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Hardware specification for MSX HOME PERSONAL COMPUTER SYSTEM

*This document specifies the U.S./European version of MSX system.



CHAPTER 1

SUMMARY OF HARDWARE



SUMMARY OF HARDWARE

1.1 SPECIFICATION

1.

1s

requirea Lompenients

CPL 4 YHz Z-6UA compatible
Memery RCY 32K (MSX system sofzw
Keo o minimum cn (1oK* re

Screen Display Text display capability 40 x 24 (refer to section 2.4)
Grzphic €560 x 1ls:
Color 16

Cassette tape FSK format 1200/2400 Baud

Souna 8 Octave, 3 Voices

Character Set Alphanumeric, Japanese, Graphic (Japanese version)
Alphanumeric, European, Graphic (International version)

Keyboard U.S./Europe, French*, German*, Japanese
Expansion Slot Software cartridge, expansion BUS slots
Joystick 1 or 2*

Recommended Extensions for U.S./Europe

Memory RAM B4K* total

Expansion Slot Second

Video RF output

Standardized Optional Extensions

Screen Display* 80-column text

Clock* Battery backed-up CMOS

Communications* RS-232

Floppy Disk* According to each company. Format is MS-DOS compatible
Printer* 8 bit parallel

Items with asterisk may not be build-in in the minimum system.



SUMMARY OF HARDWARE
1.2 SYSTEM CONFIGURATION

Jovstick
x1

‘lllll!l_
Tape Rec

i Joystiex z2
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HARDWARE SPECIFICATION
2.1 LSI

o CPU

o VDP
o PSG

o PPI

2.2 MEMORY
o ROM

0 RAM

Z-80A Compatible

CLOCK 3,579545MHz (NTSC Color sub carrier frequency)
1 WAIT in Ml CYCLE

T1 TMS-9918A Compatible

GI AY-3-8910 Compatible

Intel i-8255 Compatible

MSX BASIC 32Kb
8KB or more
NOTE

Basic unit has four logical slots, so the total memor.y
Space can be expanged up to ¢56KE. Each logical slot
can be expanded to have up to 4 physical slots, total
of 16 slots. So ir this case, maximum memory szzce is
1 megabyte.

BASIC ROM occupies adaress 0 to 7FFF, RKAM zddress
starts from FFFF anc grows cownwara on the memcry map
to 8000.

For details refer tec 4.1 memory map.
For U.S. Market we recommend 84K $G the machi-e can

easily be upgradable to MSX-DOS, although BASIC KOM
will only use 32K RAM,



2.3 INTERRUPT

MN T Not used. MSY ROM only provides =ap hook
e INT Accept interrupts from VD® and cartridge. The interrunt
is Z-80 mode 1. (Branch to 38H) MSX syster software uses
interrupt from VDP for timer courz. The interval of tns

interrupt is 60Hz in NTSC and 50K: in PAL/SEZCAM versior.
NOTE
It is not possible to support NMI under MSX DOS envirorment becauss=

address 66H, which is the entry vector for NMI, is occupied by FCE data
for DOS.

80

5
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HARDWARE SPECIFICATION

2.4 SCREEN DISPLAY

o LSI

0 Character set

TI TMS9918A Compatible

256 patterns 6x8 dots

Alphanumerical + European + Graphic

o Color 16 colors
o Sprites 32 sprites. Maximum 4 sprites on the same horizontal
Tine.
o List of display modes
A NUMBEK
MODE RES. SIZE NO. | COLOR |SPRITE OF
CHARACTERY
LSI
Graphic Spec. 256 x 192 32 x 24
8 x8 256 16 YES
1 Suggested | 240 x 192 colors 29 x 264
value
L1
Grapnic Spec. 256 x 192 1 32 x ¢4
— 8xa| 765 | 16 | YES fmem ]
11 Suggestea | 240 x 1se| calors | | 29 x ¢4
value |
Lsl ]
Multi- Spec. 64x460 1k 3¢ x 26
4 % = - 1o | KU —— ]
color Suggestea | 64x40b1k | /block colors| 29 x 24
value |
LSI | 4
Spec. 256 x 192 | colors 40 x ¢4
Text bxo 25 | out of| YES |——em— -
suggestec | 240 x 192 1o 39 x 24
value colors J
Suggested vezlue to use: ine & pixe’ s tr:- left ang rignt of r:irizontal z-:

not usea by soTtware.

¢ Tne number of patterns

o



HARDWARE SPECIFICATION

2.5 KEYBOARD

o Layout Refer to figure

U.S./European

French

German
0 Scanning Software scanning driven by VDP interrupt
0 hu r of keys 70 plus optional dezc k=zy

0 Matrix aiagram

PEO
PB1
Pa2
P83
PB4
PB5
PB6

- PB7

L

©
PCO £
PC1 B 2
PC2 c 3
PC3 6
5
2 ]
7
8 L, Y6 | F3 F2 | Pt | kaNa | cap |GRAPH| CTRL | SHIFT
o
Y7
RETURNSELECT| BS |STOP | TAB | ESC | F5 | Fa
ye | _ ; &
= . : = | DEL | INS |HOME |SPacE
Yo




0 -/ 2 3 |4 | 5 & 74
char code | char| code [charcode|char|code|char|codejchar|code char|code char|coae
0 |30/ [31]2 | 3213 |33[4 |34[ & [35/4 [36i7 |37

dl2g ! |21|@ |40 R |23\ $ | 24]% | 25|~ | SE L | 26
QO |osll£ |AC|lz |AB24 |BAN | EF%4|BO[_[Fal/ | FE
o3| oAl | 2 [Fan [FeT J|Fs |
§ |eslF |9F|+ |DS S |BF ¢ |98 Y |98/« [EO|B | £
A |08 1 ADPt-[ 9EIGT |BE| £ | 9etY | SO -- l |
g |38 ¢ 3_9;‘ 200 =_|30\ || 5¢|C |58 3 13D ; | 3§
X [2Aa (|28 _|I5FA+ |28 1|70/ [ | 7B} |700: |34
onlccle o7l | AN 1E© |01 p | 08|

= = rd [16l&|0o2n | o4
T g Egy & |EDw 2
. - -1@ |gglg 24
4 .| 2L |2k l 1& 811k | &g
~ 130 > |3E17 | 3FF TR | A faale |42
& |05~ 32 | Fel | igomte e cegia
w (031 | F7IKC [ AEhy) [AR+ |FE=|2-[0 Fei- | |
i |BS|e |ESId |86|& |ASQ AT 7 |2 (L Bed eT
I |8eix |E4|A |8F] - ¢ lag~ 11 1E as
c |65/a |6ale |65 f |65/ 8 [87/n |€Z 1 5% [€
|C [43|D |44[E |45 F |256 (2471 [¢3 1 485 44
10| BB ¢V oDl H| 14| 155 ]| S 212
© | FAG| C1la| CE| | Da[T ]| 10m || DSES OFE C.
T |80lv-188l 7 |8C s |S4{u (83T (BT Avm s
? 16-19g/( [sA X e
K C m |6Lj-n |88 o (672 1723 (7
K aclm [0 n |eelo |2e]p |532 |
i@ Ello celc |os= )| - o= o2 oz
¢ B ce[ @ [ocm o3 j[casslc
£ 17 B~ |ESH |A~4] 5 Aélg | A3
T B4 N |25 |77 | €3
5 | 74| u l?_s‘v T8l w | 7T X |75y
S 54/ U |SS v |[S6w [57 X |€3]y
5‘ 12 ‘163;;'% crFX|| 1S
> EBE(cs Boos pel ]| == ¢
i o6l ¢ |82 |95 s |68l8 |42 |
SR £ |sa | 7

4 2 4B S S S S S S A A B



HARDWARE SPECIFICATION

Keyboard layout
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The following keyboard diagrams contain an optional dead-key. This
dead-key is useful for European accented character input. For example,
when one wishes to enter "8", one must first press the dead-key "a"

and then press "a".

The dead-key will not be useful in the U.S. or U.K. Nor will it be
useful in France and Germany, where specific French and German key-
boards have been designed which include different dead-keys. Therefore
this general dead-key should only be included on machines which will be
marketed into minor European countries.

The keyboard diagrams show the dead-key to the left of the carraige
return key, but this is probably not a good place for it, because it
pushes the carraige return key too far to the right. Manufacturers
may place this key where they wish.
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BASIC SPECIFICATION

2.6 SOUND
LS: GI AY Compatible
o OCTAVE 8 Octaves (3 Voices output)
o SOUND E Yes

1 bit from output port
o OUTPUT LEVEL -5dbm (If the system has output connector)

o CONNECTCOR RCA 2 pins (If the system has audic output conneczor)

| 5 1 § ! i ’ |
7 i t B2 B i B

F [ 8 i . BS | oB BB, |

1

re 3BT Foe Tune A
' Channe & Tone Foc b —
R! 4-87 Coarse Tune 4 |

387 Foe Tune & j
| 4B Coarse wre & |
W-ET Fae Tune C |

"2

p—— Channe & Tone Sv-uc
L) i
i

T Channe! C Tone Prroc

RS | 487 Coarse Tume C
B hose Prroc ! : 5-BT Penoc Contra:
2 o = Tore
B oF Oi c £l A < 3 A
PiIf  Channe & AmosiLice M 3 =4 3 =
L are Channes & Amostuoe M &) L2 E -
R72 Cunnel & Ampuuse | ~ ) E: = £ |
Ri3 | 387 Fune Tune € |
Enveiooe Peroc F — —
Rid | [8-317 Caarse Twne € |
RiE  Emvewoe Shape Cvcie | CONT  ATT  aLm HOLD |
© RIE ' DPort A Data Swore 1-8iT PARALLI_ | D on Port A |
R17 ,1°0 Por: B Data Sccre ! B-BiT PAPALEL { Con Part §

@2 AY-3-89100L S 29 RS

14



HARDWARE SPECIFICATION

2.7 CASSETTE INTERFACE

o INPUT From the earphone terminal of tape recoraer
o OUTPUT To the microphone terminal of tape recorder
0 SYNCHRONIZATION Asynchronous by the software
0 BAUD RATE 1200 Baud (1200Hz - 1 wave “0", 2400Hz - 2 waves nn
(Default)
2400 Baud (2400Hz - 1 wave "0", 4800Hz - 2 waves Hyen
Change by software
(Tape recorder may have to be specified by the
manutacturer when used uncer 2400 Bauc mode)
0 MUDULATION FSKk (Frequency Shift Keying) by the software
o DEMODULATION By the software. The system software automatically
detects the baud rate when receiving the data.
o MOTUR CONTROL  Yes
o CONNECTOR DIN 45326 (8 pin)
0 TABLE OF SIGNAL PINS
PIN 0. | SIGMAL | DIRECTION PIN CONNECTION ?
NAME |
1 GhZ —
2 GND —
]
3 GAZ S /®~@\
\
4 CMTOUT |  OUTPUT ® @ i
5 CMT1I INPUT @
N \ ® @
6 REMOTE + OUTPUT ®
____________________ \mk‘§__",/
7 REMCTE ~ QUTPLT
& GhZ -
-4




HARDWARE SPECIFICATION

2.8 INPUT/OUTPUT (JOYSTICK) PORT {1 OR z* PORTS)

o LSl AY-3-8510 compatinle
o I/0 Input 4 bit, output 1 Bit, pigirectional Z bit per each
port
o LOGIC Active nigr
o LEVEL TTL
0 CONNECTOUK AMP 9 pin compatible
o LIST OF PINS
. —— T ,
SIGNAL
PIk NO. NAME DIRZCTION F2h CONNECTIGH
i Fwl IhPUT i
z BACK INPUT
3 LEFT INPUT
4 RIGHT INPUT (\—ﬁ
=] cesces |

2 \ /
5 + 5y o ‘-\ ‘
6 TRG 1 INPUT/ , €0 @ f
QUTPUT —
7 TRG 2 OUTPUT
8 OUTPUT OLTPUT
9 GND S

4 Current capacity is 50mA each

16



HARDWARE SPECIFICATION

2.9 *PRINTER INTERFACE

0 SPECIFICATIUN

0 LEVEL

& bit parallel

TTL

Hanashakes by BUSY ana STRUBE signal

0 CHARACTER CODE SAME AS MSX DISPLAY CODE

o CONNECTOR

o LIST OF PINS

AMP 14 pin compatible

SIGNAL
PIN NO.|  NAME PIN CONNECTION
1 PSTS
2 PDEG
3 PDB1
4 PDbZ
5 PUE3 —
6 PDEG l
T/6|5|4/3 |
B POBS |
& PDB6 I ,‘
g PDET 4113121110 ]
10 N.C. j
11 BUSY |
17 h.C.
13 N.C.
1¢ GhE




HARDWARE SPECIFICATION

2.10 FLOPPY DISK INTEAZACE

0 Contains 16K byges of ROM at 4000H that incluges:

[o]

* MSX-L_> KEFNEL
* MSX LIS BrslC

* PHYSIZ~L DIZKk 1/0 DRIYVZR (Suppliec by each manufacturer)

The harcecre -nterface 1s not specifiec. Tne physical disk 1/0 ariver
suppliea by menufacturer shoulo virtualize hardware differences.

[t is desirable to have a mechanism in the disk drive to acetect
whether the crive door has been opened. It reduces aisk accesses
which chsck fcr disk changes.

Floppy formats are MS-00S compatible

8 inch SD
8 inch 0D
5-1/4 incn )
3.5 incn CFD

3 inch CFD

128 byte/sector

1024 byte/sector

512 byte/sector

51z bytefsector (exactly same as 5-1/4" 9oTP]

512 byte/sector (exactly same as 5-1/4" 4s7PI

18



CHAPTER 3

CARTRIDGE



.1 PHYSICAL CARTRIDGE SPECIFICATION

The internal specification of standard size cartridge
(a1l measurements in mm)

7

Front

69.4

. l
| ]

=t T
' : l:,%
l [ 2
l i =

R U -+

109 +0.7
* No standard will b&@nforced beyond the above minimum height



CARTRIDGE
3.2 CARTRIDGE BUS
o LIST OF SIGNAL PINS

PIN NO. NAME LQ * PIN NO. NAME 1/0 *
1 CSl 0 2 (Y4 0
3 Ts12 0 4 SLTSC 0
5 RESERVED - 6 RFSH 0
7 WAITa 1 8 INTa 1
9 M1 0 10 BUSDIR 1
11 T0RQ 0 12 MERQ 0
13 WR 0 14 RD 0
15 RESET 0 16 RESERVED -
17 A9 0 18 AlS 0
19 All 0 20 ALO 0
z1 A7 0 22 A6 Q
23 Al2 0 24 A8 0
25 Al4 0 26 Al3 0
27 Al t 0 28 AU 0
29 A3 | ¢} 30 A2 U
31 AS | 0 32 Ad ¢}
33 D1 | /v 34 Do I/0
35 b3 i 1/0 | 36 Dz 1/0
37 [05] | 1/0 I 38 D4 I/u
39 b7 i 1/0 40 D6 1/0
41 GND ! - 42 CLOCK 0
43 GND - 44 Skl -
45 +5V - 46 SWz -
47 +BV - 48 +12V -
49 SUUNDIN I 50 -1zv -

*  Tne direction of Input/Qutput is based on basic unit sice.

Reservea pins must not be used.

s  OPEN COLLECTOR output




CARTRIDGE

o SIGNAL PIN ILLUSTRATION (Under lined signals are negative logic)

DESCRIPTION

%

1 |"TS1 &

z | T52 &

3 C3lz &
¢ | SCTSC

5 | RESERVED
g | RFSH

7 WALT
3 ‘ InT
] M
1C BUSDIR

1

; R

i, ! TORQ

1z | WERQ
LW
14 !—D

15 | RESET
1o | RESERVED
17-32 | AO~ALS
3360 | DO~D7
a1 GND
42 CLOCK
43 GKD
4G, 46| SWl, Sz
45, 47| +5V
48 +12y
49 SUUNDIN
50 -12v

]
i

K_M 4U0U~7FFF selected signal ‘
RCM 8000~FFFF selected signal |
koM GUUO~BFFF selectea signal (for z56K KOM)
Slot select signal
For future use only. Do not use this pin.
Refresn signal
wait signal to CPU
Interrupt request signal
Fetch cycle signal of CPUL
Tnis signal controls the direction of
external data bus buffer wnen the cartriage
is selected. It is low level when aata is
sent by the cartridge.
1/u request signal
Memory request signal
Write signal
Read signal
System reset signal
For future use only. Do not use this pin.
kcaress bus
fGzta bus
Ground
CPU clock 3.579 MHz
Grouna
Insert/remove detection for protection
+5V power supply
+12V power supply
Sound input (-5dbm)
-12V power supply

NOTE

CS signals imply memory request ang read signal. Therefore they cannot
be usea chip select for writaple devices such as RAMS .

22



CARTRIDGE
3.3 CONDITION OF CARTRIDGE CONNECTION
0 Fan-in, Fan-out, (LS-TTL load)

Data and Address bus

Basic unit side <
below 2 above 5
(fan-in) < o
above 1/slot below 1
(fan-out) >
0 Control Signals
above 2/slot pelow 2
>
(fan-out) (fan-in)
0 Voltage Tevel TTL level

CARTRIDGE

3.4 POWEK CAPACITY
+5V 300mA/slot
+12V 50mA

~l2v 50mA

—--> cartridge siae

(fan-out)

> (fan-in)



CHAPTER 4

ADDRESS MAP
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ADDRESS MAP
4.1 MEMORY MAP

0 Following is an example of memory map.

FFFF
3 RAM
Coau
2 RAM
800U
DISK
1 32K SOFT- RAN
WARE
4000
1bE
ROM RAM
0000
CPU 0 1 2% 3¥
Memory System Slot for
area slot cartridge

0 MSX BASIC uses the largest availanie contiguous RkM area that

installed from FFFF to 8000 for its system working RAM arca. This can

be placed in any slots including expanasion slots.

0 Slot select register, which is port A of 8255, maps tnephysical memory

space to the logical CPU memory space in 16K byte units (pages)

For

example, the following value in the slot select register allocates

pages U and 1 from slot O, page 2 from slot 2 ana page 3 from slot v,

MSo - 7 6 5 .4 3: 2 1 0 - LSB
Loo|1ujooluo[

—--- allocate slct C for pag
allocate slct C for pag
<

allocate sict z - for pa

allocate sict L for pa

Physical memory is always allocated to the same memory pags in the CPU

acdress space. It is not possivle to z loczie to & aiffer
pege 3 of slot 3, to page O of CPU memory space.

page,

Tike

0 Minimum system must have two slots, one for system, tne other for

cartridge.



NOTE
The word "slot"

does not -mply that it must have a conrnector for
cartridges, however, z slot for certridges must nave a
zaurss., Refer tc APPEL.IA C

connecior, of

MSX-DUS requires 64K RiAM

26



ADDRESS MAP

4.2 1/0 ADDRESS MAP

FF
F&
F7 Audio/Video Control
Fo
EQ
*Kanji character ROM
La
4 Floppy disk controler
Do
Co
Light Pen interface
B8
R
) txternal Memory
PP1 (8255)
Az
PSG (AY-3-8910)
I
) VOP (9918A)
) * Printer interface
90
8o
= KS-¢3e( intertface
80
hot specified




ADDRESS MAP

4.3 1/0 DEVICE DESCRIPTION

4.3.1 #xS-232C

=erTece: Cra g
terval TIimer cnip

4.3.1.2 Port maaress -
80k R/W 8251 data port
8l R/W 5251 command/status port
6¢- R Zauc rate setting switches
83k R Lonfiguration setting switches
83k W Interrupt mas< register
84k R/W 8253 counter U
85+ K/W 5253 counter 1
86k R/W &253 counter 2
87+ W 5¢53 moage register

4.3,1.3 The Usage of Switch Port &t Address 82H And 83H -

82~ reaa - beauc rate selzct

bit 0 - 3 : baud rate for receiver
bit 4 - 7 : bauc rate for transmitter

value baua rate

50

75
110
150
300
600
1200
2400
4800
9600
19200
N.AL
N.AL
N.AL
N.A.
disable*

TMOTOTITORNOCHWN O

*When value F is set as a baua rate, that function is disabled by software.

28



ADDRESS MAP

83H read - Set various functions

bit U - CD (carrier detect)*
1 - auto line feed on receijver* 1 - auto line feea
2 - Full/Half duplex 1 - Full duplex
3 - XON/OFF control 1 - Enable control
4 - Word length 1 - 8bits, 0 - 7 bits
5 - Parity Even/Oaa 1 - Even
6 - Parity enable 1 - Enable
7 - Stop bit length 1 - 2 bits, 0 - 1 bit

* CD is a signal directly connected to carrier detect (pin 8) on the
DB-25 connector.
** Aoad line feed on receiving carriage return.

NOTE

Bit O of the switch pulls up the CTS line of the 8251 (or [actually] it
pulls down since CTS on 8251 is negative logic) to make it possible to
send data even when CTS is not supplied from outside.

83H write - Set interrupt mask for receive

bit 0 - mask interrupt for receive 1 - mask interrupt
Tne initiel value of this mask is 1 (disable interrupt).

4.3.1.4 Usage of 8253 Timer-counter To Generate Baud Rate — clock for 8251

o Frequency of crystal
The frequency of tne crystal:
1.2258 MHz

0 Usage of counter channel
CHU - Rx paug rate clock
CHl - Tx baua rate clock
CHz - General interrupt timer .. connect to 1KY

F=~
w
N

PRINTER PORT
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ADDRESS MAP

4.3.3

4.3.4

Fu

VDP PURT

ko VI 20 Raim gate

Rin LCTiianG ang status register

PSG PORT

i Aciress latcn

p
~lH  » Dzza write
AZH R Deta read

44345

PPI PORT

ASH k/w Port A
KSH R/W Pcrt B
ARH  R/m Port C
ABH R/W PMcoe registerr

4.3.6

External “emory (Sony)

BOH through 33H

4.3.7

Lignt Per. (Sanyo)

B8H through 3BH

4.3.8
F7H

4.4 NOT

0

Auaio/Visual Control

BIT4 - AV CONTROL L-Tv
BIT5 - ¥Ym CONTROL L-Tv
BIT6 - Ys CONTROL L - Super
BIT7 - Video select L

FE I OE

ES ON I/C ADDRESS ASSIGNMENT

1/0 address 80~FF are assignea for system usage. Tne empty areas are
reserved for system use.

Although these addresses are defined here, software should not access
those devices directly through the addresses listed above. Every
access to the 1/0 must be cone tnrough the BIOS calls. Tnis is to keep
software independent from hardware differences. Manufacturers may
change some hardware from tne standara MSX system ana is still able to
maintain software compatibility by
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ADDRESS MAP

supporting the haraware differences within the BIUS, so that the
difference can be transparent to software,

The only exception is access to the VDP. Locations 6 and 7 of the MSX
system ROM contain read and write addresses of VDP register. ine
software neeaing to access VOP very quickly may access VDP directly
through those addreses storea in ROM.

0 00~7F are free aadresses, however when different devices use the same
address, they may not be accessed at the same time. Basically, special
1/0 devices not defined here shoula be placed in the memory space as
memory mapped 1/0. Refer to Appendix B.3.

s rDC may be placea in 1/0 space, but it must have a mechanism to disacie
it and only at the moment when the system accesses the FDC, is it
erebied. Tnis makes it possible to have more than one FUC interface in
the system to hanale cifferent kinds of media.



ADDRESS MAP
4.5 £735 /PP1Y BIT -SSIGNMINT
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ‘
| i SIGH-C
PORT I BIT | 1/0 1 NAME | DESCRIPTION
< ] > 7
) UOUL~Z7FF zaaress siot selezt sizgrzl |
i | U 8k | ;
20| U | csit | _‘
| ‘ 40UL~7FFF address slot select signal |
: J T Csi \ J
[Twar | o f 682 | ¥ ]
‘ BUUL~=FFF adaress slot select signal |
. B | u | ¢sz= | J
j !
: Foril— 53— \
4 ‘ | | CUOC~FFFF aaaress slot select signal |
7 CSe+ “
B v ‘ Keyboard return signal |
tnru INPUT
£ I > 1 = |
B G KEC Keybcard scan signal
1| KBl
s | KBz
3 0 KBz
u
4 CASUN Cassette control signal  (L-ON)
b
P
5 CASn Cassette write signal
u
T
) CAPS CAPS lamp signal { “L" --> ON )
7 SOUND Sound input by software
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ADDRESS MAP

4.6 PSG BIT ASSIGNMENT

PORT BIT 1/0 CONNECTOR PIN NO. NOTE
A 0 J3-PIN 1 1 FWD1
I J4-PIN 1 * ¢ Fwb2
1. J3-PIN 2 1 BACKL
N J4-PIN 2 * 2 BACKZ
2z J3-PIN 3 1 LEFT1
P J4-PIN 3 * 2 LEFT2
3 J3-PIN 4 gl RIGHTL
U J4-PIN 4 * 2 RIGHTZ
4 J3-PIN & 1 TRGAL
T J4-PIN & * Z TRGAZ
5 J3-PIN 7 1 TRGB1
J4-PIN 7 * F TrGBZ
6 KEY LAYOUT Select 4 Japanese version only
7 CSAK (CASSETE TAPE READ)
B 0 J3-PIN 6 3 -- "H" LEVEL
1 0 J3-PIN 7 * 3 —— "H" LEVEL
2 u J4-PIN b 3 -— "H" LEVEL
3 T J4-PIN 7 * 3 —- "H" LEVEL
4 p J3-PIN &
5 U J4-PIh & *
6 i PORT A IKPUT ScLECT Selscts J3/d4
7 KLAMP (KANA LAMP L- ON) Japanese version only
1 Available when bit 6 of port B is low used by JOYSTICK1
2 Available when bit 6 of port B is high usec oy JUYSTICKZ
3 Turn to "H" level when use those pins as an inputl porz.
Tied an open collector buffer to the output. (Refer to Appendix C-1

4 JIS layout - "H" level, syllable layout - "L" level
<Remark> PIhS +5Y

PINY GND
o On the minimum system, there is no J4 connector.
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~PPENDIX A

LIST OF CONNECTORS

PIN NAME

SPECIFICATION

1. Video output and
composite video

z. RF moculatez signal

DIN 5 PIN CONNECTOR & or
RCA 2 PIN CONNECTOR

RCA 2 PIN CONNECTOR

CASSETTE

DIN 8 PIN CONNECTOR (CIN-45326)

1/0 PORT

ANMP 9 PIN CONNECTOR

PRINTER

AMPHENOL 14 PIN CONNECTOK

CARTRIDGE BUS

0.10 INCH (2.54mm) SPACE, 50 PIN CONNECTOR

AUDIO

RCA 2 PIN CONNECTOR
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LIST OF CONNECTORS

4 DIN 5 PIN CONNECTOR SIGNAL PIN ASSIGNMENT

PIN NO. NAME PIN CONNECTION

1 +5V

2 GND
3 AUDIC
4 MONITOR

5 RF VIDEO




APFzNDIZ o

NOUTZS ON SYSTEM EAPANSIGH

EXPANSTON

“ne Mk BASIL neecs contiguous kAN Space
oUUU.  Therefore, ada:tional RAM shoula
Torm contiguous RAM space.

om FFFF aowr to
existing RAF to

IT the pasic roael nas only 8K bytes of Ra*, it is nct possiolie tc ada
=AM in the slot other than the original & in place, pecause the slot
select logic treats memory space in 1bk byte units. So an expansion
cartridge that has 16« bytes adas only &k bytes when it is placec at
location COUU to FFFF. It is not possible to expana the RAM aree
olacing it at location 3000 tc BFFF cecause there wo.lg nc RAM 7
<Ul0 to DFFF. So cartridges for 16 Kb pesic syster g s
Zennot be usec on this 8 KB RAM system. Tnerefore is important
make this point clear to the user. We agon't recommend building a
system which has only &K bytes.

Tne BASIC Mok software gnly uses KAM from 600U to FFFF, so the RAM

installec from 0 to 7FFF cannot be used by

B.2 SLCT EXPANSION

Q

©1 expand slots, tne acditional slots are expancea from a primary
slot. Primary slots are those slots whicn are menaaed by the basic
slot select register placed in port A of =5255. Tnerefore, to select
the expanded slot, first select the primary slot to which the expanded
slot is connected, ana select the desired expansion slot.

The location of the slot select register for the expandea slots 1s at
memory address FFFF of the primary slot. To make it possible to
aifferentiate this register from ordinary RAM, complement the output of
the register. That is, when reading the recister, the reag cata is the
complement of the actuzl value of the register.

The maximum number of cartridges that can be connecteg to the cartridge
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NOTES ON SYSTEM EXPANSION

bus is four. Therefore, buffers are necessary to put more than five
slots to the system. The control signal that controls the direction of
those buffers is BUSDIR. Tnose devices which send signals to the CPU
and are placed in an expanded slot have to send BUSDIR signal as well
the change tne direction of the buffer from expandee slots to CPU.
However, for the accesses to memory, it is possible to know tne
direction of the bus using the slot select signal to the primary slot,
memory request signal and read/write signal. So the airection of the
buffer shoula be controlled around the buffer circuitry. 5o, those
cartridges which contain only ROM/RAM do not have to manage BUSDI~
signal, so that make the cost of them cheap. But those cartridges that
contain some devices which send signals to the CPU, that is, thoss
devices that respona to INP instruction or those aevices that is
responsible to supply the address in response to the mode 2 o7
interrupt must force BUSDULk at 'L*' level when they seng qata to CPU.

8.3 I/0 EXPANSION

0

In Z-80 based system, it is common to place 1/0 devices in 1/0 aadress
space. But the MSX system design is so flexible and expandable, it is
possible to ada some 1/0 devices with cartridge that shere same adaress
space. If this s the case, none of those devices can be accessec

properly.

To avoid this situation, it is preferrec to place I/C cevices in tnz
memory spaces because they are managec by slot select logic end nc
memory can be accessea simultaneously when they are placed in aifferen:

slots. but the aevices that placec in memory space cannot be accessec
by the softwares that run in different slots. So those dgevices tna:
are general to any software such as VOGP have to be placed in 1/C
adaress space. Also in some case, it is cheaper to use 1/0 adaress
space because only & bits address information should be decoded. k=
gefined 1/0 acaress space from 80 to FF for those system devices. but
the addresses below 7F are left free. Anybody may use this address
space, but nobody can tell you that somebody uses same address that you
are using. So we recommenc to use memcry address Spaces rather thé-
1/0 address space., We willl assign tne reserved adcress to thoss
devices that is thought as MSX standard cevice.




NOTES ON SYSTEM EXPANSION

E.- SAMF.Z Cl-CUIT OF EXF=KDED .07

Expanded cartridge slot

& ~
Each expanded sle:
,——o<]- BUSDIR
) j’. 1 BUSDIR
RD __O____|\ CF
o A > O—;,
n:::fgi BUS [ I~ O_I/O Address
L Decode circuig
Ao | Any
SRE MG S dExpanded b3 O5eartrodae
s'!ot §e1ect: > each expanded slot”
smstcircuit

L P—> to slot select



NOTES ON SYSTEM EXPANSION

B.5 SLOT

0

CONCEPT OF SLOT

For a structure of 64 KB memory space, the concept of slot and memory
bank is nearly the same. But CPU can choose the cartridge by the slot
number in which it is inserted.

The slot concept is originated from the standpoint of the software, and
so, the software is independent to the number of slot that has actual
slot opening.

ADVANTAGE OF SLOT STRUCTURE

In the common bus structure, when the memory bank number is even, tne
device select signal, connected to the bus, cannot distinguish
ogifferent devices if they use the same memory area, in this case, not
only the system becomes out of order, hardware will suffer from
deterioration. By using slot select signal to choose eacnh of the
device, there will be no such problem, program dueing with two or more
devices at the same memory area, can be possible. This is favorable to
the flexibility and expandability of the system.

Slot Select Circuit Diagram

8255 74LS153 T4LS139 __ 5
p———57500
prob—CS0k  fico w A
P S foco Yip———— 5750
paz —CSIL 1ct 2v 8
Y2 D—————5512
G
Y3 STSts
MREC
8255
Chip Select
AFSH

RESET
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SAMF_Z CIRCUIT

DIAGRAM OF GENERAL I1/0 POKT
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APPENDIX D

SAMPLE CIRCUIT DIAGRAM OF EXPANDED SLOT SELECT STGNAL GENERATE LOGIC

access to the FFFF address

ccess to the FFFF address

74LS
| 139
i
ok , i 1Y A V6 p——
DATA BUS 7 7 2y 8 ¥1 p—
¥ p—o
—C G s | Bp——
== +—a 26
. T |
RESET ZZ Au &
MREQ

access to the FFFF address



£=10uS to 3ms
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