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MASTER OSCILLATOR

The frequency of the master oscillator is determined by the contents
of several output ports. Port 18H sets the master frequency. It is

given by the following formula:
789

& ™° PoRT oA+ M
If bit 4 of outpugzgort 15H is set to 1, the master osciliator
frequency will be’MUdu]ated by Qg%ie. The mmn&n]of modulation will be

ter, output gt 17H.
~

If bit 4 of outpu&ort 15H is seWto @, the fr@ency of the master
oscillator will bg.modulated by aYonstant val 0 give a vibrato
effect. The amourmgpof modu]atiq%§§11] be set qﬁthe vibrato depth
register (the firwat bits of outPut port 14H).L&Jhe speed of modulation

is set by the vibgato speed regisger (upper 2 tﬁls of output port 14H);
PP for fastest anﬁl for slowest

Frequency modu1at}e& is accomplidRed by adding c:}odu1ation value to the
contents of port lﬂu and sending ghe result to ;EE master oscillator
frequency generat-' In noise mo

set by the 8-bit se volume re

lation, the modulation value is an
8-bit word from tta_noise gener . If a bit (E)the noise volume
register is set t(:g, the corresponding bit in ‘Z} modulation value
word will be set (&:@. In vibrato modulation, the modulation value
alternates betwee‘lﬂ and the contents of the vibrato volume register.

Modulation can be completely disabled by setting the master volume to 2
if noise modulation is being used, or by setting the vibrato depth
to @ when vibrato is used.
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TONES

The system contains three tone generators each clocked by the same
master oscillator. The frequency of Tone A is set by output port 11H,
Tone B by output port 12H, and Tone C by output port 13H. The
frequency is given by the following formula:

Fm € 894

2 (contents of TONE EKT-H) (PORT IOH+1) (contents of TONE PORT +1)

The tone volumes controlled output port@H and 16H. The
lower 4 bits of 16H set Tonexd Volume, th;:abper 4 bits sets Tone
B Volume. The 1

be mixed with ch?Eines by settin@ bit 5 of por&=Zl5H to 1. In this case

Fre

4 bits of p 15H sets T C Volume. Noise can

the noise volume given by th per 4 bits port 17H. In all

cases a volume of is silence a a volume ofkﬂj 1's is loudest.

N Q-
3
SOUND BLOCK TRANS

=

A1l 8 bytes of souiﬂ control can ke sent to thé:25d1o circuit with
one OTIR instruct3yd®. Register Cshould be sent to 18H, register

B to 8H and HL poziging to the §§$¥tes of data.yhe data pointed to
by HL goes to por<:37H and the next 7 bytes of’EE)ﬂ goes to ports 16H
through 19H. Q-

Q

HL —= Memory Location X Data-to-port 17H
X+1 Data-to-port 16H
X+2 Data-to-port 154
X+3 Data-to-port 14H
X+4 Data-to-port 13H
X+5 Data-to-port 12H
X+6 Data-to-port 11H
X+7 Data-to-port 1¢H

-
o
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QUTPUT PORTS

PORT NUMBER
gH
1H
24
3H
4H
5H
6H
A
8H
9H

AH
BH
CH
OH

12H
13H
144
15H

16H
17H
18H
194

PROPRIETARY INFORMATION

FUNCTION

Color Register
Color Register
Color Register

Color Register

Coloy Register
Colo gister

)
1
2
Color Register 3
4
5
6

Interrupnt Line
Masteralscillator

Tone requency <:>

Tone B Yrequency t:)
Tone C Freguency

Vibrato Register

Tone C VYolume, Noise
Modulation Control

Tone A Volume, Tone B Volume
Noise Volume Register

Sound Block Transfer

Expand Register



INPUT PORTS
PORT NUMBER

6H

EH

FH
1PH
11H
12H
13H
14H
15H
1¢H
171

PROPRIE TARY INFORMATION

FUNCTION

Intercept Feedback

Vertical Line Feedback

Horizontal Address Feedback

Player 1 Handle

Player ) Handle
P1ay;¥§ Handle
Player & Handle
Keypa olumn @
Keypad' olumn 1

KeypadJolumn 2
KeypadXolumn 3

Dave Niae

UCE

(ri

oD

(1

DO NOT REPR

——
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MICROCYCLER

The purpose of the microcycler is to combine the 16-bit Address Bus
and the 8-bit Data Bus from the Z-8@ into one 8-bit Microcycle Data Bus
to the Data Chip, Address Chip, and I/0 Chip. This was done to reduce
the pin count on the dﬁ!}om chips.

o
The Microcycle Data Buﬁ:zan be in any @f four mOdeSIAJItS mode is
controlled by MC@ and HgE coming fro %%e Data Chip<EjF RFSH from the

5/

Z-8p. The modes are sgn below. . 8
RFSH wee Mo Micro§]e Data Bus Chtents

'R
< Ap

éfrom -89
Ag A7 from Z-80

1

. A9 - ARNrom 7-87

1(t: AD ; from Z-8¢

p <L A from Z-89
A8 - Ald from Z-8p

D@ DR from Z-89
to Z-89

D@
ec after the rising edge of {. Their changes
iagrams of various instruction cycles.

t

P

NOT REPR

=

PROPRIET.

I

Ll R R ™ B S T S TR
[l e R S EER S L T

st

MC@ and MC1 change 140

are shown in the timin

=DO
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ADDRESS CHIP DESCRIPTION

The Microcycle Decoder generates twelve bits of Z-8@ address from the
8-bit Microcycle Data Bus. This address is then fed through MUX I and
MUX II to MAP-5 which go to the RAM. The Scan Address Generator
generates a 12-bit addﬁE§§ which is used to read video data from the
RAM. This address goe€Q)om @ to FFFH once every frame (1/60 sec.).
—~—
MUX I sends either the!Eién Address o\s%—SQ Address tégits 12 outputs.
An output of the Scan 4:5?955 Generator Sontro1s Mux:z) If the Scan
Address Generator and'it§Z—8@ requesty® memory cyc]‘:at the same time,
the Scan Address GeneréEE} will have hiJher priority<:)d the 7-8p will
be required to wait (bMe WAIT outputX. The Scan ress Generator
never requires the mem for more thalNone consecut memory cycle,
so the Z-8p is never required to wait fdr the memory more than one
cycle. HORIZ DR and VébF-DR synchronig he Scan Address Generator
with the Data Chip and @& TV scan. -

TA

The purpose of MUX II is to mu]tip]e;:§§s 12 dinputs ;E:?he six address
bits in the two time s s required fo® 4K x 1 16 pin RAMS.

R

The Memory Cycle Genera controls AS§§Ly cycles gei:jfted by either the 7-89

or Scan Address Genera MREQ, RD, MI, RFSH, and A12-Al5 are from the

[-8p. AlZ2-A15 are fed gyrectly from the Z-8p because if they were brought

out of the microcycle decoder, they would arrive too Tate in the memory

cycle. The RASP - RAS3 outputs are used to activate memory cycles. In the

consumer game, only RAS@ is used to one bank of RAM (4K x 8). In the commercial
game ,all four RAS's are used to control four banks of RAM (16K x 8). WRCTL and
LTCHDO are control signals to the Data Chip. WRCTL tells the Data Chip when to

place data to be written to memory on the memory data bus. LTCHDO tells

the Data Chip when valid data from RAM is present on the memory data bus.

111



As mentioned earlier, WAIT is generated when the Z-8@ and Scan Address

Generator both request memory at the same time. WAIT is also generated

for one cycle every time the 7Z-8@ requests a memory access, even if there

is no conflict with thzcan Address. This is because the microcycler
slows down 7-80 memory@cesses The 7-8@ address bus and data bus must
time share the m1crocyp_e bus so the Z§Q data reacrfu the microcycle bus
very late in the memor“yc]e

D

The INT Generator genemes two types 1nterrupts @the Z-8@¢; Light
Pen and Screen mterru@ A screen iferrupt is ge@ated when screen
interrupts are enab]edu.n.d the TV scan Yompletes a ain line on the
screen (from @ to 255 The line at jch the int pt will occur is
determined by the 7-80. Th1s interrupt’ can be used timing since the
TV rescans every 11ne every 1/60 . A Tight pen interrupt occurs
when the light pen 1nt%pt is enablef¥and moes Tow. The
current scan address i ved in lat in the Scan@dress Generator.
The Z-8@ can read the gontents of thesedlatches to rmine the scan

address at the time LI PEN was actn%ted and thus the position of the

light pen on the screem
a o

The I/0 Decode circuitaused during Z-8p input and output instructions.

7-80 input 1nstructionme used to read the scan address after 1ight pen

interrupts., Output instructions are used to enable the two interrupts

and set the line number for screen interrupts.

112
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DATA CHIP DESCRIPTION

The TV Sync Generator uses 7M and 7M (7.159090 Mhz square waves) to
generate NTSC standard sync and blank to be sent to the Video Generator.
It also generates HORIZ DR and VERT DR for synchronization with the
Address Chip. HORIZ DﬁE:Fcurs once every horizontal line (63.5 usec),
and VERT DR occurs oncQvery frame (16.6 msec).

—

The Shift Register 10a§paraﬂe] daﬁgt%rom the memq%data bus (MDP - MD7)
and shifts it out of 1§two serial ou duts. The TV=Sync Generator controls
when data is loaded orczzifted. In a gpnsumer game,ﬁﬁ} two outputs of
the shift register are(@Ynt through MUII to MUX 1.0 a commercial
game, SERIAL @ and SERlAL 1 are sent ti¥ough the PﬂD‘l:to MUX II. The
two bits from MUX I se;EEt 8 bits to sent through™™sX II to the Video
Generator. These 8 biE;-%hen determineYthe analog Ctiées of VIDEO, R-Y,
and B-Y. 2.5V is a 2.§¥-D C reference Juvel.

EI: .
The Clock Generator ge‘;!étes gG and from 7M. Th are the clocks
for the rest of the sygtem. The frequebdcy of PX is gf that of 7M

and the frequency of f half that oé%ﬁ?ﬁ

The Microcycle Generat%ﬂenerates 'cheS iicrocyc]e co%o] bits, MC@ and

MC1, from IORQ, MREQ, and M1, all from the Z-80.

In memory write cycles WRCTL is activated and the Memory Control circuit
generates DATEN. The Magic Function Generator takes the data from the
Z-80 on MUXD@ - D7 and transfers it to MD@ - MD7. If a Magic write is
being done, the Magic Function Generator will modify the data as required

before it places it on the memory data bus.



A Magic write is a memory write cycle in which data is written to a
Tocation, (X) from @ to 16K. A1l memory from @ to 16K is ROM and cannot
be modified. The data is modified by the Magic Function Generator and

is written to 'Iocationz- 16K. The way in which the data is modified is
determined by the 7 bi@oming from the 1/0 registers.

In memory reads, data ‘qtransferred m MD@ - MD7 %MUXD@ - MUXD7.
Also, LTCHDO is actwa which causes hefdata frorrﬁM to be latched

up in a register in thmgm Functio enerator TQ Tatched data
u

is used in some magic @tmns

The I/0 registers are aied by outp
as in the Address Ch1p

nstructions the 7Z-8f just

AAAAA

DO NOT RE;fRo

PROPRIE TARY
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[/0 CHIP DESCRIPTION

The 7-8p communicates with the 1/0 Chip through input and output
instructions. The state of an 8 x 8 switch matrix can be read through
the Switch Scan circuit. When an input instruction is executed, one
of the S08-S07 Tines wiIE:pe activated. When a Tline is activated, the
switch matrix will feed(Egck eight bits of data on SI@-SI7. This data
is in turn fed to the z@ through MUXD@g— MUXD7. W

<%

The 7-8@ can read the pC®mtion of four p tentiometers%ots) through the
\

A-D Converter circuit. (l:g pots are c inuously scaﬁﬁ}d by the A-D

Converter and the resul{@Q)pf the conver

ons are stor§E>in a RAM in the
A-D Converter circuit. t]hﬁ Z-89 simply ¥eads this RAMAGith input
instructions.

W

The Z-8p loads data int&)ﬁhe Music Proc r with outEE; instructions.
This data determines thd]Eharacteristic of the audio'gﬁat is generated.
ribed in d

IN
ssgciinlia

The Music Processor is 1 below.

PROPRIETA
.@W (/g%%/
DO NO
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MUSIC PROCESSOR

The music processor can be divided into two sections. The first section
generates the Master Oscillator Frequency and the second section uses the

ts of all registers in the Music Processor are

Master Oscillator Frequgpcy to generate tone frequencies and the analog
audio output. The cong

set by output 1nstructﬁens from the 7- 8@

W

Master Oscillator FrequgRcy is a squa wave whose fefiuency is determined
by the 8 binary inputs the Master Osillator. 8-bit word is the
sum of the contents of e Master Osc1 ator Reg1st nd the output

of the MUX. The MUX 1l‘.?ntro11ed by MIX REG. Ct:

Q

If MUX REG contains @, tnen data from Vibrato Sy§kﬁﬁ will be fed
through the MUX. The o bits from thaVibrato Fredﬂ!ﬁcy Register
determine the frequenc f the square yQve output of the Low Frequency
Oscillator. The 6- b1tqurd at the o t of the AN[}ﬁﬁtes oscillates
between @ and the cont’n%s of the V1b 0 Register. e frequency of
oscillation is determ1l‘d by the conte s of the V1 0 Frequency
Register. The 6-bit wiiE, along wit t@o ground bits are fed through
the MUX to the Adder. c1_1s causes t2§§Vaster Osc111€2>r Frequency to be
modulated between two (E)Jes thus giving a vibrato eEE)ct

Q-
If MUX REG contains 1,‘n&n data from the Noise System will be fed
through the MUX. The 8-bit word from the Noise Volume Register determines

119

which bits from the Noise Generator will be present at the output of the AND gates.
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If a bit in the Noise Volume Register is @, then the corresponding
bit at the output of the AND gates will be §. If a bit in the Noise
Volume Register is 1, then the corresponding bit at the output of the
AND gates will be noisZrom the Noise Generator. This 8-bit word is
sent through the MUX to®e Adder. The Master Oscillator Frequency is
modulated by noise. }:

L

T NS
In the second part of tEMusic Process rs the squaré:’ave from the
Master Oscillator is f@o three Toney§enerator cir@ts which produce
square waves at their o@uts. The freQuency of the@)utputs is
determined by the contelih of their Ton® Generator R&ster and Master
Oscillator Frequency. E 4-bit words the output the AND gates
oscillate between @ and the contents of “the Tone Vol Register. These
4-bit words are sent t&-A Converters se outputs oscillate between
GND and a positive ana]&vo]tage dete ined by the mtents of the Tone

&
Volume Register. "‘ O

One Noise bit and four Mse Volume bit%gfrom the first section of the
Music Processor are feom a set of A@f}oates. This gagt of AND gates
operates the same way agw=he AND gates for the tones cept that the
Noise AM Register must tain a 1 for the outputs of the AND gates to
oscillate. The analog e‘.puts of the four D-A Converters are summed to
produce the single audio output.
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CUSTOM CHIP TIMING

The following diagrams show the relationship of various signals
in the system during different types of operations. Delays are
shown to be zero nsec from the clock edge which causes the transition.

The actual delay isZ\/en in “"Electrical Specification for Midway
Custom Circuits". 0

S

MUXDY - MUXD7 is a ﬂit bidirec‘m 1 address a ata bus for
the custom chips. sing this tec mque 16 b1th address and

8 bits of data can {@®ent to the cytom chips onQwires. The
state of the bus is @termined by ME§ and MCI frofdhe data chip

I@

and RFSH from the Zm m
Q

<
S oMl uep 'ﬁ":'
S
L L L g AD - A 0 custom ch‘.ks.
L L H E AD - % custom chz
S
L H L E AQ - é’co custom ch'@
L H H 8 Ap - A7 to custom chips
H L L cl. A@ - A7 to custom chips
H L H A8 - Al5 to custom chips
H H L D@ - D7 to custom chips
H H H 0@ - D7 from custom chips
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VIDEQ TIMING

The frequency of PX is half that of 7M and the @ is one-fourth 7M.

There are 455 cycles of 7M per horizontal Tine and 113 3/4 § cycles

per line. Because of the extra 3/4 cycle @ must be resynchronized

at the beginning of

The timing relation

the relationship of

are the first two vi

forty.

R

PROPRIETARY INFO

h 1line. This 1is done by stalling @ for
3 cycles of 7M. PXQalso stalled for the same amount of time.

is shown
T DR to HO

i

belaw.
R %DR.

RAS signals

The diagram also shows
The twoeRRS pulses shown
a line, eaE:)11ne contains

DO NOT REPROD

131
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ELECTRICAL SPECIFICATION FOR MIDWAY CUSTOM CIRCUITS

I. GEMERAL SYSTEM PARAMETERS

I. A. Power Supplies

1. VDD=+5.0V +5%
2. VGG=+10.0V +5%
3 /55=0.0V

I. B. Timing Signals

1. P& %em‘od = 560nsec, High time* 240nsec to 260nsec.
Ty,

p an have zero level crossover +1 volt -0 volts
t i - Jess than 20nsec

.9VpD

.7V to OV
T (Times are in nsec)

2. 7MW RG; Period = 140ngec, High tﬂ&!:SOnsec to 70nsec
M & ave zero levs rossover +1 volt -0 volt

fl:'tr, tet Jess than 15nsec

6V to 75; iiz

L7V to QV (Times are in nsec)

DO N&T

Dead thne(a_Ensec
Max C Load = 20pf

+N

r\J——'O

te
) High time is time clock at >.6V.
) Rise time from zero levei to one level.
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(Continued)

*Note:

1. High time is time between 50% points.

2. Clock signals are generated by low power Shottky Logic
(series 74LS). TFull level swing on clock sianals to be
achieved through external resistor to Vpp. Zero level
.7V to 0OV.

3. Rise time from zero level to .9Vpp.

280 Data 5 (MUXD@-MUXD7)
\J
1. 180 D"E Bus interfac requires a three-state output/input
buffe The three es are defi below.
2. Logic LoV o+ no1§§onerated bygip, noise for address
chip ic 158 @ -430uA
3. LogicQ) 2.7V @ +70u

dance: Leaksye at either%@ic 0 or 1l to be

R

4. High %&
TesNYhan 5uA.
—
5. Transjent Response: ~ansition fr igh Impedance to
5>- r 1 will be complete within 442nsec
the 90% po P of the last wait
ate of 1'npu*i-eyc]e or 442nsec of the

% point of the second wait state
the interrgacknow]edge cvcle.
e maximum 1t will be 80pf. This
cludes 14pfd for two custom chips.

6. Excepymon: The pat€§$trough the DY chip connecting
the RAM bub with the 7/ us shall introduce
a maximum of 160nsec o Tay.

RIETAR

‘RO

7. The 1¢Y address byte will be valid on the Z80 Data Bus
at least 62nsec before §. The high address byte will
be valid at least 79nsec before . The data byte will be
valid 55nsec before p.



—4

IT,

. F. Ambient o;ﬁr[iting tempera
S
. G. Storage tcm;rature > ~(§

. H. Packing 4{%71'n plastic. Q
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. D. RAM Data Bus (MDO-MD7) - Home Game

1. The RAM Data Bus will require three state logic buffers.
2. Logic 0: BV @ -25uA
3. Logic 1: 2.7V @ +25i A

4. High Impedance: 5upA maximum leakage at either logic 0 or 1.

5. Transient Response: The cutputs shall transition from High
Impedance to 0 or 1 within 120nsec of 7M.
2 The outputs shall transition from 1 or O
to high impedance within 20nsec of 7i.
O Maximum load will be zOpf.
S

. E. RAM Data [’U’?(MDO—MW) - mmercial Garky]

1. The R/%ata Bus wﬂ%equire thre%ate logic buffers.

N

2. Logic@® .5V @ -200% Q
3. Logic& 2.7V @ +25u/ 8

4. High IZedance: SpANR X Timum 1eakaggnm° either logic 0 or 1.
S

5. Transient Response: The output sh transition from Hign
Redance to 1 within 120nsec of

The output shall transition from
or 0 to HigHmpcdance within Z2nsec
F 7M. Maximugegd oad will be 10pf.

CusTOM C IRCUI@ECIFICATION

This speciﬁcaqmn defines the terminal characteristics for
each of the custom circuits. These specifications shall take
precedence in case of conflict. A1l @ references refer to
the ® and P inputs to the address and I/0 chip.



-4 - 138

IT. A. Data Chip

1. Input Pin List Vo V1 td (Low)! td (Hiom)D per.
w) o nsec (nsec)

MREQ .5 2.45 132 6 M
RD .5 2.45 12 6 7H
10RQ .5 2.45 112 126 7H
M See Section 1.B.

7'1 1" n

WRCTL 5 3.1 2 82 7M™
M1 5 2.45 12 82 7M
LTCHDO 5 3.1 120 120 7M1
Seri 5 2.45 30 3 7t
Seri% 5 2.45 30 30 M

2. PowerSupplies )
See Jion I. A. §
= 3

N

Qz
3. Bus @ections

XDO"'L See 780 Datg Bus Spec.
MXD]

MXD2 == "
MXD3 !

MXDA D " \
MXD5 " §

T REPRODUCE

MXD6 e "
MXD7 .
MDO See RAIM Daty bus Spec Se
MD1
MD2
MD3
MD4
MD5
MB6
MD7

on T1.D.

DO NO

FPROPRIET.
.@ﬂ/w
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- 5 -
4. Outputs V0 10 Al il CAP th Ref.
) WA (V) (LA) (pf) (nsec)
VIDEQ* * 10 100 7H
R-Y* * 10 600
B-Y* * 10 600
HORIZ DR Note 4 400 2.7 20 20 20 7M™
VERT DR Note 4 400 2.7 20 20 20 7M
2.5v6 - - - - - DC
2 Note 4 400 2.7 20 10 100 M
PXCLK Note 4 400 2.7 20 10 100 7t
MCO 2 Note 4 400 2.7 20 10 120 Vai!
Mcl Note 4 400 2.7 20 10 120 7M
DATE}‘:) Note 4 400 2.7 20 10 a0 ™
‘s% Ly
§\ D
*Vide -Y, B-Y are alog outputs&é} 140nsec rate. Video,
must tch from 10%.¥0 907 of bla to white in 140nsec.
B

R-Y -Y transitio@s not to exc@d .6usec.

ARY INFORMATI

IET.
OT REP

The 780 f gencrated by this signal with a clock driver which
introduces a delay of <20nsec.

td4 (Low) abggtd (High) is gaximum time ;i:nsec except where a
MINTMUN T Somg OWN . .
For TORQ REY™ to B td (Lepd=132nsec td %gh)%nsec.
Serial 0 agy Serial 1 wi perate at 7N2.
.5V + nois enerated by chip. q
Tap on hotMwPesistor chains for a capacitOr. Will become test
input withlXD1tage applied > &Y.
a
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Chip

Input Pin List

Reset

MONOS
RD
10RQ
i)

f
SIp
ST1
SIe2
SI3
514
S15
SI6
SI17
TEST

MATION

Power&mpﬁes
See jon 1.A.
Zz

Bus d?ﬂhections
Q-

MUXD
MUXD "
MUXD "
MUXD i
MU X D "
SIGE
MUADE{)_ !
MUXD?O "
Outp%
Audio Hote 4
Discharge Note
S0f Hote
SO1 Hote
S02 Note
S03 HNote
S04 Note
S05 Notle
SG6 Note
S07 Note
FOT D Note
POT lote
Hote

1
DT ~
FCT 2
Hee

{
(S

[N
oTe

See 780 Da

LG W ww Lo

T g M)

- 6 -
vo V1
) 2.45
Hote 1

.5 2.45
.5 2.45
See Section
.5 3.3
.5 3.3
.5 3.3
.5 3.3
.5 3.3
.%§ 3.3
> 3.3
.5 3.7
R 5.0

Dawe

VO

Fmax

L5V
Note
Hote
Note
Note
Note
Hote
Hote
hote

D

gu

S

SN RN N e NS NI

(1A)

20Kz
4V
200
200
200
200
200
200
200

290

1NN

Ref

AN A (J‘l w

1

td (Hiah)
(nsec)

1650
1650
1650
1650
1650
1650
1650
1670

WWWwWwwww

149
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Note 1 MONOS triggers at 2.1 volts +2% + noise voltage
vhen the supply is 5.25V.

Note 2 Open source-Yoltage measured with 0.2ma.

Note 3 Time from load of address into microcycle register

to date valid on MUX data bus from SI inputs
(data path through address decoder, out on SO
outputs, through closed switch and isolation diode,
into SI input to MUX Data Bus) shall be 2usec max.
Drop of isclation dicde will be 0.7V max. SO must
drive 2k& in the high level. Max C load of SO

zaﬂ be 300 pf. SI input shall have kill device

0ab1ed by INPUT.

Note 4 gmmdio voltage ogcillates between OV and one of the
b i1owing vo]@%es; .33, .67} .00, 1.33, 1.67, 2.00,

133, 2.67, 3 , 3.33, 3.67 .00, 4.33, 4.67 and
00. These vo¥tages cshoul +6%. The load shall
1000pf and ka.

@D

Note 5 @scharge is op¥n drain to Discharges .0Tufd

u:.apacitor‘ to .2% in 144usec.

Note 6 Zr TOREQ RefNFo 7 td (Low)™s2nsec td (High)=166nsec.
S

REPR

Note 7 .5V + noise geng\ated by I1/0

MiscelTlaneous Ti@ﬂ

Time for ®LAdder - 20 | %
S
§
T8

i
50p © [o—s %
o
a

e—>b—

DO NOT
(

O
o

(..

S e e - —

!
o @ o : G
Input | ey — ; C ==
? ! j U B NS
1
s L
\/ \, N/
' §sip Y S11 v osie
No more fhan three switches on cach SO are ¢losed grna time
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C. Address Chip
1. Input Pin List V0 V1 tpd (Low) tpd (High) REF
W) (V) (nsec) (nsec)

RFSH .5 2.45 222 P 216 i}
HREQ .5 2.45 152 9 166 P orp
RD .5 2.45 172 9 or P 166 P or p
MI .5 2.45 176 9 242 )
Al2] 5 2.45 P
A13] .5 2.45 )
A14] .5 2.45 )
A151 .5 2.45 )
10RQ .5 2.45 132 146 72
LIGHT .5 2.45 Asyn
TEST > .5 5.0 DC _
HORIZ &PR. .5 2.45 Note 3 P
ver, b . 2.45 W] MNote 4 p
4] s e Section 1.€)
- -

2. Power QQyplies . @)
See Se%on I.A. Q_

ey, m

3. Bus Codmections m
MXDO e See 780 PXRa Bus Spec Shesion I.E.
MXD1 q " O "
MXD2 h " 1
003 Ly <
MXDA — [ § 1
MXDS 1] "
MXD6 E " ® O "
MXD7 O " Q "

4. Outputf® YO 10 V1 I1  CAP tpd(Low) tpd(High) REF

& W) (WR) V) (up)  Tpf) (nsec) (nsec) _

LATCHDO =Note 7 Note 6 3.1 MNote 6 10 280 140 B>
WAIT . . 400 2.4 20 25 490 490 [
MAO-MA5 400 2.4 20 20 242 240 por P
INT .. 400 2.4 20 25 490 572 )]
RASQ-RAS3 " 400 2.4 20 20 382 382 9
WRCTL " " Note 6 3.1 Note 6 10 382 382 i

. Time_from High Impedance to 1 or 0 is 200nsec.
. For TORQ Ref to P td (Low)=152nsec td (High) B
. Horizontal Drive time from low to high is 40nsec arter 9.

(from Py of T7)
=166nsec.

Time from high to low is 100nsec before rising edge of .

of #. Its width will be 2.1

usec max.

It will go from

hiuh to Tow 100nsec before falling edge of p.

. Reference tpd (High) is g.
. MOS to MOS signal.
[_“.’ v

 nnten manovatad ke A

!
R el

. Vertical Drive will transition from low to high 40nsec after falling edge
1.54usec min.
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1/0 MODE DECORE

T
ial

OO N OTSWN — O

18

1B
1C
1D
1E
1F
20
21
22
23
24

2F

>

1/0 Parts

"

<:%nsumer/tommercia]

T Mriz Color Bndry
rtical Bla k

o]or Block
g1c Reg
terrupt Feed 1914
terrupt Mode
terrupt Line.

one Master 0S

ne A

oy 1
Treme]]o

ne C Volume
ne A,B Vo]um
1se Volume

und Block fiss

PROPRIE TARY
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Tnput

Intercept Feedback

Ve
Ho

al Addr Feedback
ntal Addr Feedback
ak 0

E PE@DUCE

NOYOY BEwWwN

POT

DO- NOT R



