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1 General Specification

TCHEU

*MEMORY

*CRT DISPLAY

*CMT

®SOUND FUNCTION

“KEYBOARD

FLOPPY DISK

‘PRINTER

“ROM Cartridge

cJoystick

Z-80a ov Equivalence

RdM BE2KBOMSX BASIO)

RAM  H4KB

TEXT MObE 40chr«2aline
GRAPBIC MODE 2956+192dots
COLOR ibecolor

FSK METHOD

120072400 baud rate

3 octave,3 tones output
Alphanumeric,graphic svmbal

code symbols

_5&" supporting(MSX-D0s formatting)

3% "

8 bit paralleli(Centronics)

1/0 bus

Game cartridge,expansion bus

1 or 2

cartridge



£a

1. .2 SYSTEM COMFLIGURATION

CMINIMUM

SOUND OUTPUT VIDEO OUTRUT CARTRIDGE SLOT1
JOYSTICK Z80A 10M 32KB
PSG RAM B64KB
vDP PP1
CASSETTE KEYBCOARD

° SOFTWARE SUPPORT AREA

PRINTER OUTPUT VIDEQ OUTPUT CARTRIDGE SLOT EXPANSION

CARTRIDGE
JOYSTICK ZBOA ROM 32KB
2 PSG RAM 64KB
vDP PP1

lCASSTTE KEYBOARD

*The number of the slol is maxinum 16 containing system

i LR B ) S A
YO Z80A or equivalence
CLOUK 3.979%9a%MIA

1 WALT SIGNal i3 inserted after esch Mi

cvele.
“WhpP TMSG 1 2UNL
THRG AY - 1-8910

PP INTEL-B235%A



o 2 MEMORY
v ROM MSX BASIC INTERPRIZIEFR 32K
° HAM stk RAM (1 64KU

VINEO RAM:IGKD

* There Is 6 basic slot in system,and the syswem can
access 256KD ROM, RaM.And it can have maximum IM

DyLEe memory area.,

+ Basic ROM exists form 0000l to 7FFFFH,and RAM exists
from FFFFH Lo lower address.ﬁefer Lo Chapter 4. for
details.

2. 3 INTERRUPT

’

« NFT---Not use,MSX UASIC Las RAM HOOK.

x INT--- VDP or cartridge bus can input exterual inter-
rupt signal.vDP {nputs interrupt signi
to CPrU on every.1/50 sec¢, then CPU restarts

From QO38H.

SINTERRUPT CIRCUIT EXAMPLE.
Vo

=3

:::) _ - INT




A DISPLAY HODIEE

LI | THS91Z29NL
« Character:alphanumerlcsgraphic syvmhols (8«83 dots)

Color 1 colors

* gprite possible

x Displav mode table

MODE | RESOLUTION|SIZE|NO |COLOR|SPRITEIDIPLAY

—GRAPHl;ﬁ:"fzﬁoalgz I8«8 1256] 16 | O i =24
GRAPHIC 2 [240+192 8«8 |765] 16 | O | 29.24
MULTICOLOR|G64«48DLIK Ja4x4 | - | 16 | O | 29«24
TEXT | 220x192 j8x6 |256]20f16f x | 39«24

= NO: THE NUMBER OF PATTERN



2. 5 DISPLAY LHARACTER CODE
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2. 9 PRINIEGR

ENTEREFACTE

O STANDARD 0005

vOLEVIEEL

* CONNECTOR

"I

+ SIGNAL TABLE

[ARN)

paarallel.

CAMITIENOL 14 PIN

PIN CONNECTION

[ TERMINAL NO!SIGNAL|
1 |Ps1e |
Tz IPOBO |
3 " iFpB1 |

4 'PDB2 |

5 {PDBI |

6 |PDB4 |

7 |PDB% |

8 |PDBE |

9 {PDBY |

10 I NC |

11 lrusy |

12 i NC f

13 | NC i

14 | GND |

7 65 43 2 1

ToTo-
84584

1413121110 9 8

pin arrangement toward the system i

2. 10 THE LIST OF CONNECTOR

TERMINAL NAME | SPEC/STANDARD
VIDEO OUTPUT |
COMPOSITE SIGNAL OUTPUT| RCA 2 PIN CONNECTOR
BF SIGNAL RCA 2 PIN CONNECTOR
CASSETTE ! DIN 8 PIN CONNECTOR

GENERAL 1/0 PORT

f AMP 9 PIN CONNECTOR

PRINTER

| AMPHENOL 14 PIN CONNECTOR

CARTRIDGE BUS

| 2.54 PITCH,50 PIN CONNECTOR

AUDIO QUTPUT

l RCA 2 PIN CONNECTOR




3.1 BLOCK DIAGRAM

ROM
328

RAM
64KB

PRINTER
O INTERFACE

PRINTER
CONNECTOR

cPU
{Z-80
COMPATABLES]
KEY BOARD
PPt CASSETTE
’_L " 8255 J ~ [NTERFACE l_CD
CMTIN
REM
CMTOUT
vDP V-RAM
9129 16KB .
VIDEO
QUTPUT
1 : RF OUTPUT
PSG RE
AY38910 MODULATOR
: AUOIQ
QUTPUT

i

RCM PACK
SLOT

" CONNECTOR (50 PIN}
FOR ROM CARTRIDGE

LIGHT PEN
INTERFACE

1l

EXPASION
BOX

(50 pin}

O LIGHT PEN

—O
rO
L0

JOYSTICK
CONNECTOR



Ao CERTRIDGE RS STEMALL
e o e e e T e e e e e e e o e T o o e L e e i T o e e et S e e S 4 e A n e
IO, STakaL HAME 1-0 M SIGHAL HaME ]
1 C3L D £ 2 CEZ bt a]
3 CElzd) o %} 4 SLTEZL v ]
5 Regsarved #1 o~ s RFEZH (4D 5]
2 WAIT MY 42 I 8 IMTOD w2 i
= M1 Y o] 10 EJSDIR o I
11 TORG () 1z MERGH M) & O
13 WR (HD) G 14 RD D 75 o
13 PESET (M2 L 1€ Core, JIDED s}
17 t=] (& 12 AlS |
13 Aatl G 20 A0 0
21 "7 0 2z AL o
23 Aalz o] 24 Ag s
25 Aala Q 25 AlL3 O
27 Al Q z8 Al o
z9 A3 c 3q Az G
31 As 0 32 Ad 0
33 D1 1,0 34 oo 1/
35 D3 1-C 35 Dz 1/0
37 DS I1/0 3z D4 1,0
39 o7 I/0 40 De I-0
41 GhD - 42 CLOCK (3, Sar-z) o
43 AEND - 44 SW1 -
45 +5y - 45 SW2 -
47 +5U - 43 +12u -
43 SUNDIN I S50 -1z -
*1 t"Reserved” means that this'pin is erohibited to be @

*2

gPpen cotiector state



3.3 CARTRIDGE BUS SIGHAL FUNCTION

14 S TG AL HaE CONTENTS

1 ZE LD ROM 4000MH~7FFFH ADDR. SELLECTION SIGhAL
2 CE2 D ROM 8000H~BFFFH ADDR. SELECTION SIGhAL
3 CS12 ) ROM 4000H~BFFFH ADDR. SELECTION sTatnl
4 SLL.TSL by SL.OT SELECTION 3IGHAL EACH SLOT

S Reserved

< REFSH QD REFRESH CYCLE SIGHAL

7 WATT ) WAIT REGUEST SlgHAL T CPU

g IHT D INTERRUPT REQUEST <SIcGhHaL TO CPU

9 Py (M) MRCHINE LAMNGUAGE FETCH CYCLE

14 RUJSDIR DATA BUS DIRECTIOHM SIGHAL

11 IORG () INPUT/0UTPUT REGUEST SLGHAL

12 MERG (M- MEMORY REGUEST SIabNAL

13 WR () WRITE CYCLE SIGMAL

14 RD U4 READ CYCLE SIGHAL

15 RESET (M CPU RESET SIgHnL.

16 COMP. VM IDEC COMPOSITE VIDEO SIGHAL.

17-32 |Rx0~als ADDRESS BUS SIGHAL

3340 | DO~-D7 DAaTA BUS SIGHAL

41, 43 |GHD sIahAaL GROUND

42 CLOCK CPU CLOCK:3, sghiHz

44, 46 1SW1, g2 FOR SYSTEM , PROTECTION & aUTO RESET
45, 47 [+5) +3V POWER

43 +1 2V +12U POWER '

4% SUHDIM EXTERMNAL SOUND IHPUT (-5dbm

50 -1z ~12U POWER '




v Thoe Following diaaram Is Che memory oup.
FFFFF ey
3
~ €000
ADCO
2
: 64KB
8000 8000 RAM
1
32KB
[
4000 SYSTEM
ROM
MSX
0 BASIC
0000 000G
cPU SLOT #0 SLOT #14 SLOT # 2
MEMORY :
OR SYSTEM CARTRIDGE RAM
SLOT SLOT SLOT

i

MUEMORY  MAD

BASIC
EXPAN-
SION

SLOT#3

EXPANSIN
SLOT



(R

103

[310]

c0

Ho

.‘\H

AU

48

90

&0

919]

170 ADRS

DEVECLEE

LO ADRIRW]  TONTENT finoex
£198  [W | VRAN DATA WRITE 9129
R [VRAM DATA. READ t

#1199 |W |COMMAND, ADDRESS SET |}
IR | STATUS READ i
&IIAU (W [ADDRESS LATCH {AY-3-8910
&HAT  |W [ DATA WRITE |
XHAZ  {R [DATA READ {
RHAS  |W [PORT-A DATA WRITE 18255a
IR | ; READ |
&HA9  |{W | PORT-B DATA WRITE |
IR | . read |
&HAA  |W [PORT-C DATA WRITE |
(R | ; READ |
EHAD. |W [MODE SET | ,
TRHO0  |W | STROBE OUTPUT(bLO) | LATCIE OUT
|R |STATUS INPUT(DLI) [BUSY '1°
8H91 {w }PRINT DATA

| LATCH ouT

PRl
T psg - 7
— ]
vDP
PRINTER
-
RS-232C

T




A PP ASSTOGNDENT

PORT RN P/G MHAMI FUNCTEON
N B o s
A \ Y i

SLOT 1 FOKR 0000 3PEE

T T esu U sior 10T FOR 4000 THEE

‘3 9 s

a4 |70 TeSzn | USLoT 1p FOR BODU- BELE

wn
-
91
:

{e

6 0 Csst. | SLOT 1D FOR COuO FERE

C 3 O KBo EYSCAN. oUThUT

3 kD3

—— ey —— R
4 0 CASON | CASSETTE MOTOR ON(L=ON) |
5 0 CASW | CASSETTE WRITE SIGNAL |
6 0 CADS | DRIVES CAPS INDICATER

7 (o] SOUND ONE BIT OUTPUT FOR EXTRA




Hoh PRG T ASSTGNMENT
PORT BT 1 /O CONNCETCTOR JOYSTICK
AT T Ty |
NET [ Fwhn2
1 | R IR BACK]
Ja 2 a2 BACK2
2 i 13- 3 1 LEFTIH
S 1 SRR ECTEN T 3+ LERT2
3 1 1°'3 4 1 CRIGHT ]
Ja- 4 * 2 RIGHT2
4 1 J3 6 ] TRGA1
J4- 6 %2 MGAZ
v 5 | J3-7 *1 TRGB1
dh -7 x TRGRZ2
63 1 KEY MATRIX SELECTOR
7 i CSAR (CASSETTE READ SIGNAL)
B 8 QO J3-6 *3
I J3-7 %3
2 Jh 6 *3
3 Ja-T =3
4 J3-8
5 J4--8
&3 PORT-A INPUT SELECT
-
*1 VALID ONLY WHILE PORT-8/DIT-6 1S L
x2 VALID ONLY WHILE PORT-B/BIT-6 1S il

#3 SET I IF NOT USED AS AN OUTPUT.OPEN CLLECTOR OUTPUT.

*OTHER PINS ON J3,04

J3-5, 045 + BV
J3-9,04-9 GND

*4 08 not supplied in the minimom configuration.



5.1 RAM EXDPANSTON

MSX HASIC cempuires o conlinous area inomewmory tfrom FEPE Lo
he fower memosy avod . Uxpaansion A should he locatod just
utkier the existing RAM Lo make a conlinuods wed avallable

lo BASIC,

when (he miagimuan memory systom C(;lfig\u1zti(nx contains Bk RaM
from EOOO-FRFE, memory must stit!l be tncrementod by 16K as
the 3107 SELECT SIGNAL works on o 16K anit basis. in this
case the originagl 8k of KAM are not used and the expunsion

of results in a4 total of 16k wemorv not 24k,

There are two kinds of 16Kk RAM cartriddes avallable. one (s
for the 8Kk RAM minimum system and Lhe other for thuse machine
which comﬁs with 16Kk RAaM.while both cartridges tontain 10k of
RAM they must not be confused wilh one another and care miust

be Laken that they are installed properly.

Computers with Bk RAM to start with use 16k RAM from FFFF to
Coou,
Compulers with 16k RAM to start with use 16Kk RAM Expansion

Cartridges with RAM frow BFFF to 8000.

M3X BASIC OCCUPIES THE RaM from 8000 to FFF and cannot use

RAM from 0000 to 7IFF.

‘5. 2 307 EXPANSION
The four slots which comeé witlh the minimum system ure called .,
Lthe DASIC SLOTS and firom each of these BASIC SLOTS other slols
can be added to exXpand the system.To select an expandedd slot,

the BASTC SLOT to which is bLeloug must First e selected.

This is uot necessary in systems o which Lhere is a Fuaticlion

which can inhibitl the BASIC SLOT.

Up to four slots can be connected Lo each BASIC SL.OT
without using a buffer.¥Five or more slols cun be coanected

using the buffer fov Lhe cartridge bus.

Since the CPY cannet distinguish whether o cartridge s before
or after the butter,a circult which accepls a signal from the
cartridge Lo distieguish the derection of the buftfer is
installed.lhe siygnal from the cartridge is called BUSDIR.

Ll

In some cases, bowover,this signal is nol npecessary and

cartridge cireait can boe simplitied using:



In s cases however s stgoal {8 oot pecessary and Lhe
cartiridge cirenit coan bhe simplifbed nsina;
C1Y A cartt idge which accopts hual
never sends dada 4o the CPULIN this ease Ul
bif fer always warks outwirdd and never opward.,
(2 A memory cartridge.
In this case,the bus derect ton can be
distinguished from the signals availablecSiot
Saeloect , Memory Request,Read  Weite)
This ROM cartridaes can be made inexpeonsivelv.
5.4 SLOT
VAT 18 A "SLorUy?
The word "slot”™ s used here with a special meanina. 14 does
nol refer to Lhe cartritdye connector slot familiar Lo apple 2
users.Slol here s somewhat similavr to a semory lank becailse
it is a block of 64k of memory.It is also siwilar to a "hard-

ware slot”™ because the CPU names each slot and wlects a slot

on the cartridge bus is called the "Siol Select Sianal".

Note that we are discussing the slot from the poinl, of view
of soflware and the aumber of phyvsical cartridye slots will

be discussed in anvther section.

8255 74LS153 74L5139 )
¥o p———————3i310
pag |—-E50k 10 v A :
PA1 £soH 2co ' ¥ P BTS04
paz i8I 1C 2v 8 .
PA3 TS toc V2 ————— §iT502
Pag f—CS2L 2 5
pas G20 ocn Y3 5T5(3
pag 553 Jiea
o opar M oy
&
Al4 . IEC
8255 A
Chip Select AlS B
_ ¥ Sh
G
2G

RESET ™ N



CARTRIDGE SLUOT EXPANSION 1OX

oA FPXPANSTON SLOET CERCUTTT BEXAMELE

O TO EACH
EXPANSION  BLOT
BUSDIR
DATA BUS e
De—0 PN }51 L BUSDIR
o
0O ™ O
ORG
-0 > o
ADDRESS BUS {/0 ADDRESS
Ar—Au Wat I\ O_ .
~ 1 DIECODER
- ARA:J ClRCULl
SO —QEXPANSION Dﬂ{) 1/0 CARVRIDGE
___sLor D3>
SUSLISIELECT h—> EACH. EXPANSTON SLOT
CIRCUIT SLOT SELECT
D>




WHY Bk SLors 2

On g system with an ordinary bhank memory sceup, ovoery deviocoe

in Lhe same memory area receives Lhe same soeloect signals.
This makes it impossible to pul lwoe ar more dovices au Uhe

sate operation o evoen damages it

Hsing stols makes (L possibie Lo put several odvices (o the

Katte address but in diflrercsl sfots. U sisa makes (6 possihice

Lo pul programs o the same ates.

As a result,the slol makes forr a more tlexible environment

and adds motre expandability Lo the systoem.

wxx FEXPANSION CARTRIDGE
SELECT SIGNAL CIRCULIT

TUACOLESS OF FEFE ADRS)« MREQ-RD-SLTSCL

A(‘,CESEL-.OF FEFE ADRS)- MRLEQ: WR- SLTSEL

74LS 74LS
153 139
1Y A Yo ;}-———
DATA BUS v 8 Yib——
N7 o S—
—{1 76 G Y3ip——
o f——1 38
ClR
RESET 77 Au An
MREC

CRESID CACCESS OF FIRE ADRS)



e 1 CP-SIL0T CTRCULT
CPLIZ-30M clock Is deriyved from the wideo disrlax
rrocessor TH39123. ’
Jsina the TR G3¢Z5C1815) in main reset clrouit, tarning
the rower swlteh on made nesstive fulse,aet CPU and
other rrocessor resetted.
MSx svstem has four stots by the SLOT SELECTICH method.
Each slot consists of 64KB,

+SLOT HO  :MS¥ BASIC INTERPRETER ROM VERSIOH 32KB
#SLOT HI  EXTERMHAL CARTRIDIE SLOT

+S0T H2  MSX SYSTEM IHTERMNL D-RAH BAKE

+SLOT #H3  :EXTERMAL EXPAMHSION SLOT

Amone the evranslion and cartridge stot slanals(S0 rins),
CPJ address and control sianals are connected throuseh
the HEY BUFFER(74LS367+4), but not the DATA BUSDO-D2.

6. 2.5L0T SELECTION CIRCUIT

Sleot selection get throuash PORT i of the P.P.I chir(
IMNTEL 22558 by the DATA BUS«DO-D7).

The PORT N In the P.P.I LEI is wired to 8-teo-2 ENCODER
(Z4L.5153) by the B-bit ravaltet Lline,

SLOT SELECTION ls derending on the content of PORT A
realster In P.P. 1

fs evamtle, £ you want to seolect the SLOT H3IINDDRESS:
ADOOHEXY—7?FFFHEX) , you should write a datatnCHEXY +o the
PORT A reajster in P.P.I.

I¢ vou inrput NChex data to PORT o of F.P.T chir(IMTEL
2255y, it allows access of MSX BAsIC INMTERFRETER In

SLOT HO, internatl D-RAM In SLOT #2 and external cartridae
ROM in SLOT i3, ¢for examrle, assembly lansuwaze OJT  PORTN,
NCH s inserted)



6.

6. 4

Mnea
content
This
the
is
2-bit rara

Al

reals

turn

address
set 00H.

3. POWER Qi) RE2ET

ter' s

tietl
and

on the rower
s set tn QOOGH.
content set to the
Line £n0-al9) and PORT N vealster
tine of PORT N
EMCODER (7IL5193)

C30L bit,

8—t0~-2 ENCODER{7ZALS1ISE).

This slana

selected.

Therefere the content of 0000H address

L Is wired to dual 2Z-to—1
In DECODER 1¥Y0(nesative)

sianatl

CSOH bit

ls

switch PROGRAM COUMTER' s

svetem ROF throush

in P.P. I

ls connected to 8-to0-2
{s selected by

DECONER {28133 .

active, SLOT

Ho

is

in M3¥ svstem

201 Is read by the CPU.
UIDEO DITPLAY PROCESSOR: THS31 291
#I D, P, SPECIFICATION
UDP IS DESIGHED TO IMTERFACE DIRECTILY WITH THE
THSA41 16—~ 1S (1EK*4RITY D-RAM.
IT IS b=-CHAMREL FOS LSI DEVICE USED 1M VIDED SYSTEMS
WHERE DATA DISPLAY ON A RASTER-SCHNHED HOME COLOR T.U
OR COLOR MOMITOR IS DESIRED.
THIS DEVICE GENERATES ALL MECESSARY WIDEQ, COMTRCL D
SYMCHROMIZATION SIGHALS AMD ALSD CONTROLS THE STORASE
» RETRIEVAL NND REFRESH OF DISPLAY DATA IM THE DYMAMIC
SCREEM REFRESH MEMORY.
TMZSI123L. HAS A 625 LINE FORMAT FOR USE WITH THE EUROPEAM
Pall SYSTEM D OPERATES ORLY IN A NMOMIMTERLACED MODE.
C THE VDR HAg FOUR QIDEO DISPLAY MODE
+TEXT MODE, GRAPHIC OME MODE, SRAPHIC TWO 10DE, MULTICOLOR
_____________ s - —— ——
MODE TF?E::OLUTIONWPQTTERN PATTERN I COLORL SPRITE [ DISPLAY
SIZE 0. :
GRAPHIC 1L | 1924256 8+8 256 16 OK ZA4LINEA
FPIXEL. DOT . 32 COL.
GROPHIC 2 | 1392+256 8+8g 73 16 Ok 24 LIME
PIXEL DOT *32 COL.
HULTICOLO? 48+64 4 et —— 16 (o] 4 24 LINE
BLOCK DOT 32 COL.
TEXT 192*256 8+6 255 16 MO 24 LLINE
PIXEL DOT 40 COL.




FVDP SFLLOGIC

jp__ﬁDDRE&SBUS —

Dol gl

Ram | [ROM| CPU T ounp £ o
o orou] |VRAN

G

N

o |
DATA BUS

RGB VIDED
MATR I X ENCODER
| RF
VIDEO RGB MOD
MONITOR MON|TOR J
TV

BLOCK DIAGRAM
OF TMSSIZY



DR tnterruart

Fhe LIDIP jnterrurt oufrut rin (s used to generate an
trberrurt at the end of each actiwe~dlisplay scan,
which is aboul every 1750 second for the THMS31Z3.
The Interrurt outrut Is active when the Intevrurt
Enable bit<IEY tn the UDP re=ister ! ts a "1" and
the F blt of the status reslistey (s a "1".
Interrurts are cleaved whien the status reafster is
read,

HCPU-—-UDP THTERFACE

The LUDRP communicates with the CPUJ via an 8-bit
bidivectlianal data bus. .

Three control tines, decoded from the CZPU address and
enabte (ivnes.determines inteverretation of the bus,
Throuah the bus, CPU can write to VRO, read from
U v i te to UDP veolsters, and read the UDP status
reatster, The UDP also generates Interrurt sianal after
every refresh of the T dlsrlay 1f the Interrurt is
enabled,

#LIDP-URAM IMTERFACE

The UDP can use either THMS4116-15<16k+1) or THM34416-15-20
L16k44) dyvnamic RAMs. ND{G) is used for the eiahth RAM
address bit In the TM34416-15720 RaMs, but not for the
THz4116,

Since the early write cvcle ts used bry the VDP, 3 on the
THZ4416 must be tled 0 9round.

The UDP accesses ur to 16, 384kbrte of LVBAM usina a 14-bit
VRN addrese. The UDP fetches data from the URAM In order
te process the video lmase.

The UDP atso stores data in or read out data from the URAM
durine a CPU-URAM data transfer. The UDP automaticatly
refreshes the URAM,

THE UDP-URAM INTERFACE CONSISTS OF o BIDIRECTIONNL B8-BIT
DATR BUS AHD THREE COMTROL LIMNES(PAS, CNS, RAW) .,

THE UDP READS FROM AND WRITES DATA TO THE W-RaPk OW THE
URAM DATR BUS. THE VDR QUTPUTS THE NADDRESS TO THE URAM OF
THE URAM QDDRESS BUS.

THE URAM LOW NMDDRESS IS OUTPUT WHEH RBAS 18 »NCTIVE LOW
THE COLMG ADDRESS 15 QUTPUT WHEH CAS IS NCTIVELOW).
DATA IS OUTPUT TO THE URAM WHEM R/W IS NACTIVE (LOW).



+CPL CLOCK. GEHERNTION

ERE— PN ) 3|1 PIr

'—‘:r:‘—"l——l

vDp H E:A AP T
XTTAL - Se b edbpry

2y

?

The UOP senerates CPU clock (3. S5&rHz?.

A fundamental freauency, paratiel—moede ¥-TAl is used as

the freauency reference for the internal clock osciltatoty,
which is the master tlme base for alt srstem oreratlons.
This master ctock Is divided by twa to senevrate the pivel
clockeS. 3MHz) and by three to rrowide ithe CPUCLK(3. SarHz).

+CPU INMTERFACE
The UDP interface to the CPU uwsiny an E-bit bidirectional
data bus. three contrel Lines,and an Intervurt.

1.write data brtes to URAM

Z. read data brtes from LRAM

Z.owrite to one of the B-UDP wyite aonlwv resisters

4. yead the UDP status register
The type and divection of data transfers are gontrol by
the CSW,C4SR, and mode Inputs, )
CZW s the CPU to WDP write seledt.
When it is active(low), the 8 bits on CDD-CD? are strobed
inta the LDA.
SR js the CPU from UDP read select.
When it is activellow?, the VDP outputs B blts on CDO-CDY?
to the CPU.C%W and CSR should newer be simul taneously
Low at the same time.If both are low » the UDP outruts data
an CHO~-CD? and Latches Invalld data,
Made determines the source or destination of 8 read oy |
data transfer.Mode Is normally tied to a CPU Low address,
A,



HOPL-UDP ODNT TRAMNSFERS

DNTa BIT
OPERATICON 0 1 2 3 < 3] =3 K4 CSW CSR MODE
WRITE TO UDP RPEG,
BYTE 1 DATA WRITE Dg DL Dz D3 D4 DS D& D7 0 1
BYTE 2 REG. SELECT 1 o] a o 0 RS0 RS1 RSz O 1
WRITE TO URAM
BYTE 1 NDDR. SETUP NS A7 A2 N9 ALD ALl AlZ2 A13) 0 1 1
BYTE 2 nDDR. SETUP 0 1 Al Al A2 A3 fd AaS 0 1 1
BYTE 3 DAaTA WRITE D0 DI D2 D3I D4 DS De D7 a 1 0
RPEAD FRCOM UDP REG.
BYTE 1 DATa READ P0 DI D2 D3 D4 DS D& D7 b3 a] 1
READ FROM VREM »
BYTE 1 ADDR. SETUP NG A7 A8 A9 Al0 All AlZ al3 ] 0 1 1
BYTE 2 ADDR. SETUR 0 1 A0 ARl A2 A3 A4 65 a 1 1
BYTE 3 DATA READ DI D2 D3 D4 DS D& D7 1 a a

DO
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The 82558 Is o progranwabte peripheral ingertaceolrPirdevice designed

Por usein microcomput er o sustems. 1ty fuicion s that of o general
puUrpose 1,0 component to iafterrace peripheral rumip_mu_-vnl_ 10
themicrocomputer svstem bus, The functional configuration
of the 8255A is programmed by the system software so rthat
normatly no external logic is necessurv to interface
peripheral devices or structures.

DATA BUS BUIFFER

This 3-state bidirectional 8-bit is used ro iuterface

the 8255A to the svstoem data bus.Data is transmitted or
received by the bufrer upon execution of input or output
instructions bv the CPU.Coatrol words and status infor-

mation are also tramsterred through the data bus buffer.
Read/Write and Coatrol logic.

The function of thié‘block is to manage all of th internal
and external transfers of both data and control or status
words. It accepts inputs from the CPU Address and cont-
rol busses and in turn, issues commands to both of the

control groups.

(cs,
Chip select.A "low™ on this input pin enables the communi -
cation between the 82554 and the CPU.

{RD)
EAD.A "low"on this input pin enables the 82554 to send

the " data or statusinformation to the CPU on the
data bus.In essence,it allows the CPu to "read from the
82534
(WR)
MRITE.A "low"™ on this input pin enables the CPIJ to write

data or control words into the 8255a/



CAD ol Al )

ot select 0 and port osebect 1, Phese inpnt signals,in con-
junction with the b and WR inputs,contiaol the selection of
one of the threo portts or the control word rogisters. they
are normally connected Lo The least sianificant. bits of Lhe

address husoag and AlL)

H2595A DBASIC OPERATION
Al AU [RDIWRICSTINPUT OPERATIONCREAD

00 0 {110 [PORT A DATA BUS

BTV TR b DATA TS
10 Jo 11 [0 Jrort ¢ DATA BUS
7TV T T Yorrrrur OPERATION
ool wwerrreh

0 TeTTT U0 T ThAYA BUsS-CPORT A
0 1 11 10 10 [DATA BUS--PORT B
10 {1 10 |0 JDATA BS-- PORT C

I 1 |1 [0 |0 [DATA BUS--CONTROL
) I 1 1 IDISABLI INCTION
Ix = |1 [DAFA BUS--3 STATE
1 1 10 [1 t0 |ILLEGAI CONDITON
YT 11 11 70 IDATA BUS--3 STATE

x
kS

(RIZESET}
Reset.A "high on this input clears the control register and

purts(A,B,C) are sot La the input mode.

Ggroup A and Group B coilllrols

The ruhctionnl confiauration of each port is programmed by
the systems software. in essence, the CPU "outupuls”

a control word Lo Lhe 8255A.The control word contains
information such as "mode”,"bil set”,"bit reset”. etc,

that initialize the functional configuration of the 8255A.

Fach of Lh Control hilocks{Group A dnd Group B) acoepts
"commands™ from the internal data bus and issues Lhe

‘proper commands to its associated ports.
Control Group A-TPort A and Port C upper{(C7-Ca)

Control Group B-Port B and. Port C:lower(C3-C0)>

The Control Werd Register can only be writleen into.No
read operation of the congflfol word register is'-allowed.
Ports A, D,and ¢

The 8255A contitins three 8 bit ports(a, B, and C).AlL can



R
b contiqupred 1h swide variely ol fanctional charae
toeristios Ly the svslom <oltwiare bul each has ils owne
speciagl teatures o "personal ity o Cuaether enhance Che

power and tlexibitity ot tlhie B255A.

Port _A.O0ne S-hit data ontpnt lateh/Duffer-and one 8-bit

data inpuat ifatch.
Port B, One 8-bil dara input/auiput lateh/buffer and one

8-bit data input butter.

Port C. One 8-bit dotn output latch/buffer and one 8-

bit data input buffer (no latch for input).This port caod
be divided into two 4-0it ports under the mod&é control.
Each 4-bit port conrains a 4-bit latch and- it can be used
for the control signal outputs and status signal inputs in

conjunction with ports A and 8.

8255A OPERATIONAL DESCRIPTIGN,

MODE SELECTION
There are three basic modes of operation that cab be sele-

cted by the system software:
Mode 0-Basic Input/Output
Mode 1-8Strobed Input /0utput
Mode 2-Bi-Directional bus

Wwhen the reset input goes "high” all ports will be set to

the input mode(i.e., all 24 lines will be in the high im-
pedence state).After the reset is removed the 8255A can
remain in the input mode with no additional initialization
required.During the execution of the system program any of

the other modes may be selected using a single output instruc-
tion.This allows a single 8255A to service a variety of

peripheral devices with asimple software maintenance routine.

The modes for Port A and Port B can be separately defined,
while Port € is divided into two portions as required by the
Port A and Port B definitions.All of the output registers,in-
cluding the status flip-flops,will be reset whenever the

mode is changed.Modes may be combined so that their
functional derfinitton can be "tailored” to almnst anv (/0
structure.for instance ;Group B can be programmed in

Mode O to monitor simple swgtch closings or display compu-

tational results,Group A could be prodrammed in mode 1



to monitor o Kevboard or tape peader on anointervupt dy fven
Lasis. The moude definilions and possitile wode combinat ions
@y meem confusing at tirst bul afller & cupsory Feview ot
the complete device operalion i S8 f:nxnl e, logical 170 ap-
progach will surtace.The design of the H290%A ks taken into
account things such as v!l‘i(:i::nt‘ l"(,‘, la,v-u‘ml and complete
Fupctional flexibility to support almost any peripheral
device with no external lagic.Such design represents

the maximuip use of the available pins.
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wad PRGOITT odgammabl e Sound Generatorraas

FEATURES

ulkl o software contiul ol sound gener
riulerfaces to most 8 hit nlibl"uliy(q:nfiscn;s,
»Thiee independently Programmed Anaslog Qulput
»1wu 8-bit General purpose 1/6 Ports

*Single +5 volt supply

BASIC FUNCTIONS

DAZ7-DAO C(input/output/high impedance):

Data Address 7--0

These 8 lines comprise the 8-bit bidirectional bus used by the

microprocessor to send both data and addresses to the PSG and to

receive data from the PSG.IN the data mode,DA7-DAO correspond

to Register Array bits B7--B0.In the address mode ,DA3--DA0 select

the register number (0__178) and a DA7-~DA4 in conjunction with

address inputs A9 and A8 for the high order address{(chip select)
RESET(input)
For initialization/power-on purposes,applying a logic "0"{(ground>

to the RESET pin will reset all registers to "0".The reset pin is

provided with an cn-chip pull-up resistor.
CLOCK(input)
This TTL-compatible input supplies the timing reference for the

TONE,NOISE and ENVELOPE GENERATORS.

BDIR,BC2,BC1(input):

Bus Direction,Bus control 2,1

BDIRIBC2|BC1 | PSG FUNCTION
0 | 1 ] 0 | INACTIVE
0 {1 | 1 | BREAD FROM_PSG
i {1 | 0 |WRITE TO PSG
1 4 1.1 1. ] 1.ATCH ADDRESS

ANALOG CHANNEL A,B,C(output?
Each of these signals is the output of its cofrespondjng D/A converter,

and complex sound waveshape generated by the PSG.

10AT-10A0CIinput - output ) ; IOBT-IQBOCIinput “out put )

Input,/Qutput A7-A0,.B7-B0

Lach of these two parallel input-oalbul ports provides S bils of parall
data to trom Uthe PSGACPU bus From to any oNterngl devices

cotpectoed Lo Lhe 10A or TOoH gias, Bach pin is provided with an on-
chip pull-up resistor,so that when in the "input™ mode,all pins will
:‘(;.;1(1 normally high.Theretfore, the recomnended method for scan-

ning external switobes would be ta groawd Lhe input bit,



## +FC—200 PIWER POPT LISTH+44

C'CT NO. DESCRIPTION % SPECIFICATION
Ic1 IC, REQUNATOR TR 2005

Icz IC, REGULATOR £I-3122

IC3 IE.REGULQTOR EL-T31Z

D1 DIODE, PRIDSE RBE-401

jules DIODE, PRIDZE DRA Z0B

D3 DICDE, RECTIFIER #4001
ci~Cz2 C:CE 4700MF 164 CEO04

Cc5 C.CE 100MF 1€l CEQ4

ce C,CE 100MF 25\ CED4

C3~C4 C,CE 10Q0MF 25V [ED4

c? C.CE 47aMF 25 CEg4

R1 R, CAREBOM FILM 4, Pki—-J 1740
Ji~J4 WIRE, COPPER TIMN-COATED

Wl COMHL AY, POWER TO tMARIM FC-200
Wz COoril. AY, REMOTE FC-200

Fl

FLZE, 2504 24




C'CT MO, DESC. & SPEC. c’eT Mo DESC. &% SPEC.

U1 CPU, 2-80A ZILO3 Uz UDP, TMS9123HL. PAL LDP

3 P.5.G, AY-3-8510 G. T’ U4 P.P. I, 182554 IMTEL

USA, B ROM; M-ROM BASIC Us~7? D-RAM, TM54416-15 T.1

Ul4-U21  D-RAM, HM4864~2DC 64Kx1 U26, 33,48 GUAD MUY, 74LS1S7

134 DECODER, 7415145 u43 QUAD MUX, 7ALSIS?

U DECODER, 74LS139 uz27 DUAL. MPX, 74L5153

U4s DECODER, 7415138 U25~U31  HEX BUFFER, 74L5367

123, 32, 40 D-FF, 74L874 1043 HEX BUFFER, 74L5357

UZS, 36, 37 OR, 740532 46 NOR, 741502

U3S. 42 AND, 741508 us3 MAND, 741500

32 HEX IMVERT., 74HCUD4P U47, 50 HEX INVERT., 74LS04

U41 OPEM COLL. , 74L509 u28 2-0P AMP, MPC4SSSC MEC

u22 e-D F/F, 74L5374 U4 GUAD BUFFER, 74LS125

HICS001  HYBRID IC,HICSG01 cs3 TRIMMER CAP., TZO3R300E

PELAY PELAY, DS1M~DCSU Q1~G3 TR, KTC1815G6R

D2 DIODE, SWITCHIMG 1M4148 D1 DIODE, ZEMER GIBS. 1-B
CS4 CERAMIC CAP., 33PF cse CERAMIC CAP. 470PF SOU
€s7 ELECTRO-CAP. , 4. 7MF 16U css ELECTRO-CAP. . 220MF 151,
C4~8,52  CERAMIC CAP., 0. 1MF Sgu RS0~55 R ARRAY, 2. 2K+10 1./4W
R21~R24 R ARRAY. LOK44 1,4l R25~R40 R ARRAY, 10K+8 14w
RS, 12, 1S RESISTOR 10K-J 1./4W R4, 10 RESISTOR, 4. k=] 1./4W
R13, 47,48 RESISTOR, 10K-J 1/4W Rg, 3 RESISTOR, 220-7 1,4
R1,2,18  RESISTOR, 2. 2K-J 1./4W R14 RESISTER: €. 2K~J 1,4l
R3,13,16 RESISTER, 1K-J 1.4l R20 RESISTOR, 3. PK~J 1/4W
RE1 RESISTOR, 1K~ 14 RS RESISTOR, S. 1K~J 1/4W
R4Z-R44  RESISTOR, 470~ 1/4W RE0 RESISTOR,: 22k-J 1/4W
P11 RESISTOR, 120-J 144 R49 RESISTOR, 330~ 1./4W
PCB COMM. COMM, SOP 980-050-039 EXP. COMM. COMM, SOP 6201-050-258
PRT COMM. COMM, 14P S7L-40140-770B P1~P2 COMM, 2P MUY, 5045-02A
KBD COMM. COMM, L1P MUY S267-11A KBD COMM. COMM, 12P ML¥ S257-12A
PWR COMM. COMM, 4P MLX S289-04A JOY COMM. COMM, 37 SUR-D TYPE
IRCK RCA 1P S-1553 SOCKET DIN 8P TCS-4480-01
R4S RESISTOR, 8. 2K~J 1,40 F1~F3 EMI FILTER, D5S310-55DL2
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