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4.1 Options

4.1.1 ROM cartridge .

The ROM cartridge can accommodate any of CMOS/NMOS mask ROMs and PROMs

which have the pin configurations compatible with those of the 2764

(8KB), 27128 (16KB), or 27256 {(32KB). Since programs and data are

stored in the ROM housed in the cartridge, the memory contents are not

destroyed even if an overrun error occurs. The ROM cartridge features

much shorter access time than that with conventional cassette tape,

etc. and assures complete data read. Reading of data from the ROM is

performed in serial mode.

(1) Principles of Operation
The ROM cartridge is connected to the connector CN8 on the MOSU
board through cable set #701. The ROM cartridge is controlled by
both the master CPU and slave CPU. The master CPU handles address
output and data readout, while the slave CPU controls power ON/OFF
and address counter and shift register clear operations. As the
programs and data stored in the ROM cartridge are in the form of
files, a filename must be specified to read data from the

N
cartridge. .
Upon execution of a:LOAD command, the power supply of the
cartridge is turned on and the address counter and shift register
are cleared. The contents of the header are then read from the
address "0000" of the ROM cartridge in serial mode by the address
output and the shift clocks for readout as follows.
If the filename in the header matches that specified by the LOAD
command, the contents of the header (containing filename,; starting
address, etc. of the specified file) are transferred to the system
area in the RAM. Simultaneously, message "Found" appears on the LCD,
and the read operation proceeds up to the starting address of the
specified file. Upon reaching the starting address, the shift
clocks for readout are generated and the contents of the file are
read in the master CPU in serial data format. (8 shift clock
pulses are required to read 1 byte of data).
This operation continues until the ending address of the file. The
data read serially are then converted byte by byte into parallel
data and stored in the specified RAM addresses. —~
Power ON
-t Counter &
. Lo register clear ROM
LOAD command . Fil .:
{Filename) : nx;:\.efl )
L home | Address output Cartridge
Compare : -
Shift clocks (for =
Header ‘readout)
Message O File
“Found” is ! name- | . e
displayed, 1, Starting, /{ Aeading of | Serial
' address _t*“'\ header information output
t Ending Ki .
address
- "J‘ ‘Counting of addresses
"Shift clock (for :
readout)
RAM
,’"\‘

Fig. 4-1 Reading Data from ROM Cartridge
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(2)

(3)

Address counter

This address counter employs 2 counter ICs to specify memory
addresses sequentially starting from the lowest address using MO?1
signal (shift pulses for addressing).

Therefore, after reading the header information, MO1 signal pulses
must be output continuously until the starting address of the
file. (With the ROM cartridge, random file addressing is not
allowed. )
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Fig. 4-2 MO1 Shift Pulses for Addressing

Shift register

The shift register reads 1 byte of data from the ROM and transfers
the data bit by bit to the MI1 signal line (Serial Data Line)
using "MO2" shift clocks.

MO1 ADDRn n ADDR n+1 ADDR n+2
{Address) '_—ﬂ L

oz CJryuinurvuuviurInur
i |
ift clock) ___ﬂ‘ 8t 0 ﬂBitO

M11 it1 :
- I th. 1 Bit1
data bits J \l Bit 2

T[T Bi7

Fig. 4-3 Shift Clocks for Readout

{4) Operation sequence

Start. ---- LOAD command

*Power ON
“Address counter
& shsift register

cimar

addmu of sowci-

W’!‘Q’

Shih clock
tor ¢adressing
it outout,

Shift clack
{read) is outpuc.

Shift clock
{read} is output.

End of
1 byta gata
gaact?

+ Shitt cioex
for addressing
it outout,

Sheit clock
ter addressing
is outpug,

Ending
address +12

N End of
load

Fig. 4-4 LOAD Operation from ROM Cartridge
4-2
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ROM format

In the HX-20, the ROM cartridge is handled as a seguential file. -
Therefore, headers are provided in the starting address part of
each file to facilitate file accessing. A maximum of 32 bytes of
data may be set in each header.

NOTE: The HX-20 is designed to allow the setting of a maximum of 32
headers. However, the program for writing data into the ROM
supports only 31 headers.

ADDR
0000

1FFF
{8KB)

Header O

Header 1

Header 2
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Filename
(8 bytes)

8 ASC11 coded characters
Starting byte

FF : Header end

00 : Delete specified file

File type
(8 bytes)

8 ASC11 coded characters
for file identification

Starting address
{4 bytes)

Starting address of specified file
Hexadecimal 4 ASC11 coded characters

Ending address+1
{4 bytes}

Ending address of specified file +1
Hexadecimal 4 ASC11 coded characters

Date
{6 bytes)

Date of updating specified file, etc.
6 ASC11 coded characters
(MM, DD, YY)

Reserved
{2 bytes)

May be used for new ROM versions, etc.

Fig. 4-5 ROM Format




4.1.2 Microcassette drive
The microcassette drive is controlled by both the master CPU and slave
CPU. The mechanical operation of the microcassette drive is controlled
by the slave CPU by commands which are output serially from the slave
CPU and stored in the ‘instruction register. The microcassette drive
has a counter circuit incorporating a photo reflector. Using this
counter circuit, the tape may be fast forwarded to the required
position.
(1) Hardware configuration
The microcassette drive consists of a power supply section, a
motor drive circuit section, a read/write control section, a motor
speed control section, etc., and is designed to operate only when
the power supply is turned ON.
The tape speed of 2.4cm/sec. is obtained using a capstan motor
rated at 2,400 rpm. Data read/write is performed at a rate of
1,300BPS. Up to 50K bytes of data can be recorded on a 30-minute
microcassette tape.
(2) Data read/write
Read/Write operations to and from the microcassette drive are the
same as those with the external audio cassette, with the ON-OFF
ratio of a read/write signal at 1XHz for OFF and 2KHz for ON. Data
write format is also identical. Namely, one byte of data is
written in 9 bits (consisting of 8 data bits and 1 stop bit).
(3) Operation sequence
The microcassette has two motors. One is used for loading or
unloading the R/W head, while the other is a main motor used for
driving the cassette reel. The two motors are controlled by the
command bits set in the instruction register. As these commands
are transferred serially, a shift register as shown in Fig. 4-6 is
employed as an instruction register.

Command bit

. SR
Ic2 5 | {0) }
Q11, o1Q10 .
15 4 (1 ! 5
D2 Q12 ( 01Q9 |
3 {2 ¢ :
~ COMMAND 7 Q13 O} Unused!
. D1 @ :
Q14 0iQ16
13 (4) | :
21 p————0:Q15 !
CLOCK 1 12 (8) ‘
o- CK2 Q22 011
11 8 !
9 Q23 p———0:Q12
. CK1 2 7 0 :
Q24 —————0;Q13

cLt  cL2 4

6 14

T Transistor

Fig. 4-8 Instruction Register

tputs from the above instruction register serve as the inputs to
the bases of the respective transistors controlling the motor
operation.

«

4-4
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The following 8 microcassette control commands are provided.

Table 4-1 Microcassette Control Commands

Command | Code Code bit Function
- (Hex) 7161541312110
| sTop 20 Motor stop command
| _REW QA o o Tape rewind command
. _PLAY Q1 o | Data read command
| FF 11 ) o | Fast forward command
| REC 81 o | Data write command
| BRAKE 18 o| o Capstan motor control command
| HLD 20 ¢} Head load/unload command
| H BRAKE 40 0 Head motor control command

An example of a series of operations from the fast forwarding of the

tape, reading of data from the specified file to the termination of

the data read operation is described below. (Also see Fig. 4-8.)

C) The R/W head switch is checked to determine whether or not the
tape is in the Unloaded state. If the tape is in the Loaded state,
the head motor is activated to place the tape in the Unloaded

state.

(In Fig. 4-7 below, the tape is in the Unloaded state when shaft C
is disengaged from the pinch roller and in the Loaded state when
shaft C engages the pinch roller.

Coe® e ® © 6

! ‘ Sh;ft Cc
k Tape O/ E J ‘

©

Pinch roller

0

R/W head

Fig. 4-7 Unloaded State of Tape

After the motor power supply is turned off, both ends of the head
motor are short-circuited and brake is applied to the head rota-
tion due to the inertia of the head motor.

The capstan motor runs without speed control and the tape is fast
forwarded until it reaches the specified count.
length is counted by the photo reflector in the counter circuit.)
After the motor power supply is turned off, both ends of the
capstan motor are short-circuited and brake is applied to the
capstan motor. ’

The read/write head
Brake is applied to
The tape is rewound

(The tape feed

is placed in the Loaded state.
the head motor rotated In the above step.
at a constant speed and the tape is read.

(The tape speed can be controlled to 2.4cm/sec.)
Brake is applied to the capstan motor.

The read/write head
Brake is applied to the head motor.
A STOP command is sent from the slave CPU to reset the contents

of the instruction register to "00".

wyvvw . fastio.com
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HEAD
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HLD HBRAKa FF
COMMAND 1

MOTOR ; l
POWER

SUPPLY

HEAD
SWITCH

BRAKE HLD HBRAKE }PLAY I '
COMMAND 4 5 6 7

MOTOR
POWER

SUPPLY

HEAD
SWITCH

BRAKE HLD ) HBRAKE;

sSTOP l
1

COMMAND 8 ) 10
MOTOR .
POWER
SUPPLY

Fig. 4-8 Microcassette Operation and Control Commands

4.1.3 Expansion unit

The expansion unit is used for expansion of the ROM/RAM memory. The

memory may be expanded up to 32K bytes.

(1) Expansion IC sockets
There are 2 28-pin IC sockets for ROM expansion
sockets for RAM expansion as shown below,

4000 4800 5000 5800 6000
14 2 § l !

47FF 4FFF 57FF 5FFF 67FF

and 8 24-pin IC

6800 7000 7800
4 14
6FFF 77FF 7FFF .

i RAM| |RAM | | RAM | |RAM | |RAM {| RAM | | RAM | | RAM
ROMO ROM1
{14B) {138)
(18) || (2B) | |(4B) (88) 1 [{11B)||{10B)| | (BB} ||{78B)
28-pin socket 24-pin socket
/ ~ /
ROM RAM
Type HN613128 (16KB) Type HM6117LP (2KB)
Type SMM2365 (8KB) TDS5516
Type MBM27C64 (8KB PROM) D449-2

Fig. 4-9 Expansion IC Sockets
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(2) RAM/ROM structure
The RAM/ROM memory can be expanded toc a total of 32K bytes. Two
jumpers (J1 and J2) and one DIP switch (8SW2) are located on the
Expansion Board for RAM/ROM memory assignment and RCM type
(8KB/16KB) selection. (See Fig. 4-10.)

J2 J1 SW2

Fig. 4-10 Expansion Board
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(3) Setting of jumpers J1 and J2 and DIP SW2
- {(a) The pin Nos.

NOTE: DIP SW1 is used to turn on and off the backup voltage

(Vc) supplied from the Hx-20.

(b) The pin Nos.
specify the RCM type (8KB/16KB) to be used.

1 and 2 of SW2 are used to assign RAM/ROM area.

3 and 4 of SW2 and jumpers J1 and J2 are used to

SW2
1 2
ON OFF
OFF ON
OFF OFF
BFFF A 4 BFFF BEFF . -
T
8KB
ROM J,
_ . ——-
ROM 8KB
7FFF J,
) ROM T
8KB
" L— RAM - . _f—
RAM 8KB "
4000 - 4000 -4000 l
c ROM16Kx1 ROM16Kx2 . ROM16Kx2
% 1| RAM2Kx8 RAM2K x4  —
<
._g
ROMBKx2 ROM8BKx2
812 | rRaM2Kx8 RAM2Kx4 ——— | &
)
i’
SW2 JUMPER
3 4 J1 J2
OFF "1 ON B B -—————-) 8K.B ROM
ON | OFF A A ..__._____.)
16K.B ROM
Fig. 4-11 Setting of Jumpers and DiP Switch
4-8
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equipment.
FFFF
ROM
8Ka {1/0)
EQOO Expansion unit
ROM
g8kR | (/0 s A \
+BASIC)
C000 :
BFFF oK ROM
(BASIC)
A0CO
ROM
BK8 (BASIC)
w8000
Optional
8KB AOM
8000
8KB
4000
RAM
8KB
2000
RAM
8KB
0000
Bank | Bank Bank | Bank Bank | Bank
1 0 1 0 1
t ) ' 1 : |
Address 0032 - - : I - : J !
| B B
0030 ' ’ + t ] :
1 1 ) 1 1 |
L Lot DL !
Expansion !
unit DIP SW .,
Switch
1 2
ON OFF
OFF | ON
OFF | OFF
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{4) Bank switching
The HX-20 can directly address up to 64K bytes of memory space
(65,536 addresses). However, the memory capacity of the HX-20 may
exceed 64K bytes when an expansion unit is connected to the HX-20.

bank switching is executed in the HX-20 so that the CPU

can access a different memory area with the same logical addresses.

The bank switching can be done by both the hardware and software.

As the HX-20 operates in Multiplexed/RAM mode, addresses 0100 to

FFFF can be used by the external memory. The addresses 4000 to

BFFF (32K bytes in total) of this external memory area can be

accessed by switching the ON/OFF position of the bank select DIP

switch. The ROM E signal line is also available as a control

signal on connector 7. This signal may be used to disable the ROM
(address 8000 to FFFF) provided in the HX-20 as standard

Therefore,

wyvwy . fastio.com

Fig. 4-12 Bank Switching
4~-9

>  40KB

ROM E

( High tevel
Internal ROM
is enabled.

Low level
internal RCM
is disabled.

External memory

is enabled.
\
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(5) ROM E (Internal ROM ENABLE)

MOSU board
BV —A o ; ROME ’ ~
) SA A B / 100K
i——" l i—‘} J‘>’~ 7 AAA- BV
A15, Al4 ROM 0O ROM 1 ,///
4
-
3
4AE e By
2 ot a G1
e S ] 15D >
1 7 [oR—— -}
J G [T RAMIB o——c 2
8 lo—— RAM 2B 3 lo—— ROM 11E
A5 o5 G2A
1K 5 Jo—— RAM 4B 4 lo——— ROM 12E
: Ald o Gi 4 o———— RAMS8B 5 ic——— ROM 13E
3 o—— RAM 118 O~ G2A  § o~ ROM 14E
$ AlZ o 2le—— RAM 108 ° 1628 7l RoM 15E
AB A2 o 1 lo——— RAM 6B
Al o | 00— RAM 7B
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Fig. 4-13 ROM E Signal |

The ROM E signal is normally High to select the internal ROM
(addresses 6000 to FFFF) of the HX-20. This signal goeé Low
when the addresses higher than 6000 of the ROMO, ROM1 or RAM
in the expansion unit are selected, thus disabling the inter-
nal ROM of the HX-20. Accordingly, with this ROM E signal, the
internal or external memory having the same addresses can be
used as required. '



4.1.4 Display
As the master CPU operates in Expanded Multiplex mode "6", the memory
map for display is as shown below.

0000 8000
) Internal
register Text data
001F External 512 bytes
0080 memary.
Internal
RAM g
00FF £
External g
memory 8000 Graphic j—; 3
""""""" 1 Virtual screen (4 colors) %é
V-RAM 2K °=
|
87FF
FOO00 8690 -
internal
Inter Unused
FFFF J
8TFF

® Text mode
32 characters x 16 lines

# Graphic mode 1 (4 colors)
128 dots x 64 dot lines

* Graphic mode 2 (Monochrome)
128 dots x 96 dot lines

Fig. 4-14 Memory Map for Display

4.1.5 Floppy disk unit

The EPSON TF-20 Terminal Floppy is a floppy disk unit that can be
connected to the HX-20 via a serial interface. The floppy disk unit
has two 320KB disk drives and enables the use of DISK BASIC.

(Disk specifications: 16 sectors/track, 40 tracks/drive, double-sided
double-density)
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4.2 Applications
The HX-20 is an all-in-one type portable computer incorporating an LCD

‘and a microprinter as standard equipment. The HX-20 also has the

built-in rechargeable battery to allow the use of the computer for an
extended period without connecting it to the AC power receptacile.

As all the operations of the HX-20 are supported by EPSON-MICROSOFT
BASIC, programs can be developed with ease. If necessary, programs can
be written in machine language using the computer in the Monitor mode.
Therefore, systems ideal for a wide variety of applications can be
configured by adding various EPSON options to the HX-20.
(1) Changing the interface operation ’
The HX-20 is equipped with a total of 6 interfaces (i.e., RS-232C,
Serial, Barcode reader, External cassette, optional cartridge and
expansion unit). These interfaces can operate entirely different
from what they are originally intended if the programs to control
thelir operations are modified. In this case, use of more effective
BASIC subroutines and preparation of machine language programs
will become necessary.
(2) Connecting the external unit
Special external units meeting the specific applications may be
connected to the HX-20 interfaces. When connecting such units,
careful consideration must be given to the interface specifications,
timing, power requirements, etc. If the external unit to be con-
nected to one of the HX-20 interfaces is an intelligent type, the
external unit may have its own control functions. By so doing, the
interface may operate entirely different from what it is originally
intended by operating a relatively simple program from the HX-20
side.
If the external unit is not of an intelligent type, all the func-
tions of the external unit must be controlled by the HX-20, which
may require the use of a more sophisticated control program.
In any case, it is best to connect the external unit to the external

unit interface of the HX-20 to which the address/data bus is
open.

4.2.1 Power supplies

When connecting special units to the HX-20 to expand the system
functions, pay attention to the points described below. Also note that
the external units to be connected to the HX~-20 have their own power
supplies, since the built-in battery of the HX-20 has a limited
capacity (approx. 1100mAH). '

(1) Cautions when operating the external unit with the built-in
battery of the HX-20

(a) The Vp, line (line voltage) must be 50mA max. at +5V.

(b) The Vg (battery voltage) line must be 1000mA max. at +5V.

(c) The Vo (backup voltage) line must be 4%mA max. at +5V.

(d) A fuse (1A max.) must be attached to the Vp line for
overcurrent protection. .

(e) The V.- line must be connected to the GND (Signal Ground)
through a 30uF electrolytic capacitor at the external unit.
Also, attach a 0.01pF (capacitor to the circuit wired to each

element and to the Von of each element (RAM, ROM, etc.),
respectively for voltage stabilization or noise prevention.

wyvvw . fastio.com



(2) Cautions when operating the external unit with its own power
supply.
(a) The power supply section of the external unit must have an
independent ground line (in the 3-conductor power cord).
(b) The ground line must be separate from the signal ground.
(c) The power supply lines of the HX-20 must not be connected to
the external unit.
(d) The external unit must have its own reset circuit so that it
does not operate before the HX-20 becomes ready for operation.
(e) The external unit must have a protective circuit against
abnormalities in the power supply (overvoltage, overcurrent,
low voltade, etcC.).
(f) The external unit must be provided with measures against noise
due to electromagnetic waves, etc.
(g) The external unit must satisfy all other requirements
specified in the safety and various other standards.
(3) Power ON/OFF control
When operating the external unit with the built-in battery of the
HX-20, pay attention to the following points. e
(a) Vg line ;
° power must be turned on-and off with the built-in switch of
the external unit or by the program so as to prevent the
unwanted battery consumption except when the external unit
is in operation.
° The Vg voltage line must be protected against overcurrent
by inserting a fuse rated at 1A max.

Example:
Power .
switch o |
Fuse ; 1
Vg  Ommeeeend : - QOutput
{ i
t i
pemmmmmmmmmme o !
! SET ]
, Address A 1
' i
! !
I} i
! Reset 1
1 1
| Address 8 !
b mem e emm RESET oo - J B
) Fig. 4-15 Overcurrent Protection .
The circuit enclosed by the dotted line in the above figure -

indicates a power ON/OFF circuit which uses two addresses
for power ON/OFF control.
By this circuit, the unwanted battery consumption may be
prevented by turning the power ON only when the external
unit is used and turning it OFF immediately after the unit
has, been used. ’
(b) VC line
Use of this line must be limited to only the case where the
external unit requires battery backup voltage.
° The Ve line must not be connected to any other voltage llnes
such as Vi (line voltage).
°© The element to be backed up must be of a C-MOS type.
(c) Vi, line (+5V) ‘
o qhis line must not be used when lcad fluctuations on the
external unit side are great.
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4.2.2 Interfaces

The interface cables specified by EPSON must be used for RS-232C and
serial interfaces which employ a USART IC in the interface board. When
using other than the above two interfaces such as expansion unit
interface, etc., pay attention to the following four points.

¢

(1) Connection

° Use a connector conforming with the interface standard.

° Secure the expansion unit interface connector using the screw
(M3x8) mounting holes provided on the side of the HX-20 for this
purpose. ’

° The distance between the expansion unit interface and the I/0
elements on the external unit should be less than 150mm. Avoid
the use of an interface cable, etc. as much as possible. If the
interface cable is required, see paragraph (2) below.

(2) Interface specifications

Signals for the expansion unit interface, cartridge interface,

etc. are output directly from the master or slave CPU. Therefore,

the interfacing distance betwsen the HX-20 and the external unit
must be minimized and a line buffer (or driver) be provided on the
external unit to prevent signal levels from dropping as well as to
prevent the HX-20 from malfunctioning due to noise. The interface
differs depending on the cable material, elements, etc. used.

However, the interfacing distance from the I/O connector section

of the HX-20 to the line buffer on the external unit must be less

than 150am.
Buffer {Driver}
. c )
HX.20 0 Signal ——\,
: N
N " 4
L]
*150mm max.
150mm min. | ‘
Fig. 4-16 (Interfacing Distance
4-14
X &
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(3) Interface cables
The interface cable to be used for connection of the external unit
o the HX-20 must be twisted pair. The return wire of each signal

line

must be connected to the signal ground.

The interface cable must also be shielded and the both ends of the
shield be connected to the chassis grounds of the HX-20 and the
external unit, respectively. .

Connect the return side of twisted line to grounding terminal.

Connect the return wire of the twisted pair to the signal ground.

Connect to chassis ground’

Fig. 4-17 Connection of Interface Cable

+

NOTES:

1. The length of the interface cable must be minimized, as the
extensible cable length is governed by the cable material and
the type of element used as a signal driver.

5. When using the interface, avoid use of the HX-20 power supplies
(Vgr Vg, and VC) as much as possible to prevent voltage drop.

o

wivw fastio.com

Input signal lines to the HX-20 and all other signal lines
except voltage and ground lines must be connected to the
signal GND via a 1MQl resistor.

A bidirectional gate circuit (H245, etc.) must be provided
for each data bus line.

Use of open collector type elements is recommended for the
input signal lines to the HX-20.

The signal levels for the external unit must be TTL
compatible.

The signal GND must be separate from the chassis GND.

When the external unit has a puilt-in power supply, make sure
that noise due to power ON/OFF does not have any adverse
impact on the signal lines.



[Application Example]
° Memory expansion ;
When the same control as that for the expansion unit is to be
effected on external units via the interface connector CN7 on
the MOSU board, memory may be expanded up to 40X bytes (address
"6000" to "FFFF") per bank by using unassigned addresses "0030"
to "0OQ3F" for bank switching. If multiple banks are to be used,

a program is required to cover the set/reset control involved in
the bank switching.

’ - ROM E -
! - ! : i ! !
" ! ’ - i 1 1} 1
' ! ' i | '
§ ! 1 . ' )
- | ! i : | '
] ! i 1
1 Bank ! : Bank ! 1 Bank X
vy 1 : ' 2 . . 3 i
3 | | 4oke) | | | woKe) | || (aoke) | |
) ! H ]
| S L ;
i X : : |
\ oo o - ;
______________ e ‘
4000 ; : ; : ! I
H 1 1 [} !
““““ -t Control 1 Control ' : Control |
: | cirouit___} lcireuit | _cireuit__ 1
Bank switching control X i S
Address X <
i Y o !
i
Z o
_
. . N
B {HX-20) ' External unit

Fig. 4-18 Bank Switching Control

©
i
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APPENDIX 1 OQUTLINE DIMENSIONED DRAWINGS
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APP1-1 OQutline Dimensions of HX-20
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APP1-2 OQOutline Dimensions of ROM Cartridge
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APP1-3  Outline Dimensions of Expansion Unit
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