FOREWORD
&®

This manual provides an outline of the HX-20 hardware configuration
and -explains the ‘MONITOR program and its use. The information,
drawings, diagrams and data-contained in this manual ‘are-both
‘accurate and .reliable. However, the circuits related“to -the 'products
not manufactured by EPSON, sample programs, etc. have been inserted
merely to facilitate the understanding of theigeneralﬁapplications of
the Hx-20, and thus they are not complete for.practical use.

"EPSON assumes ‘no responsibility for the infringement of third party's
patents resulting . from the incorporation of or use of the EPSON HX-20,
~nor -for the infringement of any other rights related theretg.

Ali rights reserved. Reproduction of any part of 'this '‘manual "in ‘any
formwhatsoever without EPSON’s express written permission is ‘forbid-
den.

e ® Copyright 1983 by ERSON CORPORATION
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1.1 System Overview . : s e AT
. - The HX-20 is an-all-in type computer which 1ncorporates a lquld
' 1" crystal display (LCD) and a microprinter in addition to other
essential components. It was designed as a portable computer which
operates on a built-in battery. As the HX-20 has a great choice of
options, the HX-20 system can be configured or expanded with ease
according to your specific application.

1.1.1 System conflguratlonr
The HX~20 incorporates the follow1ng standard equlpment.
24~column microprinter ‘
Liquigd: crystal display [20 characters X 4 lines (8@ characters)]
TyPewrlter type keyboard (68 keys) ,V : R
RS-232C ‘interfdce ' e iR CRRCIAE
Serial interface R
Cartridge (ROM or microcassette drive). interface
External audio cassette interface ,
Barcode reader lnterface o et
. _ 9 ROM (32K bytes) _ sl
“0o7L 10 RAM (16K bytes) S
The- ‘HX-20 is thus capable of system conflguratlcn with expansxblllty
as shown below.; N i

e IR N WS R SR

Acoustic
coupler

: M —Microcassette
2 - Drive

B Terminal .
Floppy :
f — ) N . ‘—ROM
: - ‘Cartridge |
Ls&%&1§§'_'%j!iiii s
Personal | ?-. - "g.,_.
computer { X % ) .
) dapter okt i Barcode
N AC Adapte 1 Rom Reader
: 16KB
MX-100 RAM |1
16KB
Audio
Cassette

8KB

' Fié. 1-1‘k System Configuration

Fig. 1-1 System'Configuration_i
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1.1.2

Other options,

6301

System block diagram
An (8K) ROM can be added to the internal 32K ROM of the HX-20.

however, are connected to the HX-20 via the appropriate
interface connectors located inside the portable: computer as-shown in
Figs. 1-3 . and 1-4.below.

Master

cPU
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ROM i
[ - |
RAM i 8KB ! !
i 1 '
! ! 3
16KB 1 32KB ! ) b
i b [Keyboaﬂ L LCD J ! Expansion Uit
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S 1 ey .
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Terminal Computer 1
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Serial Interface

6301 Cartridge I/F
Siave {—:{:@

RS8-232C Interface

AC Adapter

H

1

! l ersonal Coupler CX-20}——{ CX-20 }——{Personal Computer]
! N - - 1 .

§ . : Terminai { -

: l Flopey TF-20

o ) TF-20

H

H {(ROMCartridge) axs

Fig. 1-2 System Block Diagram

Microcassette/ ROM Cartridge

J——RESET
~— BARCODE Reader

REM

EAR I Audio Cassette
Mic .
Fig. 1-3 Interface Connectors

Fig. 1-4 Interface Conriectors.
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1.1.3 Major components o e
The HX-20 consists of the following 7 major components:

MOSU control circuit board (MOSU board)

Keyboard unit

Liquid crystal display (LCD) panel

Microprinter

Ni-Cd battery

Speaker

Case

3 O UL N

MOSU Board

e

. {Lower Case Side) {Upper Case Side)
Fig. 1-56 Major Components

(1) On the MOSU board are mounted the connectors for various inter-
faces such as the RS-232C interface, the serial interface, the
external audio cassette interface, the barcode reader interface,
the expansion unit interface, and the optional cartridge interface
and the AC adapter inlet. The HX-20 controls its components by a
dual CPU system which empioys two CMOS 6301 CPUs. This enables

distributed processing of inputs and outputs and provides upgraded
system performance.

(2) On the keyboard unit are mounted the power switch and the view

angle control knob for the LCD. The ICD control circuit is located
inside the keyboard unit.
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R 1.1.4 Hardware configuration of HX-20

Micropriniar

Keyboardunt " & E}z‘.}aci rot-matrix printar

a Character font: 5x7 dots

* 724 columins {144 dotsting in
yraphic mods)

/ apr )
Typewriter type keyboard s Printing speed: 0.7 line/sec
68 keys linciudas 5 lu

-~

keys and 13 spaciai koys.

o
1Spaakert
: X
; '
1 T
i [ .
i T RESET Liquid Crystal Display
i - R Atct .
e : switeh (LCD) unit
! B e \
; - -
) o E POWER
¢ s switci: s Text: 20
g i Speaker qharactersxd
& / ng
as linss
S ® Characlers: 5<7
9-33 1o KB \, dots
< Is \ .
W=l l r ® Graphics: 120~32
> = - 5 dots
@ty 2 L @ S
SR ot 9 [%ss =2
=82 f(*:aﬁ 5_3 e T3les £
L=, s po DS VT Sy S e e e
colvelZge R T f | 1
EEIREE S_:'E g 5212 “:: £ | Microcassette i
NE @ FmCE 35 Lt driveor :
:
1

e ROM cartridge

Buiit-in
rechargeabla
Ni-Cd battery

Fig. 1-6 Block Diagram of HX-20

The HX-20 comprises 6 major blocks as shown in the block diagram
above; namely, an MOSU control circuit board, a keyboard unit, a
microprinter, an LCD unit, a speaker, and a battery power supply.

Each block is connected to the control circuit board and housed in the
HX-20. A block diagram of the MOSU control circuit board is shown in
Fig. 1-7 on the next page. ’
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Fig. 1-7 Block Diagram of MOSU Control Circuit Board:
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1.1+5 MOSU board

The HX-20 adopts a dual CPU system which consists of two CMOS 6301
CPUs located on the MOSU board. Input/output units such as the
microprinter, keyboard unit, LCD, etc., are thus controlled by distri-
buted processing between the master CPU and the slave CPU.

BEach CPU, the master and the slave, has its own oscillator and control
program to control inputs and outputs. Data transfers between the

‘master CPU and the slave CPU are performed through the high-speed
serial interface (38,400 BPS).

(1) Master CPU 6301
The master CPU 6301 is a main processor which controls the HX-=20
by the program stored in the external ROM (15E to 12E).
The system clock of the master CPU is approx. 1.63 psec which is
generated by an externally connected 2.4576 MHz crystal oscilla-
tor.
The master CPU mainly controls the following:
(a) Keyboard
{(b) Liquid crystal display (the buffer for display is incorporated
in the LCD control circuit board)
(c) Addressing of the built-in ROM and RAM
{d) Barcode reader
{e) Clock function
(f) Serial interface
Note: The master CPU does not use the built-in mask ROM.
The master CPU operates in Expanded Multiplex mode.

Vee
9
_:—- et Erglyie
E%i*_ ot NMI
§TEY O——>~ o0 IRQ,
RES O~ HOB301Y o R/W

MU " Port 3

8 Lines
Muitiplexed
Data/Addrass

e Aciciresy Strobe

Port 2 . Port 4 )
SéIO Lines To '8 Address
sC1 Lines or To

Timer e 7140 Lines
(Inputs Only)

Port 1
8 1/0 Lines

Vss

Fig. 1-8 Expanded Multiplex Mode of HD6301V MCU

(2) Slave CPU
The slave CPU has a control program in the built-in mask ROM (4K

bytes) and controls input/output units independent of the master
CrpuU.

The slave CPU mainly controls the followihg:
(a) External audio cassette
(b) Microprinter (M-160)

wyvw . fastio.com
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(3)

(4)

.
{¢) Barcode reader
(d) RS-232C interface
(e) Optional cartridge (ROM or microcassette drive)
(f) Power OM/OFF
The system clock of the slave CPU is approx. 1.63 psec. The slave
CPU operates in Single Chip Mode:

Veo

Q
|

2 21 A0p——Be Eaapie

3 e
7 5 Q IRQ,

| gHDE30IV ] -
MCU

Pory . 1(3 J; Poect 3 )
8170 Lines 20 30 8 1{0 Lines

39 e ] Port 3
1/Q Strodet

L

[wns] —
prmed 4 promm—C} N M
o

o]

38 prmmmrim

3
fort 4 (/L_J\?s % Pori 2
8 1/O Lines \r‘—L/ Pr) 12 51/0 Lines

sCt
Timer

1
ok
Vss

Fig. 1-9 Single Chip Mode of HD6301V MCU

Power Supply Unit

The power supnly unit consists of a charging circuit with built-in

battery and the AC adapter, a voltage detection circuit, an LCD

voltage circult; an RS-232C voltage circuit, and a bhackup circuit,
all designed to minimize power consumption.

(a) Fuse: 5SA fuse for protection against faults hy overcurrent.

(h) Charging circuit: This circuit consists of a noise filter, a
diode for reverse current protection and a resistor. A zener
diode is also connected to the output side of the fuse circuit
for overvoltage protection.

{c) Voltaqge detection circuit: Hormally, this circuit monitors
the bhattery voltage after the power has been turned on. Vhen
the battery voltage falls helow 4.5 wvolts the circuit outputs
a POWER ABMORMAL signal to notify the master CPU of the low
voltage condition.

(d) LCD voltage circuit: This circuit generates approx. +7V by
DC-DC conversion of the battery voltage to drive the liquid
crystal disnlay.

{e) RS-232C-voltage circuit: This circuit generates approx. +8V
from the battery voltage which meet the voltaqge requirements
of the FIA Interface Standard RS$S=-232C. This circuit is designed
so that +8V is output only when the RS-232C interface is used.
Power on/off control of the circuit is performed by the slave CPU.

(f) Rackup circuit: This circuit supplies from the built-in battery,
the minimum current required to operate the clock and the compo-
nents to he used when power is turned on, and also protects the

data stored in the RAM while the nower swWwitch is heing turned
off.

Clock
The HX-20 employs a real-time clock (146818BRTC).which has clock
and calendar functions and is connected directly to the master

CPU through the data bus. It uses a 32.768 KHz oscillator as the
basic clock.
1-7
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(5)

(6)

(7)

(9)

RAMg

The HX-20 incorporates a total of 8 CMOS RAM chips each with a
capacity of 16,384 bits. (2K bytes). The total RAM capacity is
thus 16K bytes. The RAMs are backed up by the built-in battery
for data retention even when the power is turned OFF. '

ROMs

The HX-29 incorporates 4 8K-byte mask ROM chips. The ROM chips
contain the BASIC interpreter, 0OS (Operating System) and machine
language monitor,

Switch (sSwe)

A 4-pin DIP switch is mounted on the control circuit board. Pin
Nos. 1 to 3 are used for selecting character sets. Pin No. 4 is
used to specify whether or not the terminal floppy unit is con-
nected (ON: connected, OFF: not connected),

Interrupts

There are two types of interrupts: NMI {non-maskable interrupts)
and IRQ {Interrupt request)., The NMI interrupts are not used. An
IRQ is generated under one of the following conditions.

(a) Keyboard input

(b) Low voltage detection (PWAa)

{(c) Power switch {PWSW)

(d) External interrupt (INT EXT)

(e) Clock interrupt

System Bus )

The system bus consists of an address bus and a data bus. The
address bus consists of 16 address lines (0 ~ 15) and a maximum of
64K bytes of addresses are thus accessible directly. Since the 8
low-order address lines (B ~ 7) are also used as data lines, an

buses by the appropriate timing.,

(10) RS-232C Interface

The USART (Universal Synchronous/Asynchronous
Receiver/TranSmitter) IC's (75188 and 75189) are used for the
RS-232C interface, +8V and -8V are used as the signal levels of the
RS-232C interface. The operation of the interface is controlled by
both the master cpy and the slave CpU. Through this interface, data
can be transferred at bit rates ranging from 110 BPS to 4,800 BPS.

{11) Serial Interface

The Serial Communication Interface (SCI) is used to connect the
master CPU with tHe slave CpU. Interfacing between the master CPU
and the slave CPU or between the master Cpy and an external unit
is switched under software control.

Through the serial interface, data can be transferred at bit rates
ranging from 38,400 BpS to 150 BPS.

The operation of this interface is controlled by the master CPU.
The serial interface is not supported by BASIC.

w.fastio.com
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(12) Connector Locations
There are 12 connectors in the

HX-20: 9 on the MOSU board 2 on the

keyboard, and 1 at the optional cartridge section. The location
and description of each connector is given in the figure and table

below.

Table 1-1 Connectors on the MOSU Board

Connector | No. of Connection
5 pins ,
M 5 Serial interface
| CN2 8 RS-232C
. CN3 2 AC adapter
| CN4 20 Keyboard
. CN5 20 Keyboard
 CN6 20 Microprinter
| CN7 40 Expansion unit
| CN8 14 Optional cartridge
| CN9 2 Built-in battery

1.2 Input/Output Interfaces
1.2.1 Interface contrel

The input/output interfaces are controlled by the master CPU and the
slave CPU as shown in Fig. 1-11.

{1) Control by the master CPU:
(2) Control by the slave CPU:

(3) Control by both CPUs:

Fig. 1-10 Rear View of MOSU Board

ILCD and keyboard
Speaker, external audio cassette and

M-160 microprinter

High-speed serial interface, RS-232C

interface, cartridge interface (option)
and barcode reader interface

High speed serial
b

Main

CcPy

Lco

H i Key input

£xpansion
unit

wyvw . fastio.com

‘Vaarcodel szidqel ;Rszszc! {fs

|
!
1
2rial ]

Siove
cou

Spmaker

External
audio
cassette

2160
priftee

R

Fig. 1-11 Relationship between CPUs and 1/0 Operations
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The following 6 interfaces are open to external units.

Table 1-2 External Interfaces

Interface Connector Type | Specification| No. of Signal Lines
of Connector (including Voltage
and GND Lines
Barcode Reader Jack 3.50 (x1) 3
3-position

Optional Plug-in 14
cartridge connector
RS-232C 8-pin DIN TCS4489 8
Serial 5-pin DIN TCS4450 5
External Audio Jack 3.50 (x2) 6
Cassette 2.50 (x1)

| Expansion Unit F/C 40

1.2.2 Interface cables

#714

#7085 r’--{ MX ssries | ar |Personal computer

i

- -2 e EX-20
, | ' o
o ]
i i
g #716
| #707
| .
High-speed RS%Microcassene ROM
o serial -232C drive ~7~ cartridge
=4 8K or 16K
35! HX20 \£?7
S, ROM 32K {option 40K) Sy
o= RAM 16K Barcode reader
£33 A
W : i
#702
E} Cassette
| Fecorder
Fig. 1-12 Cable Connection Diagram
Table 1-3 Interface Cables
Cable Set | Connection between Part Number Connector
Number
#702 HX-20 and External Y201302000 Two 3.5mm dia. plugs
audio cassette and one 2.5mm dia. plug
#705 HX-20 and acoustic Y201305000 | One 8-pin DIN connector
coupler and one DB-25 connector
#707 HX~20 and TF-20 ¥201307000 | One 5-pin DIN connector
and one 6-pin DIN
connector
#714 HX-20 and Terminal Y201309009 | One 8-pin DIN connector
printer (MX series) and one DB-25 connector
#716 HX-29 and HX-20 Y201311000 Two 8-pin DIN connectors
1-10
wwvw fastio.com
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{1) Cable Set #702 (with two 2.5mm dia.

(a) Use: To connect the HX-20 to
an external cassette tape
recorder

(b) Plugs: 3.5mm dia. (white and red),
and 2.5mm dia. {(black)

(c) Connection

Connect the HX-29 to the external
cassette tape recorder as shown
below.

If the diameter of the input jack
of the external audio cassette is
2.5mm, connect the plugs using the
supplied jack adapter.

(d) Signal names
| Color Pin No. | Signal Name
Black 1 Shield
2 Input
Red 1 Shield
2 Qutput -
Black | 1 Remote
{ ? 2 Remote
{2) Cable Seat #705
(a) Use: To connect the HX-20 to the
acoustic coupler.
{b) Connectors:
HX-20 side: 8-pin DIN connector

Coupler side: DB-25 connector {male)

(c) Connection
Plug the DIN connector into the

jack adapters)

[ wre ) \ WHITE | o) boooe: 3
e T Em DT
{HX-20 side} (External casselte side)

Fig. 1-13

l 3 N @) (3 1.'
WJ

o REMOTE i5tud)
e —~ EAR (CM [ 1N} whita)
— MIC (CMT QUT) lredit

Externai cassette

Fig. 114

f'%

RS-232C interface connector on the rear

panel of the HX-20 and the DB-25
connector into the CX-20 interface
connector. Then, tighten the two
mounting screws with a screwdriver
to secure the DB-25 connector to the
CX-20.

wyvw . fastio.com

i P
o
i
| |
2 1
Fig. 1-15
8-pin DIN connector DB-25 connector
€
6 p { 1 13
08Q fﬁéoooooooooooo
k %ngf \ 00000000U00D
a < 5 A 25
z
HX-20 sida CX-20 sids
Fig. 1-16
[ 1
DE-25 connecturs ‘
5
v
Mounting screws
Fig. 1-18
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{d) Signal nanes

#=Pin DIMN Connector PBR~-25 Connector
| Pin Mo. | Signal Mame | Color Pin Mo. | Signal llane | Color
] GliD Black 1 CG (Shield)
2 TX Red 2 TX Red
3 X Gray 3 RX Gray
4 RTS Yellow 4 RTS Yellow
5 oTS Green 5 CTS Green
6 DSR Brown o) DSR Brown
7 NTR Blue 7 GHD Black
8 cn White 3 CD White
F FG (CG) (ShielAd) 9-19 Unused -
20 DTR Blue
21-25 Unused -
& pin OIN connsctor 5-pin DIN connectar
o {3) Cable Set #7027 E ]
" {a) Use: To connect the HX~-29 to /1?< '
the flonpy disk unit. 1100

) 9

2

Fig. 1-19
{h) Connectors:
HX-28 Floppy disk unit
{5-pin DIti) {(6-pin DI}
i
i
|
w707 |
|
- {c) Connection , X
{ , Plug the DIN connectors on Imm/dﬂ! GDUI
} hoth zides into the corresponding areit N
interface connectors.
Fig. 1-20
{d) Signal names
6-Pin DIN connector 5-Pin DIY connector
Pin to. | Signal MName | Color Pin No. | Signal Name | Color
1 PRX hite 1 SG (Signal Black
2 PIN Green © Ground)
3 pTX Red 2 PTX Red
4 POUT Yellow 3 PRX Thite
5 SG (Siqnal Black 4 POUT Yellow
Ground) 5 PIN Green
6 Unused - E FG (CG) (Shield)
E FG {CG) {(Shield)

1-12
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(4) Cable Set #714

{a) Use: To connect the HX~-20 to
the MX-series terminal
printer.
(b) Connectors
HX~-20 side: 8-=pin DIN connector
Printer side: DB-25 connector {(male)
(c) Connection

Plug the DIN connector intoe

the RS-232C interface connec-

tor and the DB-25 connector

into the interface connector

of the terminal printer.

(d) Signal names

8-Pin DIN

8-pin DN connector
/
7

V”§

<0

08-25 connget.

t 12

O«

HO OO

{000002CD00000 ]
10000000000 C 2/

s

”‘Q

O/t
4 /

HX.20 side

Fig. 1-21

14 2%

Printer side

ADWIOR
+ -G~

1123131347413

RS20

5001

SERIAL

1111111113218

Fig. 1-22

DB-25 Connector
Pin No. | Signal Name | Color Pin No. | Signal Name | Color
1 SG (Signal | Black 1 CG {Shield)
Ground) 2 TX White
2 TX Red 3 RX Red
3 RX White 4 Not used Blue
4 RTS Brown 5 Not used Blue
5 CTS Brown 6 DSR Green
5 DSR Yellow 7 SG {(Signal Black
7 DTR Green Ground)
8 CDh Blue - 8 Unused Brown
E CG {Shield) 9-19 Unused -
20 DTR Yellow
21-25 Unused -
NOTE: Pin Nos. 4 and 5 are connected within each connector and then

connected to the pin No.

wyvw . fastio.com

8 of the mating connectors.
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(5) Cabde

Set #7116

{a) Usea: To connect two HX-20 units
through the R§-232C interface.

(b) Connectors:
E

/

’

Two 8-pin DIN connectors
&

©80
WO oGO
[$FNe]

6 7

o s‘O\
{oo0l3

4 - EY

(c) Connection

Plug the DIN connector into the ADAFIOR  RG2HC  SERIAL

the rear panel of

unit.

RS~232C interface gzzge}c{;s;@on "‘ H mm }; | '
. ]

Qo .
S5 Fig. 1-23

13331313113132132333301 771133

) Fig. 1-24

(d) Signal Wames
| _Pin No. | Signal lame | Color : Pin No. | Signal Name Color

i SG (Signal Black 1 SG (Signal Black
_ Ground) Ground) 1
2 TXD Red 2 TXD , White
.3 RXD White 3 RXD Red
i 4 RTS Brown 4 RTS Blue
5 CT Brown 5 CTS Blue
6 DSR Yellow 5 DSR Green
7 DTR Green 7 DTR Yellow
8 C Blue 8 CcD Brown
 E FG {(CG) {Shield) F FG (CG) (Shield

Mote: Pin YNos. 4 and
connected to ‘the pin No. 8 of the mating connectors.
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CHAPTER 2 PRINCIPLE OF OPERATION
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2.1 Power Supplies
The power supply circuit of the HX-20 is located in the MOSU board.

From the battery voltage this circuit generates all the voltages
required for various operations in the HX-20.

~0 Vg (Battery Voitage}

Fi

T

O

VL {Line Voitage)

cG ‘ 1
: 1T+ AA \._f
AC+ AC -~ M
P RSN
N e Built-in Q / O\
AC adapter Battery )
' Aesat
Switch

o VC (Backup Voltage)

SG (Signal Ground}

VL on

p————0 CG {Chassis Ground)

. GG

Power

i Supply b, V O Ori
for LCD LD {LCD Orive Voltage}

RS-232¢/

Seriat Intarfaca .Y
Voltage

+8V {RS-232C/Serial
- BV interface Volitage)

SWL

Fig. 2.1 Power Supply Circuit

Table 2~1 Cutput Voltages

. Name : Description . Use

Vg Output voltage of built-in battery | Power supply for built-
{positive terminal of the built-in| in printer, expansion
battery). unit, VL; Vo, or *8V.

rVL Line voltage. This voltage is Voltage for circuit
generated from Vg when the power elements or barcode
. switch is turned on. ‘ reader.

Vo Backup voltage. Approx. 3V when Power supply for CMOS
the power is turned off and RAM, power ON/OFF
approx. 4.5V when the power is circuit or reset circuit,
turned on. .

VLp | LCD drive voltage. Approx. 7V is Power supply for LCD

o generated from VL when the power panel
switch is turned on. '

+8V | RS=232C level voltage (-3 to =27V, | Power supply for .

-8V +3 to +27V). Voltage output starts | RS-232C or high-speed
upon input of an SWL signal. serial interface.

SG Signal ground {negative terminal
of the built-in battery).

[ép Protective ground.
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2.1.1 Output voltages

(1)

(2)

(4)

(5)

(6)

Built-In Battery (SUB C Type)

This battery is a rechargable type battery which is used within a
range of 6.0V to 4.0V. The effective output capacity is approxima-
tely 1,100 mAH.

Vg (Battery Voltage) .

Voltage Vp is a battery voltage which is supplied from the built-
in battery via fuse F1 and serves as the power supply for the
various voltages to be used within the HX-20. When using the HX-20
with an external interface, this voltage can be output at up to
1.0A.

Vi, (Line Voltage)

Voltage V; is supplied from Vg through the internal transistor Q8
{2SB808G) which is turned on when the power is turned on.

This voltage is used by all the circuit elements except the
backed-up elements listed in Table 2-2 below.

When using the HX-20 with an external interface, -this voltage

can be output at up to 50mA.

Ve (Backup Voltage) '

Voltage Vo is used to protect the data stored in the RAM when the
power is turned off and to keep the reset circuit in the operating
state when the power is turned on.

Approx. 3V is supplied as Vo from Vp through transistor Q7
{2SA1048), when the power is turned off, and approx. 4.5V when the
power is turned on.

When using the HX-20 with an external interface, this voltage can
be output at up to 40mA. ‘

Table 2-2 Elements Backed Up by Vg

| _Location In type Use
4F TC40HO02 Reset and Enable
| 5D TCA0OH000 | RAM R/W and CE
5E TC40HO04 Interruét circuit
5F TC4011UBP | Clock and reset cirﬁuits
[ 13C~16C | BM6117 2K RAM x 4
CT136<T56 [ EMB117 7K RAM X 4
16D TC40H138 | CE2 output for RAM
6G HD146818 Real—timg clock

Vi,p (LCD Drive Voltage)

Voltage Vi is generated from line voltage Vi when the power is
turned on.

+8V, -8V (RS-232C/Serial Interface Voltage)

This voltage is activated by the slave CPU only when the RS-232C
or serial interface (external interface) is to be operated.
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2.1.2 low voltage detection circuit

After the power switch has been turned on, the voltage detecting com- l

<

parator operates to constantly check the built-in battery for proper

voltage while the power switch is in the ON state.

This circuit prevents the HX-20 from operating abnormaly due to a
decrease in the battery voltage. When the battery voltage drops below

4.5V, the low voltage detection circuit is activated and an interrupt

is applied to the master CPU by an IRQ.

R51 100K
AN

D17

' 1
Vg o a

R73 : 133.2K é 56K é 1
390K . MB
AN~y IN8 3761

ZT @< I

R4 5

. R47 39K 12.1K g G
PWSW o AAN 5 3

>

Fig. 2.2 Low Voltage Detection Circuit

2.1.3 Reset circuit

FOWER
© - ABNORMAL

Turns on the IRQ terminal of master CPU,

Low voitage condition is detected at 4.5V,

The reset circuit functions to prevent the respective circuit elements
(master CPU, etc.) from overruning,when power is applied to the HX-20,
as well as to initialize the respective circuit elements while the

reset circuit is operating.

The reset circuit operates only under the following conditions.

(1) When power is applied.

A RESET signal is output for approx. 30nsec after the power switch

has been turned on.
(2) When the Reset Switch is pressed.

A RESET signal is output for approx. 30msec while the Reset switch

is being pressed and after it has been released.

Fig. 2-3 Reset Timing

2-3
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2.2 CPU Operation
2.2.1 Master CPU and slave CPU

Master /
. Oscillator 635&%6) & . ; . SCI;\G? I
S | i Oscillator
4 J l \) 6301 (8D)
. . R
{ .
o ADDR, ROM . RAM
| MASK 1 LATCH \ Fe--n
' ROM ! 32K + (8K) | 16K i MASK !
'UNUSED! | 1 ROM !
Lo I , X 1 4KB !
- { S |
P A .
" RAM % </ﬂ7> -
ro128 Y\ ! RAM !
| bytes ! S _ 128 !
N N High -Speed Serial High-Speed Serial N | bvtes |
. —/ b -

Serial Interface

Fig. 2-4 CPU Operation

The HX-20 adopts a dual CPU system in which two 6301 CPUs are used to
permit the distributed processing of inputs/outputs.

The master CPU is operated by a control program which is stored in an
external ROM. The master CPU controls: (1) keyboard, (2) LCD, (3)
ROM/RAM addressing, (4) barcode reader, {5) clock function, etc.

The master CPU does not use the built-in mask ROM, but it only uses

the program contained in the external ROM to perform the various
controls described above.

The slave CPU has a control program in the built-in mask ROM (4KB).
The slave CPU operates independently of the master CPU to control: (1)
external audio cassette, {2) microprinter, (3) barcode reader, (4)
RS-232C interface, (5) high-speed serial interface, (6) optional
cartridge, (7) power off, etc. Connected to the master CPU via the
high-speed 38,400 BPS serial interface, the slave CPU transmits and
receives commands and data which are necessary in performing its
control functions.

2.2.2 Operation modes (Memory Allocation)
The operation mode of each CPU must be set by hardware. For this
reason, the operation mode of the CPU cannot be changed by software.

The operation mode of each CPU is determined by the logic level {(high
or low) of each signal input to the pin Nos. 8, 9 and 10 of the CPU.
The addresses of these pin numbers correspond to the bits 5, 6 and 7

of internal register 0003.

2-4
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Notes:

0003

7 5 5 4 3 2 1 0
: PC2 PC1 PCO | 1/04 | 1/03 | /02 /01| 100
i ' ;
; 3
I
| Pin10 | Pin9 Pin 8
L ; }
l é L With master CPU -
100K 100K % 100K
vy
7T J
-+ 8V
Fig. 2.5 Operation Mode
1. Since the master CPU is connected so that pin Nos. 8 and 9

become low and pin No.

4, i.e., Multiplexed/RAM mode.

2. With the slave CPU,

W fastio.com

pin Nos.

FFFF

Master CPU
Interal RAM
128 bytes

Master CPU
Internal
Register
16 bytes

‘..:
¥
i
i
»

3
v
i.
\'
i3
i

8,

10 becomes high, it operates in Mode

9 and 10 are all connected
to +5V through a 100 KQ resistor. The slave CPU thus
operates in Mode 7, i.e., Single Chip mode.

3
<

Fig. 2.6 Memory Map of Master CPU
{Multiplexed/RAM Mode 4)

Control by {OCS signal
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2.2.3 Operation timing
The operation timing of the CPU is outlined in Fig. 2-7. For details,
see Appendix on "6301V".

1

- |
ADDR/DATA BUS \DDR e N
/\ oA

3 : ‘

I A
ADDR BUS A8~A15 D_"< ADDR  (2) >‘—< ADDR } < ADDR
Lo

/
- :
ADDR STB (AS) |
i .
| .
|
easee | L/ N TN/
\
\
ADDR LATCH
AQO~AT ADDR (1 ADDR W ADODR

RIW / READ \ WRITE / READ
R/W DATA W

1 CYCLE -
Approximately 1.63u SEC

Fig. 2-7 Operation Timing

As an external oscillator is connected to the pin Nos. 2 and 3 of

each CPU, the clock frequency (2.4576MHz) obtained from this external
oscillator is divided by 4 in the CPU to generate a system clock of
approx 1.63usec. During a read cycle, when address 1 is output to

the address/data bus following the output of ADDRESS STROBE signal
(AS), the contents of that address are held in the address latch until
address 4 1is output. When the next address 2 is output, the address
of a required data in the ROM will be specified. By outputting ENABLE
signal (E) at this point, one byte of data (program) A in the ROM is
output on the data bus, which can then be fetched into the 6301 CPU.

To write data, the RAM address must at first be specified in the same
way as a data read. Then, if data is output with R/W signal held at
Low level, the data can be written into the specified I/O or RAM.

The master CPU has 16 address lines (DAD~A15) and 8 data lines
(DAD~DA7). It can thus directly address up to 64K bytes of memory

locations. The bus lines are connected to the CPUs and ROM as
described in the following section.

2-7

wyvw . fastio.com

%


http://www.fastio.com/

2.3 Address Control

2.3.1 Memory addressing

The internal RAM can be addressed by the CE2 (Chip Enable) signal
which is output from IC "16D", the address lines (A0~A10: max. 2K
bytes can be used) supplied to each RAM chip and CEl1 signal. The
external RAM can also be addressed by using address lines AD~15 (a
maximum of 64K bytes can be used). However, the HX-20 has another RAM
or buffer (for master CPU, real-time clock IC146818, LCD uPD7227),
which uses the same addresses as the external RAM. For this reason,
control signals are required to indicate which RAM is to be used,
external or internal.

2.3.2 Address control signals
(1) The basic control signal is an IOCS signal, which must be output
to the pin No. 8 of IC "2E". The IOCS signal is output when the
address lines used are A7 to Al15. When the signal is output, it
indicates that addresses 0000 to 007F are specified.
{2) Auxiliary control signals include IC "9E" and associated I/O
address control signals.
. (3) Address control CPU
: (a) With master CPU
The internal RAM or external RAM of the CPU is controlled by
the bit 6 (address 0014) of the RAM control register located
in the master CPU. When bit 6 is on, the internal RAM is
selected. In this case, the master CPU performs neither data
write nor read to or from the external RAM.

7 6 5 4 3 2 1 0
STBY] RAM
PWR | E
AN —
Unused

1 : Internal RAM (Standby RAM)

0 : External RAM

This bit is set to "'1" when RESET signal is applied.

1 : Internal RAM data is valid.

0 : Internal RAM data is invalid.

This bit is set to 1" when voltage Y is turned on and set to “0"’
when Vg is turned off.

Fig. 2-8 RAM Control Register

(b) With internal RAM or expansion RAM
When ICCS (A7~A15) is output, it is supplied to the pin No. 9
of IC ™4E" and then its inverted signal is output to the pin

ClibPDF - www .fastio.com
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No. 8. At this point, under the condition KT?lETgl the pin

No. 15 of IC "16D" for RAM Chip Select is set at Low level,
but the pin No. 11 of IC "4F" is set at High level (i.e., the
ON state of I0CS). Therefore, the pin No. 13 goes low and the
pin No. 4 of IC "SE" goes high. As a result, the CE2 terminal
of RAM "13C" will not be activated and the RAM cannot be speci-
fied.

Since the IOCS signal is also supplied from connector CN7 to
the expansion unit, the built-in RAM is protected from being
specified erroneously.

For the above reasons, addresses 0000 to 007F indicate the RAM
in the CPU, LCD buffers, or the built-in RAM for the real-time
clock. '

{c) With LCD buffers
The ICD has a total of 6 buffers (for 480 bytes), each of
which is specified by addresses 0000 to 00F4 (80 bytes).

* However, these addresses are designated by setting the data
pointer (of 7-bit configuration) within the LCD using the CID
(LOAD IMMEDIATE TO DATA POINTER) command. Since each of the
six 80-byte buffers is specified by the CS (Ship Select)
signal, the master CPU does not address the LCD buffers
directly. For this reason, addressing of the LCD buffers is
done by the master CPU using only two addresses "0026" and
"002A" as the LCD addresses, as shown in Fig. 2-9.

002A

Master l
cPU 13G

s Lol R VAP IS IS [P [P

\ Control | Contrct | Controt | Control | Controt | Control
Command/Address/Data ) Section | Section | Section | Section | Section | Secticn
#1 #2 #3 ] #_|_ =5 _#6

loe e e e ed s o e e

o1 80 bytes |80 bytes{ 80 bytes{ 80 bytes {80 bytes.{80 bytes
\\ il

Data Bus | i
S

A c
0026 § : CS3

CS4

CS5

CS6

Fig. 2-9 Addressing of LCD Buffers

(d) With Clock RAM _
Accessing the clock RAM is controlled by the pin No. 13 (E) of
IC "6G", to which a control signal is supplied via the pin No.
8 of IC "1E", pin No. 1 of IC "4F", and pin No. 8 of IC "5E"
only when both IOCS (A7~15) signal and DA6 signal (address
0040 or greater) are ON. Here, the addresses of the clock RAM
are 0040 to 007F. Therefore, while this address space 1is
being selected, the pin No. 13 of IC "6G" is at Low level,
thus enabling the read/write of the clock RAM.

git] 7] 6| 5] 4a[3] 2|10
Address
XX40 0| 1|0 0| 0] 0] 0|0
XX7F 011 1 1 1 i 1 1
?
2-9
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9,

9 8
oS o 4{@/\ —\ s 2 5G
10 39 4r 19(5\ 8 13
E>DXO———————— E
r~4: L
Y Yo S— j
) RESET O i

Fig. 2-10 Addressing of Clock RAM

2.3.3 IOCS signal

The IOCS signal is output under the condition of A7~15 (i.e., address
lines A7~A15 all are at Low level). This signal is used for switching
addresses in the low-order area of a memory.

64 32 16 8 4 2 1
VY ‘ )
{ s ‘ ) !
i Al15 T ATEA T s e o e s s A7 : AB ‘ A5 | A4 l CA3 AZ Al AQ
{ 7 ’ i
\ y S ‘
o ) 7
N T
A-7 to A-15: LOW level - 128 bytes from address 0000

to address 007F can be Specified.

Fig. 2-11 10CS Signal

Function Operation

External RAM Chip Enable output to the external RAM corresponding

Control to addresses 0000 to O7FF (2KB) is disabled.
(1I0CS)
N Real-time According to the AND condition with address bit 6

Clock (addresses 0040 to OOQ7F), ENABLE signal (E) is

IC accessing output to the real-time clock IC so that accessing
(10CSs) the real-time clock is enabled.

I/0 Select According to the AND condition with address bits 5
Control and 4 (addresses 0020 to 002F), GATE signal is
(I0CS) output to the I/O select IC to enable I/O address

selection. {By this signal, I/0 addresses 0020,
0022, 0026, 0028, 0027, and 002C can be output.)

Bank Using address bits 2, 3, g; 4 and 5 and with address
Switching bits 1 and 0 in the ON or OFF state, the memory
(T0CS) banks in the expansion unit are selectable.
Note: Bit ® is insignificant, and may be either ON
or OFF.
2=-10
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2.3.4 RAM select circuit
Fig. 2-12 shows a schematic of the RAM select circuit.

H138 RAM ADDR
RANGE
ANl O A1) 7 b ~ 770000 .
. O RAM 12G CE2 | 0og0) ~ O7FF
A12 8(2) o> O RAM 13G CE2 ~—1| 0800 ~ OFFF
5 O RAM 14G CE? ~ 1000 ~ 17FF
A13 O C {4) 0
4h O RAM15G CE2  —~| 1800 ~ 1FFF
3 - O RAM 16CCE2  ~— 2000 ~ 27FF
A4 O~ G28
20 O RAM 15C CE2 ——| 2800 ~ 2FFF
o -
A15 G2A 10 O RAM14C CE2  —_| 3000 ~ 37FF
e R O 3800 ~ 3FFF
12 13 .
——)
T} 4F 33 RAM 13C CE2/
A 3
1
o)
5E
\,
o 1—————0;\7
8 8 . ? 1 3
i = 10 [0 O
2E 3E 2
. 9 ! ——“ o Lp———<> A8
l 10CS 5
i 4 L O ) A
Low level by A7=15 3 5 QA9

A0

Fig. 2-12 RAM Select Circuit

2.3.5 I/0 select circuit
when using any of the I/O addresses (I/O units) specified by the
memory map, the I/0 select circuit functions to output the gate

signals corresponding to the respective I/O interfaces from IC "9E"
as shown in Fig. 2-13.

H138
9E 15
DA1 © A1) 012020 56 pin 11 (KSC GATE)
1 |44 (0022) o
DA2 © B(2) 3G, 4G {KRTN GATE)
DA3 o cl4) 2112 (oo26) _ 9G (LCD CS SELECT
3 01—1'_"_—_—'—0 GATE)
. ——C] G2A 409928 4G (RRTN. GATE)
. 10 (0024)
) ~ o 1OG. 1F (LCD SCK/SD)
DAG © 4628 513 (002C) (TIMMING GATE)
E c- G1 6 8E PIN 9 Used for interrupt
mask setting in sieep
USSR | maode,
DA4, DA7 ~ 15)&
DAS T
Figures in { )} indicate 1/O addresses.

Fig. 2-13 1/0O Select Circuit
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0020: Used to output KSC GATE signal, to scan the Keyboard data and
the ON/OFF setting status of SWe.

PD22: Used to input KRTN 0~7 signals to read out the keyboard data
scanned by the XSC GATE signal onto the data bus.

DP26: Used to mask an interrupt from the keyboard by changing the
output level to Low at the pin No. 12 of IC "9G" in LCD chip
select, ROM cartridge control, or interrupt mask reset in sleep
mode.

0028: Used to read out KRTN signals 8 and 9, PW SW and BUSY (SO)
signal onto the data bus.

D02A: Used to output the SCK signal and SD (serial data) to the LCD.
D02C Used for interrupt masking in sleep mode through IC "8E".

2.3.6 ROM select circuit
Fig. 2-14 shows a schematic of the ROM Select Circuit.

A28 peneee : H138
45V AN ' > 15D
10K i ! 0o
A13 ; o : a Alt) Unused
ot e 1 (o]
RAM ADDR
A4 g2y 2@ RANGE
3 e ROM11ECE 6000 ~ 7FFF
A15 c{3)
4 o——— ROM12ECE 8000 ~ SFFF
Sleep mode __E ge o | 5 lo—— ROM 13E CE ADQQ ~ BFFF
8 lo—— ROM 14E CE €000 ~ DFFF
e 8
7 lo—— ROM15ECE EOO00 ~ FFFF

Fig. 2.14 ROM Select Circuit

2.4 Address Map

Since the master CPU operates in Expanded Multiplex mode (i.e., mode

4), addresses 0000 to 001F are used for the internal registers of the
CPU and addresses 0020 to 007F for an external memory (I/O addresses,
clock registers and RAM area).

Addresses 0080 to OOFF are assigned to the internal RAM of the CPU and
addresses 0100 to FFFF to an external memory.

The slave CPU operates in Single Chip mode and thus addresses 0020 to
O07F and 0100 to EFFF cannot be used.

W fastio.com
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2.4.1 Division of master CPU addresses (Low-order Area) -
» The addresses of the master CPU are divided by the RAM control bit 6
(address 0014) and IOCS signal as shown below.

Note: Addresses from 0080 to OOFF are selectable between the external
RAM and internal RAM by the RAM control bit 6.

1
B 2
i 07F QOFF
s 1§ 0000 0 : '
i 1
0 N l External RAM {(Not to be used) External RAM
ol l
L/ 0040 007F
. YI_-‘_-_‘-‘-“--_--“-‘--"'- ) T
o | ¢ S e
{ S e as
| T 0020 003F
o 1Y ll/o 1
| { s Select i . o
i; | /| o000 0080 00FF

Master CPU
l internal RAM of master CPU

i } N i
B
T2 o

Bl

[
[

g LCD Buffers
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Fig. 2-15 Division of Master CPU Address
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2.4.2 Memory map of master CPU (in Expanded Multiplex Mode 4)
Addresses 0000 to QOFF exist in the master CPU and addresses from 0100

and higher are assigned to an external RAM (ICs 13C~16C and 12G~15G
and the expansion unit).

Address Description
0600 Port control and registers
S PORTl PORT -ADDR DIRECTION REG.
0007 1 0002 0000 (RS-232C I/F and others)
2 0003 0001 (Serial I/F, RS-232C I/F,
barcode reader)
3 0006 0004 (AQ~A7 and DO~D7)
4 0007 0005 (A8~A15)
0008 Timer control and data registers
f 0008 : Timer control
DOOF 0009 ~ OO0OA : Free running counter ...... CPU R/W

S . 0Q0B ~ 0OOC : Output compare register ... R/W
000D ~ QOOE : Input capture register .... READ
00QF : P3 control register

0010 Serial control and registers
S 2010 : Serial bit rate
0013 0011 : Serial control and status

@012 : Receive data register
0813 : Transmit data register

0014 RAM control : Switching between external RAM and internal
- ' RAM

©o15 Unused
. o01F

0o20 Keyboard scan : KSCO~7 output or SW6 status read

0022 Keyboard input: KRINO~7
| 0026 Cartridge interface, interrupt mask reset, LCD chip

~ select or key masking

0028 Keyboard input : XRTN 8-9, PW SW, BUSY
002A Generates the clock for serial data transfer by ANDing

with E}W signal.

0040 Clock registers

{ D040 : Second 0041 : Second (alarm)

004D 0042 : Minute 0043 : Minute {(alarm)
0044 : Hour D045 : Hour {alarm)
0046 : Day of week 0047 : Date
0048 : Month 0049 : Year

OP4A ~ 004D : Control registers 1 ~ 4
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| Address

Description

D04E

| 007F

RAM area for RAM system (50 bytes)

0080

§

| 0OFF

Internal RAM of CPU (128 bytes)

0100

f

| FFFF

External RAM

2.4.3 Memory map of slave CPU (in Single Chip Mode)

The slave

CPU controls input/output units such as microprinter, etc.

by the control program stored in the built-in mask RAM (4KB).

Address Description
2000 Port control and registers
PORT PORT ADDR DIRECTION REG.
2007 1 0002 0000 (microprinter and
speaker)
2 0003 P001 (SCI and others)
3 0006 0004 (RS-232C I/F,
external cassette
and others)
4 0007 0005 (RS-232C I/F,
- and ROM cartridge)
1 0008 Timer control and data registers
0008 :
DOOF 0009 ~ QO00A :
000B ~ 00Q0C : Refer to the master CPU.
Q00D ~ QOOE :
B 0OOF :
0010 Serial control and registers
) 0010 : ;
0013 o011 : Refer to the master CPU.
0012 :
0013
0014 RAM control : Switching between external RAM and internal
RAM
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_Address Description

o015 Unused

| 007F

0080 Internal RAM (128 bytes)

|_QOFF

D100 Unused (These addresses do not exist physically.)

| EFFF

FOOO Internal ROM (4KB)

| FFFF
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2.5 Interrupt Control
When an input/output unit etc., make a request for processing by the
CPU, it must send an interrupt signal to the CPU.

According to the type of interrupt shown in the interrupt table below,
each class of interrupts is assigned a priority. In each vector address,
the starting address of the program required for the processing of an
interrupt request (i.e., interrupt handling routine) is stored. When

an interrupt request occurs and the CPU is ready to accept the interrupt
request, the contents of the program counter and index register, etc.,

are saved to the stack area and the CPU processes the interrupt
request.

2.5.1 Interrupt priority table of master CPU

'Interrupt Vector Interruption source
| level address ~
HIGHEST FFFE ° Immediately after power on
FFFF ° After reset
FFFF ° Address error or operation code error
{TRAP)

FFFF +«+s Used by the MONITOR.
FFFC ° NMI signal
FFFD {Unused)
FFFA ° Software interrupt
FFFB (Unused)
FFF8 ° Key input (K.B REQUEST signal)
FFFY9 ° Power on (PW SW signal)

° Power off (PW SW signal)
® Clock (CLOCK IRQ signal)
° External interrupt (INT EX signal)

. FFF6 ° Timer Input Capture
FFF7 (Unused)
FFFr4 ° Timer Output Compare
FFF5 (Keyboard)
FFF2 ° Timer overflow »

\ FFF3 (Microcassette)

LOWEST FFEFO ¢ Interrupt from SCI (serial communication

FFF1 interface) (PIN signal) (CTS signal)
2-17
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2.5.2 Interrupt priority table of slave CPU

Interrupt | Vector Interruption Source
level address
L

HIGHEST FFFE Immediately after power on
FFFF After reset
FFFE Address error or operation code error
FFFF (TRAP)
FFFC NMI signal
FFFD (Unused)
FFFA Software interrupt
FFFB .
FFF8 Unused
FFF9
FFF6 Timer Input Capture
FFF7
FFFr4 Timer Output Compare
FFFS ’
FFEF2 Timer Overflow
FFF3 {Microcassette)

/ FFFO Interrupt from SCI
| _LOWEST FFF1
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