCHO, LATCH1, and LATCHZ outputs from the S
vector generator's state machine. Latch 3 is clocked by Bso - sapm—ovie
3 or by LATCHO, if ALPHANUM is low. Latch O is 7 P PR S
cleared when RESET, 'I:')LMKG_O or ALPHANUM goes low. s v
Latch 1 is cleared by ALPHANUM. 1 b
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When BLANK goes low, a low is clocked through K9, transistor Q3 turns on, and the

‘signal is grounded at the base of transistor Q2.

The scale inputs at the base of transistor Q1 determine Q1’s emitter voltage, during the
line draw period. The SCALEQ thru SCALE3 resistors R36 thru R39, resistor R35, and
resistor R40 result in a range of about + 1.0 VDC when all are low and + 4.0 VDC when all
are high. The emitter of Q1 follows at about + 1.7 to 4.7 VDC, while the emitter of tran-
sistor Q2 follows at about + 1.0 to 4.0 VDC. This output is applied to the Z input of the
monitor. Since there are brightness and contrast controls in the monitor, there are no ad-

justments in this circuit.
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cuitry for DAC 8012 at positions B11 and D11.
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The EXPLODE sound is heard
when any object explodes. Noise is
sampled at a frequency determined
by P7, and control bits EXPITCHO
and EXPITCH1. Changing the sampi-
ing rate changes the pitch of the ex-
plosion. The noise is amplitude-
modulated in R6 by EXPAUDO-
EXPAUD3.
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VIDEO INVERTER

The x- and y-video inverter circuits are identical: there-
fore, only the x-video inverter circuit is explained. For in-
vertered video operation, pin 19 is grounded which turns
on transistor Q13 and turns off transistor Q12. In this
state INV is + 8.2 VDC and NONINV is -8.2 VDC.

For a noninverted video output, pin 19 is unconnected
and floats. In cocktail games, pins 19 and 7 are shorted
and have a potential of + 5 VDC. This causes transistor
Q13 to be cut off and transistor Q12 to be turned on. INV
is then -8.2 VDC and NONINYV is approximately + 8.2 VDC.

In upright games, only the x-video inverter is used. In
cocktail games both x- and y-video inverters are used, and
in cabaret games video inversion is not necessary, so
neither is used.
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INPUTS

PLAYER INPUT CIRCUITRY
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DIAG STEP (diagnostic step),
3 KHz, SELF-TEST SLAM, HALT
FIRE, and SHIELDS inputs arg
read by the MPU when SINPY
(switch input zero enable} is low.
Switches to be read are selected
by ABC thru AB2 from the MPLL
All inputs are read on DB7.
Switch inputs are active when
pulled to ground. DIAG STEP, 3
KHz, and SELF-TEST are signals
read by the MPU to initiate and
control the game’s self-test pre-
cedure. SLAM is a signal read by
the MPU to indicate the status
of the anti-slam switch mounted
on the coin door. The MPU reads
HALT to determine the state of
the vector generator.

The coin door and some con-
trol panel switches are read by
the MPU when SINP1 (switch
input one enable) is low.
Switches 10 be read are
selected by ABO thru AB2 from
the MPU. All inputs are read on
data line DB7. Switch inputs
are “on” when pulled to
ground.

The game option switches
are read by the MPU when
OPTS (option switch enable) is
low. Switch toggles to be read
are selected by ABO and AB1
from the MPU. Switch toggles
1, 3, 5 and 7 are read on data
line DBO and toggles 2, 4, 6 and
8 are read on DB1. Toggle in-
puts are “on’ when pulled to
ground.




OUTPUTS

R/W determines the direc-
tion of data flow {DB0O-DB7) as
addressed by ABO-AB3. When
R/W is high, the MPU reads the
input data from DIP switch L8.
When R/W is low, the MPU
writes the audio I/Q instruction
for an output.

The ¢2 input from the MPU is
the operating frequency for the
audio 1O chip and sets the tim-
ing for data bus lines DBO-DBY.

When PKYDCD, AB10, and
AB11 are high and ABS6 is low,
a chip select pulse is gated to
the audio IfO chip. This pulse
prepares the audic /O for
operation.
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This circuit consists of coin counter drivers Q8,
Q9, Q10 and data latch M10, clocked by the micro-
computer's address decoder. When the input to a
driver is clocked high, its collector goes low, ground-
ing the return of the coin counter in the coin door.
When START1 or STARTZ2 is clocked low, it grounds
the START LEDs in the control panel.
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The videc-output circuit consists of three individual circuits: X-axis, Y-axis, and Z-axis.
The X-axis and Y-axis video-output circuits each consist of a digital-to-analog converter
(DAC), current-to-voltage converter, two sample and hoids, and ampilifier. The Z-axis
video-output circuit consists of a shift register and a summer.

X and Y Qutputs

The DACs (D11 and B11) each receive binary numbers from the vector generator's posi-
tion counter outputs. These numbers represent the location of the beam on the monitor.
For the non-inverted X axis, the numbers range from 0 to 1023, where 0 is at the far left of
the monitor screen, 512 is at the center, and 1023 is at the far right. For the non-inverted ¥
axis, the numbers range from 128 to 996, where 128 is at the bottom of the monitor
screen, 512 is at the center, and 996 is at the top. When the X axis and Y axis are inverted,
the monitor picture is turned upside down. This is used for a two-player cocktail game.

The DACs convert these binary number inputs to current outputs. The DACs’ current
outputs are applied to the pin-6 inputs of current-to-voltage converters C12 and A12,

From the current-to-voltage converters, the signal is fed to two sample-and-hold circuits:
One is non-inverted and the other is inverted. The non-inverted sample and hold consists
of one stage of analog switch D12 and capacitor C89 for the X axis, and B12 and C109 for the
Y axis. The inverting sample and hold consists of inverter E12, one stage of analog switch
D12, and capacitor C88 for the X axis and B/C12, B12 and C110 for the Y axis.

The sample-and-hold circuits are controlled by SHCON {sample and hold control).
SHCON is derived by gating 3 MHz from the microcomputer clock circuitry and VGCK*
from the vector generator's state generator. The result of these inputs insures that the
non-inverted and inverted analog signals that are applied to the analog switches have suf-
ficiently stabilized before being applied to the sample-and-hold capacitors.

The output swing of SHCON is —8 to +8 VDC. When SHCON is high, the voltage
charges or discharges the sample-and-hold capacitors to the X and Y analog voltage
value. The voltages are then applied to the inputs of the second analog switch. These
switches select either the non-inverted or inverted X-axis and Y-axis outputs. The outputs
are then amplified by the second stages of C12 and A12 for an impedance-matched out-
put to the X and Y inputs to the monitor. Since the monitor doesn’t have field-adjustable
X and Y gains, the gains are adjustable by variable resistors R120 and R126.

Z Output

The Z-axis video output receives six inputs. BVLD {(beam valid), from the output of the
vector generator’s position counters, tells the Z axis to draw the line. BLANK (vector line
blank), from the vector generator’'s state machine, tells the Z axis to stop drawing a line.
SCALEQ thru SCALE3 (grey-level shading scale), from the output of the vecter generator’s
data latch, tells the Z axis the grey-level shading of the line that is being drawn on the
maonitor,

When BVLD and BLANK are both high, a high is clocked through shift register K9 that
turns transistor Q3 off. This allows the scale inputs to be passed through transistor Q2.
When BLANK goes low, a low is clocked through K9, transistor Q3 turns on, and the

- signal Is groumagoat




