TECHNICAL MANUAL
HX-20

PORTABLE COMPUTER

This Technical Manual provides technical information on the structure, maintenance, and
repairs of the EPSON PORTABLE Computer HX-20.

Major technical modifications, if made in the future, will be notified through Service
Bulletins, and the Technical Manual should be revised accordingly. The details of the Manual
are subject to change without notice.

All the information given in the Manual concerns the HX-20, and we are not responsible
for any troubles with the industrial copyright of a third party that might arise from your appli-
cation of the Manual to other products or from the connection of the HX-20 to others.

Duplication or transcription of the Technical Manual, in part or in whole, is prohibited.
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1.1 Features

The HX-20 is an all-in-one type miniature portable computer with a liquid crystal display and a mi-
croprinter built inside the main body, designed to operate on the batteries inside. A variety of op-
tions are available to facilitate system configuration and extension.

1.2 System Configuration

The HX-20 normally consists of (1) a 24 characters per line microprinter, 2 liquid crystal display
(20 characters x 4 lines to display 80 characters), 3 typewriter type keyboard (with 68 keys), @
RS-232C interface, (6 high-speed serial interface, (6 cartridge (ROM or microcassette) interface,
(@ audio cassette interface, (8 bar code reader interface, @ ROM (32 KB), and RAM (16 KB),
and permits system configuration that is extendable as shown in Fig. 1-1.
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Fig. 1-1
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1.2.1 System Connection Diagram
Additional ROMs (8 k each) can be installed in the main body. Other options may be connect-
ed to it via the interface connectors on the main body as shown below.
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1.3 Main Components

The computer proper consists of (1) MOSU control circuit board, (2, keyboard unit, 3) liquid
crystal display panel (LCD circuit board), 4 microprinter, (5 Ni-Cd battery, (6 buzzer, and (7. case
cover.

i
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Fig. 1-5

(1) The MOSU circuit board has connectors for the RS-232C interface, serial interface, audio
cassette interface, bar code reader interface, expansion unit interface, AC adaptor, cartridge
interface. It employs dual CPU control system using two CMOS CPU6301s, which permits
dispersed processing of the interface and thus improves system performance.

(2) The keyboard has a power switch, view angle volume for LCD, and its control circuit.



1.4 Specifications of HX-20

1.4.1

Dimensions and Weight
(1) Dimensions:
(2) Weight:

Ambient Conditions
(1) Temperature:

(2) Relative humidity:

(3) Shock resistance:
(4) Vibration resistance:

Dimensions and Ambient Conditions

290 mm wide x 215.5 mm deep x 44 mm high
Approx. 1.7 kg

5°C to 35°C (operating)

5°C to 35°C (charging)

-5°C to 40°C (data storage) (RAM battery backup)
—20°C to 60°C (non-operating)

10% to 80% (operating, no condensation)

10% to 80% (non-operating, no condensation)

1 G for 1 ms maximum (operating)

0.25G 55 Hz maximum (operating)

1.4.2 Power Supply (Nicd batteries)

(1) Voltage:

(2) Battery capacity:

1.4.3 AC Adaptor
(1) Input voltage:

(2) Power consumption:
(3) Insulation resistance:
(4) Insulation strength:

1.4.4 Microprinter (M-160)
(1) Printing system:
(2) Printing format
1) Total number of dots:
2) Number of characters
per line:

(3) Printing speed
1) 1 dot line:
2) 5 x 7 dot matrix (inter-
line space 3 dots):

4.5V to 6.0V (operating)
4.0V to 6.0V (data storage)
4.5V (low voltage detection)
Approx. 1100 mAH

US.-AC 115V +=10%

Europe — AC 220V/240V +=10%

8w

10 megohms between AC power supply and case

Can withstand 1 kV applied between AC power supply and
case for 1 minute or more.

Dot impact (4 printing solenoids)

144 dots maximum/dot line

24 maximum

(5 x 7 dots; character-to-character space 1 dot)
(6 characters/printing solenoid)

Approx. 150 ms (continuous printing)

Approx 0.7 line/s (continuous printing)
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(4) Character size
1) Dot spacing:

2) 5 x 7 dot matrix:
(5) Recording paper
1) Kind:
2) Paper width:
3) Outside diameter:
4) Thickness:
5) Weight:
(6) Paper feed:
(7) Inking
Ribbon cartridge type

0.33 mm horizontal
0.33 mm vertical
1.7 mm wide, 2.4 mm high

Ordinary paper

57.5 0.5 mm

50 mm or less

0.07 mm

52.3 g/m? (45 kg/1000 sheets/1091 sheets x 788 mm)
Automatic feed every dot line; with paper release

Automatic continuous feed during motor operation

1) Color:

2) Dimensions:
3) Life:

4) Standard:

1.4.5 Liquid Crystal Display
(1) Text:

(2) Graphic:

(3) View angle adjustment:

1.4.6 Keyboard
(1) Key switches:
(2) Contact points:

(3) Others:

1.4.7 RS-232C Interface
(1) Connector:

(2) Input and output levels:

(3) Transfer speed:

1.4.8 Serial Interface
(1) Connector:

(2) Input and output levels:

(3) Transfer speed:

Purple/Black

Approx. 91 mm wide, 25 mm deep, 7 mm high
Approx. 10,000 lines

ERC-09

English capitals, large letters, small letters, numerals, sym-
bols, characters, etc.; 20 characters per line; 4 lines in total
(20 x 4 = 80 characters)

120 dots (horizontal) x 32 dots (vertical)

Adjustable with VIEW ANGLE volume

68 keys (including 5 function keys and 13 special keys)

Function keys ............c......... Electroconductive rubber con-
tact point
Data and special keys.......... F.P.C. carbon contact point

Power on switch, VIEW ANGLE volume for LCD, and adjust-
ing circuit built in

DIN (8-pin) TCS 4480

RS-232C standard

110, 150, 300, 600, 1200, 2400, 4800 bps (selectable by
operator)

DIN (5-pin) TCS 4450
RS-232C standard
150, 600, 4800, 38, 400 bps (selectable by operator)
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1.5.1

Expansion ROM
(1) Capacity:

ROM Cartridge
(1) Capacity:
(2) Data transfer:

Microcassette

(1) Tape:

(2) Tape drive:
(3) Tape speed:

1.56.3 Expansion Unit

(1) Capacity:
(2) Data transfer:
(3) Access:

1.5.4 Display Controller

(1) Text:
(2) Graphic:

(3) Kinds of characters:
(4) Interface:

(5) Video RAM:

(6) Output:

(7) Power supply:

1.6.6 Terminal Floppy (TF-20)

(1) Memory capacity:

(2) Memory density:
(3) Data transfer speed:
(4) Recording system:
(5) Interface:

1.5 Specifications of Options

8 KB maximum (plugged into the IC socket of the main
body)

1.5.2 Cartridge (ROM/microcassette)

8 KB to 32 KB (2764 pins conpatible x 1)
Serial transfer

Microcassette MC-30
Center capstan
2.4 cm/sec.

ROM 16 KB (2365 x 2), RAM 16 KB (2KB x 8)
Parallel transfer (directly coupled to data bus line)
Direct access (directly coupled to address bus)

32 characters x 16 lines (512 characters)
128 x 64 dots — 4 colors

128 x 96 dots — monochrome

256

Serial interface

2 KB

Composite RF (Japan and U.S))

US.-AC 115V

Europe — AC 220V

328 KB/drive x 2 drives; 16 sectors/track x 80 tracks;
double density double sided 5.25 inches

5896 bpi

250 KB/sec.

MFM

RS-232C level (High-speed serial interface used)



1.5.6 Acoustic Coupler CX-20

(1) Transfer system: Half duplex/full duplex (selectable)
(2) Transfer speed: 300 BPS

(3) Modulation: FSK (Frequency modulation)

(4) Interface: RS-232C

(5) Power supply: UM3 Ni-Cd battery x 4, AC adaptor
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2.1 HX-20

2.1.1 Hardware Composition

Keyboard unit

Typewriter keyboard with 68
keys (including 5 function
keys and 13 special keys)

Microprinter

® Impact dot matrix

® Character font 5 x 7 dots

® 24 characters (graphics: 144
dots) per line

@ Printing speed: 0.7 line/sec.

S

Ll;

Speaker
Control circuit board
Reset
ROM switch
o
3
o} '§, g Ktﬁ)n ?2 KdB d Power
gl}. 2 LD standar switch
®3 RAM
C
3.
- 16 KB
|
= =i ] - .
R ;:;' » % £ |Audio
) N %2 |cassette
&8 | gm AC adaptor 8 & [interface]
® O interface ® e

Liquid crystal display (LCD)

® Text: 20 characters x 4
lines

® Character font: 5 x 7 dots

® Graphics: 120 x 32 dots

| Microcassette or

1 ROM cartridge
— g

Batteries

Fig. 2-1 Block Diagram

4 rechargeable Ni-Cd
batteries

As shown in the above block diagram, the HX-20 consists of 6 blocks, i.e., control circuit
board, keyboard, microprinter, liquid crystal display, buzzer, and batteries. Each block is con-
nected to the control circuit board, and installed in the casing of the HX-20 proper.
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2.1.2 MOSU Control Circuit Board Block Diagram
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2.1.2.1 MOSU Control Circuit Board

The HX-20 is a dual CPU type with two built-in CMOS CPU 6301s on the control circuit
board, and its printer, keyboard, LCD and other interfaces are separately processed by the
main CPU and slave CPU. The main and slave CPUs have an independent oscillator and con-
trol programs to control inputs and outputs. Data transfer between the main CPU and the
slave CPU is performed through a high-speed (38,400 BPS) serial port. The HX-20 is design-
ed to control data transfer at a minimum.

Main CPU 6301

This is the main processor to control the HX-20, and uses the external ROM which stores
programs to read and execute commands and control the various blocks. The main kinds of
control performed by the main CPU are as follows:

(a) Keyboard control

(b) Liquid crystal display control (Display buffer built in the LCD circuit board)
(c) Built-in ROM and RAM address control

(d) Bar code reader

(e) Clock function control

Note: The main CPU 6301 does not use the built-in mask ROM.

Slave CPU
The built-in mask ROM (4 KB) has a control program to control the interfaces independently
of the main CPU. The main functions of the slave CPU are as follows:

(a) Audio cassette control

(b) Microprinter (M-160) control

(c) Bar code reader control

(d) RS-232C interface control

(e) High-speed serial interface control

(f) Cartridge option (ROM/microcassette) control
(g) Power off control
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2.1.2.2 Power Supply

The power supply consists of batteries, charging circuit with an AC adaptor, voltage detector
circuit, LCD voltage circuit, RS-232C voltage circuit, and backup circuit, and is designed for

low power consumption.

(a) Fuse:
(b) Charging circuit:

(c) Voltage detector circuit:

(d) LCD voltage circuit:

(e) RS-232C voltage circuit:

(f) Backup circuit:

2.1.2.3 System Buses
(a) Address data buses:

(b) RS-232C:
(c) Serial:

5A fuse is used for protection from overcurrent.

This circuit consists of a noise filter, reverse current prevent-
ing diode and resistor, and also has a zener diode for protec-
tion from high voltage on the output side of the fuse.

This circuit keeps monitoring the battery voltage after power
is turned on. If the battery voltage drops to less than 4.5V,
the circuit sends a POWER ABNORMAL signal to the main
CPU to notify of the low voltage.

This circuit converts the battery voltage into a DC voltage of
approximately +7V to operate the liquid crystal display.

This circuit generates a voltage of approximately +8V from
the battery voltage to meet the RS-232C requirements. This
voltage circuit is designed to output the +8V only when the
RS-232C is used, and this voltage is switched on and off by
the slave CPU.

This circuit supplies the minimum current required to protect
the data stored in the RAM when the power switch is off, to
keep the clock going, and to maintain the components ready
for operation when power is turned on.

There are 16 address buses, of which the 8 lower buses are
also used as data buses by switching with a timing pulse.
Data is transferred within the range of 110 BPS to 4,800 BPS.
This interface is used for data transfer between the main CPU
and slave CPU, and data transfer with the display controller at
speeds of up to 38,400 BPS.



2.2 Interfaces

2.2.1 Connector Locations

The HX-20 has a total of 12 connectors, including 9 on the MOSU control circuit board, 2 on
the keyboard, and 1 on the cartridge option. See the diagrams below for the locations of the
connectors and general information on them.

(1) MOSU Circuit Board Connectors

Connector | No. of Pins Connection
CN1 5 Serial interface
CN2 8 RS-232C
CN3 2 AC adaptor
CN4 20 Keyboard
CNb5 20 Keyboard
CN6 20 Printer
CN7 40 Expansion unit
CN8 14 Cartridge option
CN9 2 Batteries

cNl - CNZ
)

k

Fig. 2-3 Rear View of MOSU Circuit Board
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(2) Keyboard Connectors

&

SREPPABEPID

222908008008 ;:%

Fig. 2-4

Connector | No. of Pins
KCN1 2
KCN2 14

Connection

Speaker
LCD

(3) Connector for Cartridge Option

1
. I
Printer |
s SR
o i I
| Connector
. = —{-J 14
4 BAREDIBF I AARD B
iy o iinssnnaiiiis
— —— siaiginniaseis:

PALSE ﬁ‘m iiiK PEY PF PRy PF4 Pié
! E AC oF
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2.2.2 CN1 Connector (Serial Interface)

(a) Use:

(b) Connector:

Connector for the high-speed serial interface to exchange data with the

display controller

DIN 5-pin connector TCS4450

2-7

Signal , Signal , :
Pin No. Signal Direction Meaning of Signal
1 GND - Signal GND
2 PTX ouT Transmitting data
3 PRX IN Receiving data
4 P OUT IN Transmitting mode
5 P IN ouT Receiving mode
6 CG - Case GND
HX-20 Display controller/(HX-20)
5 PIN
4 P OUT
3 PRX
2 PTX
1 SIGNAL GND
CG
Fig. 2-7

Fig. 2-6



2.2.3 CN2 Connector (RS-232C Interface)

(a) Use: Interface connector for sending data to and receiving data from the
coupler and a developed unit etc.
(b) Connector: DIN 8-pin connector TCS 4480

Fig. 2-8

Psiingrlllil. Signal Disriegcr'](ia(ln Meaning of Signal
1 GND - Signal GND
2 TXD ouT Transmitting data
3 RXD IN Receiving data
4 RTS ouT Request to send
5 CTS IN Clear to send (ready for sending)
6 DSR IN Data set ready (Modem ready)
7 DTR ouT Data terminal ready
8 CD IN Carrier detect
E FG - Case GND
HX-20 CP-20
8 CD
7 DTR I
6 DSR .
3 RXD
4 RTS
5 CTS
2 XD
1 SIGNAL GND
as azs

Fig. 2-9



2.2.4 CN3 Connector (AC Adaptor)

(a) Use:

AC adaptor connector for recharging the built-in batteries

(b) No. of pins: 2

—O VB

PSiIr?rl\‘le(])l. Signal Meaning of Signal
1 AC+ AC adaptor positive output (+6V)
2 AC- AC adaptor ground (GND)
AC+ © {>|-———'\N\,
AC- ©

—ii—

Built-in batteries

Fig. 2-11

Fig. 2-10



2.2.5 CN4 Connector (Keyboard Interface)

(a) Use:

For connecting keyboard and LCD control signals
(b) No. of pins: 20

Fig. 2-12

PSI:_?RI?)I Signal Disriegcr;iacln Meaning of Signal
1 KSCO ouT Keyboard column O scan
2 |KSC1 ouT 1
3 |KSC2 ouT 2
4 | KSC3 ouT 3
5 | KSC4 ouT 4
6 |KSC5 ouT 5
7 |KSCe ouT 6
8 |KSC7 ouT 7
9 KPTN 9 IN Keyboard return 9

10 | KPTN 10 IN 10
11 KPTN 7 IN 7
12 | KPTN 6 IN 6
13 | KPTNS IN 5
14 | KPTN 4 IN 4
16 | KPTN 3 IN 3
16 | KPTN 2 IN 2
17 | KPTN 1 IN 1
18 | KPTNO IN 0
19 | PWSW IN Power switch

20 | BUSY (S0) IN LCD busy/serial data output
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2.2.6 CNS5 Connector (Keyboard Interface)

(a) Use:

For connecting keyboard, LCD and piezoelectric buzzer control signals
(b) No. of pins: 20

Fig. 2-13

Psiingm)l- Signal Dﬁiegcr;?;n Meaning of Signal
1 VCL IN LCD voltage (g(.aner'ated from VLD via view
2 angle control circuit)
3 R ouT Reset
4 C/D ouT Sl input mode designation command/data;
SO/busy designation in read mode
CLK ouT Control timing (ENABLE signal)
6 SD ouT Display serial data/command
SCK ouT Serial register shift clock to input or output in
units of 8 bits
8 |CS5 ouT Chip select 5 (Chip No. 5)
9 |Cs4 ouT Chip select 4 (Chip No. 4)
10 |CS3 ouT Chip select 3 (Chip No. 3)
11 | CS2 ouT Chip select 2 (Chip No. 2)
12 | CS1 ouT Chip select 1 (Chip No. 1)
13 | CSO ouT Chip select O (Chip No. 0)
14
15 GND - Signal ground
16
17 VLD ouT LCD voltage
18 PWSW IN Power switch
19 SP ouT Speaker signal
20 SPG - Speaker ground
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2.2.7 CNG6 Connector (Printer Interface)

(a) Use: Connecting for the built-in printer
(b) No. of pins: 20 ped G, 3> & 16 NS T e
Fig. 2-14
Signal . Signal . .
Pin No. Signal Direction Meaning of Signal

1

- RSG - Reset signal ground

3

RS IN Reset signal

4

5

5 M - - Motor ground

7

M + - Motor +5V

8

9
10 SL - Head solenoid common (+5V)
11
> H4 ouT Head solenoid 4 (Dot positions 109 to 144)
13
” H3 ouT Head solenoid 3 (Dot positions 73 to 108)
15
16 H2 ouT Head solenoid 2 (Dot positions 37 to 72)
17
18 H1 ouT Head solenoid 1 (Dot positions 1 to 36)
19 TS IN Timing signal
20 TSG - Timing signal ground




2.2.8 CN7 Connector (Expansion Unit Interface)

(a) Use: For connecting the expansion unit control signals and data lines
(b) No. of pins: 40
Fig. 2-15
Signal . Signal . . Signal . Signal . .
Pin No. Signal Direction Meaning of Signal Pin No. Signal Direction Meaning of Signal
1 |VB - +5V 18 | ADDR3 OUT | Address line 3
2 | NMI - Unused 19 | ADDR4 ouT 4
3 20 ADDR 5 ouT 5
+5V - Logic voltage
4 21 | ADDRS6 ouT 6
IN/ 22 | ADDR7 ouT 7
5 | DATA7 Data line 7
out 23 |ADDRS ouT 8
IN/ 24 | ADDR9Y ouT 9
6 |DATA®6 6
out 25 |ADDR10| OUT 10
IN/ 26 | ADDR 11 ouT 11
7 |DATAS 5
ouT 27 |ADDR12| OUT 12
IN/ 28 ADDR 13 ouT 13
8 DATA 4 4
out 29 |ADDR14| ouUT 14
IN/ 30 |ADDR15 ouT 15
9 DATA 3 3
ouT 31 |R OUT | Reset
IN/ 32 |[R/W OUT | Read write
10 |DATA2 2 —
ouT 33 | R(RAM) OUT | RAM reset
34 |E OUT | Enable signal
11 | DATA1 IN/ 1 9
out 35 |ROME IN ROM enable
12 |DATAO IN/ 0 36 | INTEX i | Externalinterrup-
ouT tion signal
13 10CS ouT 1/0 chip select 37
GND - Signal ground
14 |VC - RAM backup voltage 38
15 |ADDRO OUT | Address line O 39
CG. - Case ground
16 ADDR 1 ouT 1 40
17 | ADDR2 ouT 2




2.2.9 CNB8 Connector (Microcassette)
Signals are routed via cable set 701 to connector CN8 on the MOSU circuit board.

(a) Use: For connecting the microcassette/ROM cartridge
(b) No. of pins: 14
Microcassette
; Signal ;
.CNS Slgna| .Slgn.al Meaning of Signal
Pin No. | Pin No. | special Name |General Name|  Direction
Selected according to CLK value (Pin No. 4)
13 14 1 *1 si1 IN CLK=0: RD Microcassette read data
! RD/WE CLK=1: WE Accidental erasing prevention signal
WE =0 Write inhibit
Selected according to CLK value (Pin No. 4)
11,12 2 CNT/HSW Sio1 IN CLK=0: CNT Rpm detection signal
CLK=1: HSW Head switch, HSW =0 (Head off)
10 3 WD So1 ouT Microcassette write data
9 4 CLK Sio2 ouT Command set clock; RD/WE, CNT/HSW select signal
8 5 CMMND Sio3 ouTt Command serial data output
7 6 PWSW Sio4 ouT *2 Power on-off switch
6 7 Vp - +bV (for microcassette mechanism drive)
Power off: Microcassette or no microcassette
5 8 | MCMT/CNT Mi1 IN { =1 Microcassette
=0 No microcassette
Power on: Rpm detection signal is input.
4 9 Mo2 ouT Unused
3 10 Mo1 ouT Unused
2 11 GND - Ground
1 12 VL - +5V (for write read circuit, selector, instruction register)




CN8 Connector (ROM Cartridge)

Pi(Ele\?o. Ps;'r?r,:jil Signal Dﬁiagcrl?cln Meaning of Signal
13,14 1 Si1 IN ROM cassette judging input (always O)
11,12 2 Sio1 IN ROM cassette judging input (always 0)
10 3 So1 Unused

9 4 Sio2 ouT Address counter clear

8 5 Sio3 ouT ROM power on

7 6 Sio4 ouT Shift register clear (O : Clear)

6 7 VB Battery power

5 8 Mi1 IN Shift register output

4 9 Mo 2 ouT Shift register clock input

3 10 Mo 1 ouT Counter input ( )

Shift register Shift/LOAD switching
2 11 G Ground
1 12 +5V 5V power (supplied when switch is on)

2.2.10 CN9 Connector (Battery Connector)

(a) Use: For connecting rechargeable battery cable
(b) No. of pins: 2

PSilr?Rlﬂ. Signal Meaning of Signal
1 +VB Battery positive (+5V)
2 -VB Battery negative (GND)

Fig. 2-17



2.2.11 KCN1 Connector (KB < LCD Interface)

(a) Use: Signal connector for exchanging data with LCD
(b) No. of pins: 14

Psl'r?rllﬁ)l Signal Diiagcr']t?(ln Meaning of Signal
1 GND - Signal ground
2 CSO Outgoing Chip select O (Chip No. 0)
3 CS4 Outgoing Chip select 4 (Chip No. 4)
4 |CS2 Outgoing Chip select 2 (Chip No. 2)
5 cs1 Outgoing Chip select 1 (Chip No. 1)
6 CcS3 Outgoing Chip select 3 (Chip No. 3)
7 |CSs5 Outgoing Chip select 5 (Chip No. 5)
8 RESET Outgoing Reset signal
9 CLK Outgoing Control timing (ENABLE signal) |
10 C/B Outgoing SD input mode designation command/data,
S0O/busy designation in read mode
11 SD Incoming Display serial data/command
12 SCK Outgoing Serial register shift clock
13 m;’(SO) Outgoing Serial output/serial transfer permit signal
(Busy)
14 Vce Outgoing LCD voltage

2.2.12 KCN2 Connector (Piezoelectric Speaker Connector)

(a) Use: For supplying built-in speaker drive signal
(b) No. of pins: 2

Signal o ) .
Pin No. Signal Meaning of Signal

1 Speaker ground | Speaker ground (SPG)

2 Speaker signal Speaker signal (SP)




2.3

Interface Cables

2.3.1 Cable Connection Diagram
HC(X) — 20
£708 Switch
box
=707 r |
Floppy v
MP (X) =715 =716 controller #708
=707 l
Monitor
HC(X) — 20 %702
=705 (JAPAN) =717 External
CP(X) —20 =706 cassette
HC(X) — 20
Fig. 2-20

Cable Connection Part No. Connector
Set No.
#702 | HC (X)-20 «—— External cassette Y201302000 | With two adaptors for 3.5¢ plug, 2.5¢ plug
#705 | HC-20 - CP-20 Y201305000 | DIN 8-pin, Canon 25-pin (Japan only)
#706 | HX-20 - CX-20 Y201306000 | DIN 8-pin, Canon 25-pin
#707 | HC (X)-20 «— QISPLAY/DISPLAY _ . TF-20 | Y201307000 | DIN 5-pin, DIN 6-pin
#708 | DISPLAY CONTR. —— MONITOR (TV) Y201308000 | Coaxial cable 1 caseof TV, connect via
#714 | HC-20 «- PRINTER Y201309000 | DIN 8-pin, Canon 25-pin (Japan only)
#715 HX-20 «—- PRINTER Y201310000 | DIN 8-pin, Canon 25-pin
#716 HC (X)-20 «— HC (X)-20 Y201311000 | DIN 8-pin, DIN 8-pin
#7117 HC (X)-20 «- HC (X)-20 Y201312000 | DIN 5-pin, DIN 5-pin




2.3.2 Cable Set No. 702 (with two 2.5¢ jack adaptors)

(a) Use: For connecting HC (X)-20 to external cassette
(b) Plugs: 3.5 (white, red), 2.5¢ (black)

. —— )
] S
J | S—
Black
HC (X)-20 side Extenal cassette side

Fig. 2-21

Connecting Method

Connect the HC (X)-20 to an external cassette as shown in the diagram.
® When an input jack of an external cassette is 2.5¢, use the supplied jack adaptor .

REMOTE Fig. 2-22
Whe AR (CMT OUT)
Red o MIC (CMT IN)
External cassette
Signals
Signal Pin Signal
1 Shield
White
2 Input (IN)
1 Shield
Red
2 Output (OUT)
1 Remote
Black
2 Remote 2 1
Fig. 2-23



2.3.3 Cable Set No. 705 (Japan)/No. 706 (U.S.A.)
(a) Use: For connecting the HX-20 to coupler (CX-20)
(b) Connectors: HX-20 - DIN 8-pin
CX-20 - Canon 25-pin (male)

DIN 8-pin Canon 25-pin (male)
E | 13
655 O iooooooooooooo?
(0.0 o) 1 000000000000
2 oO5 14 25
2

CX-20 side

HX-20 side Fig. 2.24

Connecting Method

Engage the DIN connector with the RS-232C interface on the HX-20 proper, and the Canon
connector with the interface connector on the CX-20.

Tighten the 2 screws on the Canon connector to fasten it to the CX-20.

| 1

Canon connector

Fig. 2-26

Mounting screws

Signals
DIN 8-pin DIN 8-pin
No. Signal Color No. Signal Color
1 SG (Signal ground) Black 1 FG (CG) (Shield)
2 TXD Red 2 TXD Red
3 RXD Gray 3 RXD Gray
4 RTS Yellow 4 RTS Yellow
5 CTS Green 5 CTS Green
6 DSR Brown 6 DSR Brown
7 DTR Blue 7 SG (Signal ground) Black
8 CD White 8 CD White
E FG (CG) (Shield) 9~19 | Unused -
20 DTR Blue
21~ 25| Unused -




2.3.4 Cable Set No. 707
(a) Use: For connecting the HX-20 with display controller; and display controller
with terminal floppy
(b) Connectors: HX-20 (DIN 5-pin) — Display controller (DIN 6-pin)
Display controller (DIN 5-pin) — Terminal floppy (DIN 6-pin)

DIN 6-pin DIN 5-pin
/‘< £ ;
< g ) I(O 0O)3
oL o5
(o]
\OoCk 200%%

3 2
Display controller Terminal floppy
HC (X)-20 Display controller

Fig. 2-27

Connecting Method
Engage the DIN connectors on both ends with the interface connectors.

SERIAL-1 SERIAL-2
AC RS-232C SERIAL

0 O O &

Display controlier Terminal floppy

Fig. 2-28
Signals
DIN 6-pin DIN 5-pin

No. Signal Color No. Signal Color
1 PRX White 1 SG (Signal ground) Black
2 PIN Green 2 PTX Red
3 | PTX Red 3 | PRX White
4 POUT Yellow 4 POUT Yellow
5 SG (Signal ground) Black 5 PIN Green
6 Unused - E FG (CG) (Shield)
E FG (CG) (Shield)

2-20



2.3.6 Cable Set No. 708

(a) Use: For connecting the display controller with monitor or TV switch box.
(b) Connectors: RCA pin plug

1
] T = é?
|

2

Fig. 2-29

Connecting Method

Insert the cable ends into the interface connectors and make sure that the shielded
parts shown in Fig. 1 are in the connectors.

Signals
No. Signal
1 FG (CG)
2 RF OUT
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2.3.6 Cable Set No. 714 (Japan)/No. 715 (U.S.A)

(a) Use: For connecting the HX-20 with terminal printer
(b) Connectors: HX-DIN 8-pin
Terminal printer — Canon 25-pin (male)

DIN 8-pin

| 13
(oooooooooooo?

\\ 000000000000
14 25

) Terminal printer side
HX-20 side

Fig. 2-30

Connecting Method
Insert the DIN connector with the RS-232C interface on the HX-20 proper, and the Canon
connector with the interface connector on the terminal printer.

AC  RS-232C SERIAL

O

Fig. 2-31
Signals
DIN 8-pin Canon 25-pin
No. Signal Color No. Signal Color
1 SG (Signal ground) Black 1 FG (CG) (Shield)
2 TXD Red 2 RXD White
3 RXD White 3 TXD Red
4 RTS Brown 4 Unused Blue
5 CTS Brown 5 Unused Blue
6 DSR Yellow 6 DTR Green
7 DTR Green 7 SG (Signal ground) Black
8 CD Blue 8 Unused Brown
E FG (CG) {Shield) 9~ 19 | Unused -
20 | DSR Yellow
21 ~ 25| Unused -

* Pins 4 and 5 of the DIN connectors are connected to each other in the
connectors and to Pin 8 of the mated connector.
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2.3.7 Cable Set No.716
(a) Use: For connecting two HX-20s to each other with RS-232C.
(b) Connectors: DIN 8-pin

DIN 8-pin

Fig. 2-32

Connecting Method
Connect the DIN connectors with the RS-232C interface on the HX-20.

AC RS-232C SERIAL

O

Fig. 2-33
Signals
DIN 8-pin DIN 8-pin

No. Signal Color No. Signal Color
1 SG (Signal ground) Black 1 SG (Signal ground) Black
2 TXD Red 2 TXD White
3 RXD White 3 RXD Red
4 RTS Brown 4 RTS Blue
5 CTS Brown 5 CTS Blue
6 DSR Yellow 6 DSR Green
7 DTR Green 7 DTR Yellow
8 CD Blue 8 Ccb Brown
E FG (CG) (Shield) E FG (CG) (Shield)

*Pins 4 and 5 are connected to each other in the respective connec-
tors, and to Pin 8 of the mated connector.
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2.3.8 Cable Set No.717
(a) Use: For connecting two HX-20s to each other with the serial interface.
(b) Connectors:  DIN 5-pin

DIN 5-pin DIN 5-pin
E
\O. O3 KO O)3
NooC/ 20C/
2 2
Fig. 2-34 Fig. 2-35

Connecting Method
Connect the DIN connectors with the serial interface on the HX-20.

AC RS-232C SERIAL

O

Fig. 2-36
Signals
DIN 5-pin DIN 5-pin

No. Signal Color No. Signal Color
1 SG (Signal ground) Black 1 SG (Signal ground) Black
2 | PTX Red 2 | PTX White
3 | PRX White 3 | PRX Red
4 POUT Yellow 4 POUT Green
5 PIN Green 5 PIN Yellow
E FG (CG) (Shield) E FG (CG) (Shield)
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3.1 Power Supply
3.1.1 Power Block

The power supply consists a fuse, zener diode for protection from overvoltage, rechargeable
batteries, charging circuit, voltage detector circuit, RS-232C voltage circuit, and LCD voltage
circuit as shown in the block diagram below.

Backup circuit

. . o Printer
Rechargeable F [ I
batteries Voltage
- l—————————0
+5V ZD7| |detectorcircuit Q8 Tr VLON
\s ! T
tor
AC adapio O { +5V control
AC + 00— RI circuit voltage
3.9K
D2
AC— [: I 5:;§Ze2c LCD voltage o +7V
circuit (= 8V) cireuit
LCD
o +8V
o -8V
-0 SWD
Fig. 3-1

(1) Fuse/zener diode: For protection from overcurrent and overvoltage.

(2) Rechargeable batteries: +5V batteries with capacity of approximately 1100 mAH.

(3) Voltage detector circuit: If the voltage drops below +4.5V, this circuit sends a POWER
ABNORMAL signal to notify of its detection of battery voltage
drop below the required level.

(4) RS-232C voltage circuit: This circuit generates + 8V from the +5V.

(5) LCD voltage circuit: This circuit generates a voltage of approximately +7V for LCD from

the +5V.
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3.1.2 Backup Circuit

The backup circuit constantly supplies a drive voltage to the ICs that are used for protecting
the data stored in the RAMs and keeping the power on circuit and reset circuit in operating

condition regardless of whether power is on or off.

The elements that are backed up by the batteries are as follows:

LOCATION ICTYPE USAGE
4F TC40HO002 Reset and enable
5D TC40HO00 RAM R/W and CE
B5E TC40HO004 Interruption circuit
5F TC4011UBP Clock and reset circuit
13C~16C HM6117 2K RAM x 4
12G ~ 15G HM6117 2K RAM x 4
16D TC40H138 2 CE outputs for RAM
6G 146818 Real Time Clock

(1) Backup bias

e The battery voltage Vs is applied to the collector of an NPN transistor Q10. It is also ap-
plied to the base of Q10 via R77 (470 kiloohms). Because a voltage difference occurs bet-
ween the base and collector of Q10, the transistor turns on. Thus, the backup voltage of
approximately +3V is supplied to the RAMs and some of the elements at all times.
The reset switch is connected to the base of transistor Q10 and to the batteries via resis-
tor R26 so that, when the reset switch is pressed, the backup voltage is forcibly output.

e If power is turned on normally, transistor Q7 is turned on by a V. ON signal to output a vol-
tage of approximately +5V so the backup from transistor Q10 is ignored and the +5V drive
voltage is supplied.
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3.1.3 Power Circuit

RAM -
(Vee) ‘

DI | AN s
PW sWo——— K }— 4
(CN4-19)

R29
10K
| 10

CLOCK IRQ &6 4
Timer power on 5
POWER ABNORMAL VLON

6301 P37 L7E>p!6 >+ 2lrpts

SLAVE D—I
~. | R7 R39 10K | 3| 2 ,| —
-0 . M »{@——»—ﬂ 5F — R

100 2 I3

o |12

RESET O l5®l4 Eé looégl‘“

VL circuit

Q8
ve © R42 voltage
10K R6 5K
¢ MWy

Backup voltage circuit

jﬁ..[ ‘gl aru

R40 10K

M-

Fig. 3-2
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3.1.4 PowerOn

When the power switch is pushed on, a PW SW (power switch) signal is output from the key-

board to two points, i.e.,, CN4-19 and CN5-18.

e The PW SW signal which is applied to CN5-18 turns transistor Q1 in the power supply to
supply a voltage Vcc to IC 2B to operate the voltage detector circuit. This operation is for
checking the battery voltage.

The PW SW signal that is output to CN4-19 is routed via a diode D11 to Pin 4 of IC 5D so
that Pin 6 goes high.

If no POWER ABNORMAL signal (low-voltage status) is output by the voltage detector cir-
cuit at this time, Pin 8 of IC 5D goes low. As a result, Pin 4 of IC 5F goes high and a signal
VL ON is output to Pin 15 of IC 7E.

e The VLON signal turns on transistor Q8 in the power supply, and supplies the line voltage
VL to its collector so that the voltage Vcc is supplied to each element on the control circuit
board to permit operation.

e Once power is turned on, the line voltage is supplied to resistor R48 in the reset circuit so,
after reset operation, Pin 3 of IC 5F goes low and a power on signal is applied to Pin 5.
Even if the battery voltage drops and a POWER ABNORMAL signal is detected as a result,
the VL ON signal will not immediately turn off. Thus, the words CHARGE BATTERY! are
displayed on the LCD to warn the battery voltage drop. Power on by the reset circuit is
sustained as long as the line voltage Vi is supplied. So, when turning power off, it is neces-

sary to have Pin 2 of IC 7E go low.
e Of the PW SW signals output by CN4-19, the one which is routed via IC 5E is used for
power switch off interruption to the main CPU.

3.1.5 Reset Circuit

The reset circuit prevents the circuit elements (including the main CPU) from uncontrolled
operation when power is turned on, and initializes the individual elements while the reset cir-
cuit is operating.
® The reset circuit makes in the following cases only.
1) Power switch on: A reset signal is output for about 30 msec after the power switch is
pushed on.
2) Reset switch: As long as the reset switch is being depressed and about 30 msec after
releasing the reset switch.
® Power on reset
When the circuit voltage Viis supplied by the power switch signal PW SW, ICs 3F, 1F and
11H in the reset circuit become ready to operate, and all the ICs of the reset circuit, in-
cluding IC 5F which is backed up, are ready for operation. As the line voltage Vi is also ap-
plied to resistor R48, a charging current flows to capacitor C14 via R48 after power is
turned on, and the positive potential of C14 is gradually raised as shown in the Fig. 3-3.
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The delay time till the positive potential of C14 exceeds the threshold level of IC 5F is used as

a reset signal.

o Reset switch
If the reset switch is pressed, the positive side of C14 is forced to ground level. Thus, a re-
set signal is output as long as the reset switch is being depressed and till C14 begins to be
recharged again after the reset switch is released.

\% !
I
f
1
C14 voltage )
|
|
RESET j .
I Approx :
: 30msec |
I i
I i
J Reset time Flg. 3-3
3.1.6 Reset Signal Circuit
r ® 10G-9
7 | _ (H166)
¥ _ ’\R/\Ar R39 ,_E@g_< .. RESET ® 9G-1
o2 Y ———O
J; RESET Sw 100 oK 2 Ll 5F 5 (H273)
s R48 3\22 ® 6D-6
cla y 47K I00K (SLAVE)
+5V (VL) . 6301

SLAVE

CPU 5
I5‘I4 4- 10 ‘II
.IF 4 o
e

RESET {j LCD
(CN5-3)
3 4 8 ([ Expansion unit
ENABLE ©O- 3E 10
6301 ],>G 4F <©| (CN7-34)
MAIN S
cPU ENABLE

Expansion unit

5 -—
RESET RESET - (CN7-33)
6

: e 16D-6
34,2 (H138)

7 s S RESET | ¢8G®6
(MAIN)
6301
Expansion unit
~ (CN7-31)

Fig. 3-4

A reset signal is output only when power is turned on or when the reset switch is pressed.
The reset signal output to the control circuit board, LCD unit, and extension units initializes
the control circuit (and the control program) to prevent erroneous operation.
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3.1.7 Voltage Detector Circuit
When the power switch is pushed on, the PW SW signal turns transistor Q1 on to supply the
voltage Vsto the Vcc of 2B (MB 3761), making MB 3761 ready for voltage detection.

R5! 100K
ANN—
D17
—IW\' —0POWER ABNORMAL
QI
ve O t
RS R5I 8 H7
R73 | 332K 56,(% vee W
390K g 3760 (B
|
R4 G N
R47 39K 121K = g‘”
PW SW O —ANM\-
V— ©O -
Fig. 3-5
mMB3761
r _____ |
7 JHYS(B)

MB 3761 generates a comparison
voltage of +1.2V from Vcc with its

|
INCA )@——:D Vcc built-in reference voltage circuit.
+1.2V

z

o]

";+

J7z
BEO]

|
| 1 - |
Reference
GND @ v9|tage l
L gt J
Fig. 3-6

When the voltage Vcc is supplied to MB 3761, the comparator is ready to operate, and the
reference voltage (+1.2V for comparison) is generated. The voltage Ve supplied from transis-
tor Q1 is routed via resistors R5 and R4 to V- (signal ground). This voltage dividing circuit
generates a comparison voltage for feedback.

1. Total resistance( ® - ® )

/@) R5 R4

Ve O— . 33.2K+12.1 K=45.3 (KQ)
RS 2. Comparison voltage Vin g (Point
33.2K © )

VIN(B)
C>/ . Vx

R4 V = —
12.1K = (VR5+R4))<R4

V—0— ¢

(SIGNAL GND) = Vx (V) 12.1 (KQ

(Z53 K <1+ K2

Fig. 3-7
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The comparator MB 3761 compares the input voltage Vin @ with the reference voltage
+1.2V, and outputs the result to Pin 7 (HYS (B)).

Condition Pin 7 output Meaning
Vine > +1.2V HIGH Normal voltage
Vin g < +1.2V LOW Voltage too low

Vin 8 of +1.2V is the limit in abnormal voltage (voltage drop) detection so the bettery voltage

in this case can be calculated by the following equation.

Ve o= — -2 (Ve o x = 1.2 (V) REF)

R4
R5 + R4

As shown above, +4.5V is the abnormal voltage detecting point.

When the battery voltage falls below +4.5V, the Pin 7 output of the comparator MB 3716

goes low ( POWER ABNORMAL ), and this signal is sent to IRQ (Interrupt Request) and P14 of

the main CPU. Upon detection of interruption by the POWER ABNORMAL signal, the CPU

immediately stops operaion, flashes the warning CHARGE BATTERY! on the LCD screen

about 60 times, and automatically turns power off.

Note:

The batteries discharge current until the voltage reaches + 4.0V so that, even if an abnormal

voltage is detected, the data stored in the RAMs are kept unless some trouble occurs. It is

necessary to recharge the batteries as soon as possible if the voltage drops to that level be-

cause, if the batteries are kept in that state for a long time, the voltage further drops, resulting

in breakdown of the data stored in the RAMs and a shorter battery life.

e Overvoltage is not detected, but if an overvoltage (above 6.8V) occurs, zener diode ZD7 is
shorted so its protect the circuits.




3.1.8 Power On Timing

PW SW (CN5-18)

PW SW (CN4-9)

vL ON

Vi

POWER ABNORMAL 5
**POWER ON |

RESET

Normal Case

PW SW (CN5-18)

PW SW (CN4-I9

POWER ABNORMAL

** POWER ON

VL ON

Vi

RESET

POWER ABNORMAL
interruption
(Main CPU IRQ)

SLAVE CPU P37

Fig. 3-8

Where Low Voltage is detected
Fig. 3-9

*The warning CHARGE BATTERY! flashes 60 times on the LCD screen
from the detection of a POWER ABNORMAL signal till VLON is off.
*»*POWER ON is output signal of IC5D PIN8.
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3.1.9 Power Off
Power can be turned off by any of the following three methods.

1)

Push the power switch off: Normal power off.

2) Push the power switch off and then press the reset switch:
Power off in case of abnormal voltage drop or uncontrolled program execution.
3) Power is automatically turned off by the program after 30 seconds of voltage drop dis-
play CHARGE BATTERY!: Power off by program.
(1) Power off with power switch
" . |Main CPU
= TO IC5D PIN4 ADDR 0028 5301
DIl R29 ,\’( w
J— I 10 4 3 DATA 6"
PW SW ——|<|—4»——o{$\ A P
(CN4-19) 10K |
PW SW
KB REQUEST
INT EX TRo
CLOCK IRQ
POWER
ABNCRMAL

Fig. 3-10

When the power switch is pushed off, a PW SW (CN 5 - 18) signal goes out to turn off
transistor Q1 in the power circuit so Vcc is no longer supplied to IC 2B (MB 3761), and
the voltage detector circuit becomes ineffective.

A PW SW (CN4-19) signal is applied to Pin 4 of IC 5D so that the output POWER ON sig-
nal from Pin 8 of IC5D goes out. But VL ON cannot be turned off because of the reset sig-
nal from the reset circuit which is connected to Pin 5 of IC 5F. Therefore, power is turned
off by program interruption. This circuit sends a PW SW signal to Pin 4 of IC 2E via IC 5E
and R29. When the power switch is pushed off, Pin 4 of IC 2E goes low so that Pin 6 of
IC 2E goes high, Pin 13 of IC 3E goes high, Pin 12 of IC 2E goes high, and Pin 10 of IC 3R
goes low.

As a result, an IRQ signal (I/0 request) is sent to request an interruption to the CPU.
When the main CPU accepts the interruption, ports 13, 14 and 15 and 1/0 address 0028
are checked, and the kind of interruption is identified. In case of an interruption by the
power switch (PW SW ), a 0028 output is sent to an address bus line, and an output is
generated from Pin 11 of IC 9E (for I/0O select) so the PW SW line signal is read from Pin
5 of IC 4G to data line 6.
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SW (CN4-I9)

PW

PW

SW (CN5-8)

POWER ON

Power off command

Main CPU

Slave CPU P37

Through the process described above, the main CPU confirms that the power switch is
off, and gives a power off command to the slave CPU. When the slave CPU receives the
power off command, port 37 of the built-in program is set to high level, and Pin 16 of IC
7E to low level.

As a result, Pin 2 of IC 7E goes low via IC 5F of reset circuit, causing Pin 15 to go high
and turning the VL ON signal off.

When the VL ON is off, power transistor Q8 turns off to stop supplying the logic voltage
VL When the logic voltage Vi is no longer supplied, R48 in the reset circuit is not pulled
up and the output from Pin 3 of IC 5F goes high. At this point of time, the power on sig-
nal to Pin 4 of IC 5F is turned off, thus, completing the power off operation.

RQ

to slave CPU h

Vi ON J
RESET
Fig. 3-11
(2) Power off with reset switch

Normally, power can be turned off by pushing the power switch off. In the following

cases, however, power cannot be turned off by simply pushing the power switch.

In these cases, push the power switch off and then press the reset switch to turn power

off.

e An interrupt request cannot be processed due to uncontrolled run of the main CPU pro-
gram.

e An element failure has occurred in the TRQ signal line, RESET line, PW SW (CN4-19)
signal line, main CPU or slave CPU.

Push the power switch off, and then press the reset switch. PIN5 of IC5F goes high, so

the VL ON signal is turned off and the line voltage Vi is no longer supplied. Thus, power

can be cut off. The reset switch is also connected to the voltage backup circuit in the

power supply, and when the reset switch is pressed, transistor Q10 turns on compulsori-

ly.
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(3) Power off by program

If the voltage detector circuit detects a battery voltage drop below +4.5V, it sends a
POWER ABNORMAL signal to the main CPU for program interruption. When the main
CPU accepts this interruption, the warning CHARGE BATTERY! is flashed 60 times on
the LCD screen, and a power off command is sent to the slave CPU. Port 37 of the slave
CPU goes high to turn the VL ON signal off and power off. Even if the power switch is in
the on position, the voltage detector circuit keeps sending a POWER ABNORMAL signal
to hold Pin 10 of IC 5D in the power on circuit at low level, making the PW SW (CN4-19)
signal ineffective. This prevents power from turning on again.

It is necessary, nevertheless, to push the power switch off because, unless it is in the off
position, the batteries keep supplying the voltage to IC 2B and lose their stored charge.

3.1.10 RS-232C Voltage

VL R46
L\' %39K
RI9 _
Q2 AN O S

L
/{ 39K
R20
A1048 éSSK
R2 Qi T, o4
VB O AN~ ’ ' +8V
(AC+) wasn N
R24| B772 R82[220
1K - .
Q3 . 03 4> ” oo
Iw 15234 =47y
Al048
R3256 = 16V
C41 00! i ‘
14 13 10 5 5 oGP
Vee CLS COLECTOR R2I
68K
| TL 497
N COMPARATOR |, — Clo
H A INPUT RI7 47
é ! Ec Ss I.2K 16V
| G T QT Ut
T M E R °R ]
2] 5] 8 3:[ aTE —o-8v
c24
'J’sgop
o .
Enters the base of transistor
Q3 to be a switching signal.

Fig. 3-12

o The built-in batteries keep supplying the DC voltage of 4.5 to 6.0V. The + 8V is used only
in data transfer with the serial interface or RS-232C. To minimize battery consumption,
the system is designed to generate the + 8V only when it is used.

e Voltage output
If the power switch is on and normal power on reset operation is executed, the line voltage
Viis supplied. If an operation starts in the RS-232C mode (data communication using the
output to the external printer or acoustic coupler) under this condition, a SWL signal is
sent to turn transistor Q2 on. As a result, the voltage Vcc is supplied to TL 497 to make
the switch voltage regulator TL 497 ready to operate. When the Vcc is supplied, a swit-
ching pulse with an on-time of about 32 usec is generated by the external capacitor which
is connected to Pin 3.
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At this point of time, the input to Pin 1 of TL 491 is OV (because transistor Q1 is not on), the
output of the high gain comparator actuates the oscillator circuit to switch the built-in tran-
sistor Qx. As a result, Pin 10 outputs a low level pulse to turn on transistor Q11, and supply a
Ve pulse to transformer T1.

) (t1y 24

Vvep© | 4 1t ' oVD+ eNo__| | I —
. JZ+ VBP
45 3|l com - .
03] |3 0% eno _‘

OGND

cozz DseNo —

Fig. 3-14 Fig. 3-15

The Vs pulse output to the coils of transformer T1 feeds a current to capacitor or C9 via diode
D4 if Pin 4 of T1 is positive. If the primary side of transformer T1 goes negative, a current is
fed from the capacitor via chopper diode D3.

Each output is smoothed by capacitors C9 and C10, and +8V and -8V are generated from
the output terminal.

These output voltages are fed back to the regulator to stabilize them. The output voltage sta-
bilization by feedback to the regulator is effected by utilizing the potential difference between
the signal line that is connected to Pin 1 of TL 497 half way between R21 (6.8 kilohms) and
R17 (1.2 kilohms) and the signal line that is connected to Pin 4 of TL 497.



If the VD output is normal (-8V), the potential difference is 1.2 V (68+.12 x 1.2 ). If the vol-
tage is lower than normal, the potential difference will be less than 1.2V, causing the oscilla-
tor circuit of TL497 to operate to switch transistor Q11. If the voltage is higher than normal,
transistor Q11 stops switching. It is in this way that the outputs are fed back to the regulator
to maintain the +8V and -V at the rated level.

OGND
R21
6.8K
TL497
Pin 1 RI7
Comparator,
( P ) 1.2K
— OoVD— (—-8V)
Pin4
(Sub strate)
Fig. 3-16

e Overcurrent detector circuit
This is a protecting circuit against output shortcircuit, etc. Resistor R2 in the circuit that
connects Ve to transistor Q11 is an overcurrent detecting resistor. TL 497 has a built-in
current limit sense circuit, which stops oscillation operation if it detects a voltage drop of
0.7V, thus stopping the + 8V outputs.

R2

Ve O ANN/ ’ To Tr QI
w050
Q3
13
CURRENT
LIMIT
SENSE
Fig. 3-17
*QOvercurrent is 1.2A as calculated by the following equation.
| = 0.7V i CURRENT LIMIT SENSE
0502 Resistor R2
= LL2(A) o Overcurrent

3.1.11 LCD Voltage

A voltage effect type LCD is employed so the voltage required for its control is generated
form the battery voltage by DC-DC conversion.

LCD Voltage Circuit (DC-DC Converter Circuit) VL
2 D6
R78 c3l 2C D7
A {1 >o08 S T S R oVLo
820K 1000P 54 -t
R74 DO

Cl C6£

05
390K | 3[: 2 ' . -
Lop
PINIE s
9{>°|o ’ l|{>°12

Fig. 3-18 GND




The oscillator circuit shown in the left part of the above circuit diagram generates a pulse
having a period of about 0.8 msec, which is fed to IC 2C, where its 4 drivers boost the pulse
drive capacity. A capacitor C2 is installed on the output side of IC 2C. The output of IC 2C
shifts the negative voltage of capacitor C2 so the positive voltage of C2 rises higher than V.
(+5V), causing the capacitor to discharge.

As a result, a voltage such as shown below is routed via diode D7 to capacitors C1 and C6 to
be smoothed and output.

] rApprox. 0.8 msec

+ov Approx. 7V (LCD voltage)

»

\__ o / After smoothing
Before smoothing

+5Vv

GND

Fig. 3-19

3.1.12 Power Signals

Supplied always from the batteries

VB b
VL ON

VL

VLD

SWL

AVaN
N

SN

PW SwW

—_—— e — ,— — e —— - —

RESET

30msEC

(to or from batteris)

Fig. 3-20



Signal

. . ianal
Signal Direction Meaning of Signa NOTE
PWSW Incoming | Power switch signal PW SW (CN4-19) ..... gmf’;erruptlon for power on or
PW SW (CN5-18) .... Voltage detector circuit
starts.
Ve Outgoing Backup voltage for C-MOS, Battery voltage 4.5V to 6.0V (operating range)
RAM, etc. (for printer)
VL ON Incoming | Power on signal :))l:Jttput upon resetting after PW SW signal is out-
Vi Outgoing | Line voltage on signal Starts supplying after VL ON signal detection.
VLD Outgoing | LCD voltage gtgzut 7V is generated for LCD from battery vol-
SWL Incoming | =+ 8V power on signal Output only when RS-232C is operating.
+8V Outgoing | RS-232C voltage Output by SWL singnal.
RESET - Initializes circuits




3.2 CPU Operation

3.2.1

o——

Oscillator
[0 WE——

Main CPU
6301(8G)

r=-7,1

1 MASK
:ROM:
&T?Tﬂ
r-—-n9
I RAM
] 1

:1 288yte:
Lo Jd

Main CPU/Slave CPU

C

2

,

!! ]
I
ADDR. ROM | RAM
LATCH |
32K + (8K) I 16K
|
\r é/\T
< High-speed serial Switching High-speed serial
U
Serial
interface
Fig. 3-21

Slave

CPU
6301(6D)

28y

—o

Oscillator
——o

The HX-20 is of a dual CPU system that uses two CPU 6301s to allow dispersed processing.
The main CPUs are operated by the control program stored in the external RAM, and control
1) the keyboard, 2) liquid crystal display, 3) ROM and RAM addresses, 4) bar code reader, and
5) clock. The main CPUs do not use the built-in mask ROM, but only the program stored in
the external ROM, for control purposes. The slave CPU has a control program in its built-in
mask ROM (4 kb), and controls 1) audio cassette, 2) printer, 3) bar code reader, 4) RS-232C,
5) high-speed serial, 6) cartridge option, and 7) power off independently of the main CPUs.
The slave CPU is connected to the main CPUs with 38,400 bps high-speed serial lines
through which commands and data are sent and received as necessary for control.

3.2.2 CPUTiming
The CPU 6301s which play the central role in control operation are 8-bit microcomputer
units (MCUs) that have a low power consumption mode and an error detection function, and
execute commands at the timing shown on the next page.



ADDR/DATA BUS /@\ v A >_@
2 >—<\ADDR>—< pata >—<aporR>—< DATA >—<DDR DAT

ADDRBUS A8 ~Al§

ADDR STB (AS)

ENABLE (E)

ADDR LATCH v v V
50 ~ A7 aooR (D) ADDR ADDR

RAT / READ \ WRITE / READ
R/W DATA /S ® N\ ____ /

| CYCLE
Approx. 1.63 usec

Fig. 3-22

The CPU is connected to an external oscillator from its pins 2 and 3. The clock pulse of
2.4516 MHz generated by the external oscillator is divided by 4 in the CPU to generate a sys-
tem clock of about 1.63 usec. In read operation, after an address strobe (AS) is sent out, ad-
dress @ is output to the address data bus lines, and is held until address @ reaches the ad-
dress latches. When address @ is output, the desired ROM and its data address are desig-
nated. As an ENABLE (E) signal is output, 1 byte of data (d (program) is output to the data
buses to be taken into the CPU 6301.

In write operation, a RAM address is designated as in read operation, and if data is output
with the R/W signal at low level, data can be written into the designated I/O or RAM.

3.2.3 Address/Data Buses

The main CPU has 16 address lines (DAO to A15) and 8 data lines (DAO to DA7), and ad-
dresses of up to 64 kilobytes can be directly designated. The bus lines, CPU, and ROMs are
connected one to another as shown below.



Al4 | A5

Al
ROM E (
To extension unit ROM CE IIE O O
’ D, ROM CE 12 O
ROM SELECT cou -
+5V 0 c I13E O O
—G1 (15D) ROM CE 14E O O
6301 ROM CE IsE
ADDR 13~15 ~ O O O
15
P4 ADDR. BUS
8
(8G) — — ™ _
A ADDRES S ROM ROM ROM ROM ROM
S
LATCR 16l (15E) (14E) (13E) (12E) (11E)
. | | L T[]
P3 0 ADDR/DATA BUS

LCLOCK (2.4576 MHz )

Fig. 3-23

Here, the main CPU operates in the expanded multiplex mode.

The address buses of the CPU 6301 share the lower bits O to 7 with the data buses. There-
fore, addresses and data are separately used by means of an AS signal, and address latch
16E is used to hold the lower addresses. A decoder 15D is used for the upper addresses A13

to A15 to select ROM chips.

Other addresses A8 to A12 and lower addresses AO to A7 are used for ROM address desig-
nation. (The 13 bits of AO to A12 can be used for designating up to 8 kilobytes of ad-

dresses, which correspond to the chip capacity of one ROM.)

3.2.4 Initialization

Upon completion of resetting after power on, the main CPUs execute the program stored in
the external ROM to initialize the system (from mode designaion to display of a menu on the

screen) as illustrated on the Fig. 3-24, 25.
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Power on

CN5-18

- —— — Power switch

CN4-19

PW SW

Power on signal
(VL ON) sent.

(Dll—SD***S F
—7E—>Q8

Reset signal circuit
operates

1. Oscillator circuit
driven

2. All address buses
raised high

PW SW

Battery voltage
check (Low voltage
detector circuit dri-
ven)

All address buses
high?

Y

buses go high.

Bits 0, 1 and 2 of I/O
port 2 are latched
with program con-
trol register.

If reset signal continues for 3 system
clocks (about 5usec) after CPUs
are ready for operation with line
voltage supplied, all the address

---CPU operétion mode
is designated.

Fig. 3-24

Reset signal vector
addresses (FFFF,
FFFE) are input to
program counter.

- — Program start address

(In this case, EOQO is in-
put to program counter.)

Is reset signal off?

Port setting

Addresses 0000 to
0007 are set according
to the data stored in
program control regis-
ter.

~ — — —Released about 30

msec after power is
turned on.

Timer user area is
set.




Status read com-
mand is sent to
slave CPU.

=~ - Check whether the
slave CPU is ready.

L

READY ? |

Main CPU ‘—>’<—- Slave CPU

Awaiting status
command from main
CPU

ACK(READY)

received?

Initializing

- Slave is ready,

Status command?

Status byte is set to
main CPU,

]

Initializing

Menu displayed on
screen

Sleep mode

Keyboard interrup-
tion?

Y

- === WAIT RTN

Required program is
executed.

|

Sleep mode

Interruption?

Required program is
executed.

Fig. 3-25
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An outline of operation after power is turned on is as shown below. The same takes place
when the reset is pressed.

Poweron |- ————— — — - — Power on reset (about 30 msec)

I/Qinitialize ~ |- —— — — — — — - — Initialize program is executed to initialize the sys-
tem hardware.

Menu displayed on
screen

—— — — — — — — — — — — — An operation mode is designated from the key-
board.
(Keyboard routine starts to wait for operation.)

BASIC MONITOR

1
USER PGM %

Fig. 3-26

The main and slave CPUs read operation mode selection data and program start address (a
vector address corresponding to the reset signal) while the reset signal is in effect. After re-
set signal is released, the main and slave CPUs are initialized.

After initializing, the slave CPU immediately goes into the sleep mode. The main CPU goes
into the sleep mode as the keyboard routine starts after a menu is displayed on the screen.
After the menu display, both the main and slave CPUs are in the sleep mode. The sleep mode
can be released only by key switch interruption. The purpose of this is to minimize power
consumption while the CPUs are not being used.

3.2.5 Sleep Mode

(1) Because the HX-20 operates on battery power, it is designed to operate the CPUs not
constantly but only when necessary for minimizing power consumption. CPU operation
is stopped and turned into the sleep mode by executing a SLP command. Power con-
sumption is reduced in the sleep mode to about 1/10 of the power consumed when the
CPUs are operating.

o Operations in the sleep mode

¢ The CPUs stop operating, but the data stored in the registers are kept intact.
¢ The peripheral functions other than the CPUs do not stop.
¢ ENABLE and AS signals are output.
¢ All the address and data bus lines go high.
@ Sleep mode release
* Reset signal detected
¢ Interruption signal detected
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(2) Control incidental to the sleep mode
The sleep mode is selected by executing the keyboard routine. The program which ef-
fects the sleep mode is located in addresses EOOO to EFFF. The sleep mode can be re-
leased by interruption. Its control program is located in addresses FOOO to FFFF. If an in-
terruption occurs, CPU operation must start after the sleep mode is released.
Otherwise, the interruption will not be processed.

Sleep mode set Mask address FFFF. ROM 0’ 15E
FFFF
Interruption
control vector
N Interruption? address 4KB
' __ _ _Fo00
EFFF
Sleep mode Rel K
released elease mask.
Sleep mode 4KB
control
Interruption program
processed £000
Fig. 3-27 Fig. 3-28

When selecting the sleep mode, address XX2C is output so Pin 9 of IC 8E goes low to latch
IC 8E. As a result, Pin 2 of IC 8E remains high after the selection of the sleep mode. All the
address bus lines are at high level in the sleep mode.

If an interruption occurs under this condition, an FFFF (reset/trap error) is output as a vector
address. If no control is performed then, it is processed in a way different from the normal
interruption processing.

Because IC 8E is latched when the sleep mode is selected, the FFFF (A12) output lowers the
output from Pin 3 of IC 8E, causing the G2A signal from IC 15D to go high.

Thus, no ROM select is output and vector address FFFF is ignored.

Then, the CPUs execute the sleep mode control program in addresses EQOOO to EFFF to re-
lease the sleep mode. In this case, address line A12 will not turn on so ROM selection is
possible and the program can be executed. IC 8E is released from its latched state when
address XX26 is output.

Now interruptions can be processed. If an interruption occurs, it is processed by using a vec-
tor address.
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(3) RAM/ROM select circuit
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3.2.6 Memory Map

After power is turned on, or when executing a program, the control programs control all input
and output operations by means of addresses and interruptions. That is, the system com-
ponents are controlled by outputting the required data to the addresses (I/O equipment)

shown below, or receiving data or interruptions.
(1) ROM addresses

OPTION
ROMO | ROM 1 ROM2 | ROM3 | ROM4
(LOC 15E) | (LOC 14E) | | (LOC 13E) | (LOC 12E) | (LOC 11E)
FFFF DFFF BFFF 9FFF 7FFF
l l l ¢ l
E000 C000 A000 8000 6000
8K 8K 8K 8K 8K

The HX-20 can mount 40K of ROMs (standard 32K, option 8K). ROM O (monitor) and ROM 1

HX - 20 Proper

Fig. 3-30

(utility) have the following control programs built in.

e Keyboard

o Display

o Character generator
e Clock

e Printer

e Speaker

¢ ROM cartridge
e Microcassette
e Audio cassette
¢ RS-232C

e Disk

o Monitor

: Data input

: LCD and TV monitor character display, cursor control, etc.
: Character pattern

: Clock and alarm set and read

: Print, paper feed, screen copy

: Sound frequency and length control
: Program read

: Read/write, search

: Read/write

: Data send/receive

: Read/write

: Memory dump, memory set, etc.
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(2) Main CPU address map
Addresses 0000 to OOFF are in the main CPUs and address 0100 and subsequent addresses
are in the external RAM (13C to 16C, 12G to 15G, and extension unit).

Address Meaning
0000 Port control PORT PORT ADDR DIRECTION REG.
2 and register 1 0002 0000 (RS-232, etc.)
0007 2 0003 0001 (Serial, RS-232, bar
code)
3 0006 0004 (A0 ~ A7,DO ~ D7)
4 0007 0005 (A8 ~ A15)
0008 Timer control and data registers
2 0008 : Timer control
OOOF 0009 ~ OO0OOA : Free running counter...........cceeuvveuuenanannnn. CPU R/W
000B ~ 000C : Output compare regisSter........cccceeeeviiieeeeeereeeeenn. R/W
000D ~ OOOE : Input capture regiSter.......ccceeeeeeeeeeeeerrerreeeeennnns READ
OOOF : P3 control register
0010 Serial control and registers
i 0010 : Serial speed rate
0013 0011 : Serial control status
0012 : Receive data register
0013 : Transmission data register
0014 RAM control : External RAM/internal RAM switching
0015
! Unused
001F
0020 Keyboard scan KSC O to 7 outputs/SW6 read
0022 Keyboard inputs KRTN O to 7
0026 Cartridge interface/interruption mask release/LCD chip select/key mask
0028 Keyboard inputs KRTN 8 to 9, PW SW, BUSY (SO)
002A Serial clock generated by ANDing R/W signal
0040 Clock register
2 0040 : Sec 0041 : Sec (alarm)
004D 0042 : Min 0043 : Min (alarm)
0044 : Hr 0045 : Hr (alarm)
0046 : Day of week 0047 : Date
0048 : Month 0049 : Year
004A ~ 004D : Control register
004E RAM RAM area for system 50 bytes
i
O07F
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Address Meaning
0080 RAM built in CPU (128 bytes)
l
OOFF
0100 External RAM
l
FFFF

(3) Slave CPU memory map
The slave CPU controls the printer and other I/O equipment with its built-in mask ROM (4 kb).

Address Meaning
0000 Port control and register
2 PORT PORT ADDR DIRECTION REG.
0007 1 0002 0000 Printer, speaker
2 0003 0001 CPU COMM, etc.
3 0006 0004 RS-232C, cassette, etc.
4 0007 0005 RS-232C, cartridge
0008 Timer control and data registers
2 0008 :
OOOF 0009 ~ O00A :
000B ~ 000C :
000D ~ 0OO0OE
OOOF :
0010 Serial registers
2 0010
0013 0011
0012
0013
0014 RAM control : External/internal RAM switching
0015
1 Unused
O07F
0080
l Internal RAM (128 bytes)
OOFF
0100
2 Unused (Addresses are not physically present.)
DFFF
FOOO
2 Internal ROM (4 kb)
FFFF
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3.2.7 Interruption Control

An interruption signal is used by an I/O equipment in requesting the CPUs for some process-
ing.

As shown in the interruption table, there is the preset priority order according to the kinds of
interruption. Each vector address has an address to start the program (interruption process-
ing program) that is required for processing an interruption request. If an interruption re-
quest occurs, the level of the program being executed and the kind of the interruption are
checked; and if the interruption request has a high level, the data of the program counter and
registers are saved in the stack area, and the interruption request is processed.

Interruption acceptance and processing procedures are as shown in the flow chart below.

START

Vector address is °
Program

being set into program
executed? SLEEP MODE counter.

Reset
interruption
(power switch
on)?

Interruption pro-
cessing program is
executed. (Interrup-
tion mask bit is set.)

Level of program being
executed is compared
with interruption level.

Program being execut-
_-- edisinterrupted by a
. higher level interrup-
tion.

Is

. N Program Y
Interruption Interrupted?
masked? 25
=k
& =
® =
‘ ag Program counter
Interruption ignored | Y g data are saved in
> stack area.
o
Q@
Program
finished?

Command is exe-
cuted when inter-
ruption is detected
and program
counter data are
saved in stack area.

Stacked?

Interruption vector
address is set into
program counter.

Program counter
data are read from
stack area, and set
in place.

Interruption pro-
cessing

Interruption mask bit: Condition code register

Fig. 3-31
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3.2.8 Main CPU Interruption Table

Interruption | VECTOR Reason for Interruption
HIGHEST FFFE e« Immediately after power up
FFFF After reset
FFFE e Address error or operation code error (TRA-
FFFF P) ... used for monitor
FFFC o Master clear by NMI signal interruption (Un-
FFFD used)
FFFA e Software interruption (Unused) ........ Only
FFFB where developed unit is used.
FFF8 ¢ Key input ( K.B REQUEST signal )
FFF9 e« Power on (PW SW signal)
o Power off (PW SW signal)
¢ Clock ( CLOCK IRQ signal )
o External interruption ( INT EX signal)
FFF6 e Timer input capture
FFF7 (Unused)
FFF4 e Timer output capture
FFF5 (Keyboard)
FFF2 e Timer overflow
FFF3 (Microcassette)
FFFO o Interruption by serial communication interface
LOWEST FFF1 (PIN signal)
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3.2.9 Slave CPU Interruption Table

Interruption

priority VECTOR Reason for Interruption

HIGHEST FFFE o Immediately after power on

FFFF o After reset

FFFE o Address error or operation code error

FFFF (TRAP)

FFFC e Master clear by NMlI signal interruption

FFFD

FFFA o Software interruption

FFFB

FFF8

FFF9 Unused

FFF6 e Timer input capture

FFF7

FFF4 e Timer output capture

FFF5

FFF2 e Timer overflow

FFF3 (Microcassette)

FFFO e Interruption by serial communication interface
LOWEST FFF1
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3.3 Address Control Circuit

3.3.1 Memory Addressing
Addresses in the internal RAMs can be designated by CE2 (chip enable) signal from IC 16D,
address lines (2 kb from AO to A10) to each RAM chip, and CE1 signal; and addresses in the
external RAM (in the extension unit) by address lines AO to A15 (up to 64 kilobytes can be
designated). The HX-20 uses an aditional RAM or buffer (main CPU/clock IC
146818/LCDuPd7227) which uses the same addresses. Thus, control signals are necessary
to signal out the RAM to be used.

3.3.2 Address Control Signals

(1) The basic control signal is the IOCS signal that is output at Pin 8 of IC 2E. The IOCS sig-
nal is output where address lines are A7 — A15 so if this signal is output, it indicates ad-
dresses 0000 to OO7F.

(2) Auxiliary control signals include IC 9E and incidental 1/O address control signals.

MaincPy | %0 [ 0f R
128 bytes ) ooFF

Clock RAM 0040
64 bytes 007F

LCD buffer | 0000

480 bytes 004F pieces |
‘ s f 5 §
. |
RAM 16 kilobytes 0909 ) i Internal RAM 16K Extension unit RAM
Extension RAM ;// Linused e | 16K
i S 7F
16 kilobytes .00 | /( )/ — //
Fig. 3-32
e Main CPU

Bit 6 of the RAM control register (address 0014) in the main CPU controls the RAM in the
CPU or an external RAM.
If bit 6 is on, the buit-in RAM in the CPU is used so no R/W operation is performed for the
external memories.

o Built-in RAM/extension RAM
If the 10CS signal (A7 — A15 ) is output, it is applied to Pin 9 of IC 4E, and an inverted sig-
nal is output at Pin 8. RAM chip select IC 16D has its pin 15 at low level due to A11 = A15,
but Pin 11 of IC 4F is at high level (IOCS on) so that Pin 13 goes low and Pin 4 of IC 5E
goes high. As a result, CE2 form RAM 13C is not turned and the built-in RAM cannot be
designated.
The IOCS signal is also supplied from connector CN7 to the extension unit so the RAM in
the extension unit cannot be designated either.
For the reasons described above, addresses 0000 to OO7F represent the CPU RAM or LCD
buffer or clock RAM.
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o LCD buffer

The LCD has a total of 6 buffers (480 bytes in total) that can be designated by addresses
0000 to 004F (80 bytes). These addresses are designated by setting the data pointer
(made of 7 bits) in the LCD by the LID command (Load Immediate to Data Pointer), and
each of the 6 buffers (80 bytes each) is designated by CS (chip select). Thus, the main CPU
does not directly designate addresses. It uses only LCD addresses 0026 and O02A for ad-

dressing.
002A
Main CPU |
10G shift
Data bus Register
Command/address/data
___f\ 9G
Data bus / C
0026
e Clock RAM

S
T ‘ N —
l cs3

1C 03530l

Controller|Controller|Controller{Controller|ControllerfController

- ———— —_——_—— e —_— ] —_——_——— ——]

80 bytes | 80 byts | 80 bytes | 80 bytes| 80 bytes | 80 bytes

CsS4

CsS

CS6

Fig. 3-33

Access to the clock RAM is controlled by Pin 13 (E) of IC 6G. Its signal is supplied to clock
IC 6G via Pin 8 of IC 1E, IC 4F and IC 5E only when IOCS (A7 — A15) and A6 (address
0040 or higher) are on. While this address space is being selected, Pin 13 of IC 6G re-
mains at low level, which permits read/write.

Address 7/6|5 |4 110
XX40 1/10|l0|JO0O|O0O|O0]|O
XX7F 11111111 ]1
*
Fig. 3-42
- ‘ 6G
I0CS O 90@9 S \E 8 2 Lo 8 3
3 | 4F E
DA6 O———
RESET O
Fig. 3-34
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3.3.3 RAM Address Circuit

HI138

O RAM 12G CE2
O RAM 3G CE2
—O RAM 14G CE2

&
&
O- —O RAM I5G CE2
O
o

AllO———A
16D

Al20———B

Al3 O———FFC

O RAM 16C CE2

O RAM I5C CE2
—O RAM 14C CE2

Al4 O——G28B
Al5 O——G2A

— N A O N

@]

R O——Gl

4F RAM 13C CE2

IGE_pg———OAS
af - P&E—ono
Low level by A7 - A15 \3195_‘_0
AlO
Fig. 3-35
ADDRESS RAM ADDR.
Loc\ |15|14|13]12|11(10| 9|8 |7 |6 5|4 [3|2|1]0 RANGE
13 (@e|o|o|o]e 0000 (0080) ~ O7FF
14C |(o|o|® 0800 ~ OFFF
15 |@|@|® ° 1000 ~ 17FF
16C (@|o@|® 1800 ~ 1FFF
156 | o |® ° 2000 ~ 27FF
4G | o | @ 2800 ~ 2FFF
136 | o | ® ° 3000 ~ 37FF
126 |o| @ 3800 ~ 3FFF

* No output is sent to those address bits marked with a black dot.

Fig. 3-36
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3.3.4 1/0 Select

I/0 select plays the role of outputting a gate signal from IC 9E shown below to each I/O inter-
face where the 1/0 addresses (I/0 equipment) listed in the memory map are used.

9E 15
DA | o A(I)H|3800—(Q-%o 5G PIN 11 (KSC GATE)
14
DA 2 © B(2) | I0—0022) , 3G 4G (KRTN GATE)
DA 3 o c(4) 212 (0026) , o4 (LCD cs SELECT)
% ° GATE
——dc2a 4j0—9028) , 4G (KRTN GATE)
10 (002A) LCD SCK/SD)
— O——=~1—0
DAG © 628 15 0020) 106G IF(TIMING GATE
E o Gl 60— —©° 8E PIN9
For interruption mask
NYEYCINTR setting in sleep mode.
<DA4,DA7~ I5>o
DAS * Parentheses indicate addresses.
Fig. 3-37

0020
0022

0026

0028

002A
002C

: Outputs an KSC signal output, and scans keyboard data and SW6 status.
: Inputs KRTN signals O to 7, and reads the keyboard data scanned by the KSC

signal to data buses.

: LCD chip select/ROM cartridge control/interruption mask reset in sleep

mode/masking interruption from keyboard by lowering Pin 12 output from IC
9G.

: Reads KRTN signals 8 and 9, PW SW, and BUSY (SO) signals to data buses.
: Outputs an SCK signal and SD (serial data) to LCD.
: Mask interruption by using IC 8E in sleep mode.

3.3.5 Clock Circuit

DA7
DA6
DAS
DA4
DA3
DA2
DAl

DAO

A7~ AI5 O
146818 DAG
o—
66 0] 9
1 As 4 o .
10 rRRWES— o Main CPU
) bs F——0 (ENABLE) » 8
8 13 8 9 |
EP 4F
G [O————ORESET
7 19 3
IRQp——— R83 22M
6 M
10 8
5 os 1|2 5F |9
4 22 R7I  32.768kHz| C73 22P
PS 150K )
o L
RSP—e#»CI9 CR?2 c37
GND  Vcc 22P 11
12 24 w
ci3ls ~38 0.1 r
1F WA\~
7'/")' 0.1 10K



The timer oscillator CR2 generates a basic clock of 32.768 kHz, which is amplified by IC 5F
into a clock with a period of about 30 usec. This clock is supplied to IC 6G to drive the clock
IC. IC 146818 uses this basic clock to drive the clock to indicate year, month, day, hours,
minutes, and seconds.

IC 146818 has a buit-in register (14 bytes) and RAM (50 bytes) with addresses 0040 to
004D (for the register) and O04E to O0O7F (for the RAM). Thus, if addresses 0040 to OO7F are
output, Pin 13 (E) turns on to send an R/W signal, which permits access to the register or
RAM.

3.3.6 Dip Switch
(1) Switch 6 (Dip switch with 4 positions)
If a monitor program and a utility programs are in ROM locations 11E and 12E, an inter-
national character set can be selected by operating this switch.
These switch signals are read to data bus DA1 via the KRTN9 signal by KSC signals O to

3.
Country
Hex. US.A. | France [Germany| England |Denmark| Sweden | Italy Spain
code
23 # # # f # # # Pt
24 $ $ $ $ $ jo! $ $
40 @ a § @ @ £ @ @
5B [ ° A [ A A ° i
5C \ ¢ 0 \ [ 0 \ N
5D ] § ] ] A A é ‘
5E A JAN A AN A 0 A A
60 ' ! ! ! é u
78 { 4 { ES a a
7C : [s) 3 [’} o) 0 A
7D } i } a & é }
7E ~ ) B ~ ~ i i ~
ASCII version international character set
Country ROM version Country SW3[SW2|sw1
Hex. ASCIl | France |Germany| Norway [Denmark| Sweden JAPAN Japan ON|ON|ON
code America 1 1 1
23 # # # # # # France 111]0
24 $ $ $ Q $ Q Germany 1101(1
40 @ a § E E E | England 1101
5B [ ’ A A A A Demark o1 |1
5C N\ ¢ 0 2 o 0 Sweden ol1]o
5D ] § 0 A A A Italy oo
5E A A A U u U Spain o/lo]|o
60 é é é EUROPE Norway 111 ]1
7B { a ) ® a France 11110
7C : o] "] ] 0 Germany 11011
7D ¢ u & a a Sweden 1/10]0
7E ~ B a g a Denmark o011
European version international character set France(ASCIl) | O | 1 | O
Germany (ASCIl)| O | O | 1
Sweden (ASCIl)| O | O | O

Note that France (ASCII), Germany (ASCIl) and Sweden (ASCII) are for inputting ASCII characters using French, German and Swedish
keyboard respectively.
See table 2 in 4.2.2 Characte set section for corresponding characters.

Input mode
ASCII and EURPE version JAPAN version
ten key mode (NUM) ten key mode (NUM)................... lock
graph (GRPH) .............. i kana mode (KANA) ...................... lock
caps 10CK ....occceviiniiiiiiccee, graph mode (CNTL/KANA).......... lock
€aps 10CK ......ccocevvviiiiiiiicr lock

Normally set *SW4 OFF, and set it ON when the flopy drive TF-20 is interfaced.
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3.4 Micro Printer (Model-160)

The EPSON Model-160 prints 24 characters (or 144 dots in graphic printing) per line, and
operates at a printing speed of about 0.7 line per second.

3.4.1 Outline of Mechanisms

Fig. 3-39 illustrates exterior view of the EPSON Micro Printer Model-160.

The Model-160 is a mechanical type dot printer whose printing head having four print solen-
oids arranged in a line in the column moves in the column for a space equivalent to 36 dot-
spaces. The printing head moving in the column direction performs one way printing as the
four print solenoids are energized one after another.

At the time when the head set returns to the home position, paper is automatically fed by one
pitch. The repetition of this operation makes it possible to obtain the prescribed print format.
These operations are performed mainly by a power transmission mechanism, a detecting me-
chanism, a printing mechanism, a paper feeding mechanism and a ribbon feeding mechan-
ism.

Stop detector
(read switch)

Timing detector ass'y

Ribbon cassette

Fig. 3-39

Paper feeding ass’y

Print head ass’y

Circuit board ass'y

Spool gear ass'y

Fig. 3-40
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3.4.2 Transmission Mechanism

The transmission mechanism is composed of a reduction gear train, a paper feeding gear

train (a part of the paper feeding mechanism), and a ribbon feeding gear train (a part of the

ribbon feeding mechanism).

(1) Reduction Gear Train
The reduction gear train consists a motor gear secured on a motor shaft, a reduction gear
(large and small position) and an intermediate gear (large and small position) placed in a
reduction unit, and an internal gear formed integral with a lead cam. The reduction gear
(large) is in mesh with the motor gear. The reduction gear (small) is in mesh with the in-
termediate gear (large). The intermediate gear (small) is in mesh with the lead cam inter-
nal gear. The rotational speed of the motor is reduced to 1/18 at the lead cam by the re-
duction gear.

Motor gear

Reduction gear
(large and small)

Intermediate gear
(large and small)

Reduction unit

Lead cam

Lead cam
internal gear Fig. 3-41 Reduction Gear Train

(2) Ribbon Feeding Gear Train
The ribbon feeding gear train consists of a specially shaped ribbon feeding cam placed on
a shaft, a ribbon feeding gear placed on a shaft on frame L side and consisting of a bevel
gear portion and a small gear portion, and a spool gear placed on a shaft. These gears ro-
tate in the directions shown by the respective arrows in Fig. 3-42. The reduction ratios
are: ribbon feeding cam: ribbon feeding gear (bevel gear portion) =9 : 1, and ribbon feed-

ing gear (small gear portion): spool gear = 33:13. The ribbon is fed at a rate of 13.6
mm/sec.

Ribbon feeding cam

Ribbon feeding cam

Spool gear shaft
Frame L

Spool gear
Fig. 3-42 Ribbon Feeding Gear Train
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(3) Paper Feeding Gear Train
The Paper feeding gear train consists of a paper feeding transmission gear and a paper
feeding gear both secured on a paper feeding roller shaft. The paper feeding gear is in en-
gagement with a paper feeding lever, movements of the latter in directions A and B Fig.
3-43 causing the former to rotate in two directions. The paper feeding transmission gear
enters into mesh with the paper feeding gear each time the latter rotates in direction C,

and is made to rotate by one tooth in direction D.
Paper feeding lever

Paper feeding roller

shaft Paper feeding

transmission gear

Paper feeding gear D
Fig. 3-43

3.4.3 Detecting Mechanism

The detecting mechanism of this printer consists of a timing detector and a resetting detec-

tor.

(1) Timing Detector
The timing detector is a tachogenerator coupled directly to the motor. It generates sinu-
soidal waves Tn (timing pulses: T1 to Tzs2 for each dot-line) of which the frequency is pro-
portional to the motor speed.

(2) Resetting Detector
The resetting detector consists of a reed switch (normally open) and a permanent magnet
fixed to the lead cam. It generates one pulse per dot-line. One reset pulse per print cycle
is used for resetting the timing pulse counter.

Reed switch

Circuit board

Resetting detector magnet
(permanent magnet)
Lead cam

Cam shaft

Fig. 3-44

Frame L

3.4.4 Printing Mechanism
The printing mechanism has two functions: moving the print head, and printing.
(1) Moving the Print Head
As shown in Fig. 3-45, the print head is mounted on a carriage which smoothly moves re-
ciprocatively between frames L and R along two print head guide shafts and in parallel
with the platen.
3-37



Frame L

Print head carriage

Print head

Print head guide shafts

Fig. 3-45

Movements of the print head take place as follows:

® The lead cam has a groove (cam groove) formed as shown in Fig. 3-46 and a print head
drive pin secured to one end of the print head is engaged in this cam groove. Rotation of
the lead cam in direction A causes the print head drive pin to move along the cam groove
and consequently the print head to reciprocate as shown by arrow B.

Cam groove

Lead cam
Head

@ The print head is rigidly secured to the carriage by two screws and therefore they make re-
ciprocative movement in just the same way.

Print head



(2) Printing Operation of Print Head
The print head contains four coil units, each of which consists of a core, a plunger and a
push rod. In the print head carriage are provided four printing levers corresponding to the
four coil units in the print head.
1) In printing a dot, the mechanism operates as follows:

Print head coil

| Print lever /
/

Push rod

\V

Printing lever | ‘—L'__l D
spring

Plunger

Printing lever
shaft (fulcrum)

Print head coil
Fig. 3-48 Action of Printing Mechanism Components

® When the coil of a coil unit in the print head is energized, the associated plunger is
attracted by the core (arrow @ ). As the push rod is securedly fitted in the-plunger,
it is pushed by the plunger in the direction of arrow @ .

@ The push rod then pushes the corresponding printing lever placed on a shaft (ful-
crum) in the print head carriage in face of the platen, and consequently the lever is
made to turn round the fulcrum in the direction of arrow @ .

® The printing lever thus pushed strikes the ribbon and paper against the platen to
print a dot.

@ When the print head coil is deenergized, the printing lever is returned to home posi-
tion by the action of spring (arrow @ ).

2) In printing a dot-line, the print head operates as follows (with 5x7 dot-matrix):

@® When the motor rotates, the tachogenerator directly coupled to it generates timing
pulses of cycle time of approx. 0.6 msec (at 4.5V DC). Rotation of the motor also
causes the lead cam to displace the print head approx. 0.33 mm in each 2.4 msec
(at 4.5V DC).

How a dot-line is formed will be described referring to Figs. 3-49 and 3-50.

Tn Tn+ Tn+2 Tn+s
) ’
Approx.
_O.Gmsec
24 ms
—
0.33 mm (1 DOT)

Fig. 3-49
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T Tas Tao T2 To7 Ti2a ijo‘
Timing putses || T I | | l L,
PPsPsPi3 P2 Py Pa3 Po7 P12,
Print head coil A Pis (
P.PsP10P1s P26 Pso P74 Pog P12z
Print head coil B " " ” || ||Pw” “ || || || “ ” ” || ” || l‘| || || " || " | || | ” || || || ||
{
P3P P ,P15P 1o Py Ps: P7s Pgg Pi23
Print head coil C (
P, PsP,,P16P20P2s Ps. P76 P1oo P24
Print head coil D ‘
PiPsP3P3P17P2s’ P4y’ P73’ Pg7’ P2y P2PsP1oP14PisP26

Dot line —SEH S S8 S S SN S aaae-/
I

Print head coil A Print head coil B
Fig. 3-50 Print Timing Chart

First, print head coil A is energized by print pulse P1 to make dot P1’ be printed. Then print
head coil B is energized by print pulse P2 to print dot P2".

Coil C is then energized for dot P3" and coil D for dot P4’, and then coil A for dot Ps ..... Repeti-
tion of this cycle in necessary number makes a complete dot-line be printed. On completion

of printing of a dot-line, the paper is fed 0.33 mm and the printing of the next line is ready to
start.

3.4.5 Paper Feeding Mechanism

The paper feeding mechanism consisting of the components shown in Fig. 3-51 has normal
paper feeding function and paper freeing function which permits drawing the paper out of the
printer by pulling in the direction of feeding or the reverse direction. The arrows and encir-

cled numbers in the figure below represent the directions of components’ actions and the
order in which the actions take place respectively.)

direction

' Paper feeding Paper feeding lever

Paper holding roller

S

\ One-way spring
\\/,,
Paper feeding transmission gear

Fig. 3-51 Paper Feeding Mechanism
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Paper feeding roller

Inner paper guide

Paper holding spring

Outer paper guide
Paper holding roller

Fig. 3-52 Path of Printing Paper

(1) Operation of Paper Feeding Lever
A cam groove is formed internally of the ribbon feeding cam and the paper feeding lever
is engaged in this internal cam groove at one end (A, Fig. 3-53). The paper feeding lever is
thus moved round fulcrum C as the ribbon feeding cam rotates, and therefore the other
end of the paper feeding lever shows a movement as shown by arrow B.

Paper feeding roller

Internal cam groove

Ribbon feeding cam

Fig. 3-53 Action of Paper Feeding Lever

(2) Operation of Paper Feeding Gear and Paper Feeding Transmission Gear
The paper feeding gear is driven in two directions alternately by the paper feeding lever,
and the paper feeding transmission gear rotates intermittently by meshing with paper
feeding gear only when the latter rotates in the predetermined one to the two directions.

Paper feeding lever

Paper feeding roller
Paper feeding gear

Paper feeding transmission gear

Fig. 3-54
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@ Paper feeding phase (refer to Fig. 3-54):
When the paper feeding lever moves in direction A, it rotates the paper feeding gear in di-
rection ® and this gear enters into mesh with the paper feeding transmission gear, which
is thus rotated one tooth in direction @ . Consequently, the paper feeding roller securedly
placed on the same shaft as with the paper feeding transmission gear is rotated in direc-
tion @ to feed the paper through a length of 0.33 mm.

@ Return phase
Referring to Fig. 3-54, the paper feeding gear rotates in direction @ when the paper feed-
ing lever moves in direction®. At this moment, the paper feeding transmission gear is pre-
vented from rotating by the one-way spring placed on the paper feeding roller shaft and it
goes out of mesh with the paper feeding gear (see Fig. 3-55).
Consequently the paper feeding gear alone rotates in the reverse direction and thus returns
to the initial position.

Paper feeding roller shaft Plain washer

One-way spring | Paper feeding ger

e ]

Paper feeding

Paper feeding roller  Paper feeding transmission gear

spring
¢
' AN
[Paper feeding gear side] [Paper feeding
LN transmission
At return phase C 3 gear side]

At feeding phase

Fig. 3-565 Return Phase

3.4.6 Ribbon Feeding Mechanism

The ribbon feeding mechanism consists of the components shown in Fig. 3-56 (the arrows
indicate the directions of the respective components’ movements).

When the specially shaped ribbon feeding cam rotates in direction @ , the ribbon feeding
gear in engagement with this cam and the spool gear rotate in direction @ and ® , respec-
tively. The rotation of the spool gear causes rotation of the spool gear shaft, which rotates
only in the same direction as with the spool gear. The spool gear is in engagement with the
ribbon feeding roller of the ribbon cassette, and therefore the ink roll securedly placed on the
ribbon feeding roller rotates in direction @ . The inked ribbon contained in the ribbon cas-
sette is kept, by a holding spring, in contact with the ink roll under appropriate pressure over
a part of its length, and therefore it can be frictionally driven (fed) in direction ® . In the cas-
sette is provided a brake spring for ensuring appropriate tension in the ribbon between points
A and B.
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Brake spring

Ribbon feeding roller

Holding spring

Spool gear shaft

Spoolgear <
Fig. 3-56 Ribbon Feeding Mechanism

3.4.7 Printing Operation One Print Cycle

Fig. 3-57 and Fig. 3-58 show the timing chart of the pulse signals to perform a printing cycle.

(1)

(2)

Printing and paper feeding

First, print solenoid A is energized by pulse P1 lasting from T to T2 to print the top left dot
for the character to be printed in No. 24 column. Then, print solenoid B is energized by
pulse P2 lasting from T2 to Ts to print the top left dot for the character to be printed in No.
18 column. Such operation is repeated, and print solenoid D is energized by pulse P14
lasting from T140 to T141 to print the top right dot for the character to be printed in No. 1
column.

After printing in the rightmost columns (Nos. 19, 13, 7 and 1 columns) to be covered by
the respective solenoids, the print head is moved for another dot space and then returned
to the home position while timing pulses Ti44 to T2s2 pass. At the same time, the paper is
automatically fed one dot-line. The above operation is repeated continuously for seven
dot-lines. Then printing in the seventh dot-line starts. After print solenoid D has been en-
ergized by pulse Pies2 lasting from Tiss2 to Tiess to print the right lowermost dot desired
for the character to be printed in No. 1 column for completing the 5x7 matrix character in
No. 1 column.

Next, the paper is fed three dot-lines (eighth, ninth, and tenth dot-lines) to provide a char-
acter line spacing equivalent to three dot-spaces, and one print cycle ends at Tzszo.
Designation of reset pulses Ri and R

The first reset pulse appearing after 95 timing pulses have been counted since application
of motor drive signal is designated as Ri. The reset pulses to come first after another 95
timing pulses are designated as Rz — Rn.

Initial setting for ascertaining that the printing head is in home position is automatically
finished with detection of Ri. Timing pulse T: to indicate the line start position for each
print cycle is determined through detection of R:.
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(3) Continuous printing or continuous paper feeding
This can be performed by continuing application of motor drive signal for the desired per-
iod.

(4) Reset signal
It may occur that no reset pulse is generated when the print head is in halted state.
Notes:
1.95 or more timing pulses appear during the period from the start of motor to appear-

ance of Ri.

2. Periods when print solenoids must not be energized:

1) From start of motor to rise of R: (from the moment when the motor starts to the
moment when it attains normal speed).

2) From Tias+ 2520 to Tas2+ 2520 (during return of printing head) (n = one of the integers
from 1 to 10 in case of printing with 5x7 dot-matrix and line spacing equivalent to
three dot-spaces).

3) The print solenoids must not be energized nor deenergized by noise.

4) Ascertain the generation of Ri for each print cycle and count timing pulses anew for
each print cycle.
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In case of continuous printing

i { e _k__—-—--__---

)} R

Approx. 1560 ms

Motor drive signal

al it h il i
Resetting detector 4 ﬂ_ﬁ. |

output signal e

Timing detector

output signal A - - - -
Tos Over T TieT T T Tiese
1 144/ 1161 209 253
T
A Il | , M| i
i I % o
— = -/ i I ——"7 |
i ! -l ! 7th dot-line ! i 1stdot-line
Print area _ _ 1st dot-line _ "ﬁ 2nd dot-line | _ f _ _ L - # | - L
—- — —- 1 Ul —
Paper feeding - J - - d - P —- - - - J L - - F R L - -
_ - ——— mm o T
Ribbon feeding -
One print cycle
[Print Pulses] R R.
1
Resetting detector Jl L
output signal Tos Over
T Tos Tao Tz Toz Tin Tis0 _ Tie1 _ _ T209_ TZiS _ _ _
Timing signal __U.”mmuuumumm ""”u”"”""l J I [ l I | I |
P, Ps Pz Pos
nputpulse Pto] l ” " " Il Il " " || Il ” " ” ” " || Il " Il " " ” ” ” ” Il Il ” " ” " ”
print solenoid A
P2 Ps Pis P2
Input pulse P to H_.ﬂ
print solenoid B
P Pis P2
Input pulse P to JLH
print solenoid C
Py P20 P2s
Input pulse P to " Il ” ” " ” " ” ” “ ” " ” " ” ” ” ” ” ” " ” Il ” ” Il " ” ” ” ”_“
print solenoid D

Paper feeding - - - - - -

Timing chart for printing with 5x7 dot-matrix and line spacing equivalent to three dot spaces: The pulses enclosedin [ | are to be provided by the customer.

Fig. 3-57
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Print solenoid A B c D 3.4.8 Terminal Contacts Arrangement
Column 24 23 22 21 20 19 18 17 15 14 13 12 11 9 8 7 6.5 4 3 2 1
17 16
— +qusbis qonegiqenad: gosnd pgosed qeoey———
|
Print solenoid
Element
conducting [
CN9 pin numbers on .
ulse i .
° ! T Connection MOSU P.C. board Terminal Nos
27 2 344 | , 1,2 1 O
421 5 Resetting detector
67 68 )
1 dot-line 75 76 Resetting detector 3,4 2 O O/G
o1 92
113 9?1 5 10101 6 | m
114 5 B
121 122 123 124 Motor (-) 5,6 3 O— M
137k ———— _— 138—————- 139-1—————’——— 140 v
144 Motor (+
, 145 (+) 7.8 a 0O
Print head return 1
252 w—-— |
Common, Print solenoid
2 7 253 ==——— e —— - — — 9,10 5 O—
—— —_— ———_1 ‘::}-37;2
Print solenoid (D) 11,12 6 o____zmm_.
3 " 505 === _ _ ~——_ T —— T ——a
T TT - - - 644
Print solenoid (C) 13,14 7 O W ¢
4 ” 757 — o — — M~ —— —~ - ~ — —
—_— -~ ~——a —===896 Print solenoid (B) 15,16 8 o—mw\___‘
5 7 1009=~=="7T7 ~—— T——— ——— i
\\\\\\\\\ - —_———— ———e1148 Print solenoid (A) 17,18 9 o_mwm_
6 no 1261—~==""T_ _ F——— T—— —_—— Timing detector 19 10
\\\\\ \\§-\.‘ \\\\§_ \\a- 14;00 o Uiuu"’]"“;
—— |
Terminal Nos. 20 11 O-
7 v 1513~ —— —®— — —T11514— — —®— — —|1515— — —®=— — 11516
\\\\ \\\ \\\ \\\
~ ~ \\ \\
~< S~ ~o ~
S ~ ~o ~
1649 — — ew— — > 1650— — e — —>-1651— —pm— — —-1652
8 "
s n M noonaoaononnn
Terminal Nos. 1 2 3 4 5 6 7 8 9 10Mn
10 "
2520
NOTE: Pn=Tn-Tn+1  (Pn: Print solenoid element conducting pulse Fig. 3-59
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Tn: Timing pulse)

Timing pulse assignment (for printing with 5x7 dot-matrix and line spacing equivalent
to three dot spaces)

Fig. 3-58



3.4.9 Control Circuit

+5v

R 50
» ’ M+
P4l _ﬂz ‘[
* - © M -
P14
Slave

CPU
iy B
R53 . R4l

100K sy A T

DI8 ;;7'

Pi6 o) r—m - RS
_.l CN6

c33 Printer

—o TSG :
side
R76 4704 VJ/;-—,

RS4 100k J
15 14 2 3 . R60 100K
P17 o OQQ——A———‘\N\«————' I_—7_° TS

— c39
o SL
TE 1 c26 ols 1
DM1 Q12 -v
(e e b e
KAKAE T ..
| ' F—— ===
L__—-_-_—__'_J 2| I3
P10 \ I | o H I
Pl 4: :5 — H 2
Pi2 = D@Ig ° W 3
|
P13 6[ — l7 o H o4
Q9 L= —
BASE
Fig. 3-60

3.4.10 Printing Start

Before operating the microprinting, make sure that P41 is at low level, and then set P14 to
low level. As a result, transistors Q9 and Q12 are turned on, M- goes to ground level, and the
+5V is routed from M+ to M- (GND) via the motor coils to feed a current and turn the motor.
When the printer motor runs, the tachogenerator which is directly coupled to the motor gen-
erates a TS (timing signal) about every 0.6 msec. The TS signal is received by the slave CPU
6301 at P17, which counts it and waits for a reset signal (RS) from the printer.

If an RS signal comes from the printer before the TS signal count reaches 95, the RS signal is
ignored, and the printer keeps running the motor until the next RS signal comes.

When an RS signal is received after the TS signal count is 95 or more, the printer starts print-
ing.

(This process is intended for withholding printing until the carriage can move at constant
speed because, if characters are printed while the head carriage is unsteady in operating
speed, printed dots come out uneven in density. The head carriage becomes steady in oper-
ating speed by the time the TS signal count is 95.)
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3.4.11 Print Timing

MOTOR ON

[ o
o

re WW

95 or more

R S

H 1 (A) ]T]

H2(B) l;l

H3(C) H

)J
I r
H I H2 H3 H4
1.5.9.13.17 |2.6.10.14.18 |3.7.11.15.19 |4.8.2.1620| SPACE
Fig. 3-61

3.4.12 Heads and Printing Positions

The dot heads are slightly out of line with printing start positions (indicated by arrows be-
low). Two or more dot heads do not print simultaneously.

TS

Dot position _J | |_ LJ36|_I37
f

Head position | |

I~ 36 37~T72

38 l_‘5 |72 73

Yo

73~108

Fig. 3-62

l74 | 108 I09

109 ~ 144

1o L“_Ima

L[

The printer has 4 printing heads, whose physical positions are as shown in Fig. 3-73. Speci-
fically, H2 1 TS left of the printing start position; H3, 2 TSs left of it; and H4, 3 TSs left of it.
Thus, only one of the printing heads H1 to H4 can operate against one TS so a plurality of
printing heads cannot simultaneously operate.
As shown in the print timing example, a reset signal (RS) represents a printing start. Thus,
the TS which is output immediately after RS is on signifies the print timing of each head. TS
No. 1 in the timing chart is for H1; TS No. 2 for H2; TS No. 3 for H3; and TS No. 4 for H4.
One dot line (a total of 144 dot positions) is printed by repeating this operation 36 times.
A character has 7 dots in the vertical direction so, if the above operation is repeated 7 times
(144 x 7 = 1008 dot positions) and the paper is line-spaced 1 dot, 24 characters are printed

in aline.
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3.4.13 Example of Printing
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Examples of printing are shown below. X
1st to 6th columns (H1): Letter A E’
7th to 12th columns (H2): Letter E @
Q
13th to 18th columns (H3): Numeral 8 S
3
19th to 24th columns (H4): Letter H P
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3.4.14 Character Generators
Printed characters are composed of dot matrixes, and dot patterns are generated from char-
acter codes (ASCI| codes).
For this purpose, character generators are built into external ROMS 11E and 12E.
Each text character consists of 5x7 dots, and 8 bytes (7 bytes for a character and 1 byte for a
line space) are used to compose a single character font.

An example of character font is shown below. It is normally composed of 5 x 7 dots.

R 1
R 2
R3
R4
RS
R 6
R7
R8

Example: Letter H

0000000

O

0

Q
Q000000

byte

ONOOPUN —
[ R PN NN
O= =T = aa

Upper Lower

Fig. 3-64

Line space

(dots)

“ O O 00000000000
000 SO0000
} §ooo§§gooo’@%%@g§;§
AN} Q '8%%8662
OO < OS3000
; | 000000

C1

Cc3

Fig. 3-65

C 24 (character)

The printer prints each dot line (low line) which has 144 dot positions. By repeating this dot
printing 7 times (for text characters) or 8 times (for graphics) (R1 to R8) the printer prints a
line of characters.
Printing data can be transferred or stored in units of bytes, but the upper 2 bits are ignored
because the printer uses only 6 bits (for 6 columns).

Bytes <

Bits — |7 |6|5|4|3|2|1|o]|7|6|5]4|3]|2]1]0 S
5
(1~ XX00000® 24 )
25+=X X 48
a9+ X X 0.000‘ 72
73=X X O’...‘ 96 5
77-X X QO @OOO®X X O @OOOO~+2 EN
21=X X O@OOO@IXX O@®@OOOO=ne 144
Lms*X X O'OOO. XX O@OOOO~4s 168

HC/

-

Fig. 3-66
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3.4.15 Printing Process
Printing data tarnsfer to the printer is performed in the following order.

Main

C':_L:'_ Character generator

Slave CPU

| RAM Lr <

[PRINTER

Printing

Fig. 3-67

(1) Aline of printing data is read and stored. (24 characters) (Main CPU)

(2) A print command is sent to the slave CPU. (The slave mode is selected.)
® The printer motor is turned on. (Slave CPU)

(3) A font of 1 dot line is generated by the character generator, and sent to the slave CPU.
(144 dots)
o The data is stored in the RAM, and waits for printing start timing. (An RS signal after

TS count of 95 or more)
(Slave CPU)
@

N0

Printing
data?

|
1
1
Character genera- l
tor
Data (24 columns !
maximun) stored I
1
1
1

1 dot
line printed?

Printing font
stored in RAM

Next dot line
printed.

TS
count 95
or more?

in RAM.

Final dot line?

1 dot line of data

[ transferred.

3.4.16 Printing End

The RS signal that follows the printing of the final dot line of printing data (7 dot lines) effects

a character reset, and a request is sent to the control program (stored in a 4k mask ROM) of

the slave CPU 6301 for the next data transfer.

If there is no more printing data, the head carriage moves one way and back to line space the

paper by 1 dot line, and the printing operation is brought to an end in the following sequence.

(1) P14 of the slave CPU 6301 goes high to turn off transistors Q9 and Q12, thus turning
motor power off.

(2) P41 goes high to turn on Q13, by which the counterelectromotive force generated by the
moment of inertia of the motor is utilized to brake the motor and thus stop it in the short-
est distance. ‘

1 dot line printed

|

Fig. 3-68
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3.5 Liquid Crystal Display
The liquid crystal panel (LCD) has a 20 x 32 dot matrix and each character consists of 5 x 7
dots. It can display 20 characters per line, up a maximum of 80 characters on the screen.
The LCD features lightweight, thin design, and low power consumption so it is an ideal dis-
play unit for the HX-20.

3.5.1 Hardware Composition
(1) The liquid crystal display (LCD) unit consists of an LCD panel, 6 control ICs, and a voltage
dividing circuit. All the component elements except the view angle control element are
mounted on a single substrate. Signals are supplied from the MOSU circuit board via the

keyboard.
LCD
* r
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SYNC

......

Voltage dividing
| circuit(1/4)
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Fig. 3-69Block Diagram
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(2) The LCD unit has one panel, 6 control ICs (uPD 7227s), 7 resistors, and 5 capacitors, and
their locations and the arrangement of the pins are as shown below.

sppererutteseentey

Fig. 3-70

L
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gjmam

u_ Nttt
5 THftomnm

Fig. 3-71
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3.5.2 LCD Panel

The HX-20 employs a liquid crystal display of the twisted nematic type (TNM), a kind of vol-
tage effect type, whose structure is as illustrated below.

Upper polarizing plate / /

—/

Upper glass sheet

" " " n '
. - Sealant / ;
" " " L|qund crystal

zzzz 7777777777, Lower glass sheet¢

Lower polanzmg
plate

Reflecting plate

Fig. 3-72
Light vibrating directions
‘Ht —> ] @&C) (| Bright (No field applied)
90’ rotation
Polarizing directions Polarizing directions
P
@ —> — ﬁ@:
P Dark (Field applied)
Liquid crystal
Upper polarizing plate molecules Lower polarizing plate
Upper glass sheet Lower glass sheet
Fig. 3-73

3.56.3 Theory of Operation of LCD Panel

As light reaches the liquid crystal display, only that part of it which vibrates in a single direc-
tion passes the upper polarizing plate. If no field is applied to the liquid crystal layer, this light
component rotates 90° in its vibrating direction as it passes the layer of liquid crystals ar-
ranged in a twisted way between the upper and lower glass sheets. As a result, the vibrating
direction meets the polarizing direction of the lower polarizing plate to let the light pass the
lower polarizing plate. ‘
If a field is applied to the liquid crystal layer, the light does not rotate in the liquid crystal
layer, and the light that has passed the liquid crystal layer vibrates at right angles to the po-
larizing direction of the lower polarizing plate so that the light is interrupted. It is in this way
that a contrast is generated between the parts to which a field is applied and the other parts.
e Liquid crystal reacts to the difference of temperature, so, the HX-20 carries out tempera-

ture compensation with the view angle volume, but it does not work correctly under the

conditions below.

1) More than +70°C: Liquide crystal will turn fluid with the black display.

2) Less than-40°C: Liquid crystal is solidified with no contrast generated on the display.

However, the liquid crystal mentioned in 1) and 2) will resume its function when the tem-

perature returns normal.
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3.5.4 Display Control
Each control IC uPD 7227 has two data memories (banks O and 1), and each memory has a
capacity of 40 x 8 bits. Each control IC controls 40 columns. The No. O uPD 7227 controls
the first and second rows; the No. 2, the third and fourth rows; and the data stored in the
memories are read out every row and every line to display on the panel.

_— —_—————— - — — — —q

DATA MEMORY DATA MEMORY ROW I

40x8 BIT 40x8 BIT LINE
BANK 1 BANK O CONTROL| |

ROW 1A

ROW I16A
ROW 1B

ROW |68

120 159,160 199,200 239
M pD 7227 ]
| ROW |
| "2 LINE
| NTROL
Fig. 3-74
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3.5.5 Display Initializing

A reset signal is sent from the reset circuit on the MOSU circuit board after power is turnd on

to initialize the LCD control ICs (uPD 7227s). Then, the program sends the following setting

commands.

(1) SFF (Set Frame Frequency): The clock input to the CLOCK terminal is divided to the ratio
specified by the command to determine internal control timing.

(2) SMM (Set Multiplexing Mode): This command designates a two driver function, time div-
ision number, memory banks, SYNC terminal input/output operations, and thus deter-
mines a display method.
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(3) DISP ON (Display On): This command sets the LCD in a state of waiting for display data.
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3.5.6 Display Data Transfer

The character generators in the ICs uPD 7227s are not used for generating display data. It is
necessary, therefore, to write the dot patterns (display data) generated by the character gen-
erators in the ROMs on the MOSU circuit board into the data memories in the ICs uPD
7227s. Before each transmission of display data, the command SWM (Set Write Mode)
must be prefixed to the data. Shown below is an example of display data transfer where a
single character is transmitted.

csoO

e 208 L g LI& L LI L [P LI L
scx——, L N | [ L]

8 shift pulses

Uy vy ud

256 pSEC
DATA D
DATA @ DATA ) — 7F

PATAO - HJ © _____ PATRE® DATA @ — 08
| DATA 3@ 08

___:80008 Space DATA @ — o8

@ § pAaTA ® - 7F

| DATA ® — 00 ---- SPACE
it

|

' Fig. 3-76

One character is composed of a 5 x 7 dot matrix, and a space corresponding to one dot is ne-
cessary between adjacent characters. This means that 6 bytes each of data and command (a
total of 12 bytes) are necessary to display a single character.

That is, a total of 960 bytes of data must be transferred to display characters on the whole
screen. Simple transfer speed is about 24 msec as calculated by the following equation.

25.6 usecx 2 x 120 x 4= 2.4576 x 10* usec

Time for transferring = 24.576 msec
a single command

Time required for transferring
a line of data for display
on the screen.

Actually, however, a longer timer than 24.576 msec is necessary for display data transfer be-
cause an additional time is required for switching the chips (of the 6 ICs uPD 7227s) and ad-
dress designation by an LID (Load Immediate to Data Pointer) command.
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3.6.7 Data Read

(1) This operation is performed only when making screen copies (pressing the CTRL key and
COPY function key to output the displayed data to the printer to print out). In reading the
displayed data out, select the read mode with an SRM command, set a read address into
the data pointer with an LID command, and lower the C/D signal to low level (data mode).
If an SCK signal is sent then, the data is serially read to the SO BUSY signal line.

The read data is routed via the keyboard and IC 4G (keyboard gate circuit) on the MOSU
circuit board to data line 7. This serial data is converted into parallel data, which is then
sent to the printer to be printed out.

The printer prints row by row so the same read operation must be repeated as many row
lines as comprise a line of data. That is, data read must be repeated 960 times (120 co-
lumns x 8 rows) to print a line (20 characters).
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(2) Data memories and display patterns

Data memory bit patterns correspond to display patterns as shown below.
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3.5.8 Control Circuit
In transferring display data to the LCD, first address 0026 is output, and an appropriate data
output is sent to DA 4 to DA 7 at this timing. Thus, the LCD’s cs signal and C/D signal are
input to IC 9G, where these signals are held. So an LCD cs (one of CSO to ﬁ) signal can be
input to the output end of IC 16G.
If address O02A is output and a transfer command or data to data bus lines under this condi-
tion, the command or data is input to IC 10G, which is a shift register. As an R/W signal is in-
put to Pin 15 of IC 10G, the data is transferred from Pin 13 to IC 10H bit by bit. The bits re-
ceived by IC 10H are sent to the SD line by the R/W signal timing and address 002A (IC 1F
Pin 1 output).
As a chip has already been selected on the LCD side, the SD signal enters the selected chip
(upD 7227), and is shifted by an SCK signal for parallel conversion. Thus, the command or
data can be received.

—A_JWV—'H)
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DAO O 10G > P
| O- D
) CK
o S| IOH
13

3o

QH
40 3 © ! 1H 12 -0 SD
CK

50
15 R

60 LOAD
70 CK | '

Ol

ADDR
002A O~

Fig. 3-78
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ADDRESS DATA HEX
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3.5.9 Voltage Regulator Circuit

(1) The voltage regulator circuit located on the keyboard regulates the voltage to be applied
to the LCD as the VIEW ANGLE knob is turned.

25C2458 DN
VLD O Vee
(Approx. 7V) B9 Q2 R3
10K
2SC 2458 ’/f
Input (Power supply) Q! “Co'o. Output (LCD)
T I
DI
1S2075
/ D2
152075 ANGLE knob
GND - ee)
Fig. 3-81

The LCD is based on the theory of polarization for displaying characters, and the degree
of polarization can be changed by varying the voltage applied to the LCD dot matrix. The
voltage regulator circuit is necessary to compensate for the variation of liquid crystal
reaction with temperature.
(2) Operation

The LCD voltage (VLD) generated by the MOSU circuit board is routed via transistor Q2 to
its emitter, where it is output. This voltage enters the voltage dividing circuit composed
of R1, R2 and VR1, from which (VR1: VIEW ANGLE knob) the voltage is applied to the
base of transistor Q1. The level of this voltage can be adjusted with VR1, and the output
voltage Vcc can be changed by controlling transistor Q1.

3.5.10 Voltage Dividing Circuit

Dot display on the LCD is controlled by voltage. That is, four voltages (V1, V2, V3, V4) are
generated from the voltage Vcc that is supplied to the LCD unit. The LCD unit divides it by
using resistors as shown below.

Vee _1_ oVce
RS% 1.2k Tooisr Vcc (Approx. +7V)
vx-——g%wco “oowF
: R4%1,5k
% —g"g'Vccc 4%00|;JF
Outputs ' Rs% 1.5k Input
vzs---é‘QLVccO HoomF
' R2%1.5k
vd‘-—‘ls'j'gvacC Jllloowp
RIS 1.2k
o —o GND

Fig. 3-82
The output voltages generated by the above circuit are as shown below.
LCD voltaae

Ve 100% x 7V * Vcc is variable.
V1 82.6% 5.78V

V2 60.8% 4.26V

V3 39.1% 2.74V

va 17.4% 1.22V

Vse GND GND
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3.5.11 Display Timing Example

The LCD outputs each column signal at the row line timing to change the reaction of the li-
quid crystals with its signal voltage, and displays characters in dots. An example of signal
waveform and display dots is shown below.
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Fig. 3-83
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3.6 Keyboard

The keyboard is connected to connectors 1 and 2 on the MOSU circuit board, outputs key
data, and supplies signals to the piezo-electric buzzer and the LCD.

3.6.1 Hardware Composition

The keyboard unit consists of the following 5 components.

1. Key switches
60 contact-point type key switches (data keys)
8 rubber contact-point type key switches (function keys)
1 slide switch (Printer switch)
1 push switch (Paper feed switch)

2. View angle adjusting circuit: LCD view angle control knob and voltage regulator circuit

3. Power switch: To switch the HX-20 on and off, and output 2 kinds of (PW SW ) signal to
the MOSU circuit board

4. Piezo-electric buzzer connector: To send buzzer signals from the MOSU circuit board to
the buzzer via a connector

5. LDC signal circuit: To send LCD signals from connectors CN4 and CN5 to the KCN1 via
the keyboard

3.6.2 Key Switches

Built-in pressure spring WKW switch return spring

Fig. 3-84

The keyboard switches contact the wiring pattern on the keyboard circuit board with the wir-
ing pattern on the FPC under the pressure produced by the springs installed in the switches.
Normally, the built-in switch springs are in an extended state so the electroconductive pat-
tern on the FPC is clear of the pattern on the circuit board. When a key switch is pressed, the
spring is compressed to force the conductive parts of the FPC and circuit board into contact.

| M
LTI LT

Normal state Key switch is pressed.

Fig. 3-85 Fig. 3-86

FPC—
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3.6.3 Key Switch Signal Input

(1) The key switches comprise a 10 x 8 matrix, and when a key switch is pressed, a KSC sig-
nal line and a KRTN signal line contact with each other. Normally, the KRTN signal lines
are pulled up by a +5V, but when a KRTN signal line contacts a KSC signal, it goes low so
the output of IC 1G goes high. This high-level output is sent through the circuit shown
below to turn an IRQ signal on in the main CPU. The depression of a key switch shorts
the KRTN signal with a KSC line (normally low) and lowers the signal, and an interrupt re-
quest signal KB REQUEST is output to the main CPU via the OR circuit of IC 1G. Then, ad-
dresses 0022 and 0028 are output, and the keyboard data is read via IC 3G and IC 4G to
the data bus lines.

|
: KRTN ;_-———Keyboard
;’9876543210 !
O o)1
H273 ol | :
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+5V v ’
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Q ﬁs@

POWER ABNORMAL

Fig. 3-87
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(2) When the main CPU receives the IRQ signal, it checks the ports and identifies it as KB RE-
QUEST. Then, it outputs a keyboard address, and KSC signal data to the data bus lines.
IC 5G outputs one KSC signal after another. If a key is depressed, a KSC signal is output
to the corresponding KRTN signal line so this signal is read to the data lines via IC 3G or
IC 4G to identify the key switch depressed.

KRTN KRTN KRTN KRTN KRTN
|<—Approx. 23 msec‘—l o 0 > .. B A Key
switch
KSC O I | // r-l \v '\P ‘\’ \p (q
N
KSC ! (/ ~ > > ~ ™
A ..
3 —lJZ ~> > > ™~ >
.« /
B S U S N
CPU . . . .
interruption| OR circuit (Key switch input detector)
Read gate signal Data bit converter circuit (10 to 8 bits)
W
Fig. 3-89

(3) The function keys use rubber contact points instead of the FPC pattern. As the rubber
contact point of a function key contacts the pattern on the circuit board, interruption pro-
cessing takes place as when a data key is pressed, and the function key depressed is
identified.

=..~_;.\&gu§lqu}ya TuD| Clircuii laierzre)
CONTAGULBINY
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3.6.4 Power Switch
The power switch is at floating level when it is off, and at low level when it is on. The power
switch sends PW SW signals to connectors CN4 and CN5 on the MOSU circuit board; and a
power on signal (VL ON) and a battery voltage detector circuit signal ( PW SW ).

3.6.5 Piezo-electric Buzzer Connector
An SP signal output from the MOSU circuit board is received via connector CN5, and sent to
the piezo-electric buzzer via connector KCN2 on the back of the keyboard.

3.6.6 LCD Signal Circuit
Signal outputs from the MOSU circuit board are supplied to connector KCN2 in the keyboard
pattern, from which LCD control signal and display data are output.
* View angle adjusting circuit
Refer to the section on the LCD unit for details.

3.6.7 Keyboard Switch Structure

The keyboard FPC (flexible printed circuit) uses carbon-coated contact points to improve

their durability. The same is true of the parts connected to connectors CN4 and CN5 on the

MOSU circuit board. Therefore, the connectors and contact points have high resistance. A

continuity test conducted on the connector signal lines and the same signal lines on the key-

board normally shows a resistance of about 15 to 20 ohms*.

A continuity test on a KSC line and a KRTN signal line also gives a resistance of about 15 ki-

lohms when the corresponding switch is depressed. Although the connector resistance is

considerably high, the signals (LCD, SP, KSC, KRTN) that are routed through the keyboard re-

quire little current so signal voltage drop is too small to present any operational problems.

* The resistance of the KRTN and KSC lines were measured by connecting a tester as fol-
lows:

Black lead to KSC

Tester {
Red lead to KRTN
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3.6.8 Key Switch Code
Each switch on the keyboard is read by KSC and KRTN signals, and has a code as shown be-

low.
PAUSE  MENU  BREAK PFI PF2 PF3 PF4 PFs
LI 11 | 1 J J ] hove] | [t NS
MO | LR | SR | ot
! 7 7 3 % g ; ( ) = = { y :
| 2 3 4 5 6 7 8 9 0 - [ 1IN
el [ a | (w]l[eJ[[RILTIY U o Pllla]ll ] !
CTRU || A S D F G H SR < )| [ReTURN

SHIFT | 1L Z )| X fLe Ly e LI Cs T L L7 ] [sHier ) | ren

ASCII KEY BOARD

Fig. 3-91

* The data key switches are not independent of one another, but the right and left key
switches are integrally built with the frame.

KRTN
(0] | 2 3 4 5 6 7 8 9
olo|1]|2|3]|a4a 6| 7 |PF1 SV}’6
T =T B B B e B I [ R
2l@|A|B|C|D|E|F|G|PF3 S"g’B
3lH| I |J|lK|lL|M|N]|O PF4SVX6
O
e P|Q|R|S|T|U|V|WIPF5
X
5| X | Y | Z]|[ ) \ - — :‘;ZR SHIFT
6 | ReT | sp | TaB NUM [GRPH ,5323 CTRL
7 :;‘; SCRN [SRAKE |PAUSE I'J:f MENU %’:

* CAPS LOCK = SHEET CLOCK
Fig. 3-92
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3.6.9 Keyboard Connector Signals
The keyboard has FPC cables to connect to CN4 and CN5 on the MOSU circuit board and
connectors to connect to the LCD and piezo-electric buzzer. See the table below for the con-
nectors and signals.

e g BBVEA VAN A
4 o o«

“o

v ko3 M- KO-

3 13

o

ERPBRUIVET LD

BBHLIHOBBOD ,m

Rear View

20 1 Fig. 3-93 20 1

CN4
[Pin No.[ 20 19]18]17]16]15]14]13[12]11]10 9 [ 8] 7| 6 | 5|4 | 3] 2] 1
BIP|KIK|K|KIKIKIK|K[K|KIK|IKIKIKIKIKIK[K
Ulw|R|R|[R|R|R|R|R|R|R|R|S|S|S|S|S|S|S]|S
slsit|t|T|T|T|{T|T|T|T|T|c|c|c|clc|c|c]|c
Signal || Y [W|N|N|N|IN|IN|N|N|N[N|N|7|6[5[4a[3|2|1]|0
ol1|2(3|4|5|6|7|8]9
S
0
KCN1 |12
CNb
Pin No.||20{1918[17|16 15 14]13|12]11]10| 9| 8| 7|6 (5|4 |3]2 1
s|s|p|vl & |clc|c|clclc|s|s|clc|r| v
PIP|W|L N s|s|s|s|s|s|c|Dp|L|/|E] C
. G| [s|o| D |o|1]|2|3]a|s|K| [K|D|S| L
Signal W E
£
KCN1 | 13 o |1]4|3|s|2]e6|11]10|8|9]7]|
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3.6.10 Keyboard Layout

PRINTER PAPER FEED

*wah epree Jt
e 4

1 « 3: Shorted

2 : Unused

4 :If the N/O switch is
Pints 1 and 2 are electrically pushed to Pin 1 or 3,
connected when the key is Pins 1 or 3 and Pin 4
pushed in the arrow direc- are electrically connect-
tion. ed.

3: Unused

Resistance from CN4 to each KSC is 15 to 20 ohms.

each power switch lead is

g N
GND O O; Resistance from CN4 to
|
: approximately 15 ohms.
1

Fig. 3-94
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3.7 RS-232C Interface

The HX-20 uses the RS-232C to send and receive data with a terminal printer and personal
computer, or via the acoustic coupler CX-20, with other terminal equipment.

The RS-232C requires specific voltages (+25V to +3V for space, ie., logic 0, and -25V to -3V
for mark, i.e., logic 1, which must be generated from the battery voltage of +5V. The HX-20
has a built-in regulator to generate +8V and -8V for the RS-232C. This regulator is con-
trolled by software so it is operated only when the RS-232C is used.

3.7.1 PowerOn

When using the RS-232C, first Pin 36 of the slave CPU 6301 to high level. As a result, Pin
12 of IC 7E goes low, and an SWL signal turns transistor Q2 on. Thus, the voltage Vs is ap-
plied to Pin 14 (Vcc) of TL 497 to make it ready for operation. TL 497 starts switching Q11
to generate = 8V.

The +8V is routed via R22 (5.1K) as a DTR signal, which is sent to the MODEM for simultan-
eously confirming connection of the HX-20 to the MODEM interface.

The HX-20 uses a USART IC (6B: HD75188 quad line driver; 7B: HD75189 quad line re-
ceiver), which conforms to the USART standard, for the RS-232C interface so when the vol-
tage + 8V are supplied, the system operates to the RS-232C standard.

* USART stands for Universal synchronous Asynchronous Receiver Transmitter.
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3.7.2 Interface Circuit

Main CPU Slave CPU
6301 2F 6301
2
> P20
O_—l—-—w P4l
IF
O——+—P45
PIO P47
P2l P31
Pl
+5V
78 c5
c28 l_‘b—l
6B -0 +8V
o)
C T D R c —0O -8V
T X S X <
S D R D D
c23| éRZZ
!
I |
| I
| |
| | o o
|
| : : >
| | T T
| | s R
' :
s
oSS TS TTTTTT o __
Fig. 3-95
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3.7.3 Operation Sequence

The HX-20 controls the operation of the RS-232C with the main CPU 6301 (8G) and slave
CPU 6301 (6D). Data transmission is controlled by the main CPU, and data receiving by the
slave CPU.

RS-232C | ___._. Main CPU sends a command via slave CPU.
operates.
:nsv e B Slave CPU raises P36 to high level, and sends SWL.
DTRON |------ DTR turned on by +8V.
_____ If MODEM is connected to the HX-20 and ready to operate,
N DSR returns from MODEM.
DSROy
Y
Transmitting
RTS ON Y mode .
3
OF RTSON |- —-=—--—- Slave P31 goes
o< high.
™
< o 5 Y |Receiving mode
= 2 Q. CD ON
o \ - If MODEM is ready
N| for data transfer,
CTS ON CTS returns.
Y
Slave CPU con- ------ Serial to parallel con- Serialize start --- - Main CPU pro-
verts program- version P cesses program-
wise. Serial bit transfer wise and outputs
to P21.

Fig. 3-96
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3.7.4 RS-232C Operation Timing

SWL . L
VSL(H)*sv l L
L
DTR ———J ‘__
)
DSR ——’ . —
RTS ¢ (G I—fﬁ—
CTS l_“__
(Mark) . sls & 3 {4
T0I234567T T|IO1 2314567 T
(Space) P P

1st data byte 2nd data byte

Receiving I —I—

end

*t: Delayed time until MODEM is ready for data transfer.
Fig. 3-97

(1) Signal polarities

® Mark = Logic 1 (-3V to-25V): Stop bit
® Space = Logic O (+3V to+25V): Start bit

(2) Word length

e Start bit: 1 bit
e Data bit 7 or 8 bits
e Stop bit: 1 bit or longer

(3) Bitrate: 110 bps to 4800 bps
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3.7.5 Operation Where MODEM (Coupler) Is Used

DTR _} . _ DTR

|
- DSR | ____J L____1D0SR
(Transmitting Receivi "
side) RTS eceiving side
RISt _foch4- | LBIS_
crs | o | CTS |
Communication line
TXD —I= // -+ (o)
-—— RXD
| Modulator -
| L — Demodulator ‘
|
I B
/J MODEM on transmitting side MODEM on receiving side  \
\
RS-232C level RS-232C level

Fig. 3-98

MODEM: MODEM stands for modulation and demodulation, and modulation comes in differ-
ent kinds, including FSK (Frequency Shift Key), PSK (Phase Shift Key), and AM
(Amplitude Modulation).

Operation

A DTR s sent to check if the MODEM is ready to operate.

If it is, the MODEM outputs a DSR signal. If there is data to send after receiving the DSR, an
RTS signal is sent to request the MODEM to send. When the MODEM receives the RTS sig-
nal, the carrier oscillator operates to output its output carrier to the transmitting data line.

A CTS signal is sent to the transmitting terminal after the oscillator output stabilizes. (The
time required for the oscillator to stabilize in output level varies with the characteristics.)
When the MODEM on the receiving side detects the carrier from the receiving data line, it
outputs a CD (Carrier Detect) signal, and makes the receiving terminal ready for receiving.
When the transmitting terminal receives the CTS signal, it converts the data to be transmit-
ted from parallel to serial, and starts sending the data to the MODEM bit by bit. The MODEM
modulates the data bits, and sends them to the transmitting data line.

The receiving terminal, which is made ready for receiving by the CD signal, demodulates the
transmitted modulated data by the MODEM, and sends the digital data to the receiving ter-
minal.
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The timing chart shown below illustrates the above operation.

RTS
CTS_—I
(V]
9
(7]
£
g Transmitted 3 —
& data STOII|2|3|45671';STO {2 3|4 ?67;
= T T e R R R R R
FSK A E S NI A A
1, [
wave R e A
| I 1 | |
| R R ! Lo A P Lo
! ! ! ] | l | f ' ! : f | | : l L ! !
) ; | I | | | | | | | | 1 | | | | | | | |
CD (Carrier e e R R
| T T S S R S A T
o detect) e e R A L
° . ! S AN N S SO N S N SR S N S S N SR B S
2 Received ! 3 T : ! | s
©  dat stTlo|t |2|3]|4a|5|6|7|T|sT|or1|2!3|a'5]|6,7]|+
s M | P s o ¢
= | H , 1 | ' ) ! ' ' '
'% . I—-_ - - - _-I——-__ -—T‘— - u - Y -~ ——'—_1'
8 Data bit | t i
2 A 4 I
sampling

Fig. 3-99
3.7.6 Data Transfer Between HX-20s

In this case, HX-20s are directly connected to each other without MODEMs so, different from
normal RS-232C operation, the signals generated by MODEMs are generated by cable con-

nections.
(1) DSR and DTR lines are crossed to turn on the DSR of the opposite terminal with its own
DTR signal.
sclt Use
2 2
TXD TXD
HX-20 RxD2 Dl 21RXD —Hx20
RTS LX 8
cD
CTS S 7 /4 ars
cofe < s
cTS
6 6
DSR DSR
7 > 7
DTR DTR
FecolfE Elreico
Cable Set No. 716 Used
Fig. 3-100

(2) Pins RTS and CTS are connected to each other so that, if an RTS is output, a CTS will be
automatically detected.
This signal is sent to the opposite HX-20 through its CD line to make it ready for receiv-
ing.
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3.7.7 Connecting Printer (EPSON Printer for HX-20)

A serial interface (No. 8145 serial interface with a 2K buffer) is necessary on the printer side
when connecting the HX-20 to a printer.
If this interface is used, the printer only receives data from the HX-20, but does not send data

to the HX-20.
| 7
s
Hx-20 S© R R ¢

TXD TXD
RXD >< 3rxD

a
RTS . glico)
CTS 5—_/

8 P a

CD <~ 4 }Unused
psrIE 205TR
TR 8 losR
|
Folco)fE FG(CG)
Fig. 3-101

Serial interface (No. 8145)

(1) RTS and CTS on the HX-20 are connected to each other in its cable, and its signal is con-
nected to Pin 8 (CD) on the printer side. Pins 8 (CD) and 6 (DSR) on the serial interface
circuit board on the printer side are connected to each other, and Pin 6 is connected to
Pin DTR on the HX-20.

Therefore, if the HX-20 outputs a DTR or RTS, the HX-20's RTS, CTS and DTR are turns
on, and the printer’'s Cd and DSR are turned on.

(2) The DTR signal on the printer side indicates whether data can be transferred. (If it is at
high level, data can be transferred.) This signal is connected to DSR on the HX-20.
Therefore, the HX-20 transfers data to the printer while checking this DSR signal.

3.8 Serial Interface

The serial interface uses high-speed data transfer lines between the main and slave CPUs,
and releases these lines to the outside as high-speed serial interface.

As this serial interface can transfer data at high speed (38,400 bps maximum), a TV monitor
floppy drive can be connected via display adaptors.

3.8.1 Operation Control

IC 4D (4016) is provided between the main CPU and slave CPU, and its gate signal is con-
trolled at Port 22 by the main CPU to switch serial lines and transfer data by full duplex.

Main === Slave | External serial interface | pain —=—= Slave | External serial interface
CPU CPU CPU CPU

Fig. 3-102
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3.8.2 Interface Operation

Where a serial interface is used, data is transferred without MODEMs, and MODEM control
signals are necessary so that it is simpler than the RS-232C interface. When sending data, a
P OUT signal is sent and then serial data is sent to the PTX signal line. When receiving data,
a PIN signal is sent from the display adaptor prior to data transfer. After receiving the PIN
signal, the PRX line data is received by the main CPU at Port 23. Simultaneous data trans-

mission and reception can be made by full duplex operation through 4 signal lines.

+5
A

<
<

=R90

Main CPU
P24 - 170 | |
(TX) l 5 >
P23 » 3 3
+5V
(RX) | a, va
R65 T T
P22 ﬁ'@cg
Pl6
()
&
o“o
L o)
Re2 ZD5
R683R303 ;4 o4
G PIN PRX
Fig. 3-103
Signal Level

PTX

POUT

+ 5V

Slave CPU

P23

P24

In sending data to or receiving data from the outside, a signal level conforming to the
RS-232C standard is used. In this case, voltage of + 8V must be generated by the power
supply before starting operation as in the case of the RS-232C.

3.8.3 Data Transfer Between HX-20s

Data can be transferred from one HX-20 to another or vice by using the cable set No. 717.
Pins PTX and Pins PRXs are connected to each other across; and so are Pins PINs and Pins P

OUTs within the cables.

SG
PTX
PRX
P OUT
PIN
FG(CG)

X
X

m o [d | N

m | (b [

Cable set No. 717 used

Fig. 3-104
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3.8.4 Connecting Display Controller or Terminal Floppy

The cable set NO. 707 is used for daisy-chain connection.
This cable set uses 5-pin and 6-pin DIN connectors for preventing wrong engagement with
the display controller. Pin 6 is unused.

HX-20 Display controller
N
s | Sls6 s
PTX [ SBTX PTX 2
——|3 | s 3 L
PRX 4 PRX PRX 4 To TE-20
P OUT 4 POUT P OUT
PIN 2 21pIN PIN 2
6 lUnused
E E E
FG(CG) FG(CG)—FGI(CG)
Cable set No. 707 used

Fig. 3-105

3.9 External Cassette Interface

The external cassette interface is used for reading or writing data (programs by using a nor-
mal cassette tape recorder.)

Because cassette tape recorders vary in frequency response, tape speed, read/write head po-
sition (azimuth) adjustment from one type to another, the same recorder must be used in read
and write operations. If cassette tapes written by use of different cassette tape recorders are
read by another one, the possibility of occurrence of read errors is high.

3.9.1 Operation Control
All control operations are performed by the slave CPU, which is connected to a cassette tape
recorder with cable set No. 702.

3.9.2 Motor Control Circuit

If the RMT cable is plugged into a cassette tape recorder and set into the play mode, the tape
recorder motor can be controlled from the HX-20. When a LOAD or SAVE command is re-
ceived, the slave CPU sets P30 to low level. As a result, the anode of diode D8 goes low, and
relay LAD1 closes its contact points so that the motor circuit shown in the diagram below
closes to start winding the cassette tape.

In an unused state, the IN signal line is pulled up by diode D10 to reject data. As P30 of the
slave CPU goes low when the motor is turned on, the IN signal line becomes ready for opera-
tion.

PLAY
oo

=

=
! }
'Ef
:?‘
T

L__



3.9.3 External Cassette Connection
Use the special cable set No. 702 to connect the HX-20 to an external cassette tape recorder

as shown below.
HX-20 Cassette recorder

MiC CMT IN (MIC)
EAR @ White —— T White._P CMT OUT (EAR)
REM REMOTE

Cable Set # 702
Fig. 3-107

Remote signals are for controlling the cassette tape recorder motor. When using the remote
signal line for switching on and off the recorder motor from the HX-20, the play switch on
the cassette tape recorder must be in the on position.

Note:

Do not plug the remote cable into the connector when manually controlling the cassette tape
recorder without using remote signals.

3.9.4 Read/Write Signals
The read/write waveform has a period of 1 kHz when on and a period of 2 kHz when off.

._2sz 1KHz

4 | .
| ! ! ! | : ! :
| I | I
| | : ll : | ! |
| | : !
L L
! | : l |' | | '
(BITBITI BIT [BIT| BIT |BITIBIT|BIT
7 1 6 s Il 4 1 3 2 1 o
| | | |
OFF 1OFF I ON  |OFF | ON | OFF |OFF | OFF
Fig. 3-108
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3.9.5 DataRead

Output signals from the cassette tape recorder are routed through capacitor C1 to remove
their DC components and take out only the AC components. Simultaneously, the high-
voltage components generated by noise are eliminated by zener diode ZD6.

The resultant AC components are supplied to IC 8D, where they are subject to a threshold
process by capacitor C25 and resistor R55 to be as shown at 3 in the diagram at right. The
signals applied to Pin 9 of IC 8D are amplified and supplied to the slave CPU as pulse signals.

Noise

Input

U

AVAVAVY,
Y (Y () |

Fig. 3-109

3.9.6 Data Write

When a pulse signal is sent from Pin 33 of the slave CPU, it is routed through the R/W circuit
of the cassette tape recorder to write data on the tape.

zD2
RO
AN o OUT
P33 w 7 0
100 7 7J7
c25
Slave CPU 470P z06

6301 I} _K}_nl7
R43
P32 '0@09 80@}7 A e o IN
IOK

R55 100K g G
AN :
R75

— AV
470K
[DX{e}
P30 Dt
5 4 LAD1
8D 70 ’ (5 o RMT
R49
47K D8
+5V o RMT

Fig. 3-110
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4.1 Microcassette

The microcassette is controlled by the main and slave CPUs. Its operation is controlled by
storing the commands sent from the slave CPU as serial data into an instruction register. A
counter circuit employing a photo-reflector is provided so it is possible to feed the tape fast
to the required area by using this counter.

4.1.1 Hardware Composition
The microcassette consists of a power supply, motor drive circuit block, read/write control
block, and motor speed control block, etc. and is designed to turn power on only when it is
used.
The tape is fed at a speed of 2.4 cm/sec by a 2400 rpm capstan motor. Data is read or writ-
ten at about 1300 BPS, and about 50 KB of data can be input to a 30-minute cassette.

IKHz 2KHz
10004 sec S500pused

| |
| | I
| | I
| | :
| |
| /o

|
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
! |
|

—-—_—l—ﬁ

| | | | |
|

| ! | | |
|
BIT | BIT | BIT | BIT | BIT | BIT | BIT |BIT |
7 6 5 4 3 2 | o
OFF OFF OFF ON OFF ON OFF OFF}
1 |
L 1 byte (HEX 14) 1

Fig. 4-1

Data is written onto a tape by FSK (frequency modulation) for a period of 2 kHz at bit O (off)
or of 1 kHz at bit 1 (on).
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® Hardware Block Diagram

HX-20 . o Microcassette mechanism
— P Microcassette circuit board —
Pin No. ’ ) )
(7) Ve — VB
85
g%
(12) Vo o b e VL !
(1) GND 7L=- GND
(6) PWSW

! Capstan mo-
tor drive cir-

cuit
Speed con-|
trol circuit FGI

Head motor
drive circuit

(5) CMMNDO—>

Instruction
register

(4) CLK C

ot —

CNT
(2) / . Erase head
HSW g control cir-
% cuit
r WE L
WE I
X o RPH+
Read circuit
RPH -
(3) WD C( Write circuit [
Photo-reflector
! ' —_
MCMT Rpm detec- I_.
(8) % tor circuit ——7 1
~—
Fig. 4-2
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4.1.2 Interface with HX-20
(1) The microcassette is connected to the MOSU circuit board with the cable set No. 701.
The interface signals for the MOSU circuit board apply where the ROM cartridge is con-
nected so their names are different from those for the microcassette.

CN8
MOSU circuit board \ Cable set No. 701
r A
paz |2l S104 o o2 %6 o—pw sw
43 i? SI103 o ol 56 o—cMD
SlaveCPU 44 102 o o 26 o—cLk
(6D) 46|23 SIO| o o 26 o—{cNT/Hsw
21 2 50l — o o2 30 o—wp
4022 Moz =t o ol 265 o—NOT useD
208 o ok o o—RD/WR
ML 5 o7 85 o—McMT/CNT
| 12
4016 | 2 .
—l (2p) | ——— 0 z: Microcassette
3 i
2 o o O O —0 O—
13 3 —0 04—J
a a 8 7
5 10
Main CPU 20 MI I MOI —_—
(8G) 17
0 0
+5V G VB
TO IC 96
Fig. 4-3



(2) Interface signals

. ignal .
Pin gilrger::?ion Signal name
Description
No. 1/0 Special Name Common Namel Port
Slave Selected depending on CLK (Pin No. 4) value.
1 In RD/WE Si1 Port 2 CLK=0:RD Microcassette read data
(14) Bit O CLK=1:WE Accidental erasure prevention signal
WE = 0O (prevention of writing to)
Slave Selected depending on LCK (Pin No. 4) value.
2 In CNT/HSW/| Sio1 Port 4 CLK=0:CNT rpm detect signal
(13) Bit 6 CLK =1: HSW Head switch HSW=0 (Head off)
Slave Microcassette write data
3 Out WD So 1 Port2
(12) Bit 1
Slave Command set clock and RD/WE, CNT/HSW select signal
4 Out CLK Sio 2 Port4
(11) Bit 1
Slave Command serial data output
5 Out CMMND Sio 3 Port 4
(10) Bit 3
Slave Power on-off switch
6 Out PWSW Sio 4 Port 4
(9) Bit 2
+5V
7 - VB (Microcassette mechanism drive voltage)
(8)
Main Power off: Microcassette in or out=1 (in)
8 In MCMT/ Mi 1 Port 1 =0 (out)
(7) CNT Bit Power on: Rpm detect signal is input.
Main
9 Out Mo 2 Address 26 | Unused
(6) Bit 7
Main
10 Out Mo1 Address 26 | Unused
(5) Bit 6
11 GND Ground
(4.3)
+5V
12 Vi (for write/read circuit, selector instruction register)
(2.1)

Figures in parentheses indicate pin numbers of CN8 on the MOSU circuit board.

Fig. 4-4
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4.1.3 Power Supply

The power supply consists of a circuit which constantly supplies the voltage by V. and
a motor circuit which supplies the voltage VB only when the microcassette is in use.
VL is always supplied to instruction register (IC2) and selector (IC3) to permit reception
of commands and status check of the HSW and WE switches at any time. When a
power on signal (PW SW) goes high, transistor Q8 in the motor drive circuit is turned
on so the base of transistor Q2 goes low, and the voltage VB is supplied to the collec-
tor of Q2. Transistor Q1 is turned on simultaneously so the voltage VB is supplied to
the collector of Q1 to supply it to the LED lamp for the microcassette.

—oTO LED

3.5V

/ oTO MOTOR
BIAS CIRCUIT

Cl

'PHOTO

;COUPLER HZ4C

Fig. 4-5

A motor drive voltage of +3V is generated by stepping down the voltage VB (about 5V)
to about 3.5V by means of transistors Q3 and Q14 and zener diode ZD1 (4V). The 3.5V
is output to the collector of transistor Q3. In the circuit that generate the motor volt-
age from VB, first the output voltage of Q2 is applied to ZD1 via R7. If the applied volt-
age is higher than 4V, ZD1 occurs zener breakdown so a current flows via R7. As a
result, the base of Q14 goes low to turn off the transistor; and the collector output of
transistor Q3 is also turned off. As the zener yield of ZD1 causes a large current to
flow via R7, the voltage drop across R7 lower the cathode voltage of ZD1 to 4V or
less. Thus, the zener yield stops and transistors Q14 and Q3 are turned on again to
supply a voltage to the collector of Q3. This process is repeated to generate a voltage
of +4V minus the internal voltage drop in the transistors, that is, about 3.5V.
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4.1.4 Capstan Motor Drive Circuit

Motor condition is controlled by commands in the instruction register. There are 5 modes as

follows:
1) Stop 2) Play/Rec (Read or write)
3) REW (Rewind) 4) FF (Fast Feed)
5) Brake )
+3.5VO0- Ij ’
{04 Aizoa, ' A|29054
390SR8 DI| D2 Roo
152348 AN 1152348
c2712 i c2712
Ql5 L. Qle
c2532 c2532
Q9 Qlo:'—
R26 §R27 R28 ést
I5K Si5K ”r I5K S 15K
BITO ©
SPEED o0——
CTRL M-
BIT 4 o M+§ :: )
BIT | o
BIT 3 o
Fig. 4-6

(1)

(2)

(3)

Stop (Command 00)

In this mode, no voltage is applied to the motor because voltage supply to the motor cir-
cuit is stopped (the PW SW signal goes low).

Play (Read)/Rec (Write) (Play command O1, Rec command 81)

In the read or write mode, transistor Q10 is first turned on by command bit O, and the
motor M- (negative) goes to the ground level. At operation start, Pin 6 output from IC1
(TDB303F) is at low level so transistor Q4 is on and a voltage of about 3V is applied to
the motor M+. Therefore, the motor starts running, and the timing generator that is at-
tached to the motor generates a feedback pulse. This feedback pulse is checked for per-
iod by IC1, and is controlled to be 400 Hz by the Pin 6 output (motor bias control).

REW (Rewind) (Command OA)

In the rewind mode, command bit 1 turns on transistor Q19 which is connected to the
outside of Pin 9 of IC1. This puts IC1 into the standby mode (i.e., non-operating status),
turns on transistor Q9 in the motor drive circuit, and sets the motor M+ to the ground le-
vel. Command bit 3 also turns on transistors Q16 and Q5 to apply a voltage of about 3V
to the M- end of the motor. Thus, the voltage of about 3V drives the motor in the reverse
direction at high speed to rewind the tape without speed control.

4-6



(4)

(5)

FF (Fast Feed) (Command 11)

This mode is used for winding the tape to the desired position indicated by the tape
counter (which counts with the microcassette photo-reflector). When an FF command is
received, command bit O turns on transistor Q10 to set the motor M- to the ground level,
and bit 4 turns on transistors Q15 and Q4 to apply a voltage of about +3V to the M+ end
of the motor. In this case, IC1 for speed control operates, but since the base of transistor
Q4 is at ground level, the speed control signal sent from Pin 6 of IC1 is ignored. Thus, the
+3V drives the motor to wind the tape forward at high speed.

Brake (Command 18)

The brake command is used for stopping REW, PLAY, FF or REC operation and braking
the tape feed by the moment of inertia of the motor. Command bits 3 and 4 turn on tran-
sistors Q16 and Q5 and transistors Q15 and Q4 respectively, so a voltage of about +3V is
simultaneously applied to both ends of the capstan motor to brake the motor.

Capstan Motor Bias

Command PLAY
Motor STOP BRAKE REW FF
terminal REC

M+ Floating | """ | SEENOTE GND +3V

motive force

M — Floating | CouMereeete GND +3V GND

motive force

Note:
Not constant because controlled by IC1’s speed control signal.
(Within the range of +3V to +1.5V)

Fig. 4-7

4.1.5 Head Pinch Motor Drive Circuit

The head pinch motor loads or unloads the read/write head on or from the tape. In read or
write operation only, the head is loaded. In read or write operation only, the head is loaded.
In all other cases, the head is unloaded.

Q6

+35VQO e
RS
a2
att § R32
R3I
. . ezd
Command register bit 5

Command register bit 6 O- |

Fig. 4-8



4.1.6 Microcassette Commands

Command | Code Code Bit Function
HEX) | 7 | 6 | B |43 |2]1]0
STOP 00 Operation stop
REW | OA O O Rewind
PLAY | O1 O | Data stop
FF 11 @) O | FF
REC 81 | O O | Data read
BRAKE | 18 (ORNO) Capstan motor brake
HLD 20 O Head motor (Head load/unload)
H BRAKE| 40 O Head motor brake
Fig. 4-9

Commands are sent as serial data from the slave CPU to the instruction register when no
power is supplied to the motor circuit. The command bits input to the instruction register
correspond to the transistors in the motor drive circuit so the command bits directly control
the motor drive circuit.

/Commandbit
ic2
ol P19 5410
S Qi2f4 1M g9
COMMAND . 13 —+2 o ynused
DI 10 [(3)
Q14 2l oqle
Qi3 B 5qs
CLOCK I 12_(5)
o— ckz qz22P2 8 54y,
o a2zl ) 5q12
CKI 2 (7
Q242D 513
cLl ¢l
6] 2
»r
Fig. 4-10



4.1.7 Command Sequence
In switching one command over to another, be sure to stop power supply to the motor drive
circuit, input the new command into the instruction register, and then supply power again to
execute the required operation. Upon completion of a series of operations, send the stop
command 0O to the instruction register at the end to clear the register. After fast feeding the
tape with the aid of the counter, reading data from a specific file, and stopping operation is as

described below.

HE AD
SWITCH
HBRAKE
COMMAND H(LDD ® 'g)

Motor power

HEAD

SWITCH
BRAKE HLD wl__—
COMMAND

Motor power @ @ @ @

HEAD
SWITCH —I

CommaND R
Motor power —l @

Fig. 4-11

(1) Check the R/W head switch, and confirm that the tape is unloaded. If it is loaded, operate

the head motor to unload it.
(In the diagram below, the tape is unloaded if shaft C and the pinch roller are out of con-

tact with each other; or loaded if otherwise.)

| )
((Tape o ShaftC / |
[]

R/W head

Pinch roller

Fig. 4-12
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(2) After turning power off, short both terminals of the motor to brake the rotation of the
head mortor by its moment of inertia.

(3) Drive the capstan motor without speed control to wind the tape forward at high speed
to the desired count (on the photo-reflector counter).

(4) After turning power off, short both terminals of the motor to brake the capstan motor.

(5) Setthe R/W head into a loaded state.

(6) Brake the head motor which was driven by the above steps.

(7)  Wind the tape at constant speed (under speed control at 2.4 cm/sec), and read data.

(8) Brake the capstan motor.

(9) Setthe R/W head into an unloaded state.

(10) Brake the head motor.

(11) Send a stop command to clear the instruction register. (Clear it to 00 inside.)

4.1.8 Motor Speed Control

The rotating speed of the capstan motor is controlled only when it operates (read or write) by
the PLAY or REC command. The capstan motor has a timing generator for checking its rpm,
and speed is controlled by processing its timing period by IC1 (motor control IC).

+5V

I

I VR
Cc5 Cl3
Photo-reflector N g
—=ci2 L Cc6 RI2
§R36 [ FGI
c8
) [l
! — | —0FG2
16 4 12 13 14 | 3 2
Vce :S FILTER VREF
P
£ [mmns] [Sercca] ] [pmrorm
|E circuit circuit supply shaper
18] } T \
'c TD6303F
:T Comparator
Transistor Q4 base 6 |S circuit 1/2 dividing
o L || o= _ — circuit
: o
Output buffer : o~
Power on/off amplifier L_ -
ircuit standb
circut Y Current limiter Trigger ] !
LI
t
STANBY [STARTER |LIMIT o GND
9 10 5 8
BIT | o—«/w—Kolsa SR SR2
7T 777 7 777
Fig. 4-13
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(1) Operation

First, the signal FG2 from the timing generator enters Pin 3 of TD6303F, where the wave-
form is shaped. Here, the microcassette is running at 2.4 cm/sec, and the input to Pin 4 is
at high level so that the signal is sent directly to the trigger circuit without going through
the dividing circuit, and the output of the trigger circuit is supplied to the sawtooth gener-
ator circuit.

Since the basic clock of 400 Hz generated by an external oscillator circuit (composed of
C8, R36 and VR1) is input to the sawtooth generator circuit, the periods of this basic
clock and the feedback signal from the timing generator are compared, and the result is
routed via the integrating circuit, output buffer amplifier, and current limiter to Pin 6, from
which it is sent out. Pin 6 controls transistor Q4 in the motor circuit, and changes the
voltage to be applied to the M+ terminal of the motor to change the motor rpm, thereby
assuring that the tape is wound at constant speed.

Capstan motor

e Normally runs at 2400 rpm.

Timing generator

® Has 10 poles, and is coupled to the capstan motor shaft.

2400 (rpm) x 10 (poles)
60 (seconds)

=400 Hz (Basic clock frequency)

e The speed control circuit also outputs a control signal from Pin 6 when processing the FF
command. In this case, the FF command turns on transistor Q15 to hold the base of tran-
sistor Q4 at low level so that the control signal is ignored. When processing the REW
command, the input to Pin 9 of TD6303F goes low due to bit 1 of the REW command so
that the stanby mode is selected, and TD6303F will not operate.
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4.1.9 Read/Write Circuit

The read/write circuit can be divided into the read/write bias supply circuit, read circuit, write

circuit, and erase head circuit.

(1) Bias supply circuit
Read or write operation requires a steady bias for exciting the R/W head. First, transistor
Q8 is turned on by a PW SW signal, causing transistor Q7 to turn on and the voltage VL to
be supplied to IC5. Here, the input voltage to Pin 3 of IC5 is controlled by zener diode
ZD2 so an input voltage of about 2V is supplied. Then, the output of Pin 1 is fed back to
Pin 2 for non-inverted DC amplification. In this case, the amplification ratio is 1 because
Pin 1 and Pin 2 are directly connected to each other. Actually, therefore, Pin 2 is used not

as a amplifier but as a regulator to stabilize the voltage.

CI5 R/W
HEAD

T colL
o]

becd R4
AV -0
INSTRUCTION REG. R30 ERASE
BIT7 © Qi3 Heno
colL
——O
L—o0
LED
LAMP
Vp O— O [e]
Fig. 4-14



(2) Read circuit

(3)

(4

~

First, the input signal is amplified 34 dB(Av = 1 + %) by IC5 to generate a signal of

about 0.8 Vp-p, which is output from Pin 7. Then, the signal is amplified twice by IC4,
and finally transistor Q21 is switched on and off by using the zener yield effect of zener
diode ZD8. After that, the read data is read out via IC3.

ANNANMAA

IgNIIEEIN [Uuy 1 [UU 1

Fig. 4-15

Write circuit

Transistor Q20 is turned on and off by a WD signal to control the current to the read/
write head coil in writing data. When Q20 is turned on, capacitor C4 discharges so the
current |1 flows to the head coil. When Q20 is turned off, the charging current 12 flows
from the bias to capacitor C4 via the head coil. Data is written in this way by changing
the magnetic polarity of the head by changing the direction of the current that flows to

the head coil.
,/12\
RD O
R/W
BIAS O- I
RI18 TC5
-nt
RI3 4
R23
wD Q20
Fig. 4-16
Erase head

Data can be erased only during write operation. First, the data on the tape is erased by
the erase head, and data is written onto the tape by the R/W head. The erase head is con-
nected in series to the LED lamp on the cartridge case so the LED lamp remains lit during
write operation.

Tape takeup reel

Capstan shaft
ol .
Pinch roller~ 7

Vi \

’ ! AN

Ay IERASE
R/W N

’ ~_Erase current: 10 mA

Fig. 4-17
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4.1.10 Selector Circuit
The selector is controlled by a clock. When the clock is at high level, transistor Q17 is turned
on, and its collector goes low so inputs to Pins 1 and 11 are output to Pins 2 and 10 respec-
tively. If the clock is at low level, transistor Q17 is not turned on so Pins 5 and 6 go high.
Thus, inputs to Pins 4 and 8 are output to Pins 3 and 9 respectively.

Ql7 R36
717 A\ o VL
CLOCK o wjz
12| 13|5] 6
o[ M@ @3
() p————o Hsw
Oy o 3 @t oCoUNT
4066
10 1
(AF——— O WE
o 9 3 oro
Output side Fig. 4-18 Input side
CLOCK y
(Pins 12, 13) I—
CLOCK i
(Pins 5,6) | _ I
HSN/COUNT IH: ! : } .. : ) } ! [ .
| | | | | |
(Pins 2, 3) | IS'H'81Hl8'H:8'H'8'H|81H'8|
' IstulstulsiUo!'siu!s!ulsiglis !yl
DoANT NN T N T N TN N
WE/RD EW.T:W:T:w:T:w:an:TEW:T:W:T:
. 1 [ o ] [ [ ! 1 o
(Pins10.9) 1 1w IR 1w IRIWIR!WIRIWIR W RIWIR!
JE!D ,E D,E,DIE|D/E!DIE!D!E'D|

Output signals

Fig. 4-19
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4.2 ROM Cartridge

C MOS/N MOS ROM that has a pin arrangement compatible with the 2764 (8 KB), 27128
(16 KB), and 27256 (32 KB) as well as P-ROM can be placed in the ROM cartridge. The ROM
cartridge offers various advantages, that is, the programs will not be damaged by an uncon-
trolled run because the programs and data are stored in the ROM; access time is far shorter

than that of cassette tapes; and perfect read can be assured.

421 Theory of Operation

The ROM cartridge is connected to CN8 on the MOSU circuit board with the cable set No.
701. The ROM cartridge is controlled by the main CPU and slave CPU. The main CPU out-
puts addresses and reads data; and power is switched on or off, and the address counter and
shift register are cleared by the slave CPU. Because programs or data are stored in files in the
ROM cartridge, a file name must be designated in reading a program or data from the ROM
cartridge.

|

Power name

Counter/register clear

-1 _
Load command r "
(File name) : File name !
Lme— g Add'ress output
i Compare |
Header Read shift clock
===
FOUND display : File name :
: gggtress *:<“' Header read
| Last 1
| address
ro T T
' 1
oo Address countup
Read shift clock
RAM
<~ Data
Fig. 4-20
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Serial output




First, when a load command (read) is excuted, the cartridge power is turned on, and the ad-
dress counter and shift register are cleared. Then, the header data is read out of address
0000 in the form of serial data from the ROM cartridge by the address output and read shift
clocks to the ROM cartridge. If the header has the file name that is designated by the load
command, the data (with the first address) in the header is read into the system area of the
RAM, and the word FOUND is displayed on the LCD screen. The operaton proceeds until the
first address of the designated file is reached. When the first address of the designated file is
reached, the read shift clocks are read, and the data is read into the main CPU in the form of
serial data. (8 shift clocks are necessary for one byte of data.) This operation is continued
until the last address, and the read data is converted into parallel data byte by byte, and then
stored in the designated RAM address.

( Start )---- Load command

Fist
address of
designated

Power on Header
address finished?

counter and

shift register Y 32 headers Y Address counter
clear clock output
Shift clock out-
put (read)
Shift clock out-
put (read)
1 byte

finished?

1 byte
finished?

Address
counter clock
Address counter output

clock output

Loading
finished

Last
address
+1?

Designated N
file read
finished?

\(Y

Fig. 4-21
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4.2.2 ROM Format

The HX-20 uses the ROM cartridge as a sequential file so headers are employed in the first
address part for the purpose of facilitating access to the files. Up to 31 headers can be used

as desired.
- Header O is dummy header
ADDR -7 -
0000 Header O File name ASCII code of 8 characters
- - - - = = - — (8 bytes) First byte: FF-Header end
Header 1 - 00-Designated file
Heador 2 Header part: erase
—————————— 32 headers or less
File type ASCIl code of 8 characters
1024 bytes (1k bytes; (8 bytes) for file identification
First address | First address of designated file
(4 bytes) Hexadecimal ASCII code of 4
_________ characters
Header n . .
Last address+1| Designated file last address +1
(4 bytes) Hexadecimal ASCII code of 4
File O characters
S T T T _ Date Date when designated file is
File 1 File part (6 bytes) | renewed
] ASCII code of 6 characters
(MMDDYY)
File 2
Spare Usable for ROM version, etc.
————————— (2 bytes)
Fig. 4-22
File n
1FFF
(with 8 KB)




4.2.3 Hardware Composition
The hardware consists of the power supply, address counter, shift register, and ROM.

Power supply: After DC-DC conversion of voltage Vs, +5V is generated by a regula-
tor.

Address couter: Consists of two counter ICs, and can designate addresses up to 32
KB.

Shift register: Converts the data read from ROM into serial data

ROM: 2764-pin compatible ROM

ROM circuit board

CLR/ADDR. COUNTER CLKD—-———
ROM
ROM
SHIFT2___
—dcir  SHIFT > Tomo
REGISTER CLK fwury
QH
4 5 6 2 |j7 8 9 10
P44 P43 P42 P46 P20 PI7 P26 P26
7 6
S S S S S M
[ | | | | | M M
o o o o 1 1 o o
2 3 4 1 2 1
SLAVE CPU MAIN CPU
Fig. 4-23
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424

Interface

The cable set No. 701 is used for connection to the MOSU circuit board.

CN8
N Cable set No. 701
MOSU circuit board N \
B E— r
pazl2? s104 o 02 66 o——
43|28 S103 0 0© 5o o—| ROM cartridge
44|25 SI02 o ol 45 0|
21 ] SOl o c>12 3: o
a0l22 mMo2 o8 95 0o
2018 1! oot o
MI | oot 85 o
| 12
—O0 O— O O
4016 2
i (2F) I~ t———=o° 03—-—T 0
2 2 O O —0 O
i 3 3 o <:>u
4 4 oS ‘50
05 IOo o
Main CPU 7 20 MI | MOl
5
+5V G VB
TO IC 9G
Fig. 4-24
Signal . Signal . .
PingNo. Signal Diregction Meaning of Signal
1 Si1 In ROM cassette judging input (always 0)
(14)
2 Sio 1 In ROM cassette judging input (always O)
(13)
3 So1 - Unused
(12)
4 Sio 2 Out Address counter clear
(11)
5 Sio 3 Out ROM power on
(10)
6 Sio 4 Out Shift register clear (cleared by 0O)
(9)
7 Mo 1 - Battery power
(8)
8 Mi 1 In Shift register output
(7)
9 Mo 1 Out Shift register clock input
(6)
10 Mo 1 Out Counterinput( { )
(5) Shift register shift/load switching
11 G - Ground
(4.3)
12 +5V - 5V power (supplied by switching on)
(2.1)

Figures in parentheses indicate the pin numbers of CN8 on the MOSU circuit board.

Fig. 4-25




4.25 Power Supply
The power supply converts the battery voltage of VB (+5V) into a +8V, which is regulated into
a stabilized voltage by a regulator and supplied to the circuits. This permits use of various
types of ROMs compatible with the 2764 (ROMs with different loads can be used), and as-
sures circuit voltage stability against load variation during operation

GND
DC-DC Regulator +5V -
conversion o
Ve (Approx. 5V) 0——— {5 +8V - Circuit
Feedback
S103 (Power on) O secac
Fig. 4-26

(1) Power on
Power is turned on as the slave CPU on the MOSU circuit board sends an SI03 signal.
This signal turns on transistor Q3, causing transistor Q2 to turn on. Transistor Q2 out-
puts the voltage Ve from its collector to Pin 14 (Vcc) of the TL 497 to drive it, and a
switching pulse is generated from it by an external capacitor C9. Transistor Q1 outputs
the voltage Vs (about 5V), which is supplied to capacitor C1 and regulator SR1 via R2, T1
and D1.

Rl
100N

RI7
3.3K ¢
3w n TI
W
Ql

al2as R2 o4 | D

00lp 220
R20 C8 RI6
27K 227K
AlO48
[

it
‘f

Q2
14 13 J10
SR|
clom TLA97 ® | 2
39P 3A * —{IN ouTH—¢ - 15V
2B R 15 ( RI2 ::I I °°§” -[ Circuit voltage
R14 1oV
10K I: RI4 & 100u
R2! 243 J-f -[ I -[
" "N\—@— > . . O GND
100K

—O0S103

Fig. 4-27
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(2) Voltage conversion (DC-DC conversion from +5V to +8V)

After power is turned on, the dividing circuit (R13: 6.8 kilohms; R14: 1.2 kilohms) on the
cathode side of diode D1 divides the output voltage, and a feedback voltage is returned to
the comparator input of the TL 497. The TL 497 generates a voltage of 1.2V as a com-
pare voltage inside. This voltage is compared with the feedback voltage to the compara-
tor input. If the feedback voltage is less than 1.2V, the oscillator circuit is put into opera-
tion to send a switching pulse to Pin 8 of the TL 497. If the feedback voltage is more
than 1.2V, no switching pulse is sent out.

(+8V is the rated voltage on the cathode side of diode D1, and is divided by 6.8 kilohm
and 1.2 kilohm resistors for detection of 1.2V level.)

TI
—- I ’
] l—’\/v\,J DI
_.—‘.
13 10
CLS COLLECTOR
8
Q4 RI3
6.8K
(TL497)
>
L COMPA- RIS
0sc RATOR
I INPUT
RI4
12K
GND O
Fig. 4-28

When transistor Q4 receives a switching pulse from Pin 8 of the TL 497, the collector (Vs) is
momentarily (for switching pulse on time) shorted with the emitter (GND) so that a large cur-
rent momentarily runs to the ground via coil T1. As a result, electric energy is stored in coil
T1. The stored energy is released during the switching pulse off time. Thus, a waveform
such as shown in Fig. 4-29 is supplied from diode D1 to capacitor C1, where it is smoothed
into a +8V.

C8 and R16 that are connected parallel to coil T1 are for preventing the generation of
counterelectromotive force after coil energy release.

Regulator SR1 is a +5V regulator, which generates a +5V from the input voltage of +8V, and
supplies it to the circuits.

Voltage

+8V+t
+5V

|| L

Switching N Swi'(ching| " "Switching

Flg 4-29 No switching
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4.2.6 Address Counter
The address counter uses two counter ICs, and designates addresses in sequence from the
lowest, using MO1 signals. It is necessary, therefore, to continuously output address shift
pulses (MO1 signals) until the first address of the designated file is reached even after header
read. (This is because random address designation cannot be made.)

sLULTTUTTUU UYL UL

Address

Aol |O
A 1 O
A2 O
A3 OO0
A 4 OO

Fig. 4-30

OO
OO

OO

00O
O
O

OO

O
OO
0000

4.2.7 Shift Register
The shift register reads 1 byte from the ROM, and reads it out to the serial data line MI1 bit
by bit, using a shift clock signal MO2.

|-L ADDR n ﬂ ADDR n + 1 [| ADDR n +2

MO1 (Address)

woesmaoos | L U U U U U U UUUUUUL

-—l_ Bit O l | Bit O
I | Bit 1 | | Bit 1

MI1 (Serial data bit)
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7 14 (12 2 7 |14 (12 2
GND Vee CL cL GND Vce CL s cL \
1
H393 Dj H393 H393 H393 LK
9l 19 11 6 |5 |4 |3 6 |5 |4 (3 .89IOII
y >
AT B
J2
27| 26| 2 23 |21 |24 |25 3 |4 [5 6 7 |8 |9 10
CE a2 All AIO A9 A8 A7 A6 A5 A4 A3 A2 Al AO
2764 28Pin
CE GND Vcc Vpp 07 0605 04 0302 0! 0O)
20| 22|14 28 |1 19 (I8 17 |16 [I5 {13 {12 |l
= [ .
4
g o
[ F—VW\—
A
A
AW\
SR1 L A
r 10Kx 8
N outf—e ’ 47Kx8 P 3 2 f <
com S 7
3 14 fi2 |1t Jo |5 |4 ]3 2
HGFETDCGB A
- 2v L CE
T N oy T HI66
: 1A CLR
l ¢ b [ '—‘ HZ7A-|
. $20 1 g
i\/L !
53
3 3>
—rt
! v"—
l l O 0 O l i O 0O O O $
+SVGSSSMMMS S
PR RRY
1 11 1
L 3 1 a2 |
. 125 7113 2 18 9106 4
Fig. 4-32 PLUG IN CN1

4.2.8 ROM Jumpers

ROMs compatible with the 2764 (8 KB) can be used so that the jumpers on the circuit board
must be reconnected as shown in the table below according to the kind of ROM (C-MOS, low
power consumption; other than C-MOS, high power consumption) and capacity (8k, 16k,

* If jumper J1 is on, voltage VB8 is short-
ened with the output of regulator SR1 so

power can be saved, but load variation
will directly affect the battery voltage.

32k).
Type C-MO0S Non-C-MOS
Capacity
8k or 16k 8k or 16k

Jumper bytes 32k byteS byteS 32k bytes
N ON ON OFF OFF
J2-A ON OFF ON OFF
J2-B OFF ON OFF ON

Fig. 4-33
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4.2.9 Microcassette Identification
Identification is made by checking the levels of three signals as shown in the table below.

MI 1 SI1 SI 01

Main P17 Slave P20 Slave P46
ROM cartridge LOW LOW LOW

Microcassette HIGH - -
Spare LOW LOW HIGH
Spare LOW HIGH HIGH

NON OPTION
CARTRIDGE LOW HIGH LOW
Fig. 4-34
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4.3 Expansion Unit

4.3.

The expansion unit is used for additional installation of RAMs and ROMs in the HX-20, and
can be attached to the expansion unit interface (CN7) for the HX-20. The expansion unit can
mount RAMs and ROMs up to 32k bytes maximum, and is normally equipped with 16k bytes
of RAMs. In mounting additional ROMs, part or all of the RAMs (16k bytes) that are the
standard equipment of the expansion unit can be ignored by resetting the DIP switches and
jumpers.

Thus, RAMs and ROMs can be added as suitable to a specific application.

Features of Expansion Unit

@ The interface outputs address bus (16 lines), data bus (8 lines) and R/W signals in parallel
so that the main CPU of the HX-20 can make direct access to the memories.

® No special power supply is required for the expansion unit because all the power that is
necessary to drive it is supplied from the HX-20.

® The RAM area in the expansion unit can be backed up by the built-in batteries in the HX-20
so that, even if power is turned off, the programs (data) sotred in the RAMs of the expan-
sion unit can be protected similar to the RAMs in the HX-20.

@ Part of the RAM addresses and part or all of the ROM addresses in the expnasion unit over-
lap with the ROM addresses in the HX-20, so the addresses in the HX-20 and in the expan-
sion unit are separately used through bank switching.

1 Hardware Composition

(1) The expansion unit consists of ROM and RAM select circuits and a bank control (bank
switching) circuit. Fig. 4-27 shwos a block diagram of the expansion unit.

|OECS : ABank control —0 ROM E
}( FIKOM selec1t I;OM selt:ctI
[ - J L J
L | el .
et e e v CIselector . ROM select line
A2I5 __Address'..—,é'.._“ - ||
25 o A T e
¥ midamhitinmhin '—]
ROM | ROMO RAM | RAM| RAM| RAM :
T S Y =RV
Data 7 7 !'-ri-—tat]' / a4 / / /
RIS/ s Y ///// /. /;
11/ r/‘——l :..'
RAM|RAM| RAM|RAM
R/Wo ' Igmm)ign :
SW I SRy
Ve o— 4/0
(Backup)

Fig. 4-27

4-25



(2) Expansion IC Socket

The expansion unit is normally equipped with 16k bytes of RAMs, and also has two
28-pin IC sockets for ROMs.

e

4000 4800 5000 5800 6000 6800 7000 7800 \
? ? ? ? 2 ?

47FR 4FFF S7FR SFFF 67FF 6FFF 77FR T7FFF

ROM O ROM | RAM| [RaM| [RAM]| |[RAM| |RAM| [RAM]| |RAM| [RAM

(14B) (13B8) as)l|eB)] |4B)]|(88)] |(iB)f |tI0BY] |t6B)] |(7B)
28 pins

24 pins
7/ \

ROMs: 8k or 16k bytes each RAMs: 2k bytes

(2) RAM and ROM Composition

A total of 32k bytes maximum of RAMs and ROMs can be installed. ROM/RAM areas and

types of ROMs (8KB/16KB) can be selected by means of the jumpers (J1, J2) and DIP
switch (SW2) shown below.

UNIT Y 20220400000

J2 J1 sw2

L
®
]

t

. »
i Bl w58
< vua' TeB A .88 2

SWi

Fig. 4-28
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4.3.2 ROM/RAM Select Circuits

® ROM select

Two expansion ROMs can be installed. ROM O (14B) is for the higher addresses, and

ROM 1 (13B) for the lower addresses.

ROM addresses vary with ROM capacity (8k or 16k bytes) and quantity (1 ROM or 2 ROMs)
so the circuit shown in Fig. 4-29 involving address A15 to A13, DIP switch (SW2) and

jumper (J1/J2) is used for ROM selection.
For setting the DIP switch and reconnecting the jumper, refer to 4.3.3 Bank Switching and

4.3.5. Jumper (J1/J2) and DIP switch (SW1/2) Setting

AB

AI5 /A14 oo
AIS5/AI4 o—y+o

AlS

Al4
Al3
Al2

All

J2
I |
r B |
o o =o o—
J1 A1
LAl ! !
L
B |
BANK LATCH
| | O (HIGH WHEN SET)
L—— sSw2
A > - O (LOW WHEN SET)
3l45 H3 : |
2
!';/' oL
6 _—
My
IK
ACE
ROM 1T  (13B) ROM O (14B)
My +5V
47K
[, 2 7p RAM 7B CET
6p RAM 6B CE1
—o|G2A  5p— RAM 10B CE1
4p— RAM 11B CE1 RAM chip select
3p- RAM 8B CE1 signals
Gl 2b— RAM 4B CE1
Ca) 1p- RAM 2B CE1
B(2) Op- RAM 1B CE1
A(l)
Fig. 4-29



® RAM selecting
RAM selection is basically performed by a decoder (IC 8A) using address lines A11 to
A15. Itis also controlled on the basis of DIP switch 2 setting because the range of addres-
ses to be used must be changed depending on combination with ROMs.

Address line
Locaton | 15 [ 14 [ 13 12 ] 11 RAM address range
18 © 4000 ~ 47FF
28 © O 4800 ~ 4FFF
48 © o 5000 ~ 57FF
88 © ©|©° 5800 ~ 5FFF Note
11B OO0 6000 ~ 67FF O: HIGH
108 © |0 O 6800 ~ BFFF
68 ©lo ]9 7000 ~ 77FF
’8 ©jo]o]o° 7800 ~ 7FFF
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(Meanings of Jumpers and DIP Switch)
® SW2 bits 1 and 2 allocate ROM and RAM areas.
® SW2 bits 3 and 4 and jumpers J1 and J2 select a ROM capacity (8KB/16KB).

* Part or all of the 16k bytes of RAMs installed can be ignored by setting SW2 and the jump-
ers mentioned above.

SwW2
| 2
1 ON | OFF
OFF | ON
OFF |OFF | l
BFFF __BFFF BFFF
T
8K.B
ROM |—- - S
ROM 8K.B
7FFF ROM
8K .B
RAM " 5FFF )
RAM 8K.B
4000 4000 4000 i
3 ROM 16Kx | ROM 16Kx2 ROM 16Kx2
% ! |Ram 2xx8 RAM 2Kx 4
21 [romexxz
s|2 - —_—
51 [ram 2kx 8
(]
Mswz [vumper
3 q | Jl | J2
I 8K.B ROM
Jorrjon | B | B
I ON |OFF I6K.B R(WI
Fig. 4-30

4-29



4.3.3 Bank Switching

The HX-20 can directly select addresses up to 64k bytes (65,536 addresses). If the expan-
sion unit is used, the total memory capacity of ROMs and RAMs may exceed 64k bytes.
However, the HX-20 can make access to memories having the same logic address through
bank switching.

Memory selection by bank switching is done by hardware and sorfware. Since the HX-20
operates in the multiplexed/RAM mode, it can use external memories for addresses OOFF to
FFFF. Thus, the addresses 4000 to BFFF (32k bytes in total) in the external memory area can
be used through bank switching. Memory selection can also be made by turning off the stan-
dard equipment ROMs (addresses 8000 to FFFF) in the HX-20 with the control signal ROM E.

FFFF
ROM
8K B
EOOO (MONITOR)
ROM - .
lek.8
C000 ONITOR)
BFFF ROM ROMs (40k bytes)
8K.B ROM in HX-20
A000 (BASIC) | __ exarl - -
ROM HX-20
8K.B proper
8000 (BASIC) | .
8K.B gg;';’"a' RAM /
6000 --- 1exe)f-- - --- Z
8K.B
4000 -
RAM
8K.B
2000
RAM
8K.B
0000
Bank | Bank Bank | Bank Bank | Bank
0 1 0 1 0 1
1 ' ]
] [ ] ] ] 1
Address 0032 (Reset) . —1 — | — ROM E
| ! 1 ! !
Address 0030 (Set) ; — — ! (ROM E)
L I I H ~ High level
. Internal ROMs
Expansion unit DIP switches usable
Switch
0 2 Low level
Internal ROMs
ON |OFF unusable
|IOFF| ON E |
xternal memories
OFF |OFF N usable

Fig. 4-31
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® Bank switching is performed by a bank latch that uses address 0030 and 0032 and the

ROM E signal based on control of address 14 and 15. [ e m e
;/ HX-20 MOSU circuit
! board
/
+5V —=—\W— / I00K
‘ MN\———= +5V
! ROM 1 select ,’
AlS 7
AlS, A4 ROM O select /
/
/
I o—a Sl o
I o—8!90
deps TP—RAM 78 o dc >
6P—RAM 6B : 3p—— ROM 1IE
AlSo——-d62A 55 ramios , 4p—— ROM I2E
Al40——GI 4P—RAM||B ! SPp— ROM I3E
3b—RAM 8B o —QG2A gpb—— ROM I4E
A130——C  2bRAM 48 } 9628 - ROM ISE
alzo——|8 1p—RAM 28 ;
Allo——]aA Op—RAM 1B [ ROM select signal
|
RAM selectsignal | | T TTT7T
CMI 5,
_ [ Al 3 ROMI
A|5/AI4O-——4I-O Gi 2 CE (138)
g | Bl ‘
AI5/AI4°—T—1—O
L

l'\-)‘!):

O

6
an
Al3o—] o, | 13 ; sa B g ROMO
! | —O (148)

G28B Bank latch

Fig. 4-32
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(Bank Latch)

When the HX-20 is switched on, a reset signal ( RS ) resets the latch. Thus, Pin 11 of IC 5A is
low, and Pin 8 of IC 4A is high so that the expansion unit outputs none of its ROM 0/1 select
and ROM E signals.

If address 0030 is output under this condition, the output from Pin 6 of IC2A goes low at the
E (enable) timing to set the bank latch. That is, Pin 11 of IC5A goes high, and Pin 8 of IC4A
goes low to permit outputting of ROM 0/1 select and ROM signals.

Bank switching from the expansion unit to the HX-20 proper can be made by outputting
address 0032 to turn Pin 7 of IC2A low and reset the bank latch.

* The 1OCS signal to be input to G1 of IC2A is output by A7 ~ A15.

(ROM E Signal)

The ROM E signal is output from the expansion unit to the HX-20. It is connected to G1 of
the ROM selector (IC15D on the MOSU circuit board) in the HX-20.

When no bank switching is under way, the ROM E signal is high so that the internal ROMs
(addresses 6000 to FFFF) in the HX-20 are selected.

If address 0030 is output to select ROM O or ROM 1 in the expansion unit for bank switching,
or if any RAM address over 6000 is selected, the ROM E signal goes low to inhibit access to
the internal ROMs in the HX-20.

@ Bank switching { Set by address 0030
Reset by address 0032
® Bank switching signal: ROM E

ROM E Signal Output Conditions

Case 1 Case 2 Case 3
1 2 1 2 3 4 1 2 3
@ 15 HIGH | HIGH | HIGH | HIGH | LOW | LOW | LOW | LOW | LOW
§ 14 LOW | LOW | LOW | LOW | HIGH | HIGH | HIGH | HIGH | HIGH
< 13 HIGH - - HIGH - HGIH | LOW - LOW
J1 A - YES - - YES YES - - -
B YES - YES YES - - - - -
J2 A - YES - - YES YES - - -
B YES - YES YES - - - - -
SW2 1 - - - - - - - ON -
2 - - - - - - ON - -
3 - - ON - ON - - - ON
4 - - - ON - ON - - ON
Address 0030 YES YES YES YES YES YES - - -
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The ROM E signal can be output under nine conditions.

Case 1: When ROM 0 (14B) in the expansion unit is selected
(1) Addresses 15, 14
(2) Bank 1 select (address 0030)
(3) Address 13 (when J2=B)/orJ2=A

Case 2: When ROM 1 (13B) in the expansion unit is selected
(1) Address 15, 14 (when J1 = B)/or addresses 15, 14 (when J1 = A)
(2) Bank 1 select (address 0030)
(3) Address 13 (SW2-4 on)/or SW2-3 on

Case 3: When an address over 6000 in the expnasion unit's RAM is selected
(1) Addresses 15, 14
(2) Address 13 (SW2-2 on)/or address 13 (SW2-3, SW2-4 on), or SW2-1 on

4.3.4 Interface
® The data buses have IC12A (tri-state output), which switches data bus direction with read
and write signals.
If the ROM E signal is high at the E (enable) signal timing, data bus direction is switched by
R/W signal timing.

(IC12A H245)

Read
Write

—NnwbOON

pBo O

4]5|6|7is|of0t1

> b

%5:# z

IMX8 RM3
»

Fig. 4-33 4-34

® Address buses

Address buses output addresses to each element via bus drivers IC9A, IC10A, and IC11A,
which are connected so that each gate may be normally on. Thus, these ICs are immedi-
ately ready for operation when a +5V is supplied as power is turned on.
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4.3.5 Jumper (J1/J2) and DIP Switch (SW1/2) Setting
@ Part or all of the standard equipment of 16k bytes of RAMs can be ignored or replaced
with ROMs by reconnecting the jumpers or setting DIP switches. Therefore, the expansion
memory area can be used as shown in the table below without changing the standard

equipment of 16k bytes of RAMs in the expansion unit.

ROM/RAM combination in expansion unit
Adg Standard 16KBROM x 2 | 16KBROM x 1| 8KBROM x 2 | 8KBROM x 2 | 8KB ROM x 2
res andard 1 16KBROM x 2| 2KBRAM x4 | 2KBRAM x 8 | 2KB RAM x 8 2KB RAM x 4
FFFF 8K | ROM (MONITOR)
E000 | (64) 15E
DFFF 8K |ROM (UTILITY)
C000 | (56) 14E
BFFF 8K | ROM (BASIC) ROM 0 ROM 0 ROMO
A000 | (48) 13E ROM O ROMO ROM 0 (14B) (14B) (14B)
9FFF 8K | ROM (BASIC) (14B) (14B) (14B) ROM 1 ROM 1 ROM 1
8000 | (40) 12E (13B) (13B) (13)
7FFF 8K | (Optional ROM 1 RAM RAM
6000 | (32) ROM) ROM 1 (13B) (11B,10B,6B,7B) | (11B,10B,6B,7B)
5FFF 8K (13B) RAM RAM RAM RAM
4000 | (24) (1B,2B,4B,8B) (1B,2B,48B,8B) (1B,2B,4B,8B) (1B,2B,4B,8B)
3FFF 8K RAM
2000 | (16) |16C,15C,14C,13C - - N N -
1FFF 8K | RAM
0000 12G,13G,14G,15G - - N N N
1 - OFF OFF ON ON OFF OFF
. 2 - OFF ON OFF OFF OFF ON
o E
B 2|swz| 3 - ON ON ON OFF OFF OFF
£5
2 g 4 - OFF OFF OFF ON ON ON
£ a
B & |Jum-| J1 A A A B B B
per | J2 A A A B B B

* The expansion unit is originally set as follows before shipment form the factory.

J1:B 1 :ON

Jumpers ) 2 : OFF
2B DIP switch (SW2) 3 . OFF

4 : ON
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® SWTCH 1 (SW1) turns on and off the Vc voltage line through which Vc voltage is supplied
from the HX-20. The Vc voltage line carries a voltage of approximately +5V when power is
on, and drives the elements connected to the Vc line.
The Vc voltage line also outputs a voltage of approximately +3V when power is off so that
it may also be used for memory backup. The eight RAMs and IC1A in the expansion unit
use this Vc voltage, which protects the data stored in the RAMs, and controls the RAM
CEZ2 signal and reset signal.
* Be sure to set this switch to the ON position before use.
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4.4 Display Controller

The display controller is connected to the HX-20 with a serial interface. Displayed data and
control commands are serially transferred. Transferred data are converted into parallel data,
and the commands are stored in the RAM (stack area) of the CPU and the data in the V-RAM.
Then, the data stored in the V-RAM are read out by VDG (video display generator), which
controls the display and outputs the data to the RF modulator. As a result, the display con-
troller outputs composite or RF display signals to show them on the screen.

| Display controller

. Address buses O to 10 .
630l 6847
CPU Q‘t’é’gesﬂ V-RAM VDG
AS 2 KB
| L |
Data bus !
Character
] generator
4K.B
Mode control !
Serial
RF Composite
AMP MODULA 1
-TOR
X : - : RF CRT
MONITOR
Switch box
Y — 750
HX—-20 TV
TV antenna
| =

Fig. 4-35

Note: RF modulator output impedance is 75 ohms so that converter (75 ohms to 300 ohms)
may be necessary when connecting with a monitor or a TV set.
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441 Display Modes
® The main display modes are the text mode (alphanumeric mode) and the graphic mode.
This equipement uses the three modes shown below.

Input terminal Display Color
Mode p—
— — INT, Descri- Chara- Backgro- | Bord-
MS | A/G | A/S / GM2 | GM1 [GMO| CSS | INV Mode . 9
EXT ption cter und er
| 0 G Black
External 0 32cha- |8x12dots/| oo
alphanumeric Black Green
1 character Black
mode 1 0 0 1 X X X Orange Black
0] racters Black Orange
1 x16 lines 9
1
128 x 96 0 128x96 0: Black,1: Green Green
hic mode 1 1 X X 0 1 1 X ict -
grapni 1 pieture 0: Black, 1: White | White
elements
128x64 0 128x64 * Refer t0 4.4.3 Green
. 1 1 x x 0 1 0 x ) - )
color graphic 1 picture White
mode elements

® The screen display area is 256 dots maximum in the horizontal direction and 192 dots
maximum in the vertical direction, but the usable area varies depending on the display
modes.

BOARDER

Wy

effective display area

T

51.8 us display area

Fig. 4-36
® Display timing

From a system clock of 3.5795 MHz, a dot clock twice in period (about 139.7 nsec) is
generated in VDG6847 (2C), and the dots of this clock timing are displayed.
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Approx. 139.7 usec

oo [ L L LI LI LT L LML L
Address X )(
- Y X

Internal data latch

Dot counter 2 | (0] 7 6 5 4 3 2 | (0] 7

Picture elements (left) Picture elements (right)

Graphic mode

Horizontal dots for one character

Text (alphanumeric) mode

Approx. 1.12 usec

Fig. 4-37
1. Time required for displaying one dot line (256 dots)

139.7 nsec x 256 =35.76 usec
Approx. 51.8 usec
Boarder sweep time = approx. 16.06 usec
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442 Text Mode
In the text mode, 32 characters x 16 lines can be displayed, that is, a maximum of 512 char-
acters can be shown on the screen.
Displayed data are stored in ASCIl code in the V-RAM so, when displaying the data on the
screen, display patterns are generated by the built-in character generator.

Displayed data in V-RAM
ASCII code

Character > Monitor (TV)
generator

Display controller
Fig. 4-38

One character is composed of a font of 8 (horizontal) x 12 (vertical) dots, but actually a font of
7 x 9 dots to for inter-character and inter-line spaces.

32 characters (256 dots)

Address 0000 (8000) Address 001F(801F)
Line 1
Line 2
Line 3
Note: Parentheses show .
absolute addresses. | v — R AM J :
¢
Line 15
Line 16
Address 01EO (81EQ) Address O1FF (81FF)
A B
| .
2 A: Character dot matrix (7 x 9 dots)
3 B: Inter-character space
4 C: Inter-line space and for cursor
A 5
6
7
8
9
10
Cc 11
| 12
Fig. 4-39
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4.4.3 Graphic Mode
There are two kinds of graphic mode, that is, color and monochrome, and display patterns are
written on the V-RAM.
Therefore, the character generator is not used but the data sotred in the V-RAM are directly
output to the screen in the graphic mode.

(Color Mode)
Eight colors can be displayed. These colors are divided into two groups of four each colors

(color set O and color set 1). Select either of these color sets with a color command before
dispalying data in color.
A color set can be selected by changing the VDG's (2C) CSS with port 20 of the CPU.

CSS: 0 ColorsetO SCC: 1 Colorset1
Bit Bit
* Color selection Color Color
Higher | Lower Higher | Lower
0 0 Green 0 (] White
0] 1 Yellow (o] 1 Cyan
1 0 Blue 1 0 Magenta
1 1 Red 1 1 Orange

Two bits are used to define one display dot in selecting a color in a color set.

BYTE n BYTEn+1 ————

Bit Bit Bit Bit Bit Bit Bit Bit Bit Bit Bit Bit Bit Bit
7 6 5 4 3 2 1 0 7 6 5 4 3 2

1 diplay dot 1 display dot | 1 display dot | 1 display dot | 1 display dot | 1 display dot | 1 display dot

In the color mode, the full area of 2k bytes in the V-RAM is used as shown below.

128 dots x 64 dots x 2 = 16,384 bits (2k bytes)
(horizontal) (vertical) (color)

Monochrome Mode
In the monochrome mode, 128 dots (horizontal) x 96 dots (vertical) are displayed by show-
ing bits on the V-RAM directly on the screen. Thus, 1.5k bytes of the V-RAM are used as
expressed by the following formula.

128 dots x 96 dots = 12,288 bits (1.5k bytes)
(horizontal) (vertical)
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4.44 Operation Mode (Memory Map)
The main CPU’s operation mode depends on hardware connection at ports 20, 21 and 22.

The display controller hardware is as shown below. Here, an output from IC7A is input to
port 22 at high level because the port state upon completion of resetting is latched to the
mode control register. Thus, the main CPU operates in mode 6 (multiplexed partial decode).

Address '0003" 7

After power is turned on, the P22 is used as an input terminal for
external clocks. As shown below, an external clock is counted
down to 1/12 by IC7A, and the resultant clock is supplied to the

6 5 49 3 2 | o]
PC2 |[PClI [PCO | 1704| 1/03| 1/02| 1701 | 1/00
P22 | P2I P20
Pin10 | Pin9 | Pin8
L (78)
oK +5 [2 o aff
RI6 8 BO'—
+5 5B 47K ac
6
10 1 8 Ro ]
Fig. 4-40

CPU. This clock is used for generating a serial interface bit rate.

The clock has a frequency of 3.6864 MHz, which is divided by 12
as an external clock to approximately 307 kHz. As in the case of

the HX-20, data can be transferred at 38.4 kbps.

RESET |

CLOCK ||||||. 2

QA
QB

QC
QD

o CLOCK
-0 RESET
u2)
U o
npyT A U4 d ck °
K
i)
J of o
inpuTe LU d ck *
K
s o+ oc
cK
K0

Row)
R(’(I)b‘J

10

12

131 e

16|

i7} |18

EpEpERERERERERE

Fig. 4-41
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(Memory Map)
In operation mode 6, the memories are allocated as shown below.

External memories

0000

A
PRy 2 —
Internal External Internal Internal
register | memory RAM V_ RAM ROM
- ) N y
OOIF 0080 OOFF ' ‘8000 87FF *Fooo FFF
Fig. 4-42

In operation mode 6, addresses are allocated as shown before, but the area that is actually

used is as follows:
® Addresses FFFF to FOOO: Internal mask ROM in CPU 6301 (7B)
® Addresses 8000 to 87FF (2k bytes): Addresses 0100 to EFFF are for external memo-
ries, but only 2k bytes of them are used for video

0000

OO0 IF
0080

OOFF

FOOO

FFFF

Internal register

External memory

Internal RAM

External
memories

b —————— -

Internal ROM

8000
V—-RAM
S

87FF

® Text mode

32 characters x 16 lines

® Graphic mode 1 (four colors)
128 dots x 64 dots per line

® Graphic mode 2 (monochrome)
128 dots x 96 dots per line

RAM.
8000
Text data Graphic Graphic
512 bytes (four colors) monochrome
BIFF \
Virtual
2KB screen
Unused
87FF
Fig. 4-43
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445 Power Supply
The power supply consists of a filter circuit, transformer, and DC regulator as shown below,

and generates four kinds of voltages.

ACS5 +

ACS +5
O s O -—
DC regulator(on 5S
AC input Filter circuit Transformer | —AC9+ | (TVA circuit
AC9— board) —— O+ 8.8
o— GND ————o— 8.3

Fig. 4-44

(1) Filter circuit
The filter circuit has fuse F1 for protection from overcurrent (800 mA) and a circuit for eli-
minating AC line noise, and employs a 7 type filter as shown below.

Fli LI

' —O05 (White)
BOOmA C@_L g_]_

AC input
O.luF o u
250V ,.2 v
(White)
O ‘O

¢ —O | (Black)

(Black)

Fig. 4-45 Filter Circuit

(2) Transformer
The transformer genertes a +5V AC output and a +8V AC output from the AC input.

o— 02 (Blue) ACS5+
Hg ) e

03 (Blue) ACS5-—

04 (Red) ACO9+
g 3 ) ov

05 (Red) AC9—

O | (Black)

Fig. 4-46

(3) There are two kinds of DC regulator, that is, one is for +5V and the other for +8V, and
generates the following voltage.

Voltage Range Use
+5V 48t05.2V Circuit voltage
+5S 48to5.2V Bias voltage for video display generator (2C)
+8.8V 8.0to 10.0V Voltage for serial (RS-232C level)
-8.3Vv -8.0to-10.0V Voltage for serial (RS-232C level)
-5V -4.8to-5.2V Chroma oscillation
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(@) The input is full-wave rectified by diode bridge DB1 and smoothed by electrolytic capaci-
tor C11. A +5V is generated from this smoothed DC voltage by3-terminal regulator
(7805).

A smoothing capacitor C10 and a filter inductance L1 are provided on the output end to
assure steady voltage supply. A diode D6 is provided against counterelectromotive force
in switching power off.

Cl1_2200u/16V

Radiator
ACS5+0O0———— 4 +5
R6
330N
AC5-0O—— ™~ LED
m—pp> GND
> 4 5S
=l GNDS

Fig. 4-47

(b) +8V

The input is full-wave rectified by diode bridge DB2, and the +8V is fed via resistor R3 to
turn on transistor Q4. As a result, the voltage is output at the emitter. The output voltage
is divided into resistor R21 (13.0 kohms) and resistor R14 (5.23 kohms), and fed back to
Pin 8 of TL431.

The gate of TL431 operates at 1.5V so that, when the output voltage rises above about
5.2V, SCR turns on to cut off transistor Q4. A constant output voltage is maintained by
repeating this process.

5.23kxX=(5.23k+10k)x 1.5

27.345
5.23

=56.2

X=

(c) -8V
When a negative voltage is output, it is routed via resistor 11 to turn the base of transis-
tor Q1 low. As aresult, Q1 turns on to output a —-8.3V to the emitter.

Ac9+ O ' +8.8
c36
l z O.lu/12v
0B2 gga
GND O=d Dt - -
I
1B4B4I ngeoﬂ Aa2la-
273 2 —-4 + 8317 c38 :; o7
TO.lu o c9
sz S :QI Iggu [ 12v g 220 | 1S954
: 8673
AC9- O—— 4 31 7905 |2 --5
c___5§
Radiator SR2
Fig. 4-48
-5V is generated from -8V by regulator SR2. -83
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4.4.6 Oscillation Circuit
The 3.6864 MHz clock output by crystal oscillator CR1 is amplified by IC8A, and is routed via
IC5A to the clock input terminal on the main CPU.

3.6864Mz

e s

RI7 20K R35 Main CPU

v 1.2K

8A
chg MN15 | s
2 )5A EXTAL
cns-J- cnz—L

o e

Output

Fig. 4-49

The main CPU has a 1/4 dividing circuit to divide the system clock to approximately 0.922
MHz (1.09 usec period).

4.47 Reset Circuit

A reset signal is supplied to CPU 6301 (7B) only when power is turned on or when the reset
switch is pushed.

Power-On Reset
When power is switched on, the circuit voltage +5V is supplied so that a charging current
flows via resistor R23 to capacitor C1. Thus, Pin 9 of IC3B remains low for about 30 msec
after power is switched on.

CI7 1000P

Main CPU

R42 470K

9 10, 11 12 R_ES
38 38

Sv

+5v

ov

RESET

Approx. 30 msec

ol

Fig. 4-50
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The charging current flowing to capacitor C1 generates a delay time (of about 30 msec) for
generating a reset signal.

When capacitor C1 has been charged, Pin 9 of IC3B goes high to stop reset operation.
Reset Switch
When the reset switch is pushed, the charge stored in that the positive end of C1 goes low

to output a reset signal. When the reset swtich is released, the reset is released about 30
msec later as in power-on reset.

4.4.8 Interface

The interface is a high-speed serial interface for transferring data at 38.4 kbps. The interface
operates at RS-232C level.

Display controller

[-———— -~~~ ——- T oo oTTTTT o 7
| —_—

! CPU(7B) :
| RX__TX Pl6 PI7 !
| Tl 2] 19] 20 !
|

T

HX-20

Fig. 4-51

The high-speed serial interface may connect not only the display controller but TF-20 to the
smae line. (Daisy-chain connection) Thus, connections such as shown above are made inside
the display controller.
(1) TX line:
ICSA Pin 6 output is taken into the CPU, and this signal is inverted by IC10A and output
to TF-20.
(2) RX line:

@ If only the display controller is connected to the HX-20, Pin 10 of IC9A is at floating
level so USART IC (9A) is low. Thus, Pin 9 of IC10A is normally high, and the Pin 8 out-
put is controlled by Pin 12 (TX) of CPU 7B in the display controller.

@ If TF-20 is connected via the display controller, one of the transmitting units connected
in a daisy-chain network (TF-20/display controller) is selected by an HX-20 protocol.
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Thus, only one of the daisy-chain-connected units can transmit. The units not in the
transmitting mode send a low level signal to the RX output line.
If the display controller is to send, Pin 10 of IC9A is low so that Pin 9 of IC10 goes
high, and an input (TX) to Pin 10 of IC10A enables data to be transferred to the RX out-
p‘ut line.
(3) P OUT line: IC9A Pin 3 output is taken into the CPU, and this signal is inverted by Pin 6 of
IC10, and output to TF-20.
(4) P IN line: The output end of the line is open (N/C).
The input end of the line is connected via IC9A to IC10A, but the output of
IC10A is open (N/C).
* P OUT and P IN signals are not actually used.
® Received serial data are converted into parallel data, of which the commands are stored
in the CPU and the data in the V-RAM. When transferring data to the HX-20, the data
stored in the V-RAM are read out, converted from parallel to serial data in the CPU, and
output to the interface.

449 RAM Control
The video RAM (V-RAM) has 2k bytes of absolute addresses 8000 to 87FF. In RAM address-
ing, therefore, it is necessary to select not only relative addresses 000 to 7FF of the 2k-byte
V-RAM by lines AO to A10 but also address 8xxx by A15.

Write to V-RAM
First, by outputting RAM addresses (8000 to 87FF) to be stored at write timing, lower ad-
dresses are stored in the address latch at the rise timing of an AS signal, and the data bus
gate (5C) is set in the output direction (CPU - RAM) by a w signal.
Then, the output of Pin 5 of IC4B goes low at the fall of the AS signal so that the lower ad-
dresses that have been stored are output from the address latch (6B) to an address bus. At
the same time, the data bus gate (5C) turns on to keep the data bus in an output state (CPU
— RAM) until the next E signal goes high. IC6C which controls so that selection of V-RAM
addresses if accomplished perfectly.
Under this condition, the main CPU outputs one byte of data to a data bus so that the data
can be stored in the selected RAM addresses.

Read from V-RAM
The R/W signal goes low so that the data bus gate (IC5C) is set in the input direction (RAM
- CPU). As RAM (5D) sets OE (output enable) if it is AND’ed with an E signal, the data
stored in the selected RAM addresses can be read out. Address control is the same as in
write operation.
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RAM Control Circuit
FROM MAIN CPU

E > OR VDG
——_ 338 22—~ []4a )
AlS, Ai4 1| 6A Addresses
+ 5V / 0~10
:F R25
5B
R/W 13 12

RAM (5D)

RIO 13 30 [ Vs
[
cle '@

CPU Data buses O to 7 VvDG

* RAM addresses are from 8000 to 87FF.

Charactor generator

Fig. 4-52

AI5, Ald
4A Pin 3
(WE)
6A Pin 6 I | l__
(OE)
RAM WRITE READ WRITE READ

read/write

Fig. 4-53
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4.410 Data Bus Control
IC5C and IC3C are located on the data buses to control the data lines. These ICs select a
data direction for each operation. IC5C is a two-way gate, whose direction can be changed
by an R/W signal. IC3C is a one-way gate, which is switched together with a character gen-
erator output by port 15 of the CPU.

V RAM
Data bus
cPy e aate / VDG
/A
(78) (5C) 7 (3C) (2¢)
— CHA.
- GEN - /

Fig. 4-53
There are four operations using data buses as mentioned below.
(1) V-RAM - CPU : Read from V-RAM
(2) CPU - V-RAM : Write to V-RAM
(3) V-RAM - VDG : Graphic display

(4) CHA. GEN - VDG : Text display

(V-RAM - CPU, CPU - V-RAM)
The data buses are controlled by an AND with addresses A15, A14, and E (enable) signal,
and a data direction is selected by and R/W signal.
Addresses A15, AT4 mean that V-RAM will be selected, and signal A15, A14 is hold at the
rise of the AS signal. If signal A15, A14 is output, that is, if absolute addresses 8000 to
87FF in V-RAM are selected, the Pin 5 output of IC4B goes low at the timing of the input
(fall of the AS signal) to Pin 3 of IC4B.

R36
45V
ADDR GATE ,
58  [PR CLR l
AIS, Al4 ‘ 2o qQf? -
+5
(4B)
3 Address
As ——P>o—ek 8~0 /| ec |s-10
58 R22
4
58 — 6
c 5 RS 5] 58 p=—
_ 13 12
R/W
TO RAM
5B |9(r
DIRE
5C
Fig. 4-54
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When the IC4B Pin 5 output is set low, the gate of IC6C turns on to output A10 to A8 to an
address bus, and supply to Pin 4 of IC5A. Thus, data bus gate IC5C is put into operating
condition by an AND with an E singnal.

Under this condtion, the data bus gate’s signal direction is switched by the R/W signal as

shown below.
READ: CPU <: Gote RAM

WRITE: CPU Gate RAM

(V-RAM - VDG, CHA GEN - VDG)
Data input to IC2C (VDG) varies depending on the graphic mode and text mode. In the text
mode, data output from the character generator (4C) are directly input so that the data bus
gate of IC3C turns off. In this case, the data buses are disconnected from the CPU.
In the graphic mode, however, the character generator is not used, but data output from
the V-RAM are directly displayed. Accordingly, port 15 of the CPU is used to stop charac-
ter generatoir output, turn the gate of IC3C on, and take the data output from the V-RAM
into IC2C (VDG).
As described above, the character generator and data bus gate are conrolled by port 15 of
the CPU according to the display commands.
Port 15 High: Graphic mode
Low: Text mode

1G

(5C) (3C)

1AL (7) 1Y
1A2(6) 1Y2 / VDG

Main 1A3(5)1Y3

1A4(4) 1Y4 Data buses

CPU Data buses (0 to 7) 241 (3) 2Y1 (2C)

2a2(2) 2Y2 /
243 (1) 2Y3
(78) 244 (0) 2v4 A g

- g

JGE Character
—Q

generator
gs (40 3D

PI5

Nhns

/227777

Fig. 4-54
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4.4.

11 Character Generators

Character generators are used in the text (alphanumeric) mode. The start address of a char-
acter generator corresponding to an ASCII code is selected by data buses D7 to DO (which
correspond to A11 to A4), and a character generator pattern corresponding to a display dot

Selecting lower addresses (AO to A3) of VDG

line is determined by an output from IC4D.
V- RAM VDG
+5
Data bus
D7~ DO L ] J"
All ~ A4 3 21 0 QQ QQ A BC DCNT ondo—e FS
DOWN 1
AB CD +5 .
Ch ter generator (5D) CJ*PT * HS
aracter g '[ +5
4D —
cLa RP
Data buses 30
Address| Data bus | Addrss | Data bus +5
11 DA7 7 DA3 * F__S-(field sync output): End of effective display area
HS (horizontal sync output): Horizontal sync signal
10 DA6 6 DA2 RP (Rope reset): Output when using external character generator ROM
9 DAS5 5 DA1 (5D)
8 DA4 4 DAO
Fig. 4-55

A signle-character generator consists of 16 bytes, but the number of bytes actually used for
display is 12, including inter-line space.
This is due to character generator address selection, that is, to the fact that a system by
which the start address of a character generator corresponding to ASCII code is selected by
the CPU using addresses A11 to A4 is employed.
The data which have been read out are taken into the VDG, byte by byte, and displayed.

CPU address selection (A11 to A4)

Address

XNO

®

X(N+1),0

H

3 2

o

(o]

—
XX 00—

4 32
O|0|0|0

| —

2 —

33—

4 —

5 —»

e —

O0I0I000I0] @
©)

O|0|0|00|0I0] -

O0|00O|0[0] «

77—

8 —=

Q —=

A —

B —

C —

D—

E—

F —

Fig. 4-56
4-51

Note: Address XN is a character of
ASCII code.

(A): Column dots acually displayed

(B): Space between lines

(C): Character generator addresses
shared by characters

(D): Ignored. No function

(E): Row dots displaying 5 bits

* Bit O at the bottom is used for inter-
line space.



4412 Address Latch
The address latch is used to hold lower addresses AO to A7.
The lower addresses on address data buses are latched to IC6B at the rise of an AS (address
strobe) signal (L - H) and are kept latched until the next AS signal is output.
If addresses A15 and A14 are simultaneously output, the rising edge of the AS signal turns
Pin 5 of IC4B low to output an ADDR GATE signal, and A8, A9, and A10 are output from
IC6C. At the same time, the address latch output control ( OC ) turns on to output addresses
AO to A7 to address bus lines. As a result, V-RAM addresses are selected by AO to A10.

+5
4 Il

PR CLR
— 2 5 ADDR GATE
Al5, Al4 D Q
AS —Do—3cr<
(48B) Addresses
R27 Oto7
Address latch och—e
¢ (6B)
+5
Address
data buses (r
1| 15
Oto7 |(5
AIO 10 9
X & ec X
4 5
A8
Fig. 4-57

s/ N/

Address latch Address @ Address @ Address ® Address @
output (address

effective)
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4413 Modulator Circuit

IC1C is used for modulating purposes. The modulator circuit receives chroma bias, B-Y and
R-Y signals from the VDG, and modulates them for color display. The relationship between
colors and signals is shown in Fig. 4-62. CV1 is an oscillation frequency control for genera-
ting clocks of 3.567956 to 3.567952 MHz, but normally, it must not be turned.

IC1C has a video bias control volume VR1/2 on its output end, which may be used for output
adjustment.

VR1 is used for bias adjustment, and VR2 for wave peak adjustment. Normally, these VRs
must not be turned either. If it is absolutely necessary to adjust these VRs, observe the fol-
lowing instructions.

Step 1: Adjust burst signal to 3.0V with VR1.

Step 2: Adjust wave peak to 1.0V with VR2.

“Trov
-
3.0V
-5 Fig. 4-59
pss L}
(M51342P) K | A i
9 8 14 16 5 17
'3 ! ‘ RF circuit C.hrorna Ground
Video bias <= Channel A power circuit 8
oscillator power Chr‘cl)ma B-Y chroma
Buffer oscilator reference input
| 11 1
Chroma Video !
RF modulator modulator R-Y chroma
modulator L 11 reference input
I 10 4 2 3 12
B-Y R-Y Chroma Video
Channel output - input input bias input
Fig. 4-60
58 -8 R43 5.IM
i B U T
nlas Mo P, cLK
50 J; Sﬁ?'; 38 38 3D
152078
+58 05 ‘_' 2ok VD6
———— 9 8|14/ i 5 CR2
I menos—l VRZ 3 LN J;?ilzzp
| | 10K M51342P IC cl4 cis™%®
| c"o‘—_| I RS % "Pl 7P
I o:__l *B.B; ¥ NCEEREDR 601 Rio vee {11
| 0'—1—’ | B R N GNDS vas
| oslFcie | 28\ 100
| . cH
! : ]2
| : 93
L 1
RF Modulator

Fig. 4-61
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+B(R-Y)
A3B1 A0B1 A1B1
_ —>  +A(B-Y)
A3BO A8BO, A180
A3B3 A0B3 A1B3

Color modulation signal level (Standard 7.5V)
Approximate color

Chroma A (B-Y) Chroma B (R-Y)

A0 =0V BO =0V Light grey

A0 =0V B1=-0.8V Red

A0 =0V B3=-0.8V Cyan

A1=-0.8V BO=0V Blue

A1=-0.8V B1=-0.8V Magenta

A1=-0.8V B3=-0.8V Blue cyan

A3=-0.8V BO=0V Yellow

A3 =-0.8V B1=-0.8V Orange

A3=-0.8V B3=-0.8V Green

A3 (BURST)=-04V BO=0V Burst

Chroma bias versus chroma modulation signals and versus approximate colors.

Fig. 4-62
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5.1

Precautions for Disassembly and Reassembly

Pay attention to the following precautions when disassembling or reassembling the HX-20.

(1) Make sure that the power switch on the HX-20 is off.

(2) Disconnect the options and cables from the HX-20.

(3) If programs are stored in the RMAs, transfer them onto a cassette tape or the like to save
them.

(4) After removing the upper and lower cases, disconnect the cable from the battery connec-
tor (CN9) to prevent electrical circuits from shorting.

(5) Avoid directly placing the circuits boards that use ICs (for example, the MOSU circuit
board and LCD panel circuit board) on a work bench. If it is necessary to do so, the com-
ponent side must be down (to protect the circuit boards from static effect).

(6) Be careful not to pinch the cables with the cases.

(7) Be careful of screw length when using screws.

(8) If screw lock is used, be sure to apply the specified screw lock after tightening the screws.

* Unless otherwise specified, reassemble in the reverse order of disassembly.
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5.2 Precautions for Disassembly and Reassembly

5.2.1 Case Cover

Disassembly Procedure

Disassembly Precautions

1. Turn the HX-20 upside down, and remove the
7 screws indicated by arrows in the sketch

below.

2. Turn the HX-20 back up, and slightly raise
the LCD side of the upper case as shown be-
low.

3. Disconnect the cable set No. 701 which con-
nects the upper case to the connector CN8
on the MOSU circuit board.

4. Slowly open the upper case until the key tops
face down.

»e .
o
=»e

® When turning the HX-20 back up, hold the
upper and lower cases together by hand so
they won’t open.

® CN8 is a lock type connector so first grip the
connector, slightly pull it up to unlock, and
disconnect the cable.

Fig. 5-1
-—Upper case
Cable set No. 701
=~ —Lower case Fig. 5-2

Fig. 5-3
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5.2.2 Keyboard

Disassembly Procedure Disassembly Precautions

1. Disconnect the FPC cables from connectors
CN4, CN5 and KCN2.

2. Disconnect the piezo-electric buzzer connec- ® Unlock the connectors before disconnecting
tor from connector KCN1. the FPC cables. Slide this part in the arrow
direction to the position indicated by dotted

3. Remove the screws from Parts ® and ®. lines to unlock.

4. Slowly raise the keyboard.
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5.2.3 Control Circuit Board

Disassembly Procedure Disassembly Precautions
1. Disconnect the battery cable from the battery ® The connector is a lock type, and must be un-
connector CN9. locked before disconnecting the battery ca-
ble.
2. Disconnect the printer FPC cables from CN4, ® Connectors CN4 and CN5 are also a lock
CN5 and CN6. type, and must be unlocked before discon-

necting the FPC cables.
3. Remove the three screws from Part ), and
take off the printer together with its mount.

4. Remove the four screws from Part @), and
take off the shielding plate.

5. Remove the circuit board, exercising care that
connector CN7 is not hit by the case.

t Raise this portion in the arrow
direction, then the lock is released.
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5.2.4 LCD Unit

Disassembly Procedure Disassembly Precautions
1. Disconnect the FPC cable from connector ® Unlock the connector before disconnecting
KCN2. the FPC cable.

2. Remove the four screws indicated by arrows
in the sketch below.

3. Raise the liquid crystal dispay.




5.2.5 Batteries

Disassembly Procedure

Disassembly Precautions

1. Open the case cover of the HX-20.

2. Disconnect the battery cable from connector
CN9.

3. Remove the screw from Part A, the battery
holding plate, and the batteries.

i o P

Batteries

® Unlock the connector before disconnecting
the battery cable.

5.2.6 Micro Printer

Disassembly Procedure

Disassembly Precautions

1. Open the case cover of the HX-20.

. Disconnect the FPC cable from connector
CNB6.

. To remove the printer mechanism alone, re-
move the two screws from Part B. When re-
moving the printer together with the printer
mount, remove the three screws from Part
A.

. Raise the printer and pull it out.
1
h °

:
(]

°c e

;
J’

® Unlock the connector before disconnecting
the cable.
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Fig. 5-11
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5.3 Disassembly and Reassembly of Units

5.3.1 Keyboard Switches
Disassembly Procedure Disassembly Precautions
* Data Keys ® Be careful not to damage the key tops in front

Key Top Removal

1. Insert a thin screwdriver between adjacent
key tops, raise one edge of the key to be re-
moved, and unlock it.

2. When the key top is unlocked, the key top
and return spring can be removed.

Key Stem or Inner Spring A Removal

1. After removing the key top, insert a thin pre-
cision screwdriver into Part A or B of the
key stem, and unlock it.

2. Pull out the key stem, and the inner spring A
can be taken out.

Key Stem or Inner Spring A Removal

1. Remove the key top, check if the switch is
connected to other switch. If so, cut off Parts
C and D.

2. Scrape off the soldered parts on the back,
completely using a cutter or the like; and
slowly pull out the frame.

(When installing, fasten with solder using a
soldering iron or the like. Do not use an ad-
hesive.)

and back.

Fig. 5-12

@ Be careful not to damage the frame.

Key stem Frame

Inner spring A

Fig. 5-13

® Be careful not to damage the FPC pattern
when scraping off Parts C and D.

) o)
Fig. 5-14

® Completely scrape off the soldered parts, and
do not forcibly pull out the frame.




Disassembly Procedure

Disassembly Precautions

* Function Keys

When the keyboard is removed frcm the casing,
the rubber contact points are exposed. Function
key tops are mounted under these rubber con-
tact points (8 in a row).

Fig. 5-16

Be careful of the direction of the rubber-contact
switches which have their own direction.

y

* Printer Key

Exercise care about the installation procedure
when installing or replacing the printer ON/OFF
key.

® Keep the conductive parts of the rubber con-
tacts free of dust.

® When installing the keyboard, make sure that
the rubber contacts are in position.

A little wider space here

Fig. 5-17

Casin
y 4 9
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5.3.2 Micro Printer (Model - 160)
5.3.2.1

Reassembly Stage A (Ribbon Feed Gear, Motor, Lead Cam Assy etc.)

REASSEM- REF. NAME OF PART or

POINTS OF REASSEMBLY WORK

RE Retaining TYPE-E (2)

Reduction unit

Lead cam assy

BLY STEP NO. REASSEMBLY
1 1-1 Frame assy ® Lubrication (L-1).
2 3-6 Ribbon feed gear
Spool gear assy
3 7-1 Spool gear assy

@/ Ribbon feed gear
|
% ]
Ribbon feed
gear shift

Frame L

RE
Fig. 5-19

® Lubrication (L-22, L-23)

® Lubrication (L-4, L-5)
Set to reduction unit (3-7)

Reduction unit

Lead cam

Fig. 5-20
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The paper feeding lever
must be in this position.

REASSEM- REF. NAME OF PART or
BLY STEP NO. REASSEMBLY POINTS OF REASSEMBLY WORK
6 2-1 Motor assy ® Reassembly motor unit, reduction unit and lead cam
assy, then set the assembly in the frame and secure
the motor to the frame by means of screws. Lubri-
cation (L-24)
SF Slotted flat head ma-
chine screw (1 pcs.)
(M1.6 x 2)
Motor set
Screws
Motor assy Fig. 5-21
7 3-2 Cam shaft bearing ® Lubrication (L-6).

® Push the bearing paying attention to the position of
its detent part with respect to the corresponding

notch in the frame.

Cam shaft bearing

N\

Detent part

Tweezers

Frame

Cam shaft Cam shaft bearing

Fig. 5-22




5.3.2.2 Reassembly Stage B (Print Head, Print Head Carriage, etc.)

Retaining ring TYPE-E
(2 pes.) (1,2)

REASSEM-| REF. NAME OF PART or
BLY STEP NO. REASSEMBLY POINTS OF REASSEMBLY WORK
8 5-1 Print head assy ® Lubrication (L-7, L-8).
5-3 Print head carriage
assy ® Lubrication (L-9, L-10)
SF Slotted flat head ma- @ Align the carriage guide pins with the guide holes in
chine screw (2 pcs.) the print head, and temporarily reassemble the car-
(M1.6 x 3) riage and the print head by means of screw (at this
step, do not fully tighten the screws).
SF
cL Print head assy
Guide hole
9 Adjustment of print (1) Adjust the position of the print head so that the
head position impact face of printing lever becomes flush with
the reference face of print head carriage, as illus-
trated below.
(2 Now tighten the screws fully.
Impact face of Print head carriage
printing lever reference face
Fig. 5-24
10 b-4 Print head guide shafts | Lubrication (L-11, L-12)
(2 pcs.) ® Engage the print head drive pin in the lead cam
5-5 groove, then put into position the print head guide
Return support spring shafts from frame L side.
RE

Cam groove

Lead cam




REASSEM- REF. NAME OF PART or
BLY STEP NO. REASSEMBLY POINTS OF REASSEMBLY WORK
Return support spring
Lead cam
)
N
QL S 4%‘§
\if.&{ (’% Frame L
A < 6 \
LS P
Print head carri ‘ {; / ..i(k.\\,' d
3 RE
RE q)
. . @
Print head guide shafts
Fig. 5-26
11 5-2 FPC @ Solder FPC as follows:
SF Slotted flat head ma- (1) Secure FPC to the back of the print head by
chine screw (2 pcs.) means of screws.
(M1 x 2) (2) Cut the two wires of print solenoid A to the
same length, and so with solenoids B, C and D.
(Solenoid A is the solenoid to be located near-
est to frame L.)
(3) Solder the wires of solenoids A, B, C and D in
this order.
PRECAUTIONS
* @ Do not apply the iron to FPC for too long a
time.
@ Be careful that solenoid wires be not broken.
Tapped hole Tapped hole
Print solenoid A
Print solenoid B
Solder % @ Print solenoid C

Print solenoid D

Copper foil pattern

Common wire

Fig. 5-27




5.3.2.3 Reassembly Stage C (Paper Feed Mechanism, Timing Detector Assy, Circuit Board

etc.)
REASSEM- REF. NAME OF PART or
BLY STEP NO. REASSEMBLY POINTS OF REASSEMBLY WORK
12 6-3 Paper holding roller ® Lubrication (L-13).
@ Set the roller on the paper holding spring.
Paper holding spring
Paper holding roller
Fig. 5-28
13 6-1 Paper feed assy ® Lubrication (L-14 to L-18).
® Place the one-way spring on the paper feed assem-
RE Retaining ring TYPE-E bly, then set the assembly in the frame, as illustrat-
(2) ed below.
6-2 One-way spring @ Put the detent part of the plane bearing in the corre-
sponding notch in the frame.
® Be careful not to damage gear teeth, which are very
fine.
[\ Paper feedingassy RE
¢

One-way spring

-Paper feeding Protrusions Fr\ameL

roller shaft Frame R
Fig. 5-29 Frame L
14 6-4 Paper feed lever spring. | ® Set this spring as illustrated below.

Paper feed
lever spring




REASSEM- REF. NAME OF PART or
BLY STEP NO. REASSEMBLY POINTS OF REASSEMBLY WORK
15 34 Ribbon feed cam ® Lubrication (L-19 to L-21).
3-5 Cam spring ® Place the ribbon feed cam in position as follows:
() Turn the timing detector magnet until the D-
RE Retaining ring TYPE-E groove of the cam shaft faces toward the frame
(1.5) bottom.
(2 Place on the cam shaft the plain washer, cam
spring and ribbon feed cam, in this order.
(3 Place the retaining ring TYPE-E in position.
Frame L
Cam shaft
Cam spring
Paper feed lever
Ribbon feeding cam é&\@
Fig. 5-31 RE
16 4-2 Circuit board assy ® Press the circuit board against the frame tie plate,
then against frame L. After that, push it down and
SF Slotted flat head ma- finally secure to the tie plate by means of screws.

chine screw (1 pcs.)
(M1.6x3)




REASSEM- REF. NAME OF PART or
BLY STEP NO. REASSEMBLY POINTS OF REASSEMBLY WORK
6 4-1 Timing detector assy @ Place the timing detector assy on the timing detec-
tor magnet, and secure with screw.
SF Slotted flat head ma- ® Clearance between the timing detector assy and the
chine screw (M1.4 x timing detector magnet must be uniform.
1.8)
Engagement part
Frame R
Fig. 5-33
18 FPC
Timing
detector Connect
assy by )
Motor soldering. gor"m‘.’gs”"e o
lead Soleno!d c FPC positioning
- oenot hole
wires Solenoid B

Solenoid A

FPC «L

Motor lead wire (black)
Motor lead wire (red)

Fig. 5-34

® Align the positioning hole in the FPC with that in the
circuit board, then solder these elements.
® Do not apply the iron to the FPC for too long a time.




5.3.2.4 Reassembly Stage D (Cover and Ribbon Cassette)

REASSEM-
BLY STEP

REF.
NO.

NAME OF PART or
REASSEMBLY

POINTS OF REASSEMBLY WORK

19

20

8-1

7-2

Cover.

Ribbon cassette

Engagement part
(on cover side)

Cover

Print head guide shaft
Engagement part

Fig. 5-35 V (on frame side)

® Engage the engagement part of the cover on the
print head guide shaft, and push the cover to lock it
on the frame. (Carry out this operation on both ends
of the cover.)

® Check if the FPC is in the FPC receiving recess on
frame R side.

Cover

Ry

Receiving
recess FPC

Fig. 5-36

@ Set the ribbon cassette in position as illustrated be-
low.

Ribbon cassette

Ribbon Button

Ribbon feeding
gear shaft

Spool gear shaft




5-1
Head set

8-1

Body cover
5-5 )
Return support spring

SF (M1.6x3) o
SF (M1.6x3)

@

4-2
Circuit board set

5-4
Head guide stick?/

-

5-3
Head carriage set

RE(1.2) ¢ ,
RE (1.2) @ Paper feed lever

3-5 )
N Cam spring
Frame set
3-2 /\

3-4
Ribbon feed cam
Shaft bearing
I
Ribbon feed gear 5

7-1 RE (1.5)

_Spool gear set

N

4-1
T detector set

-3
Paper-press roller

| 6 RS / '
2

M%

6-1
Paper feed set

One-way spring

3-7 _
Reduction gear unit

3-1
Head cam unit

7-2 \

Ribbon cassette

Fig. 5-38 Model-160 Exploded View



5.4 Disassembly and Reassembly of Options

5.4.1. ROM Cartridge

Disassembly Procedure

Disassembly Precautions

1. Remove the two screws on the back of the
cartridge case.

O
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5.4.2 Microcassette
5.4.2.1 Case Cover

Disassembly Procedure Disassembly Precautions

1. Slowly peel the cover off from the cassette ® Be careful not to bend the cassette pocket
pocket. cover.

2. Remove the two screws on the underside of
the cartridge.

Screw

| Fig. 5-40

Screw

3. Remove the cartridge lower case.

4. Remove the three screws that fasten the cas-
sette mechanism.

5. With the cassette mechanism on the circuit

Screw
board, slowly remove it from the upper case. Connecter —a

AN
0

When separating the mechanism from the
circuit board, remove all the wires that are
connected to the circuit board and all the
mounting screws. I

Q

Be careful not to hitch the
cassette pocket cover.

Fig. 5-41
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5.4.2.2 Microcassette Mechanism
1 Microcassette Assy
1-1 Disassembly Procedure

Disassembly Procedure Disassembly Precautions

1. Place the microcassette mechanism backside
up.

2. Remove the FG yoke assembly (tachogenera-
tor).
PUTS1.6 x4SN x 2
FG support x M

3. Remove the clinched cassette support plate.
PUTS1.6 x 3.5SN x2

4. Remove the motor belt.

3 PUK Motor belt
1.4x4SN  FG yoke assembly

Clinched cassette
support plate PUTS

1.6 x3.5SN

FG support

Fig. 5-43
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1-2

Reassembly Procedure

Reassembly and Adjustment Procedure

Precautions for Reassembly and Adjustment

. Check if the cassette shaft, idler, and motor

. Place the motor belt around the motor shaft,

. Correct the belt if twisted, and check if the

. Clinch the cassette support plate in place.

. Install the FG yoke assembly.

. Apply a screw lock to the mounting screws

are installed. If not, install them.

pulley, and the V-groove of the cassette
wheel.

belt turns smoothly.

PUTS 1.6 x 3.6 SN x 2

3PUTS1.4x4SNx2
FG support x 2

for the FG yoke assembly.

FG support -
FG yoke assembly

Screw 4.0 -

® Be careful not to stain the belt with adhesive,
oil, or grease.

Washer 1630A

. - ~PEswitch
\% —~ Pulley

~-— Cross recessed
screw 1.2

- """Washer 1630F

— Pressure-fitted
/ cassette wheel

= Motor belt

=) —Clinched cassette
support plate

\ __—Cross recessed

o screw 3.5
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2. Motor
2-1 Disassembly Procedure

Disassembly Procedure

Disassembly Precautions

1. Remove the FG yoke assembly.
3PUK1.4x4SNx2
FG support x 2

on the motor.

3. Remove the motor pulley.
PUTS 1.6 x2.2 SN x 2

3 PUK
1.4 x4 SN FG yoke
assembly

FG support

Motor with
pulley

2. Remove the motor belt from the motor pulley

Mechanical PUTS
assembly 2 1.6x2.2SN

Fig. 5-45
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2-2

Reassembly Procedure

Reassembly and Adjustment Procedure

Precautions for Reassembly and Adjustment

. Install the motor.

PUTS 1.6 x2.2SNx2
Apply a screw lock to the tips of the screws
before tightening them.

. Place the motor belt in the V-groove around

the motor pulley.
Straighten the motor belt if twisted.

. Install the FG yoke assembly.

3PUK1.4x4 SNx2
FG support x 2

. Apply screw lock K-SM to the two screws

that fasten the FG yoke assembly.
PUTS 1.6 x3.5 SNx 2

Tachogenerator opening

® Make sure that the FG yoke assembly is

concentric with the motor shaft. (Check that
the clearance between the motor shaft and
tachogenerator opening is uniform.)

Motor shaft
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3. Cassette Wheel, Idler
3-1 Disassembly Procedure

Disassembly Procedure

Disassembly Precautions

PUTS 1.6 x 3.6 SN x 2 shaft.
2. Remove the motor belt.

3. Remove the pressure-fitted cassette wheel.

Pressure-fitted

cassette wheel .
Clinched cassette
support plate

Motor belt

Fig. 5-47

1. Remove the cassette support plate. ® Be careful not to bend the cassette wheel

PUTS
1.6x3.5SN
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3-2 Reassembly Procedure

Reassembly and Adjustment Procedure

Precautions for Reassembly and Adjustment

1. Pressure-fit the cassette wheel in place.

2. Place the motor belt around the cassette
wheel.

3. Clinch the cassette support plate in place.
PUTS 1.6 x 3.6SN x 2

4. Wipe the cassette wheel shaft to remove oil.

Mechanical—
assembly 2

Motor with— —
pulley

FG support

® The gear in the mechanical assembly is thin
and not so rigid, and must be carefully turned
into mesh.

® Make sure that the gear is in mesh. Turn it
clockwise and counterclockwise 2 or 3 times,
and see if the gear (reel) turns one way only.

® Carefully handle the shaft because it can easi-
ly bend.
(Neither drop nor strain the shaft.)

® Check that the front washer hasn’t come up.
(The washer is transparent, and is not easy to
see.)

PE switch

——Idler

“~—Washer

- Pressure-fitted
cassette wheel
—Motor belt

—Clinched cassette

support plate
__———-Cross recessed
screw 3.5
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4. PE Switch
4-1 Disassembly Procedure

Disassembly Procedure

Disassembly Precautions

1. Open the cassette pocket.

2. Remove the pocket lever and spring.
ER0.8 U0 x 1

3. Remove the PE switch.

Cut off the pressure-fitted part on the top
with nippers, and pull downward.

PE switch———={ ==

[=

DQ2114 v

[

Spring——————— ==
E button leaf switch W
ZK174700

Fig. 5-49
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4-2 Reassembly Procedure

Reassembly and Adjustment Procedure

Precautions for Reassembly and Adjustment

1. Install the PE switch.
adhesive.

2. Install the pocket lever.
ERO0.8UOx 1
Hook the spring.

3. Adjust the installed position.

~_

Separator

ZI

/

Fig. 5-50

Bond the pressure-fitted part with an instant

\— If tilted, correct to

/— If the cut piece i

\— The separator must be in close contact with the base.

parallel.

s bent, straighten it.
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Disassembly Procedure Disassembly Precautions

4. Checking method.
a) When a MIN cassette is inserted into

place.
The separator must be in contact with the base, and
1.1 — there must be a clearance of more than 0.2 mm bet-
ween the G lever and cut piece. (About 2 cut pieces,

012 4 each 0.12 mm thick)
Separator—L
G lever
0.2

Fig. 5-51

b) When a cassette with a folded lug is in-
serted into place.

0.3~05 —-1‘
There must be a clearance of 0.3 to 0.5 mm between
the separator and base (about one half to one third of
the separator thickness).

Fig. 5-52

|
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5.
5-1

HP Switch
Disassembly Procedure

Disassembly Precautions

Disassembly Procedure

1. Remove the HP switch.

PUK16x25SNx1
Disconnect the brown leads.

PUK 1.6 x 2.5 SN

HP switch with leads

With cam gear —— ; 2

5-32




5-2 Reassembly Procedure

Reassembly and Adjustment Procedure Precautions for Reassembly and Adjustment

1. Install the HP switch.
Connect the 2 brown leads to the HP motor.
Pass them through transparent clamp tube.
PUK1.6x25SNx1

2. Adjust the HP switch.

Shape before installation

0.35+01

Movable piece \&
\

Fixed piece

Visually confirm that it is
at right angles.

Fig. 5-54

Shape after installation

The movable piece must be in contact with the cam.

The separator must be in contact with the boss.
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6. HP Motor (with Cam Gear)
6-1 Disassembly Procedure

Disassembly Procedure

Disassembly Precautions

1. Disconnect the cable from the cam gear. Re-
move the transparent tube.

2. Remove the HP switch.
PUK 1.6 x 25 SN x 1

3. Remove the cam gear.
PUTS 1.6 x 3.6 SNx 2
(One on the front, the other on the back)

® Wipe off oil from the top surface of the cam
gear. Keep it clean.

Cam gear
»:\:"\MMM« ;F
PUTS1.6 x 3.5SN . s TSt
! R ,
. \ .
1 e
PUTS1.6x35SN s

Py

Fig. 5-56
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6-2 Reassembly Procedure

Reassembly and Adjustment Procedure Precautions for Reassembly and Adjustment

1. Adjust the cam position. ’ ® To adjust the cam position, turn the worm

gear clockwise with tweezers or the like.
2. Install the cam gear.

PUTS 1.6 x3.5 SN x 1 ® Make sure that when the cam gear is in-
stalled, the cam will not ride on the die pin.

@ Be careful not to pull the P lever assembly to
the front because if you do so the P lever
holder disengages from the bearing.
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7. Pinch Roller (PR Lever Assembly)
7-1 Disassembly Procedure

Disassembly Procedure Disassembly Precautions
1. If the HP motor and HP switch have been in- ® Be careful not to stain the pinch roller rubber
stalled, remove them. with adhesive, oil, or grease.

2. Remove the pinch roller.
ER1.2UO0x 1
PR spring x 1

\——PR spring
@\_—
ER1.2UO

Fig. 5-57
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7-2 Reassembly Procedure

Reassembly and Adjustment Procedure

Precautions for Reassembly and Adjustment

1. Install the pinch roller.
PR spring x 1
ER1.2UO0 x 1
Apply grease to the PR spring.
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8. Head (P Lever Assembly 2)
8-1 Disassembly Procedure

Disassembly Procedure Disassembly Precautions

1. Remove the P lever assembly 2. ® Remove the HP motor, HP switch and pinch
roller beforehand.

Cross recessed screw 2.5 mm-—+———

HPswitch— -

Cross recessed screw 3.5 mm—— "~

Camgear—— ——

P holding spring #‘«‘m‘,,

P lever retainer#m;_m,\m, |
i R

PR lever assembly—%ra—— S /é/‘a

.PR Spring _4,¢,,,,,,,N.,,N

& Azimuthscrew
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8-2 Reassembly and Adjustment Procedure

Reassembly and Adjustment Procedure

Precautions for Reassembly and Adjustment

1. Compress the E button spring with tweezers,
fit the black plastic on the right to the E but-
ton spring shaft, and fit it onto the pinch
roller shaft.

. Longitudinal head position adjustment.

® Connect a wow meter, valve voltmeter,
and oscilloscope to the head leads (red,
white).

Remove the cross recessed screw on the
left of the head, attach the bell lock to the
bottom of the screw, and tighten the
screw loosely.

Load an uneven rotation test tape into
place, and play it.

Move the left of the head forward and back
with tweezers, and tighten the cross re-
cessed screw at a point where the valve
voltmeter reads about 5 mV.

. Azimuth adjustment

® Connect a wow meter, valve voltmeter,
and oscilloscope to the head leads (red,
white).

® Remove the single-slotted screw on the
right, attach the bell lock to the bottom of
the screw, and tighten it loosely.

® Load an azimuth test tape, and play it.

® Turn the screw until the output rises to the
maximum (about 5 mV), and tighten the
screw securely.

® Apply grease and adhesive to the points
shown below.
® Apply grease to the E button spring.

THREE BOND
Azimuth screw

Bell lock

ER1.2

P lever assembly 2 —{=

P lever assembly 2

Fig. 5-59
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9. Pocket
9-1 Disassembly Procedure

Disassembly Procedure

Disassembly Precautions

1. Remove the pocket (C pocket G subassem-
bly).
Pocket pin x 2
Pocket spring x 1
® Push the pins inward with pliers, and pull
them out.
® Remove the spring.

Pocket pins (2 pcs.) - L
C pocket G subassembly»’
N

Pocket spring:

Fig. 5-60
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9-2 Reassembly Procedure

Reassembly and Adjustment Procedure

Precautions for Reassembly and Adjustment

1. Install the C pocket G subassembly.
® Install the spring.
Pocket spring x 1
® Install the pins.
Pocket pin x 2

@ Fasten the pins with an instant adhesive.

5-41




Pocket pins A
C pocket G subassemblij

Pocket spring—~3~4

|

Cross recessed screw 2.5 mm — &
i I

HP switch 1
w‘ %

Cross recessed screw 3.5 mm ‘T’”

Cam gear
|
P holding springJ\\;\;\é ;
P lever retainer ‘\7\”‘“@

PR lever assembly—
PR spring—
ER 1.2

P lever assembly 2

N
] .
Motor with pulley ‘ ///‘ PE switch
é/L __—Pulley (idler)
’—'4’—_—& Cross recessed screw 2.2 mm

FG support —— —— ! _~—Pressure-fitted C wheel }
FG yoke assembly-———— . = , ; Pocket | A
_ ocket lever
Cross recessed screw 4.0 mm-—-— —| ~—Motor belt &&
Xr———Clinched C
support plate ' %
Cross recessed E button
screw 3.5 mm leaf switch
\ E button spring
~ |
Washer — T \
- ‘ » ST 1425

PUK 1.6 x 16SN—
Fig. 5-61
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6.1 Handling

(1) Ambient Conditions
e Avoid use and storage in a humid place because moisture can cause troubles.
e Avoid use and storage at extremely high or low temperatures, and be careful not to ex-
pose to sharp temperature change.
(Avoid use and storage in direct sunlight or near an air conditioner or a heater.)
e Avoid use in a place where the system may be exposed to much vibration or shock.

(2) Handling

Storage and Use

@ Place the HX-20 on a flat surface, such as a table or the like.

® Be careful not to place a heavy object on the machine or twist it during storage or tran-
sit.

e The HX-20 is composed of precision-made parts so do not subject it to shock, and
avoid using it without the case cover. Otherwise, dust and static can adversely affect it
to cause troubles.

Power Supply

e Operate the HX-20 normally on the built-in batteries. (Do not connect the AC adaptor.)

® The HX-20 can be used with the AC adaptor connected, but repeated use for a long
time overcharges the batteries, resulting in a short battery life.

e The built-in batteries can discharge completely if the machine is left unused for a long
period of time. If the batteries discharge completely, the programs stored in the RAMs
disappears, and the batteries themselves are degraded. If the machine is unused for a
long period of time, push the power switch on from time to time, and check the batter-
ies if they operate normally and that the warning “CHARGE BATTERY!” shows on the
screen.

@ Refer to the “6.2 Built-In Batteries” on the attached sheet for the recharging procedure
and the use of the AC adaptor.

Care

e When cleaning the HX-20, use a dry cloth and wipe it gently. Do not use alcohol or vo-
latile solvent.

e If an option or the cable for an option is connected to the HX-20, check the connec-
tions from time to time.

6.2 Built-In Batteries

6.2.1 Recharging

The HX-20 has rechargeable nickel cadmium batteries in it. If the battery voltage falls below
the required level, the warning “CHARGE BATTERY!” flashes 60 times on the LCD screen as
shown at right, and then power is automatically switched off.

All operations are stopped when power is switched off. If the warning shows on the screen,
immediately recharge the batteries as described below. The batteries may be recharged even
if the warning appears on the screen, but repeated recharging for a long time can overcharge
the batteries, possibly shortening the battery life.



* The HX-20 can be used while the batteries are being recharged.

CHARGE BATTERY!

Fig. 6-1

6.2.2 HX-20 Recharging Method

(1) Push the power switch off, and confirm that the LCD screen is completely blank. If the
screen still shows something, press the reset switch.

(2) Insert the supplied AC adaptor into an electrical outlet, and insert the AC adaptor plug
into the connector on the HX-20. (The batteries start to be recharged.)

(3) Recharge the batteries for 8 hours. The batteries are fully recharged in about 8 hours. If
the batteries are kept being recharged for long after that, they will be overcharged, result-
ing in a short battery life. (The batteries are warm during recharging, but this is a normal
phenomenon.)

Cautions

® Use the supplied AC adaptor for recharging the batteries, and unplug it from the electrical
outlet and the HX-20 connector after use.

o If the batteries get too hot during recharging, immediately stop recharging.

® The batteries may be recharged at normal temperature (+5°C to +35°C).

® Avoid using the HX-20 with the AC adaptor connected to it. If the AC adaptor is kept
connected, the batteries will be kept recharged and possibly become overcharged.
* Overchaging can shorten the battery life and in some cases break down the batteries.

® If the batteries are fully discharged, it will deteriorate them and shorten their life. If the
warning “CHARGE BATTERY!" flashes on the LCD screen, suspend HX-20 operation and
recharge the batteries soon.

EPSON AC adaptor

’:'J“>ﬂﬂ

Connector for AC adaptor

AC outlet

SO0 O g

[ = N —— I — I ]
f Reset switch
{ Power switch

Fig. 6-2 Connection Diagram
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6.2.3 Cautions in using AC Adaptor

e Use the supplied AC adaptor for recharging the batteries. If an adaptor other than the
supplied AC adaptor is used, it can deteriorate the batteries and circuit parts, and possibly
damage them.

e Use an AC outlet of the voltage specified on the supplied AC adaptor.

e Do not connect the AC adaptor if the batteries are removed from the HX-20. It causes an
overvoltage to deteriorate or damage the circuit elements.

e Keep the AC adaptor disconnected from an AC outlet and the HX-20 except when re-
charging the batteries.

e Do not use the supplied AC adaptor for other than the HX-20. The device to which the
AC adaptor is connected or the AC adaptor itself can become damaged due to the differ-
ences in voltage and current between them.

6.2.4 Batteries
(1) Monitoring battery voltage
The battery voltage is monitored when power is switched on and during HX-20 opera-
tion, and if the voltage falls below the required level (about 4.5V), the warning “"CHARGE
BATTERY!” immediately flashes on the LCD screen. After 60 times of its flashing, power
is automatically turned off.
* The programs are stopped and the HX-20 cannot be used under this condition.

Steps to Be Taken
Immediately push the power switch off, connect the supplied AC adaptor, and recharge
the batteries. If the batteries are not recharged, the programs stored in the RAMs can dis-
appear.

(2) Battery life
The nickel cadmium batteries normally have a life of 3 years, though it varies with am-
bient temperature, recharging duration and time. Replace the batteries with new ones
soon after the end of their life.
If the batteries last very short after they are recharged, replace them with new ones.

(3) Battery replacing method
If programs are stored in the RAMs, save them in microcassettes or audio casseites be-
fore replacing the batteries. Disconnect the AC adaptor from the HX-20 before replacing
them.

Notes 1: If the batteries are removed when the AC adaptor is still connected to the HX-20,
an overvoltage will be applied to the circuit elements to shorten their life and possi-
bly break them down.

2: If the batteries are removed, the programs stored in the RAMs are cancelled.

Replacing Procedure
1) Save the programs stored in the RAMs in cassette tapes or the like.
2) Disconnect the AC adaptor from the HX-20.
3) Remove the case cover from the HX-20. Remove the 7 screws and the FPC cable for
the cartridge option.
4) Remove the battery holding plate that holds the batteries in piace. (1 screw)
5) Disconnect the battery connector from the control cirucuit board.
6) Remove the batteries, and insert new batteries.
* Take Steps 4, 5 and 3 in this order for installing the new batteries.
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. ‘;'-@ _-
o * 7 ’
o
®
e . Battery
‘ I P — f— ; L°® .holdlng plate

? t ? ‘o

Back Inside of lower case

Fig. 6-3

6.3 Maintenance of Micro Printer (Model-160)

Proper maintenance is essential for the EPSON Micro Dot Printer Model-160 to keep its de-
signed performance for the longest possible period, and to prevent the occurence of trouble.
Carry out maintenance according to the following instructions:

6.3.1 Cleaning
(1) Removal of dirts and stains:
Remove any dirts and stains using alcohol or benzine.

Note:
Never employ thinner nor trichloroethylene-or ketone-based solvents, which might deter-
iorate plastic parts.

(2) Removal of paper particles, dusts and naps:
To remove any paper particles, dusts and naps from the surface and inside of the printer,
it is recommended that a vacuum cleaner be used.

Note:

After cleaning, check the lubrication points for quantity of lubricant. If the removal of
paper particles, dusts and naps has resulted in insufficient quantity of lubricant, resupply
the specified lubricant as required. (Refer to “Lubrication Requirements”.)

6.3.2 Insertion and Removal of Rolled Paper:

(a) Be sure tc use the specified paper
{b) Before passing the paper into the printer, cut squarely the top of the paper.

N

O X X

Fig. 6-4 Processing of Paper Top for Insertion
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(c) Insertion of the paper:
1) Insert the paper to straight into the paper inlet of the printer. Never attempt to insert
the paper with its top faced obliquely to the inlet.
2) Pushing the paper in the feeding direction facilitates its engagement with the paper
feeding roller, thus permitting easy insertion.
(d) Removal of the paper:
1) Feed the paper out the printer by electrical operation (turn the power ON and push the
PAPER FEED button).
2) Alternatively, remove the paper by pulling straight. If the paper is pulled obliquely, it
may be caught by the internal parts of the printer.

6.3.3 Replacement of Ribbon Cassette
(a) Be sure to use the specified ribbon cassette.
Note:
The ribbon cassette is of the throw-away type; replenishment of ink is absolutely impossi-
ble.
(b) Replacing procedure:
1) Push down the cassette at one end marked “PUSH" until the other end is disengaged.

@ This end goes up.

‘ Push Ribbon cassette ‘

Fig. 6-5 Removal of Ribbon Cassette

(c) In setting the new cassette into position, pay attention to the following points:
® Prior to setting the cassette (as well as to removing it), be sure to remove the paper
from the printer.
e Before placing the cassette, turning the button at one end in the direction of the arrow
until the ribbon becomes tense (Fig. 6-6).
e Turning the button also during the operation of placing the cassette on the printer

facilitates the setting. Arrow

Push in this direction. Cassette

Ribbon
Arrow Cassette \ /

Ribbon

Printer

Button

Fig. 6-6 Fig. 6-7
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® After placing the cassette, give two or three turns to the button.
@ Finally, check the condition of the ribbon.

6.3.4 Handling of Printer as a Separate Unit
(a) Carrying:
1) When carrying the printer as a separate unit, be careful not to hold by the FPC (flexible
printed cable), the patterns on the circuit board, the ribbon cassette nor the gears (see
Fig. 6-8).
2) Be careful that the printer not be subjected to shock from fall onto the floor or collision
against other objects or printers.

Fig. 6-8 Handling of Printer as a Separate Unit

(b) Storage:
1) Avoid storing the printer in a very dusty or humid place or in a place subject to direct
sunlight.
2) When the printer is to be stored for a relatively long period of time, wrap in anticorro-
sive paper (VPI paper), place in a polyethylene bag and store in a dry place.

(c) Cautions in using:

1) Since this printer uses permanent magnets (in detectors) and electromagnets, avoid
using it in a place where a nonnegligible amount of iron dust exists, or in a very dusty
place.

2) Never operate the printer with the printing paper not being in position.

3) Since a reed switch is used for the reset detector, never place any magnetic equipment
within the range of 7 mm from the top cover to prevent the reed switch from being
subject to its adverse effect.
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6.3.5

Inspection

Have the printer inspected by such persons every six months for the check items given in the
table below and have the necessary maintenance actions performed.

Check item Condition to be remedied Action
1) Deposit of dust, dirt ® Too much deposit of dust, dirt and/or ® Such materials can effectively be
and/or nap nap; presence of foreign matters removed with vacuum cleaner.
inside the printer.
® Presence of torn pieces of paper or ® Removal all such materials.
foreign matters in and/or on paper
guide.
@ Deposit of dust, dirt and/or nap on ® Remove.
detectors.
2) Condition of spring ® No deformation ® Replace deformed springs
3) Lubrication ® Refer to “Lubrication Require- ® Quantity of lubricant being found
ments on page 6-8". insufficient, resupply the specified
lubricant.
4) Operation of printer ® Abnormal action of printing mecha- @ Refer to “Troubleshooting Table".
mechanism nism.
® Abnormal feeding of paper. o Ditto.
® Check all mechanisms for abnormal ® Replace; retighten loosened screws, if
action due to worn, deformed or any, to specified torque in accordance
paper-clogged parts or loosened with the instructions in Par. 3.2
screws. “ASSEMBLY".

6.3.6 Lubrication
Proper lubrication is essential for the EPSON Micro Dot Printer Model-160 to keep its de-
signed performance for the longest possible period, and to prevent the occurrence of trouble.
Carry out lubrication according to following instructions:

(1)

(2)

(3)

Lubricants

The properties of lubricants used have a great influence on the performance and durability
of the printer. In particular, attention must be paid to the low temperature characteri-
stics. It is strongly recommended to use only those lubricants that EPSON has selected
after an extensive study of technical information and a series of tests on many types of
lubricants.

EPSON can supply such lubricants in a metallic can or a plastic container of 40 cc (40g),
which is the minimum supply unit available.

Remarks:
The number of Model-160 Printer units for which 40 cc of lubricant is sufficient is as fol-
lows:

Lubricant Number of printer units
G-2 Approx. 100

Lubrication Requirements

The lubricant to be used for the Model-160 Printer is G-2. Supply the specified quantity
of G-2 to the lubrication points indicated in the table below. Prior to application of lubri-
cant, be sure to thoroughly clean the printer elements or parts concerned.

Lubrication Points
The Ref. Nos. in the table below correspond to the Nos. used in Fig. 6-9.
The application quantity of lubricant increases with the number of black points (@®).
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Ref. No. Lubrication points Lubricant Agggﬁ%&?n
L-1 Part to receive spool gear shaft o0
L-4 Lead cam internal gear (whole perimeter) LX)
L-5 Lead cam groove (whole perimeter) [ X X )
L-6 Contacting parts of cam shaft and cam shaft bearing G-2 (X))
L-7 Tip of push rod (four points) )

L-8 Circumference of plunger (four points) )
L-9 Contacting parts of printing lever and its shaft [ X )
L-10 Engagement parts of printing lever and its spring )
L-11 Contacting parts of print head carriage and print head guide shaft (X X}
(two points on R side)
L-12 Contacting parts of print head carriage and print head guide shaft (X X}
(two points on L side)
L-13 Contacting parts of paper holding spring and paper holding ®
roller spring (two points)
L-14 Part to receive paper feeding roller shaft on R side ([ X )
L-15 Contacting parts of paper feeding roller shaft and its bearing (X}
L-16 Contacting parts of paper feeding roller shaft and one-way spring o0
L-17 Engagement parts of paper feeding lever pin and paper feeding gear G-2 [ )
L-18 Contacting parts of paper feeding lever shaft and paper feeding (X X}
L-19 External toothed part of ribbon feeding cam (whole perimeter) [ Y )
L-20 Internal cam part of ribbon feeding cam (whole perimeter) (X X}
L-21 Contacting parts of paper feeding lever spring and paper feeding lever o0
L-22 Reduction gear o0
L-23 Part of holder to receive motor gear [ )
L-24 Contacting parts of head cam and frame L o0
L-25 Intermediate gear (large and small) oo
Note: Oil quantity e ... less
[ X ) .ee.... Ordinary
L XX T much

(4) Carry out periodic lubrication on every occasion of overhaul of the printer and every
500,000 lines printed. Lubrication must also be performed when the quantity of lubricant
at any lubrication point has become insufficient as a result of cleaning of the printer parts
concerned and on the occasion of disassembly or replacement of the parts concerned.

6.4 Microcassette

6.4.1 Cleaning
If the microcassette is used for a long time, the parts exposed to the cassette tape become
stained, causing read/write troubles. Clean those parts (1), (2) and (3) with a tape head clean-
er solution or alcohol.
(1) Surfaces of the read/write head
(2) Capstan shaft
(3) Pinch rollers

6.4.2 Head Adjustment/Speed Check
If the read/write head is worn, head signal output level falls. Use a 3 kHz azimuth tape, and

make an adjustment so that the output level of signals from the R/W head will be maximum.
Also check the 3 kHz period and speed variation.

6.4.3 Reel Torque Check
Use a torque check tape, and confirm that the torque is as specified (7g =2qg).
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Fig. 6-9 Lubrication Points
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7.1 Repairs

Before starting repairs

(1) Static electricity

e Human bodies carry the static generated by friction of the clothes, etc. If a man with a
static charge touches circuit elements with his fingers, for example, the static can break
down the elements. Before starting repairs, touch the case cover with both hands to dis-
charge the static that you may have in the body.

e When using an oscilloscope or other instrument whose ground terminal must be ground-
ed, contact the conductive part of the ground terminal with the casing of the HX-20 or
your fingers, and then connect it to the GND terminal on the circuit board.

(2) Circuits
e Even if the power switch is pushed off, the RAMs and some of the ICs are backed up by
the batteries. When conducting a continuity test on circuits, disconnect the battery con-
nector and wait for about 30 seconds before starting the test.
e Follow the same procedure when replacing circuit elements on the control circuit board.

(3) Cables
The HX-20 uses FPCs (flexible printed cables), which can break if folded, bent, or da-
maged. Exercise good care when handling the cables.

(4) Connectors
All the internal cable connectors used for the HX-20 are a lock type. When disconnecting
the cables, unlock the connectors before.

(5) Soldering
Refer to the section on soldering before making repairs on the circuit boards.

7-1



7.2 Repair Tools and Instruments

7.2.1 Tools and Instruments

No. Tool/Instruments Spec. Use Cg\rgi?:gf;m
1 Oscilloscope 50 MHz 2-channel Control circuit board repair Yes
2 Digital voltmeter 5V range, 3 digits Battery voltage measurement Yes
3 Multi-tester Resistance Continuity test, element check Yes
4 Electric soldering iron 100V 15W Control circuit board repair Yes
5 Solder wick (or pump) Removing (unsoldering) elements Yes

from circuit board
6 Nippers Midishure 1178 Removing (unsoldering) elements Yes
made by EPE from circuit board
7 Philips screwdriver No. 2 100 mm Yes
8 | Tweezers MM 125 mm Yes
ET holder No. 1.2 ETH 1.2 Microprinter repair Yes

10 ET holder No. 1.5 ETH15 Microprinter repair Yes

11 ET holder No. 2 ETH 2 Microprinter repair Yes

12 Philips precision screwdriver Microcassette repair Yes

set

13 Regular precision screw- Microprinter repair Yes

driver set

14 Pliers No.O Microprinter repair Yes

15 Brush (medium) Microprinter repair Yes

16 Brush (fine) Microprinter repair Yes

17 Stick tension gauge 200g Microcassette repair Yes

18 Solder Control circuit board repair Yes

19 Safety goggles Protection during soldering and Yes

use of oil, grease, chemicals

20 | Gloves Soldering Yes
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7.2.2 Testltems

Commercial
No. Item Spec. Use available
1 Test program ROM 2764 HX-20 function test No
2 Extension cable FPC cable with con- Extension cable between MOSU No
(20-conductor) nector circuit board and KB connector
3 Extension cable FPC cable with con- Extension cable between KB and No
(14-conductor) nector LCD
4 Test tape (Azimuth) Olympus OA-A211 Adjustment for AZIMUTH Yes
5 P-reel torque check cassette | SONY TW-1112A Microcassette winding torque Yes
measurement
7.2.3 O0il, Grease and Chemicals
No Item Spec Use Commercial
’ ’ available

1 Grease G2 M-160 repair No

2 Screw lock Three Bond No. 1406 | M-160 repair Yes

3 Grease Nippon Koyu Photo- Microcassette Yes
lube 023P

4 Oil Maruzen Oil Swafluid | Microcassette Yes
No. 56

5 Anaerobic adhesive Kanebo Veil Lock Microcassette Yes
K-SM

6 Screw lock Three Bond No. Microcassette Yes
1401B

7 Instant adhesive Cemedyne 3000RP Microcassette Yes
or Arron Alpha (Toa
Synthetic Chemicals)

8 Rubber adhesive Cemedyne High Con- | Microcassette Yes
tactor EC-1770(3
M’s)

9 Solvent Ligroin (Nippon Oil) For cleaning various parts Yes
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7.3 Soidering

7.3.1 Parts Removal and Installation
(1) When removing an IC or transistor from a circuit board, it is necessary, as a rule, to cut off
its leads with nippers and unsolder the part. (Reason: To prevent lengthening of solder
melting time due to heat absorption by the part.)

(2) Solder parts as quickly as possible. In some cases, a cooling agent may have to be used
to prevent the parts from overheating. (Reason: To protect the parts and circuit board)

(3) When removing parts, remove the solder adhering to the through-holes and lands, and re-
move the leads without using undue force. (Reason: If the leads are forcibly pulled out,
the lands or printed pattern can be stripped.)

(4) When installing parts, be careful of the lead bending direction and lead length so that the
leads will not contact other lands on the back of the circuit board. (Reason: To prevent
short circuit on the back)

(5) When install a register on a circuit board, make sure that the parts are not in direct con-
tact with the circuit board surface. (Reason: To protect the circuit board from damage
due to the heating of the parts)

(6) When using a wire for repair, make it as short as possible. If the leads of other parts
stand in the shortest route, select other route.

e If along wire must be used, bond it to the circuit board surface with an epoxy adhesive.

e Do not lay a wire parallel to a printed pattern over a long distance. (Reason: To
prevent noise)

e Wind the wire around the part lead.

7.3.2 Soldering
(1) Through-hole soldering

a) Solder part leads as shown in the center of the below sketch. (Solder builds up about
30° to 45° to the land.)

Lead of part

~=—Circuit board

Excessive Correct Not enough

Fig. 7-1
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b) Through-holes must be fully filled with solder.

| ® x
© o

@ Through-hole not fully filled ® Correct ® Through-hole must be free of
with solder. pinholes.

Fig. 7-2

c) Leads must be of proper length, and clear of other lands.

X

e Jﬁ .

® Lead end must be out of @ Leads must not normally be ® Leads must not be too long.
through-hole bent.
Must be more than 3/4
filled.

Fig. 7-3

(2) Parts Installation

B | | 1 l‘il 11
®

Parts must be clear of the circuit board.

®©

Correct

Parts must be installed parallel to the circuit board surface. Parts must not be too far away from the circuit board surface
(Allowable limit: 30°) (to prevent shortcircuit with other parts).
Fig. 7-4
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(3) Wire connection

Not wound enough Correct Wound too much Not wound

—0 —0 0 o

= ===

Fig. 7-5

@ Wind wire more than 3/4 of a turn or about a turn around leads (IC pins).
e Wire ends must be covered to a point near the land. Exposed wire ends must be less
than one half the land length.

7.3.3 Unrepairable
Dispose of the following without repairing because quality and durability problems remain
even if repairs are attempted.
e Through-hole with peeled copper lining
o Peeled land
@ Peeled printed pattern
@ Burnt circuit board
® Cracked circuit board
*R

eplace the circuit board itself if it has any of the above defects.

7.3.4 After Repairs
Take the following steps after repairing (soldering).
e Completely wipe off the flux from soldered points with a brush or the like.
e If patterns are touched by hand, wipe them clean.
® Wipe the connectors clean, and apply a contact lubricant where necessary.
® Dry.

* |f the above steps are not taken, the patterns can corrode due to oxidation, which causes
troubles.
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7.3.5 Terms

| __—-Enlarged view / Land

Through-hole

\

Printed pattern

obo Oiaé
225y
]

Parts leads go into the through-holes shown at left.

Fig. 7-6 Front of Cicuit Board

Printed pattern
/ Land
/ | I

7Z73E

Circuit board

Printed pattern (Copper or solder-coated
copper)

Fig. 7-7 Cross Section of Circuit Board

7.4 MOSU Circuit Board Repairs

7.4.1 Circuit Board Setting Methods
(1) Both the soldered and element sides of the
circuit board are silk-printed so that circuit
signals can be checked with the circuit
board installed in the lower case.

1) Remove the 7 screws that fasten the up-
per and lower cases to the casing on the
back.

2) Slowly raise the upper case at the rear
end, and disconnect the FPC cable,
which connects the cartridge option
connector to the MOS circuit board's
CNS8, from the MOSU circuit board.

FPC cable
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(2) Checking circuit signals with the MOSU
circuit board installed.

1) Raise the upper case and let it rest on a
wall, for example, as shown at right so
that the keyboard switches will not be
depressed.

2) The circuit board has 4 check terminals
for checking its voltages and circuit
signals with an oscilloscope and other
instruments.

(3) Checking circuit signals with the MOSU
circuit board removed.

1) Disconnect the battery cable from the
battery connector on the circuit board.

2) Remove the two screws that fasten the
printer mount, and disconnect the FPC
cable, which connects the printer to the
circuit board, from the connector.

3) Disconnect the two FPC cables, which
connect the keyboard (upper case) to
the circuit board, from the connectors.

4) Slightly raise the left side (battery con-
nector side) of the circuit board, slide it a
little, exercising care not to contact the
circuit board’s CN7 hard with the case,
and take the circuit board from the
lower case.

5) Reconnect the cables which were dis-
connected in Steps 1), 2) and 3).

® Two keyboard FPC cables
® One printer FPC cable
@ One battery cable

7-8
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6) Connect the upper case block to the cir-
cuit board as shown below, and check
the circuit signals.

MIOSU sirault Dol

Fig. 7-11

7.4.2 Check Terminals
The MOSU circuit board has 4 check terminals on the back (soldered side) of it as shown
below. These check terminals may be used for maintenance purposes.

Fig. 7-12
Point Purpose
Vp Printer voltage (+5V)
Vc RAM backup voltage (Approx. 3V when power is off)
GND (P) Printer grounding
+5V Circuit voltage (+5V)
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8.1 Entry for Troubleshooting

Troubleshooting is not an easy process since troubles can happen in various sections in
varied froms. The following three items, however, will provide handy guidelines for you to
overcome your troubles.

1. Check-out procedure
Objective: Provide guidelines to overcome troubles which can not be specifically
described.
Level: Fix up the system through replacement of units. (A basic knowledge of the
system is the only requirement.)

2. Unit repair flow chart.
Objective:  Fix up faulty units at parts level.
Level: A full knowledge and an advanced technique for the system are required.

3. Troubleshooting table
A handy tool to pinspot the cause of trouble from visible defects or malfunctions.

Step for troubleshooting

Step 1: Try to fix the system by using the check-out procedure as described above. Be sure
to check the replaced units to find out if they are faulty after the replacement. (So
that you can discern the troubles due to faulty units from those due to bad connec-
tion of connectors and other parts.)

2: Replace the elements within the replaced units which are responsible for the trouble
consulting the unit flow charts and/or the troubleshooting table.

Note 1: If you come across confirmation items on the flow charts, be sure that you follow
the required confirmation procedure. Unless you do as you are required, you can
damage the new units which have been set in the system.

2: If you are lost on the way of troubleshooting, be sure to come back to the beginning
of the procedure to do it all over again.

3: If you lost the exit, repeating a same routine on the flow chart, consult the trouble-
shooting table to perform the repair correctly.

Step 1 Step 2
Check-out Unit repair Trouble-
procedure flow chart shooting table
Fix up the system Fix up faulty units at Pinspot the cause of
through replacement of parts level. trouble from visible
units. defects or malfunc-

tions.
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8.2 Check-out Procedure

Co

Turn on the power
switch.

Display
appears on
LCD?

Adjust the volume
of VIEW ANGLE.

Display
appears on
LCD?

Display is

“CHARGE BATTERY'?

Turn off the
power switch.

All
display
disappears?

Pull out all connec-
tors connecting
HX-20 except those
in the extension
units.

"Turn on the power
switch.

GO TO
2.1

|

Depress the
RESET switch.

All
display

disappears?
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Table 1.

};;ngw orK
CTRL-® Ipitialize
Programs 1 MOMITOR e
after ‘3" are £ BARSIC
displayed on the 1
screen?
Table 2
el N NO TROUBLE | -
is displaye
on LpCE;,? Copyriant 1322 by
Take A cold start Microsoft % EPSON
by pressing CTRL/ @ key. El : OByt
Y 2
Display N 1
on LCD remains
- H 2?2
Depress the key "2" i s?gig?g still
of the keyboard. °
Depress PF2 key
while CTRL key is
Table 2 being depressed. GO TO
is displayed
on LCD? 6.3
Y Data on N
the LCD screen are
correctly printed?
GO TO
Key-in all
characters from the 6.4
keyboard. |
1
GO TO
Keyed-in 7.1
characters are N \/
correctly displayed
on LCD? 1
GO TO
8.1

<

Depress the RESET
switch.

Table 1
is displayed
on LCD?

GO TO
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3.1

READ the test
program.

Execute all menu of
the test program.

Option
available?

See each optional
items.

——

Check-out over,
no problem.

Printer
trouble?

LCD
display
trouble?

N

Keyboard
trouble?

Buzzar
trouble?

RS-232C
or serial
trouble?

N

External
cassette
trouble?

N

RAM
trouble?
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4.2

Measure battery
voltage.

Charge battery.
(for 8 hours)

Voltage higher
than 4.5V?

Measure circuit
voltage VL when
power is on.

Battery voltage
greater than
4.5V?

Measure voltage of
the battery connec-
tor CN9 while the
AC adapter is being
connected.

Voltage greater
than 5V?

Vi
higher than
45V?

Redo connection
between the MOSU
circuit board and
the keyboard cable
and the LCD cable
and the keyboard.

adapter.

Replace the AC

F1
fuse blown
off?

[

Check if output side -
of F1 fuse is short-
circuited.

Corrected?

Confirm it consult-
ing the check-out
procedure.

Replace F1 fuse.

N
Short-circuited? GO TO
5.2
1 1
Replace the MOSU Replace the LCD
circuit board. panel.
N N
Corrected? Corrected?
Y Y
GO TO Replace the keyboard
unit.
4.1.1




Pull out the cable

of the built-in

printer from the
connector CN6 of

the MOSU circuit board.

Output side of F1
fuse short-
circuited?

Execute the test
program.

L

*Remove extension
units if any.

«If the short-circuit
condition is elimi-
nated, replace the
extension units,
replace F1 fuse and
then confirm it
consulting the
check-out procedure.

—

*Replace M-160 printer
*Check the transistor
Q12 of the MOSU
circuit board.

The
transistor Q12 func-
tions properly?

Replace F1 fuze.

Replace the MOSU
circuit board.

Replace the MOSU
circuit board.

Measure battery
voltage.

Replace the battery.

Voltage greater
than 5V?

Replace the MOSU
circuit board.

GO TO
4.1.1

8-6

GO TO
4.2



Routine second
time?

6.2

Replace the keyboard.

Replace the MOSU
circuit board.

Confirm it consult-
ing the check-out
procedure.

Y

]

Replace the MOSU
circuit board.

I

Routine second
time?

and put power on.

Replace the keyboard

Corrected?

Replace the LCD

unit.

]

1

Replace the LCD
unit.

Corrected?

Ve

unit.

Replace the LCD

Replace the M160
printer.

Replace the keyboard.

Confirm it consult-
ing the check-out
procedure.
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Screen remains
showing Table 1?

Replace the MOSU
circuit board.

Input “1" key
from keyboard.

The screen now
works as monitor?

L

Replace the
keyboard.

Redo connection of
the keyboard cable

to the MOSU
circuit board.

@[2§e]

Put power on and
again perform mode
selection from the
MENU display.

el

Corrected?

Corrected?

Replace the MOSU
circuit board.

GO TO
7.1.1

Corrected?

Replace the
keyboard.

Confirm it consult-
ing the check-out
procedure.




Check setting of
SW-6 of the MOSU
circuit board.

Setting correct?

Screen
displays the
program after ‘3'?

NO TROUBLE |Y

Reset SW-6.

Replace the GO TO
keyboard. 21.1

Keyed-in
characters are
displayed correctly
on the screen?

Replace the MOSU
circuit board.

Replace the MOSU
circuit board.

Keyed-in
characters are
correctly displayed
n the screen?,

Replace the LCD
unit.

I

Confirm it consult-
ing the check-out
procedure.
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Y

Replace the M-160 Replace the LCD
printer. unit.

Replace the
keyboard unit.

Corrected? ] Corrected?
Replace the MOSU Replace the MOSU Replace the MOSU
Y circuit board. Y circuit board. Y circuit board.

Corrected?

Replace the

keyboard.
Replace the piezo- Replace the MOSU
buzzar. circuit board.

Corrected?

Y,

Replace the MOSU
circuit board. Replace the
connecting cable or

connecting equipment.

]

Confirm it consult-
ing the check-out
procedure.
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8.3 Unit Troubleshooting

8.3.1 MOSU Circuit Board
In troubleshooting the MOSU circuit board, search the entry routine for each type of trouble
by using the entry table. If there are two or more troubles which are subject to change half
way, enter as a rule the trouble which occurred first.

Precautions

1) If a continuity check on the circuit elements is indicated in the flow chart, be sure to dis-
connect the AC adaptor and battery connector from the MOSU circuit board, and wait for
more than 30 seconds before starting the continuity check.

2) The flow chart may not indicate a mode in which to conduct a check. Examine the steps
before and after the desired check item in the flow chart, or the trouble phenomenon in-
volved before attempting the check.

3) If the same routine must be repeated in the troubleshooting flow chart, or if repairs are im-
possible, refer to the circuit diagram and operation description, and try to repair, or make a
repair entry as mentioned below.

Steps
1. Replace the MOSU circuit board with another, and check again if it is defective.
2.If the trouble is identified, assume its cause by referring to the Table of Troubles, check var-
ious parts, and replace or adjust parts.
3. If the trouble is unlikely to recur, or if it seldom occurs and is difficult to identify, regulate
the drive voltage in the following way.
a) Disconnect the batteries from the battery connector (CN9).
b) Set up a DC regulator that can vary voltages from about O to 10V.
c) Set the regulator voltage to +5V, and turn off the regulator output voltage.
d) Connect the regulator output terminal to connector CN9 or the check terminal on the
circuit board (Vp: +5V, GND (P): GND).
e) Turn the regulator on to output the +5V voltage.
* After taking the above steps, vary the voltage from 4.5V to 6.0V, and check operation at

each voltage level. If the trouble recurs due to the voltage variation, fix the voltage, and
attempt repairs by referring again to the check procedure and troubleshooting flow chart.



ENTRY TABLE

( Start 1.0 )

Power
on?

Cartridge
(ROM/micro-
cassette)?

<

Initialized
?

N

Keyboard?

M-160

printer? External cassette?

Identify trouble
type using the
check procedure.

AN

a Q 0



POWER TROUBLE

Measure + voltage
at Pin 17 of
connector CN5

or capacitor C6.

Voltage
+7+1Vv?

Measure output
voltage while
making test program
RS-232C check.

C4 + voltage: + 8V
C10—voltage: —8V.

+8v
output?

GO TO

Turn power off.

Screen
goes all
blank?

Turn power on, Check backup
and measure line voltage at check
voltage VL at terminal Vc.
check terminal + 5.
N
Voltage N
from 4.5V
to 6.0V?
Y
GO TO
2.1

While measuring
battery voltage
at check terminal
Vp, recharge the
batteries through
AC adaptor.

Voltage
rises high during

Check continuity or
resistance of the
following.
*Transistor Q10
*Zener diode ZD3
*Reset switch 3«—4.

Any
defective
element?

Replace defective
element.

Check all backup
elements, and replace
those which cause
abnormal backup

recharging?

Check continuity
between AC adaptor
connector Pins 1,

2 and batteries.

voltage.

Turn power on
while checking Pin
7 of IC 2B.

Electrically
connected?

Pin 7

Replace
batteries.

of IC 2B is at
high level?

Replace
Cl 2B.

Replace diode D2
or resistor R1
or connector.

4.2

MOSU circuit board

has no power trouble.
Check each option,
and return to the
Entry Table.

GO TO
1.2

GO TO
5.1

GO TO
1.1



Voltage
ov?

Y

Measure resistance
of fuse F1.

Measure resistance
between F1 output
and ground.

maximum 4.5V?

Voltage

GO TO GO TO
3.2 3.3

Check base voltage
of transistor Q8.

GO TO

Check zener
diode ZD7.

3.1

Disconnect M-160
printer cable from
MOSU circuit board.

Still

ZD7 defective?

Replace ZD7.

N C

Collector
and base shorted?

transistors
(Q12,Q13).

Replace defective

Y

Replace transistor

Q10.

shorted7/ —I
Check transistors
Y

Q12 and Q13.

Replace fuse F1.

Replace H-160
printer.

GO TO
1.1

Element leads or
elements themselves
seem to have been
shorted. Check the
circuit board, and
correct the shorted
condition.

Check transistor

Q10. Shorted
or open?
GO TO
22 GO TO
2.3

GO TO GO TO
2.5 1.1



3.2 3.4

Mesure voltage at Disconnect AC
check terminal Vp. adaptor.

Voltage
from 4.5V to
6.0V?

Voltage
VL from 4.5V
to 6.0V?

Y

Replace transistor Connect AC adaptor No problem
Qs. and recharge
batteries

(for 8 hours).

Check level at
Pin 2 of IC 7E.

3.5

This
routine repeated
again?

Replace batteries.

Replace IC 7E.

GO TO
1.1
|
Replace reset
switch.
Pin 6 of
IC 5F at high
level?
Replace IC 5D.
GO TO
1.1 J
l_.____‘
r Replace IC 5F. J
]
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Output
voltage 4.5V

Check diodes
D6 and D7.

to 6.0V?

Measure voltage
VL at check
terminal “ +5".

Voltage

Diode
defective?

Replace defective

P

Check capacitors
C1,C6,C7.C12.

Elements leads or

elements themselves|
are shorted.
Check Vip line.

Capacitor
defective?

Replace defective

VLD same as line
voltage VL?

Check Pin 4 output
of IC 2C.

. Pulse
(about 1.25 kHz)

output?

Replace capacitor
c2.

diode. capacitor.
L |
Either + 8V or GO TO
—8V. 1.1
Neither N Replace diode D3
+ 8V nor —8V (—8V)or D4
output? (+8V).
Check base of
transistor Q2. Pin 5 N
of IC 7E at high
level?
Replace IC 2C. Q2 base
at low level? Replace IC 7E

Corrected?

Replace slave
CPU 6D.

c3.

Replace capacitor

GO TO
1.1

of IC 3A about

Voltage

voltage minus
0.7V or less?

IY

of Pin 13 of N

<Ic3A s Pin 14 >———

Y Replace
transistor Q2.

L

Overcurrent. Check
coil T1,IC 6B, IC

Replace transistor Replace IC 6C, and replace
Q1. 3A. defective ones. GO TO
1.1
GO TO
1.1



Push reset
switch.

Screen
totally blank and
remains so?

Turn power on
again.

Power turn off, checking
pin 11 of IC 3E

Pin 11 N

]

Push reset switch
while checking Pin
2 of IC 7E.

Goes low
when reset switch
is pushed?

Push reset switch
while checking
Pin 15 of IC 7E.

l

]

Replace IC 5F

Goes

high when reset

switch is pushed
?

Replace IC 7E.

of IC 3E goes
high?

Screen

]

Replace IC 2E.

L

Replace transistor
Q8.

GO TO

“Power off”
is possible
normally?

totally blank and
remains so?

Probably uncont-
rolled run of
program. Recharge
batteries, and test
RAMs with test
program.

Pin 1
of IC 7E goes
high when power
is off?

Replace IC 7E.

Replace slave CPU
(6D) and main
CPU (8G).

Corrected
?

Y

Replace main
or slave CPU.

_ ]

of IC 2E goes
high when powe

1.1

Turn power off
and check Pin
6 of IC 5F.

Y

Replace IC 5D.

N

Pin 12

is off? Pin 1

Y ()f IC 2E goes~_N
o

Replace IC5F.

8-17

Replace IC 4E. is off?
[Y
Replace IC 2E.
Replace IC 3E.
GO TO
1.1




Table 1.

kK MEMI ¥okx
CTRL.13 TEi tialize

A
i

Table
3or4d
displayed?

Turn power on and
check display on
LCD screen.

IHITOR

RO PEM BHS

1.
[: Arbitrary program

name

Table
Tor2
displayed?

N Keep CTRL key
depressed,
and push key @.

Table 3
Y
ok MEMI ¥k
L 214
Push key 2 ri"FiEleinigl tialize

Table
1or2
displayed?

on keyboard.

MITOR
Table N LLIWEY BRS
5 displayed RAM test is TRl BAS
? performed with 41— BRS
test program.
Unintelligible
program name
Push all data and
function keys on N
keyboard.
Table 5.
Y
Copwrisht 1922 by
W] cre=mtt 5 EPS
EYery N 'p.i-'.r C‘:-'.'T't b2 El‘ '::etl- N
key inputs N AR =k 8-
normally? < ‘
Y Number of bytes
of program P1
(0~ XXXX Bytes)

Push MENU key.

Nothing

G0 70 displayed Y
Isp
26.1 at all?

GO TO GO TO
7.1 7.2

GO TO
8.2



After Table 1 or 2
MENU is displayed,
push key 1.

Table
6 displayed?

Test all function
with test program

This
routine repeated
again?

Replace main
CPU (8G).

-

Replace ROMs from
15E to 12E.

Table
70r8
displayed?

Probably keyboard
trouble.

Table 6.

Table 7.

Tapurisht 135
Microsart & E
T . ::1

Turn power on and
off, and after MENU
is displayed, check
each address/data
bus line (O to 15).
and Pin 2 output

of IC 8E.

All
address bus
lines at high
level?

Pin 2 of
IC 8E at high
level?

Pin 6 of IC 8E
at high level?

Replace main
CPU (8G).

L

Replace IC8E.

L

Replace
IC15D.

GO TO
11.1

Replace IC 8E.

GO TO
6.1



Turn VIEW ANGLE
switch.

Black
and white contrast
on screen?

CHARGE
BATTERY! displayed
on screen?

Connect AC adaptor
and recharge batteries
for 8 hours.

8-20

GO TO
1.2

TRAP
displayed on
screen?




Oscillators
CR1,CR3
oscillate?

]

Replace slave CPU

Turn power on while
checking Pin 6
of main CPU (8G).

kept for about 30
msec after power
is turned on?

Check Pins 39 (AS)
and 40(E) of main CPU
(8G).

Pulse

(6D) or main CPU
(8G).

Corrected N
?
Y
Y

]

1

Replace CR1 or
CR3.

Check capacitors

Corrected?

C15 to C18 installed
in oscillators.

Replace defective
capacitors.

GO TO
1.0

Turn power on while
checking Pin 3 of
IC 5F.

High level
kept for about

30 msec after
power is turned

Turn power on while

pins).

checking Pin 4
of IC 4F.

Always
high level?

Check reset switch
if it works.

output? Low level
kept for about
30 msec after
power is turned
Y ) ?
Replace main
CPU.
After turning power
on, check each add- Reala;e reset
ress/data bus line Replace IC 7C. switch.
signal (at main CPU
Pulses [
Il
OUtIFi):;;? ° Replace IC 4F.
Replace IC 5F.
GO TO GO TO GO TO

\\107

\107

\17
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Check each address
latch output after

Replace main
CPU (8G).

12 of IC 16E

Pulses
output to all
lines?

Replace IC 16E.

Check signals of
address lines A8,
A9, A10 on output

Corrected?

10.3

Replace ROMs from
15Eto 11E.

side of IC 11G after
turning power on.

Same as
main CPU output
waveform?

Replace IC 11G.

Check IC 15D output
signal (ROM select)
after turning power on.

All
remain at high
level?

Pulses
output to all
lines?

Replace IC 8E.
N 1

Display

Corrected?

on LCD screen?

GO TO
7.3

8-22

Probably faulty
contact of address
data bus lines.
«Conduct continuity
check on each 11G
output line (main
CPU (8G), address
latch (16E) address
lines (A8, A9,
A10), and each
ROM or selector
ICs (15D, 9E).
«Check if output
lines are not
shorted.




Key input is
impossible?

Push keys while
checking Pin 13
of IC IG.

Goes
high when key
is pushed?

Except for PF key
possible to input?

Check key codes of
keys that cannot
input.

KRTN

Push keys while
checking Pins 11,
12,13 of IC6C.

Pin 11

2 to 7 inputs
is impossible?

Replace IC 3G.

0 to 7 input

is impossible?

Replace IC 6C.
Replace IC 9E.

|
Replace IC 1G.
GO TO
6.1

goes low?

Push keys while
checking Pins 10,
11 of IC 4E.

Pin 10

Pin 12
goes high?

Pin 13
at high level?

Push keys while
checking Pin 2
of IC 6C.

Pin 2
goes low?

Replace IC 1E.

goes low?
Y
Replace IC 6C.
Replace IC 6C.
Replace main
CPU 8G.
GO TO GO TO GO TO GO TO GO TO
12.1 12.2 6.1 13.1 6.1
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Push keys while

Push keys while
checking Pins 11,

Polarities
of Pins 11 and 13-
opposite to each
other?

Replace IC 2E.

—

Replace IC 3E.

N checking Pins from Piz "
f IC 4E go
Corrected? 910 15 of IC 9E. [¢] ‘ 7g es
high?
Y
Each 13 of IC 3E.
acl N
signal output Replace IC 4E.
at low level?
Replace IC 5G.
Replace IC 9E.
GO TO
6.1
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]

Check Pin 11 Push keys while Replace IC 9E.
of IC 9G. . i

checking Pins 1

to 6 of IC 9E.

Goes low
when key input
is entered?

Pin 4
remains high?

Replace IC 9G.
Push keys while
checking Pins from
8 to 10 of IC 3E.
Pin 10
goes high?
Replace IC 1E.
Pin 8
at high level?
GO TO
6.1

Push keys while
checking Pins 9
to 11 of IC 2E.

3 signals
go high at the
same time?

Replace IC 3E.

Replace IC 2E.
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KRTN

0.1, 8.9 inputs
cannot be entered
at all?

Specific

KSC inputs cannot

be entered at
all?

Replace IC 4G.

Replace IC 5G.

Specific

KRTN inputs cannot

be entered at all
?

Replace IC 1G.

Replace IC 3G.

]

——

Replace IC 4G.

GO TO
6.1
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on?

correctly display
on screen when
power is turned

Table 9.

wxé MEMLI ek
; Inltiallze
SIC

J

R

Lo
D

ru_n-u |

U'A =

Display
partially
doubled.

Push key ‘2" on
keyboard.

Table 11
displayed on
screen?

missing?

Push all data and
function keys on
keyboard.

Uu—"

Table 10.

Initialize
TOR

1ORGM S

Arbitrary program name
Table 9 or 10 Table 11
S
Mi
Replace IC 16G. =1
Display N <
partially

All key
inputs correctly
entered?

Push MENU key.

Character
N Corrected? white and black
shown reversed?

Replace IC 9G.
Y

Check Pin 11 and

Pin 12 signals

C ted
orrste of IC 11H.
Displa N
h y , Samesignal N
unchanged? <aveform for Pins>
1Q1d 12?
Y Replace IC 9G. Replace IC 16G Y
Replace IC 11H.
Probably keyboard Replace IC 10H.
trouble. J
GO TO
6.1 Screen
shows display but
goes blank.
GO TO GO TO
11.1 16.1
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Table 11
or 12 displayed?

Probably keyboard
trouble.

GO TO
11.1

No
display at

Check Pin 1 and
Pin 2 outputs
of IC 1F.

Pin 2
output remains
at low level?

Replace IC 9E.

Table 12.

Replace IC 1F

|

GO TO
6.1

Replace main CPU
8G and each of ROMs

all? 15E to 12E.
Check Pins 2,
3.6 0f IC 10H.
Pin 6 N
outputs pulse?
GO TO
Replace IC 11H. 6.1

|

8-28

Pin 2
outputs pulse?

Pin 9
of |C 3F outputs
pulse?

Replace IC 10.

I

Replace IC 6G.

]

Replace IC 3F.




]

Display MENU on
screen, and with
CTRL key depressed,
push PF2 key.

Check Pin 17 of
slave CPU 6D.

Motor
of M-160 printer
starts running?

Pin 17
at low level?

Pin 6
of IC 4E at
high level?

Check emitter of
transistor Q9 and
collector of Q12.

Collector
of Q12 at low

level?

Give print command
to printer while
checking Pins 19
and 20 of slave
CPU 6D.

Y

]

Replace slave

CPU.
L

Replace IC 4E.

L

Emitter
of Q9 at high
level?

Replace transistor
Q9.

Check transistors
Q12 and Q13 and
diode D1.

Check Pins 4 and
13 of IC 7E.

Pin 19
goes high when
carriage reaches
left end?

Pin 13
at high level?

Replace defective
elements.

Pin 4
at low level
?

GO TO
17.1

Y Pin 28
of slave CPU
Probably connector 6D at low
CN®6 defective. Replace IC 7E. level?
Make continuity
check, and replace I
defective connector.
Replace IC 4E. Replace slave CPU
Go TO GO TO GO TO 1 60 .
18.3 19.2 17.1
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Dots or
characters
missing?

Dots N Characters are missing.

Excess
dots printed?

missing?

Let printer print
while checking
Pin 20 of slave
CPU 6D.

signal a pulse
with a cycle
of about 0.6
msec?

Trouble

occurs at some

print positions
?

Refer to Table 14,
and check output
signals to the
head involved with

slave CPU.

H1: Pin13,6D

H2: Pin 14,6D

H3: Pin 15,6D

H4: Pin 16, 6D
GO TO
19.1

GO TO
18.2

]

Wrong
characters
printed?

Replace main CPU.

Table 14.

B

o | e
Hz | TR0
I
H3 1 0(91;1~4244c)10ts
N

Dots
uneven in den-
sity?

Check collector of
transistor Q12.

18.3

Corrected?

Replace IC 8D.

Replace transistor
Q12.

GO TO
18.3

Probably not
printer trouble.

1

1

Replace slave
CPU 6D.

Corrected?

GO TO
18.1

This routine
repeated again?

Replace main CPU
8G and ROMs 15E
to 12E.

GO TO
17.1

8-30

Replace IC 13D.




Pins 13
to 16 of slave
CPU output pulses
only?

]

Display characters

in all area of LCD
screen, and with
CTRL key depressed,
push PF2 key.

Pins 13
to 16 of slave
CPU output pulses
only?

Check Pin 11
of IC 8D.

Goes
low when carriage
reaches left
end?

Replace diode D18.

Replace IC 8D.

Replace IC 13D.

Corrected?
Y
GO TO GO TO
18. 1 18.3

8-31

GO TO
18.1




Check +8V during
operation.

Normal
voltage
outputs?

GO TO
4.2

of IC 7B at high

of IC 7B at
about 5V?

]

Probably faulty
contact of Pin 7

(DTR) or Pin 6 (DSR)
of connector 2.

Make continuity check,
and either repair
connector pin or
replace CN2.

Replace transistor
Q6.

Replace IC 7B.

Pin 8 N
of IC 7B at low
level?

Data
transfer

of IC 6B at
high level?

Pin 11
of IC 7B at low
level?

Pin 6
of IC 6B outputs
+8V pulses?

Pin 3

level?

of IC 7B at low

Check Pins 4

and 6 of IC 7B.

<opposite to that

Pin 6
outputs a pulse
of polarity

of Pin 4 output
pulse?

v

o

GO TO
20.1

Replace IC 7B.

GO TO
21.1

GO TO
21.2

GO TO
21.3

GO TO
21.5

|
Check Pins 11,
12 and 13 of
IC1F.

Pin 13
goes high?

Pins 11
and 12 go low
at the same
time?

GO 7O
22.3

GO TO
22.2
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Check Pin 9 and
Pin 10 signals
of IC7C.

Pulse ~__

outputs of Pin
9 of IC7C and
Pin 6 of IC 6B
have opposite:
polarities?

Y

Check Pin 9 and
Pin 10 signals
of IC7C.

of Pin 2 (TXD) of
connector 2 or

setting. Make
continuity check,
and either repair
connector pin or
replace CN2.

Probably faulty contact

wrong transfer speed

Pin 9
of IC 7C outputs
pulse?

——

Replace main
CPU 8G.

GO TO
1.0

outputs of Pins

9 and 10 of IC

7C have the sam
phase?

Y

Replace IC 6B.

1

—

Replace IC7C.

GO TO
21.1

Check Pin 13
of IC 7B.

Replace IC 7B.

Probably faulty
contact of Pin 5
(CTS) of connector
2. Make continuity
check, and either
repair pin or
replace CN2.

GO TO
20.1

of IC 6B at
high level?

Pin9

Y

Replace IC 6B. ]

Replace slave
CPU 6D.
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GO TO
20.1




Check Pin 3 of
IC 2F.

Replace IC 1F.

Replace slave
CPU 6D.

Pin 3
of IC 2F outputs
pulse?

outputs of Pins
3and 4 of IC
2F have the
same phase?

N
Y

Replace slave
CPU 6D.

]

GO TO
1.0

GO TO
20.1
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Can
neither send nor
receive?

Possible except
receiving?

Check +8V
outputs.

10 of IC 6C.

Check Pins 9 and

+8V
normal?

Check Pins 1 and
2 of IC 3F.

Pin 1
outputs low
level?

Pin 9

Pin 10

at high level?

at low level?

Possible except
sending?

Probably no problems.
Check connection of

corrector CN 1 again.

]

Probably faulty
contact of Pin 5
(PIN) of connector 1.
Either repair pin
or replace CN1.

I

Replace IC 6C.

Replace main
CPU 8G.

Pin 2

of IC 3F outputs
a signal having

polarity opposite
to that of Pin 1

output signal?
Y

Replace IC 3F.

Check Pins 1 (4),
8(11), 3, and
10 of IC 4D.

Pins 1,
3.8,and 10

output the same
signal?
Replace IC 4D.
Replace slave
CPU 6D.
L
GO TO
23.1

8-35

Check Pins 4 and
5 of IC 6C.

Pulse
input of RS-232C
level to Pin 5?

Probably faulty
contact of Pin 3
(PRX) of connector 1.
Either repair pin

or replace CN 1.

outputs a signa
having polarity
opposite to that

L

of Pin 5 output?

Y

Replace IC 6C.

GO TO
23.1



Check Pins 2
and 3 of IC 6B.

Pin 3
output at high
level?

Pin 2
of IC 6B at low
level?

Check Pin 11
of IC7C.

Pin 11

Check Pin 11
of IC 6B.

Pin 11
outputs pulse
of RS-232C level
?

Y
at low level?
Replace IC 6B.
Replace IC 7C. Replace IC 9G.
GO TO
23.1

Check Pin 1
of IC 4D.

Pin 1
outputs a signal

having polarity N
opposite to that
of signal output

from Pin 11 of
IC 6B?
IY

Probably faulty
contact of Pin 2

of connector 1.
Either repair pin

or replace connector
CN1.

GO TO
23.1

Pin 12
of IC 6B outputs
pulse?

Check Pins 1 and
30of IC4D.

Replace IC 6B.
Pins 1
and 3 output
Check Pins 2 and the sam7e signal
3of IC7C. ?
Y
Signals
of Pins 2 and Replace IC 7C.
3 have the
same phase?
Y Replace IC 7C.
Replace IC 4D.
N
Corrected?
GO TO.
Y
23.2
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Make continuity
check on cable

(No. 701) connector
with CN8 on MOSU
circuit board.

Replace cable

set No. 701.
All
electrically
connected?
GO TO
1.0

Replace slave Replace main Only
CPU 6D. CPU 8G. ROM cartridge
operates
improperly?
C d? N N
orrected? Corrected? Replace IC 9G.
Y Y
Corrected?
Replace IC 2F.
GO TO
1.0
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Read/Write to (and from) RAM

® Read/write to (and from) RAM can be tested by selecting the monitor mode from the

MENU display on the screen.

This flow chart requires a write operation to the designated address for a signal check.
Read the following description, and enter the troubleshooting flow chart.

26.1
Steps

1. Push key 1 to select the monitor
mode from the MENU display.

¥ MEMNLL ¥k
CTREL-2 _Initialize
[ MoNITOR

=N I

Monitor display

2. Input the desired address Sxxxx.

Address

Address 1000

Push the return key to display the
data of the designated address.

Data of address 1000

3. Input the data to be written in
hexadecimals.

XX
T— 2 digits

Push the return key to write the
data.

Next address and data
are displayed.

4. If no data input is required, input
other than numerals O to 9 and
characters Ato F.

Any character other
thanOto9and AtoF.

Push the return key to return to the
monitor display.

ATHITOR

L1

GO TO
26.1A

* Write operation can be continued by repeating Step 3.
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No
read/write
at all?

Table 15.

Check Pins 3 and
11 of IC5D.

IC Select

Address ||, ation| signal

0000-07FF | 12G | 16D-7

0800-OFFF | 13G | 16D-9

Partial RAM error

1000-17FF | 14G | 1eD-10

1800-1FFF | 15G | 16D-11

Addresses Error N 2000-27FF | 16C | 16D-12

within 0000 address

to O7FF? constant? 2800-2FFF | 15C | 16D-13
3000-37FF | 14C | 1eD-14

_ 5E-4

3800-3FFF | 13C (160-15)

While checking
Pins 8 and 9 of

Pin 3
outputs a signal
having phase
opposite to that
of signal E?

R/W signal
is output to
Pin11?

Check while
writing to
RAM.

IC 4E, write data
to addresses
01011 ~ O7FF.

Pin 8

Identify addresses

to and from which
read/write cannot

be made from among
the 8 blocks shown
in Table 15.

Some blocks

\

Check Pins 4 and
5 and output Pins

7 to 15 of IC 16D.

Pin 4
or 5 at high
level?

output goes can not
GO TO low? read/write? A
No read/write
27.1 possible for
N all blocks
Check Pin 12 Refer to Table 15,
of IC 4F. and replace RAM
involved.
GO TO |
27.2 Goes N
low when
writing?
Y
P |
Check Pins 3 Replace IC 16D.
and 4 of IC BE.

Pin 4
goes low?

Replace IC 4E.

Replace IC 4F.

Replace IC 5E.

GO TO
27.3

GO TO
27.4

GO TO
27.5

8-39

GO TO
1.0

GO TO
28.2




27.3

Write to addresses
0100 to O7FF while
checking Pins 1

and 2 of IC 5D.

While checking Pins
5 and 6 of IC 3F,
write to addresses
0100 to O7FF.

Pin 2
goes high?

Pin 6
outputs a signal
having phase
opposite to that
of Pin 5 output?

Y

Replace IC 5D.

Replace IC 5D.

——

]

Replace main
CPU 8G.

Replace IC 16D.

——

Replace IC 8E.

Replace IC 3F.

GO TO
1.0

Write to addresses
0100 to O7FF, and
check select signal
(Pin 15 of IC 16D)
involved shown

in Table 15.

Pin 15
of IC 16D goes
low?

Replace IC 16D.

]

Refer to table 15,
and replace
involved RAM.

GO TO
1.0

voltage of
transistor Q7.

Measure collector

Voltage

more than 4.5V
?

Replace transistor
Q7.

Replace IC 16D. —]

Corrected?

Replace IC 5D.

GO TO
1.0

8-40




Find select signal
in block involved
from Table 15, and
while checking this
signal, write to
involved addresses.

While checking Pins
9,10 and 11 of

IC 2E, write to
addresses 0100

to O7FF.

While checking
Pin 5 of IC 5E.
write to addresses
0100 to O7FF.

Select
involved signal
goes low during
write?

Replace involved
RAM.

]

Pin 9
goes high?

Pin 6
goes low?

Y Replace IC 16D.

Replace IC 5E.

Both
Pins 10 and
11 go high?

Replace IC 3E.

Replace IC 16D.

Replace IC 2E.

GO TO
1.0

8-41




Probably faulty
contact of connector
CN7. Make conti-
nuity check, and
either repair
defective pin or
replace CN7.

Designate bar code
mode, and check
base and collector
of transistor Q4.

Collector
of Q4 at + 5V?

Base
of Q5 at low
level?

v Replace slave
CPU 6D.

Replace transistor
Q4.

While reading
bar code pattern,
check Pin 2 of
IC 2F.

Pin 2
of IC 2F outputs
pulse?

Replace main

Pin 13
of IC 2F at
high level?

Replace IC 2F.

—

Check Pin 1 of

CPU 8G. IC 4E.
at low level?
Replace slave
CPU 6D.
Replace IC 4E.
GO TO
1.0
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,*Motor stops
7 half way,
’ or runs too
,l slow.

Motor
stops?

Motor
RMT control
normal?

Check Pins 3 and Turn power off,

14 of IC 7E. and make continuity
test between SW3-1
and SW3-2.

Pin 14
at low
level?

Shorted
(5.1 ohms)?

Can read?
Turn power on.

After executing

load or save command,
conduct continuity
test between SW3-1 E:%I?ce relay
and SW3-2. :
Check Pins 3 and
14 of IC 7E.
Shorted
?
No trouble. (5.1 ohms)?
Check cable connect-
ion again, and try GO TO
read/write again. 322
Replace relay
LADI1.

Probably faulty
contact of SW3

with cable. With
cable connected,

make continuity check,
and replace or repair
SW3.

GO TO
1.0
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While checking Pin

34 of slave CPU 6D,
execute save command
to write data.

|

When checking Pins
6 and 10 of IC 8D,

Check capacitor
C36.

execute load command
to read cassette that
has data.

1 kHz
or 2 kHz pulse
output?

Probably faulty
contact of SW5-SW2.
Make continuity check,
and repair or replace
SW5.

Pin 10
outputs 1 kHz
or 2 kHz pulse?

Replace capacitor
C36.

Make continuity
check on SW4.

and 6 opposite
to each other in

signal phase?

Y

Replace IC 8D.

Replace slave
CPU 6D.

Replace slave
CPU 6D.

SW4
continuity
good?

Replace IC 8D.

Corrected?

Replace IC 8D.

Corrected?

Replace diode DIO.

GO TO
1.0
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of IC 7E at high

Pin 3

level?

low

Pin 3
of IC 7E at

level?

Check Pin 6
of IC 8D.

Replace IC 8D.

Replace IC 7E. Replace IC 7E.
l Pin 5 N
of IC 8D at low
level?
Check Pin 5 of
IC 8D. Replace slave
CPU 6D.
Pin 5
of IC 8D at high
level?
GO TO
1.0

Replace slave
CPU 6D.

]

—

Replace IC 8D.

GO TO

1.0

32.3

While executing

load or save command,
make continuity

check between SW3-1
and SW3-2

Shorted
(5.1 ohms)?

Replace relay
LAD1.

Probably faulty contact
of SW3. Make

continuity check, and
replace or repair SW3.
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8.3.2 Keyboard
Confirm the following before repairing the keyboard.

(1) Keyboard free of deformation and circuit board cracking

(2) Keyboard cable connections free of damage

(3) Keyboard free of waterdrops inside ( circuit board, FPC, patterns, switches, etc.)
(4) FPC pattern not peeled from the circuit board

If the keyboard is found defective concerning Item (1) or (2) above, replace the keyboard unit
with a new one because it cannot be repaired.

If waterdrops are found as mentioned in Item (3), wipe them off, and let the keyboard dry
naturally at normal temperature. Recheck the keyboard function after it is dry, and if the
trouble persists, replace the keyboard unit. (It is recommended that the unit be replaced with
a new one because the trouble can recur due to oxidation of the patterns even if it is
remedied once.)

If the trouble mentioned in Iltem (4) developed, fastened the peeled part with a tape or
adhesive on the outside. If it cannot be repaired by this method, replace the keyboard unit
with a new one.
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Check if any key
remains power on
(switch remains being
pressed.)

\—Check visually
and by touch.

Key
remains
in?

Replace switch
button or key
switch involved.

1

Reconnect keyboard
cable to connector
CN4/CN5 on the MOSU

(circuit) board.

Corrected?

Data key
or function key
trouble?

Corrected?

Check keyboard ope-
ration again by
referring to the
check procedure.

|

Check key code for
involved key and
measure resistance
between KSC signal
and KRTN signal.

Resistance
infinite when
key is not
pushed?

Measure
resistance
in kS
range.

Resistance
about 15 k2 when
key is pushed?

N

Y GO TO
1.2
Replace keyboard
unit.
GO TO

1.3

8-47

Power
switch
trouble?

Y

Replace power
switch.

Paper
feed switch
trouble?

Replace diode D8 or
paper feed switch.

I

Printer
switch trouble?

Replace diode D14
or printer ON/OFF
switch.

VIEW
ANGLE switch
trouble?

Replace transistors
Q1, Q2, diodes D1,
D2, or volume VR1.

I e——
N
Corrected?
GO TO GO TO GO TO
1.3 1.4 1.1



Data
key trouble?

No
input can be
entered?

Function key

are input?

Push all data keys
and control keys.

No
inputs can be
entered at all?

Check KRTN signal
line if any is at low level.

Some
KRTN signals at
low level?

Check continuity of
involved KRTN signals
with KSC signals O

to 7, and locate

keys that make the
KRTN signals low.

GO TO
1.2

Some inputs can be

entered.

Unpushed keys

Input data is
transformed.

One
specific key
cannot input?

SHIF
or CTRL key
?

GO TO
1.2

GO TO

2.4

When a key is pushed,
resistance between
KSC and KRTN is
normally about 15 k.

Reconnect key board
cable to connector
CN4/CN5 on the
MOSU (circuit) board.

N
Corrected?
Y
GO TO GO TO
1.3 1.4
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and SW6 set

MOSU (circuit)
board

ROM N

correct?

Not keyboard
trouble..
Replace ROM or
change SW6
setting.

Confirm key code
for the key that
cannot input.

Any

code (KSC or
KRTU)?

commonness in key

Check continuity

signal line.

check on involved

Continuity
good?

Check diodes D3
toD14.

Continuity
good?

GO TO
2.3

—

Replace defective
diodes.




Place rubber contact
switch of function key
back again, and

clean keyboard
circuit contacts.

Corrected?

]

Replace rubber contact
switches of function key.

Corrected?

GO TO
1.3

Input all function
keys.
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GO TO
2.2




8.3.3 LCD
Confirm the following when repairing the LCD.

(1) LCD panel surface free of damage
(2) No partial shade on the panel when power is off
(3) LCD (circuit) board free of damage

If any trouble is detected concerning Item (1), (2) and (3) above, replace the LCD unit with a
new one because it cannot be repaired.

* When replacing an IC (uPd 7227) in the LCD unit, follow the procedure below.

(1) Remove the solder from each IC lead with a solder wick.

(2) Slightly push the IC up with a precision screwdriver or the like. (Do not forcibly raise the
IC. Otherwise, the pattern peels, making the LCD unit irreparable.)

(3) Remove the IC, and completely remove the solder from the pattern with a solder wick.

(4) Reform the leads of a new IC. (Remember that the ICs on the front and back of the circuit
board have their leads bent in the opposite direction. Parts number also different.

(5) Solder the new IC.

(6) Remove the flux from the soldered part.
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LCD
panel damaged?

LCD panel too old
or peeled. Replace
LCD unit.

Display
uneven in density
?

Y
GO TO
2.1
Check voltages V1
to V4 and VLD.

All
voltages correctly
divided?

Measure resistances
of resistors R1 to RS
and capacitors C1

to C5.

LCD
panel scarred?

Connect cable to
keyboard, check
display with test
problem.
Check FPC cable
continuity.
No
display or
Wire N partial display
broken? ?
Y
Turn VIEW ANGLE
knob.
Only partial
No display
display at
all?
Check cable
connection again.
Is this
routine repeated
again?
GO TO GO TO
1.2 2.2
Measure voltage
VLD (CN-14).
Irreparable: One or more of upd

7220 No. O to No.

5 defective.
C/D, SI, 5CK, CLK,
SO/BUSY signals
not working.
L
GO TO
3.1
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GO TO
1.3

All
components
normal?

Replace defective
parts.




Dots

missing in same
row or column
line of displayed

characters?

Row
line not dis-
played?

Trouble
line any of 1A
to 16A?

2.3

Characters
transformed?

Column line

Replace control
IC upd 7227 No. O.

]

Trouble
occurs in 1st or

2nd line?

Trouble
occurs in columns
0to 397

Trouble
occurs in columns
0 to 39?

upd 7227 No. 0.

Replace control IC

N Replace control IC
upd 7227 No. 3.

Trouble
occurs in columns
40t0 797

Trouble
occurs in column
40to 79?

Replace control
IC upd 7227 No. 2.

upd 7227 No. 1.

Replace control IC

Replace control IC
upd 7227 No. 4.

I

Replace control IC
upd 7227 No. 2.

I

Replace control IC
upd 7227 No. 5.

Trouble
remedied?

Check again by
check procedure.

Irreparable.

LCD panel itself or
circuit board and
panel faulty of
contact. Replace with
anew LCD unit.
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pl---g‘2"i

Probably a control IC upd 7227 is defective. All
control ICs are connected parallel so remove
each IC and check if it is defective.

Display character on
screen, and with
CTRL key depressed,
push PF2 key.

Printer
prints?

Prints
normally?

Check if trouble
occurs again by
going through check
out procedure.

|
GO TO
1.3
C c C c cC c
0 0 0 0 0 0
L L L L L L
0 39, 40 79, 80 19
v d Y
7#/0 //// % 1 # W ROW 1A
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8.3.4 Micro Printer (Model-160)
Observe the following precautions when repairing the printer.

(1) Carefully read the description of the principles and construction of the printer before
attempting repairs. Be especially attentive to the mounting positions and installing
procedure.

(2) Be careful not to lose the retaining rings TYPE-E. Use the ET holder when installing the
printer.

(3) If any part is touched by fingers, wipe off the fingerprints with alcohol or the like after
repairs. Oil if necessary.

(4) Do not strain the parts when removing or installing them.

(5) When connecting the FPC cable, do not keep the soldering too long on it.
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Table 16.

1234567891011
(+) Red Black (—)
Shorted or broken (Motor)

Turn power off,
and measure motor
coil resistance.
(Between terminals
3 and 4 in Table 16)

Replace motor.

Head Coil
carriage moves resistance about
to right and 80Q?
left?

Check head cam if it Check timing detector
ightly t d if it is properly
Eir}iﬁzgf yume mounted; check inside

printer for any

Prints? foreign matter.
If nothing is found
wrong with neither
Cam of them, replace
rotates reduction unit.
smoothly?
Replace FPC cable
to MOSU (circuit)
board.
Head
cam unit rotates?
v Replace reduction
unit.
Replace head
carriage assembly.
GO TO GO TO GO TO
2.1 5.1 1.1
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Pull out roll paper.

Paper
feed normally?

Paper

Paper
feed assembly
worn?

Replace paper feed
assembly.

edge impaired by N
friction or
contact?
Prints
normally?
Set roll paper
properly again.
Ribbon
wound during
printing? N
Corrected?
Y
Motor
stops after print
command?

Dots
missing?

Not print at all

Character
or dot spacing
normal?

Dots
continuously
missing?

Dots partially
missing

No problems.
Qil parts, and check
for trouble by check

GO TO
1.1

Paper
feed lever broken
or worn?

Replace paper
feed lever.

I

Ribbon
feed cam
worn?

Replace ribbon
feed cam.

I

Reverse
stopper spring
broken?

Replace reverse
stopper spring.

out procedure.

GO TO GO TO
4.1 4.2
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GO TO
5.2

—

Replace paper
roll.




Check ribbon feed
cam and spool gear
assembly.

Broken
or worn?

Refer to Table 16,
check continuity
between terminals

10 and 11, move head
cam unit to move head
carriage assembly

to right and left.

Replace ribbon feed
cam or spool gear.

1

Shorted
only at home
position (left
end)?

Replace ribbon
cassette.

Replace FPC cable.

Refer to Table 16 for
measuring resistance
of each head coil,
and check continuity
between terminal 5
(Common) and each
of terminals 6, 7,
8.9.

Resistance
of each coil
1.5Q?

Check continuity
between each terminal
and head coil.

Check continuity of
FPC cable connected
connecting printer with
MOSU (circuit) board.

Continuity
all good?

Replace head
assembly.

Replace FPC cable
that connects head

Continuity
all good?
Replace reset
detector.
Replace heat carriage
assembly.
coil with each
terminal.
Replace FPC cable
for connection to
MOSU circuit board.
GO TO
1.1
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Dots

missing nearly

at same place
?

Replace FPC cable

that connects terminals
shown in Table 16
with head coil.

Corrected? N
Y

Replace head
assembly.

GO TO
1.1

Check conitnuity
between the common

conductor (terminal 5) of

FPC cable that
connects head coil with
terminals shown in
Table 16/and each
head coil.

Continuity
all good
?

Replace FPC
cable.

Check continuity of
FPC cable connected

with MOSU (circuit) board.

Continuity
all good?

I

Measure resistance
between terminals
10 and 11 shown
in Table 16.

Replace FPC
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cable.

Replace timing detector

assembly.

L

GO TO
1.1



Head
cam unit rotates
?

Replace head carriage
assembly.

Replace reduction
unit.

.

Paper
holding roller
normal?

Paper
holding roller
spring normal?

Replace paper
holding roller.

L

Repair spring or
replace frame
assembly.

Clean paper feed
assembly and paper
holding roller.

Corrected?

Replace head
cam unit.

5.4

Can groove
of head cam unit
is worn?

Replace head
cam unit.

Corrected?

Reduction
gear worn?

[ Replace reduction gea?l

Replace motor
unit.

I

Corrected?
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1.1 5.4



"€Y4D J01E.|[19S0 8y}l aoe|da. ‘10818 ou sey 3}l §|
"LOE9 NdO ulew ayy aoe|day

"£yYD 1018|1950 8y} Jo 1ndino ayl }o8y) @

0as” 9’| Ajelewixoidde jo
|eAlalutl 8y} 1e sindino as|nd 118yl peals pue
D8 NdD ulew ayl Jo g€/0P suld ay1 398y9

‘peap si NdD ulew sy

(£)

'(s) 9| Buluonounyew palos18p ay} aoe|day

(H < Duwnpud, gz, olpuepud 4y, 0]
'(H < 7)suwin | | wd pue

(1 < H)sun gud 4G, J| ‘'uonisod uo,
8y} 01 pauin} si Yyolms uo-iamod ayl Usypa

"YO1IMS 18881 8Y} 328Y)

Bunjiom
SUlBWaI 1IND410 18S3J 8y |

(9)

"8 Joisisued] ay) aoejday

‘p4EOQ 1NV NSO 8Y} JO
8D J01SISUBI} Y} JO BOURLSISAI BY] 2INSEIN|

‘Juasaud
s1 1A 8beljon 1noso oN

‘(s) D] Buluoiounyew pse1o818p 8y) 8oe|day

'zud 3/, pueg
ud ,@g,, ‘L L wd 3G, O] wio4 sjeubis 308yy

‘Apedoud
uol11ouny 10U S0P 1ND
-119 youms uo-1amod ay |

(v)

“HUn pJeogAsy| ay) aoejdey

"GNI/YND
$10108UU0D 8y} JO UOIID8UUOD 8Y] aoe|day

‘uon
-1sod U0, 8y} 0} pauIN S Yo1IMS U0-iamod
syl usym moj ob jou op a1e11sqns NSO
ay1Jo 8-GND PUB 6 L-¥ND 3}! 89S pue 338y)

‘PeSp
SI youms uo-1amod ay |

(€)

"181depe QY ue Buisn Aq Atenieq syl abieyo
-8l 'AG'{ Ueyl Jamo| si abeljoA 8yl UBYAA

"pJeoq NSOW UO 8D J01siSuell 8u) JO 10109]
-|od pue ,(d)AND,, S|euilial 398Yd ay3 393yJ

‘abey
-|oA AJB11eQ PBdNpal

(c)

"1INO.ID 821N0S Jamod 8y1 %98yd ‘1UNaII0
-110ys 8y} 10} 8|qisuodsal aq o1 paloadsns

S1 pJeoq 1o NSO @Yl 4| 1INd1I0-1I0YsS
ay1 Jo asneo a8y} 1no puiy 01 suun jeuondo
pa||eisul 1ay1o pue Jayuud 09 |-\ 841 unow
-SIp ‘paunduio-oys si, dA,, pue  (d)aND., S8
-UIWIB] %08Yd B} UBAMISQ UOIIOBUUOD 8Y1 §|
‘paunalio-poys ou si, dA,, pue  (d)aND.,
S|BUIWLIBY Y0BYD 8] U9aM18( UOI108UU0D

81 pue 1O UMO|q SI 1l Ji asny 8yl aoe(day @

"paLNoLID
-1I0ys S| £(QZ 9POIP 19UBZ B} i ¥08UD
‘pieoq 1ino

-119 NSO 8y} J0 . dA,, PUB (d)aND,, Sieuiw

-131 %2840 8y} USBM]D(Q 80US)SISAI 8INSEIN @
"8SN} | 4 8Y} JO ANAIIONPUOD 38Y) @

‘4o
umo|q sI asnysamod ay |

(1)

(Aedsip @27 ON)
‘juasaid jou ale abey
-]OA |0J1U0D 13Y}0 pue uo
A 8beyjon aul sy Jamod 18s 01 3|qeun

Apsway

U104 %08Y)

asne) 8|qIssod

a|gqnoJ] JO uonIpuo) a|gnoJ] jo aimep

8ainos1amod L'v'8

a|qe] bunooysa|qnoll ¢'8

8-60



'SJI
18Y10 8WOS 10 41, ", H1 L, DI 8] UED YIIym
‘'s)| Buluonounyew palosiap |je soeidey @

‘pJeoqAsy ay 1e ui-bul

-A9)| Jo Aem Aq paijddns si 1emod 10 paloau

-u09 si aui| Jamod ayl uaym indino asind

e apinoad (3179) g uid pue (HQS) £ uid (as)
9 uid (@/9) ¥ uid GND JO |le 41 93s pue o8y) e

‘Juasaud
aie QD7 4oy sjeubis oN (O)

‘uol}
-dunjjew ay} 1oy ajqisuodsa. aqg 0} paroadsns
s!..02.. 01 04 g2 Joudeded ay1 ‘/Q apoip 8y @

‘v uid 0z, J140 Indino ay1 yo8y) @
‘AL Aj@1ewixoadde jo |ennuslod e sey pieoq
HN2IID NSOW 8yl Jo £ uid GND J H93y) @

"921nos Jamod ay3 wouy pa

-pinoud si abeijon aip oN (6)

‘pJeoqgAay ayi jo ‘sreudoidde 1anayoiym
‘20 10 | D 101sisued) 3y 1ayya aoejday @

‘pJeoq
Hnoud NSO @Yl Jo g pue | suid GND O}
papinoid Buiag si1 abeljoA 10A 8yl Jl doay) @

"Ajdadoud
uollouUNy 10U S80p pieoq
-A8y 8yl JO 1IN2J19 jusW
-1snipe 379NV M3IA 34L (8)

Apaway

104 98y)

asne) 9|qissod

8|qno.] Jo uonipuo)

||qnou] jo aimep

8-61



‘alendoudde siJanayoIym

"yBiy o003 10U s J83dope DY BY1 JO
abeyjoA Ind1no 8y} pue 10108UU0D BYL YIIM

"ybiy ooy

Je1depe Jy 8yl jo A1anieq ayl aoejday Pa108uu09 A|10811090 S| Auslieq ayl §i )08y s1 abejjon Buibieyo ayy (g)
‘AL Ueyy sss| 1apun 1nd 10 palndIId ‘Ajyadoud yiom 10U saop
-140YS 10U SI 1l UBYM SINd220 7/ JZ 9poIp uonuanaid abejjoniano
‘£ dZ @polp ay1 doe|day 18U8Z 8Y1 JO uMop> eaiq }I 99s pue 3oay) 10§ £@Z 8polip 18udz ayy (|) ‘}J0 umoy|q saob asn4
"JO1SISUBJ] 81 JO 8IUB)SIS
-84 8y1 %08y) - ‘3|gnoJ} ay} 104 djqisuodsal
aq 01 A|9yj1] sI 8D 401SISueI] 8yl ‘YdUMS 18s8l
oY) Buissaidap J0 12 8q 10U UL Jamod §|
‘ql pue |suid 3/, 0|
JO s1nd1no 8y} }o8y) - '8|qnoJ}1 8y} 404 9|q ‘syusw
-1suodsai aq 01 payoadsns si ,,3/,, D} ‘Youms ‘passaidap sI YolMs 18s -9|8 9A110849p SUIBIUOD
19sa4 ay) Buissaidap Aq 4o 1nd st Jamod 4| -84 8yl Usym Yo 1n2 si 1amod 1eyl ains axe 1In2.419 uo-1emod ay ) (g)
‘AjaAlleulalje Jjo pue S VETIVETE]
uo youms samod 8yl Buiuiny Aq suid sejiwis 8AI10848pD SUIRIUOD 1INJUID
Jsylopuegz| puegsud 3z, ‘0L ud 3G, 1dnuslul 8yl 4o UN2UID
‘(ss) 9| Buiuonunyjew ayl soejday D1 0 saul| jeubis A\S pue AAd @Y1 d03Y)D youms samod ayi Jayug ({)
*,.do.. ‘Jo pauiny si Ajddns sjemod uaym ‘Ajiadoud suom
NdJ @Ae|s ayl aaejdais ‘ybiy ob 10u saop 1 §| ybiy seob | uid , 37,, D] §1 93s pue 328y) 10U S80p NdD aneis 8y (g)
'8|qnoJ} 8y} 104 d|qisuodsal aq
0] PaJapISuoI SI 10198UU0D pieOogAsY| 8yl 1o "}Jo 1emod
pieogAay syl Jo youms samod a8yl Jayyig - yum ybiry ob s1es1sqns NSO @yl 4o g wid ‘Ajdedoud uonouny jou
‘pdeoqAey ayy aoedal ‘ybiy ob 10u op Asyy §| HND pue g uid GND Yyioq I 8as pue 308y @ S80p youms Jamod ay| ()

‘weisboud 1s91

33 Y1M 93Yd \vY B Ino Aue) - Og,
Nd) utew ayi aoejdas ‘weisboid ayy Bupjosys
AqQ pajeulwi|@ ag 10U ued 9jqnoJ} 8yl §|
‘suoliesado sy pue weiboid

oyl aulwex3 - "9|qnoJ} 8y} 1oy} ajqisuodsal
s| weiboid ay1 Ajayjl| 1SOW ‘YdHMS 18S81 3yl

Buissaidep Aq Ho 12 aq ued Ajddns samod }| @

‘140 1N 8q ued Aiddns

J18mod JI 98s 01 Yd1IMs 1asal 8y} ssaudag @

'|0J1u09 JO 1IN0
Buiuuni s1 weiboud ay |

(1)

‘uoiisod

0, 8yl 03 pauin}
uaaq sey yolms Ho
-1amod ay1 sa)ye bul
-WO09 uo sdaay Jamod

‘1o
Jamod 18s 01 a|qeun

Apaway

1104 %294D

asne) 9|qIssod

8|gnoJ] 40 UoI}IPUO)

a|gnou] 40 ainieN

8-62



‘(S) JUBWIB|d BAI109)8p PB1D81ap 8yl soe|day @

‘p4e0Qq HNJIID NSO
ay1 Jo gz, DI 9oejdas ‘mo| ob Jousaop 11§

»ac.,
pue 3, *,3G.. Ol 40 Indino ays >08yo Os|y

"aul| |eubis TYINHONEY HIMO 84l %984D
'Mo| s90b

,82.. 0l 4o £ wid ay3 §1 8@8s pue uo yamod yim
Ajueiodwsal 10108UU09 Alalieq 8yl 1no |Ind

‘Apad

-04d uonouny 10u op N2

-119 uo10919p abeyjon ayy
JO sjuaWv|e ay) JO swosg

‘Juas
-a.d s1 ab1ejoA ou jo Jo1sisuel) a8yl aoe|day

*LD J01SISUBL] BY} JO
10199]|00 8y} 03 papinoid si 861 OA I 303YD

‘leuonesado

apew ag jou ued 1l JI pJeogAay ayl aoejday
"10199UU09 PIeOgAS)| 8Y] JO UOIIDBUUOD 8yl
uieBe }20ys ‘moj j0u si Ja11e| 8Y1 §| ‘(pieoq
unaud NSO 8yl jo gL uid GND) eubis
MS Md 841 %28Yd ‘pauleIIE S| [9A8] MO| OU §|

‘uonisod , NO., 8yl 01 18s SI yd1ms samod
ayl uaym moj saob pieoq unoId NSO
3yl Jo | D J01SISuel] 8Y) Jo aseq ayi §i yoay)

"1IN2410 Uo119919p abeyjon
ay1 01 papinoud si seiq ON

‘uones
-put  Aleneq aBiey),,
1noylim |euoiiesado
-uou 10 |0J3u0d

J0 1no ob sweiboid

‘abeyjon
MO]| 1033}8p 01 3|qeun

'9|qnoJ1 8y} 104
a|qisuodsal a1e ydiym sjuawala ayl aoejday

"SJUBWaIS
dn >oeq pa1inoiI0-110ys 81 818yl JaYlaym
1IN0 pul} 01 ¥08YD ‘188 8 10U UBD UO J1amod 4|
"PBA|OAUI 818 SN0} J8YI0 Aue Jaylaym
88S puUE UO 1l 8ew ‘18s 8q ued uo J18mod J|

‘Ajsedoud
340M 10U Op SjUBWS|d
dn pa»oeq ayj Jo swog

‘|Jans] AND 8yl Sse mo| se si abel
-|OA 8seq 8y} JI £QZ dpPOIp Jausz syl soejday
‘jJuasald 1ou si abejjon

181311W8a 8y} 1 J01sISuell QLD 8y1 aoejday @

‘(A ueyi ssaj) abeljon aseq ay} pue 1ol
-039]|02 3y} X23yd 0S|y ‘AE Ajorewixoudde Jo
abe}joA Ja1liwe 8yl sey p4eod 1ind1id NSO

3yl JO QLD JOISISuBI} BY) JI 93S 0} Y03y @

"SJUBWIS|D BAI}OBOP Suley
-u02 3Ino11o dn yoeq ey

5, ,uo

Jamod axew o] sjqeun,,
104 ybnouys () sway a9g

—

("'uo

Jamod axew 01 9|q
-Bun si 11 SaWNaWos)
‘palonul

-Sap aJe A VY 9yl

ul paioys sweiboud

s|qejiene
st Jjamod dn 3oeq oN

"P81INDIID-1I0YS 8q O} PUNO} SI YdIym

}uN 8y} 1O 11UN 8joYM 3y} Jayyie aoejday @

"PAAJOAUI JUBLWISI YOS ¥08Yd Udy |
“1uN payNoalIo

-110ys 8y} 0} 19938p 0} Jarund 8y} Junowsiq @

‘pPe1NIID
-10ys si asny ayl
40 1nd1no 8y} yum parosu

-U09 1 YoIym N1 8y (g)

Apaway

1104 %99y

asne) 9|qIssod

9|gnoJ] JO uonIpuo)

a|qnoJ] Jo ainieN

8-63




‘(S) JUBWIB|S 1O 11UN BA11D48P Y] 8oe|day

'a|qno.Jl ay} Jo
asned ay} joduid 01 11un UoISUsl1Xad 8y} pue
Jaund ul-1jing 8y3 JUNOWISIP ‘(WYO | S MO|

SE 1SOW|e) MO| 0] S| 80UB]ISISal 3yl J| "aul|
punoub ay) pue aul| Jo souelsIsal 8yl 3o8y)

"PalINoId-1oYsS
1sowie si (sui| 8A) 1NO
-110 abeljon Atanieq ay] (v)

‘Arenieq ayi aoe|d
-3l ‘U0 18S SI Yalms Jamod ayl usym sinddo
abeyjon Jo ||e) 1ueayiubis e o abieyoau uaye
paulelle 10U SI AG'{ Uey) Ja1eaib abeljon e |

(-aBe1j0A papeo|-uou 8y} pue uoiHp

-Uu09 papeo|-uou ayl 30ay)) ‘abejjon Aienieq
8y} »o8yd uayl pue uo jamod 1nd ‘10198UU0D

8y} a101say - abeljon Ausiieq ayi ains
-BaW 0} 10199UU0J 3y} INO jjnd UBY} pue 10}

-08UU09 AJB11E( By} JO UOIIDBUUOD BY1 308Y)

"Ajdedoud uonouny
10U ssop Auaneqayl (€)

‘(s) D1 @A1108)8p 8o6|d8Y

‘LY Joisisal sy}
pue zg epoIp 8y} 40 AHAIIONPUOD BY} 398Yy)

‘Al4adoud uonouny 1ou
op unaud sbieydes syl
JO sjuaw)s 8y} Jo swos (7)

"191depe Dy ay3 soe|day

‘A9 se ybiy se siisiedepe Jy
ay} Jo abe1joA INd1NO By} JO 88S pue 328y

'MO| 001 s| 181depe )y
ay1 jo abeyjon indino ay) (1)

‘pPajge aq 0} swod
10U saop Aianieq

ay1 Jo Jsrdepe Qv

ue yim Ausiieq ayi jo
abieyoai uayye o ob
10U S90p uoiedIpul
.AdILLVE IDHVHD.,

Aislieq ayl
abueyoas 01 a|qeun

'(s) D] 8ANO8)8p doe(day

. 8¢, JI @de|dal ‘|ans| MO

ay1 1e st 7 uid ay3 jo 1nd1no 8yl pue AZ'|
uey) Jarealb abeyjon ayr sey | uid ayi 4|

3¢, pue 3y, 3G, DI 40 aull TYINHONEY
HIMOJ U1 %98yd ‘ybiy punoy si 7 uid ayy
40 1ndino ay1 §| |9nd] HOIH 8yl e st £ uid
ay1 jo Indino auyl §i pue Az’ ueyl arealb
abejjon sy sey | uid gz, 314149940

‘Aped

-0i4d u0I110UNY JOU Op 1IND

-119 uoioalep abeyjon ay:
JO sluswa|d ay} Jo swos (Z)

‘peoeld

-8l aq p|noys Aianeq ayy ‘ebieyoau Jayye
paonpaui Ajgeylewsa. si Aialieq ayl Jo uoil
-elado jo uoneinp j| ‘Asaiieq ayy abieyosy

‘g/\ obe1jon A1s1ieq ay) ainsea|y|

‘MO| 001
st abejjon Aenzeqayy (1)

‘paulel

-ujew st UoIIPUOd
uo Jamod ay1 ajiym
40 uoneiado Buunp
$91N290 uonesIpuy|

paieoipul si
.AHIL1VE IDYVHD.,

Apawsy

1104 %2849

asne) 9|qIssod

8|gNoJ | 4O UOIIPUOD

8|gnou] Jo ainieN

8-64



‘leuonelado sswo2aq wal
-SAs ay1 |11un SI\JOY 3yl auo Aq auo aoe|day

".38..40,,aG 1., Ol 8de|day

‘1ndino asind e
aney L pueQl ‘g ‘Lsud,agl, Ol #98yD

‘leuol1oUNy J0U 818 SNOY

8yl Jo awos 10 papinosd
st jeuBis 109}9s NOY ON (2)

D11, Dl 8oejday

uasaud si [eubis 1ndui ay3 yum
|eonuapt st yoiym |eubis 1ndino ue i 8as 01
.91 1. 3138 0L 0} 8 sadul| ssalppe ayi %28y)

391, Ol 9de|dal ‘apis

1ndino ay1 uo jussaud jou si Indino asind e y)
‘ind

-1no asind e Buipiniod jou si (8qoJis ssalppe)
LLud 391, Ol usym Ndd urew ay soejday

"1ussaid si11ndino as|nd e j1 8as pue

.39l josejamse | | uid, 39|, J| yoe
ssalppe 8y} o sindino pue sindui jje ¥08y9

'8Ul| SNQ e1ep SSaippe 8yl 0} paldsuuod ale
yoIiym sjuswa|d ayl Jo yoes uiny Aq aoeld
-84 ‘Juasaid sAem|e si [eubis |ans] mo| B |

.98, NdD ulew ay) soejday

‘Buisind ase £g 01 gz uid 5g,, NdD ulew ayy
JO sInd1no |je JI 398Yd ‘uo Jamod Jaye 1snp

"aul| snq
elep ssalppe 8y}l uo juss
-a4d s1indino asind oN ()

‘PoINJ3Xd
8q 10U ued sweiboud

‘Ndd

9Ae|S 8y} J10/pue ulew syl ade|das ‘jeuon
-eiado awo099q (30u op Aay}l 10) 10U SB0p M
}l ’(s) 1o1e|19s0 |euoiIeI8dO-UOU BY] doe|day

e
-uonuado ale Nd) 9AB(S PUB UIBW BY} JO |HD)
pue gy4J S101e||I9SO 8A130adsal BY} JI YoBY)

‘leuoniesado
10U 8Je Jole(|Ioso /Y] (Z)

‘lewdou

$1..39.. NdD @Aejs 8yl pue qg | pue 9|
‘D DI 40 Yyoea jo |eubis 13sa1 8y 1 Y8y

*.4G., D] 9oe|d8l ‘MO SuleWwal 1 §|

'UO 18S SIJamod Js)e dasw O Ajsrew
-Ixoidde ybiy seob | | uid ,4g,, I #1 98Y)

.D8., NdD Utew ay} soe|doy

‘1ndino as|nd e aney
6€ pue Op suid , ng, NdD Ulew syl J y98y)

L.,
10, 41, D1 18Y1ie aoe|dal ‘Mmo| ulewas Aay} §|

‘uo 18s
sI Jamod sayye 9asw Qg Ajslewixosdde ybBiy
obgud o/, pueysud 4y, 43 Y08YD

.4G., D1 80e(dal ‘YBIy surewal 3 4|

‘U0 18s S Jamod Jslje dasw Qg Ajelew
-Ixoidde mo| seob ¢ uid , 4G,, D[ §1 329y)

‘pases|al aq
10U ueo jeubis 1esaiayy (|)

HI0M
40 1o Aj@189|dwod
SINdD utew ayy

(‘uesaud si

1A 9beyjon a160| 8y )
‘leuonelsado awod
-8q sAe|dsip ou 1nq
uo 18S 8Q Ued 1aMOod

Apasway

1104 08y)

asne) 9|qissod

8|gno.] JO uoKIPUOY

8|gnou] jo ainleN

uonezijeniu] Z'v'g

8-65



‘S| 9A1}0840p PA108IAP By} doe|day @

D1, pue 31,09, .3C.
Dl 3e auy [eubls | SINDIY 8 Y3 98YD

‘pie0qAay

83 10 S8YD1IMS Ad) 9A1108)9p By} aoe|day @

‘uoi

-1puo9d passaldap e ul 1)8] aJe SaydlIMs Ad)Y
Aue J1 88s 01 sAa| elep Jay1o pue Asy NNIW
93Ul ‘'Gdd- L dd sAay uonouny ay1 398y

"1IN2419 8y3 ut Aem

13pun si pseogAsy ay}
wo.} uofresado dnuisyul
Ue 10 UOIIPUOD UI-paAady)
e ul s| pieogAay ay|

‘p1e0qAay syl
ybnouy1 panaiyoe aq
10U ued (uoneolddy

/40 HOLINOW

/21Sv4g) 8pow uon
-eJado Jo uoI109|9g

‘pesp
SI walsAs ay1 1nq
Ae|dsip awos smoys

uaa10s NI dYL

‘susanied uaoiq ayy Jied
-21 pue (s) 18590S | 8A1199)9p Aue ade|day

‘spuawa|e ay1 Buowe suo1128uUU0D 8yl pue
NdD ulew ay) wouy (018 sjeubis aul| ‘sjeubis
snq eiep ‘s|eubis ssaippe) sjeubis |je 3o8y)H

‘'suianed

11n2412 8y} jJO Aue ui 1o
SNdJ PUE SNQY 104 Ss18
-390s | 8y1 Jo Aue ui uon
-08UUOJSIpP JO UOI1DdUUOD
1UBID1NSuUl ue Ssi a1ay |

'|041u09 JO 1IN0
so0b 10 A|paroadxaun
sdois uonesadQ

‘leuBis yoes ul paurejuod si ind
-lnoesindeyisssorg| ud , HL L, puegud
.HOL,, '€l uid 901, 3140 sIndino 3d8y)

‘ad101pd
-pinoid aie elep |euas ON

(2)

91,10 3G, D1%23Y2 ‘moj st g uid 3z, O1 4l
'0| 9A110340p 8yl aoejed

-81 pue wayl Jo yoes jo |eubis ayl 398yd 0§
'9)gno.l 8y} 104 9|qisuodsal aq 01 paloads
-nsst, 3¢,10,3z,. .31, °.96. Il 40 Auy

‘31 4104 [eubis indul
a1 %93Yyd ‘Mo| 06 10u S0P WY} JO J13YLS §
‘mo| 06 Q| pue g |suid 36 D] 410G J1 08y

‘Ajiedoud yiom
10U saop |eubis (199|8s

Ssaippe) 10913s /| dUL

(Aeid

-SIp Aue Inoylim pa
-1ndaxa aie sweibouiy)
‘pesp aie sI01edIp

-ul 8y1 seaiaym |euon
-e4ado si walsAs ay |

‘palunowsip

sI pieogAay ayl uaym ybiy Ajgriuigur ob jou
S80p souelsisal syl JI pieoqAay ayl soejday
‘a1elidosdde st ianayoiym ‘doy Asy ayi

10 Y91IMS 19R1UOD J8qQgnJ 8y} J1aylia aoejday

‘Jeubls DS a1 pue [eubis N LYY ays J0

obessed 29y2 pue pieoqAay ayy Junowsiq @
‘passaidap 19| sI SAay ay1 Jo Aue JI 308y) @

‘uo 1day st AaX NNIN
10 )v3vHg 2uy1 1oyng

(1)

‘Bul
-peaoo.d si 1dnuiaiu)

Apsway

1104 %2849

asne) 9|qissod

a|gnoJ | 40 uoIIPUO)

a|qnoJ] jo ainmen

8-66



‘Hun p1eogAay| 8y} aoe|dal

‘SS9|1094J9 S SaIPaWaI SA0GE 8] JO Jayliau |
'Yd1IMS 1081UO0D Jaqqnu a8yl aoe|dau ‘a|qnoJl
ay1 104 s|gisuodsai s1 Aay uonouny ayl §|
"Yo1MS ayl

9oe|dal ‘passaidap S YO1IMS a8yl uaym all
-UlJUl WO g5 G | 01 SBW09 8ouelsIsal 8yl §|

'SaYdlMS

ay) Buissaidap ‘|eubis DS ay: pue jeubis
NLHDI 8Yl Usamiaq aduelsisal ainseaw pue
a|qel 8po9 Ady ayy Bunnsuod Aq ul paiay

8Q 10U UBD YoIym apod Aay ayl 1no a|buls @

‘Ayney si Jjasu
4o11Ms ay) Jo 10e1u0d 8y (1)

‘1ndui
104 |eUOIIOUNY JOU S|
S8Y921IMS 8yl Jo auQ

DG, D| 9oeldau

uay) ‘ul paAay aq 10u ued |eubis DS Yl §|
‘P4BOG UNDID NSO

ayl Jo , 91, D] aoe|dal uayl ‘sAsy ayi ||e uo
ur pahss| aq 10u ued [eubis N1UM 8yt y| 10
01 £ SapoIp 9yl 399Y9 ‘9|qnoJl p1eogAasy

e Si 8|qnoJl 8yl §| ‘pieoqAay| syl aoe|day

‘a|gel apoo Ay
ay1 Bunnsuos Aq ul paAay g 10U UBD YoIym

(DS 10 NLHM) 3p0d Asy ay3 ino [eubis @

'sjeuBis NLYM Ol
-198ds Ag s4n2%0 (1S3IND
-34 g)) 1dnusiul oN ()

‘p1e0qAdY
a|oym ay1 aoe|da. ‘(passasdap aie Sayolms
98Ul Usaym paloa1ap aq 10U ued g G | Ajolew

-1xoudde Jo adue)sisay) pesp si aul| a8yl J|

"$8YOUMS 8y1 Buissaidap ‘pieoq 1nd

-119 NSO 8Y3 JO GND PUB {NJ 1B Saydums
Buipuodsalio9d ayy Jo [eubis DS ay1 pue |eu

-B1s NLY 9yl UBBM]BQ 80URLSISA BINSEB|N @

'10109UuU09 pieoq
-A®) 8y} Jo 10e1U0D peg (|)

‘1ndui 1oy |[euonouny
10U aJe SaYILIMS
A3y 8y} jJo swog

‘Mmo| 06 10u op widyl o || 4 DG, D] 8oejday

', ,uo-1amod,, 1a1ye mo| ob Aayi 41 98s

01,96, Il 40 sjeubis 1ndino JS) 2yl Y23y @

Auney
si aul| jeubis DS ay] ({)

“dv.. pue
L., D1 Buipn|aui s1in2410 18584 8y} 398Y)

- ul
-lamod,, 181je Mo| s906 11 1Y) 98 0] paeoq
HNoIID NSO 8y o | uid DG, J]328y) @

‘Aney
s leuBis 13534 8y (€)

‘'s)| Alney ay1 soe|day

‘G pue g| sud 98, NdD
utew ayrjo ‘gl uid 9, J|Jo sjeubis ayy
398Yd ‘sAay Buipuodsaiiod ay) Buissaidaq @

._8
-pinoid si jeuBis N LYY ON (Z)

‘1lun pieogAey ayl

aoe|dal ‘pabewep s 9)qed 10199UU0 8y} §|
's101

-08UU09 8y} 9oe|daJ 10 UOI198UU0D 81 Opay

‘p1BOQ HN21ID NSOIN dY} UO GND Pue
N $10198UUOD BY] JO UOIIIBUUOD 328YD) @

'10}09UuU0d pieoq
-A®y 8y3 4o 10e1U02 peg (1)

‘Indui 40} ssdjuol}
-ouny aie sAay 8yl ||y

ui-Aa 01 a|jqeun

Apsway

1104 %9849

asne) 9|qIssod

a|gnou] Jo uonipuo)

a|gnoJ] 4o ainieN

pieogqhay €8

8-67



*,98., NdD utew ay1 aoejday

", DY, 10
,DE., Ol Jo Aem Aq sulj snq eiep syl 01 Juas
s1 jeubBis N 1Y) 9A108dsal ay3 1By} Wiyuo)

CI!
-08j9p S NdD Utew ay (g)

.36, pue Dg,
D] Ul sluswaja Ayjney pa}oslap syl ade|day

‘s|eubis 1ndino HSY 8y} JO yoes Jo wioy
anem syl se jam se | | uid, HgG,, I 399y)

‘leubis oSy 8yl
Jo Buiwiy indino sadoidw (g)

.36, pue
.DY.. .DE.. D] ul syuswala Ajne} aoe|day

‘Indui Aay| Jo awinl 8y} 1e elep ui paAay| ayl 4oy

|euBis a1eb ayl aonpoud Aayy 1 88s 01 pieoq
N3 NSOIN 84l JO D pue HE DI %93YD

‘Ayney si
(aul| 109|3s) e1Ep Ul paAay
oyl Joy |eubis e1eb ay] (L)

(", @oeds,,

8ioW e 0} paisye

S| 4810B1RYD Ul PBASY
v 'B'8) ‘siane| ui
paAay| 8yl wWoly 1uaisy
-JIp aie S18118| PaI01S

‘Alpay
-0adxaun pasalje aq
ueo eiep 1ndui palolsg

1.9€..9¢...91.,

D] ul Jusws|d Ayney ayl aoe|das ‘pieoq 1nd
-110 NSOW 8y3 01 8|qelnquilie st 8|qnoJl syl 4|
‘Hun

pieoqAay| syl aoe|dad ‘10948 OU sey SaydlIMs
JO 1uswsoe|dal 8yl §| 'SaYdUMS 8y) soejdal
‘a|gnouJl ay} 10} 9|qisuodsal S| pJeogAay ayl 4|

"apIs pJeoq

1IN2119 NSOW 8y} 10 apis pieoqAay ayl ul
S1 |9A3] MO| 89U} 10} 8SNeD 8y} J8Yylaym auiw
-1919p 0} pJeoqAsy syl Junowsip ‘passaid
-9p 10U aie SAd) 8y} UsYM MO| SI aul| 3yl §|
‘pJeoq 1noJIo

NSO ay3 jo au| [eubis N1HM Y3 se |[am
se sA9y| Alney ay1 Jo sapod Ay 8yl yoay)H

"9A1108)8p 84e SaYd1IMS
pJeogAay ay3 Jo swos 1o
Aney si [euBis N 1YY 8yl
Jo 1inaad 1ndut ayr Jayug (g)

‘Hun pJeogAay ay) aoejdal ‘10919
ou sey Ml §| ‘pieogAay ay} Jo Buiunow opay

‘uolis.0} Jo Buipuaq 01 anp
paw.Iojep uaaq sey pieogAay ayl i 3oay)

"pawIoep
uaaq sey pseoqgAsy ay] (z)

"S3YO1IMS U} JO |109 uinlal 8yl aoejday
‘pie0gAay ay1 jo Bununow isnipy

100

uinjal 8y} Jo suesw Aq payl| Aj|ny aq ues
SBUOLIMS 8U1 I 08D 0S|y "JA0D 8SBD 8y}
Y1M 4ONOo} Ul 81e SBYDLIMS A33 By} §1 308Y)

'sayoums Aay jo Buipuig (1)

‘passaid

-op Buiaq sayoims
Buipuodsaniod sy}
1noyilm elep uiind
-ul sAay a8y} Jo awos

‘SAay
payonol-uou sawos
1€ SIN220 ul-AdY

‘1un p1eoqAey| 10 saydlIms Aay syl aoejday

‘Jons| Mmo|
uo SI 8p0Od AU I WJIJUOD 0] SAP0d N1HY |8
Y08y ‘passaidap 1day si Aay Aue Ji yoay)

‘Ajjney aie sayolims Aay (1)

‘1ndul J0j |euol}
-ouny aie sAay| JayiQ

Apaway

104 %99yD

asne) 9|qIssod

8|gno.] JO UOIHPUOD

9|gnoi] Jo ainieN

8-68



"9UO M3U B Y)im 11 aoe|dal ‘pieogAay
3y} Ul 818yMaWw0s PalosuuodsIp si aul| ayl §|

"(saull leubis 9 ~ 1S2) '"NSOW
pue Jalie| 8yl UBBMIB] pue pieogAay

‘A ney si

"10109UUO0D 3Y} JO UOIID3UUOD 8Y] OpaYy 8y} pue O usamiaq AlIAIIONPUOD Xo8Yy) @ | J0108UU0D 3y} JO 10e1U0) ()
(go
0 'ON SJI 40 1n0 (s))| 9|qisuodsal ayi 19818Q) ‘Ayney a1e 1un o7
(s)D1 Ay nej ayy aoe|day paAe|dsip 10U SI %90|q YdIym 89S pue 329y) @ 8yl 40 s)| Y3 Jo awog (g) (61190 E1Ep
"6, Dl 9oejdas pa101s J0 uoneial
uay} ‘apis Indul 8Y3 UO puUNoy S B|qNOJ] Y1 J| ‘pa||049s Bulaq si usalos -|e |enued) “Ajjeiued
‘0| 8y soe|dal ‘Ajjney 3yl 9|iym Jo uo 1nd s| Jamod iaye € 01 ‘Ayney s1 Qo uolouNy 10U SL0p
$1.991,, 2140 (¢ | 03 g suld) indino ayy | L suidse |lamse | o1 g uid D9, DIX99yD @ | jo eubisosjes diyo ayy (1) aimesy Aejdsip sy
Hun @27 8joym syy
aoe|dal uay) ‘sD| AI10949p O Juswade|das "§7)| 9M10949p pulj 01 1un I "9A1109}
1814e Ajadoud yiom Jou sa0p WalsAs aul §| 8yl woJ} 8uo Aq auo £ZzZ /L pdr D unowsiq @ -9p s! Jj@sy uun go7 9yl (9)
"8ull MAOY 8Y31 40 3201] : (M7D) G uid,,
30019 HIYS : (MOS) £ uid,
elep [euss : (QS) 9 uid,
eleq/Aue) @ (Q/9) p ud,
'sindino asind ale
Aay1 J1 88s 01 pi1e0gAa) 8yl ybnouyi ui-paiay
‘uoospue 41, ‘.HZL. Dl equed uaaq sey samod Jayje a1ensgns NSON ‘aD1 404 sjeu
yolym ‘(s)D| 8A110848p poloalap ayl aoejday ay1 Jo GND 1e sjeubis Buimojjo) syl yoay) @ | -Bis jo 1ndino ou si1aiay] (G)
‘Ajadoud Buiuonouny jou
‘pleoq ‘pleoq N9 NSO dY1 4o /| S| p4eogAay 8y} Jo UN2UID
-A9> Y1 JO gD 10 | D J0lsisued) ayl aoe|day uid gND 01 papinoid si a6e110A 10A 1 Xj08y) @ | Bunenbai sbue main ay) ({)
‘NL
'SIUBWIS|S SAI10948p ||e soe|day Ajerewixoudde jo abeijoa ayl sey 1l JI 89S 01 ‘s|qe|ieAe jou si
.0¢.. J1 pue gQ pue /£ "S8POIP 8Y1 328y L1 uid GND pJeoq 1nd4d NSOIN @Y1 %29y) @ ao7404aip ebeyonayy (g)
‘GNO p4e0q 1NJIId NSO
By} pue 18}1e| Y} UBaM18(] puk pIeogAsy ‘uo1308s J0308U
"J0}08UUO0D 8y} JO UOI1IBUUOD OpaY 8yl pue g7 UsaM1ag uoI1o8auuod 8yl 398y) @ -u09 8y} JO 10e1U0D peg (g)
"g|Bue ‘uon
pa1oadsns aq pinoys ‘pdeoqAay 8yl uo s|bue maia ayy MBIA 81 JO |0J1U0D Bwn| -ouny Aj|e101 10u saop
sasned Jay3o awos ‘sieadde Ae|dsip ou | JO |0J1UOD BWIN|OA 8y} Y1Jo) pue yoeq uin] @ | -OA a8yl jo Juswisnipeley (1) aini1eay Aeidsip ay |

‘peasp
S| walsAs Ae|dsip ay]

Apaway

104 %2849

asne) 9|qissod

8|qnoJ) Jo uonIpuo)

8|qnoJ] Jo aimeN

aosl vvs8

8-69



[9A8) ybiy uo s1 141 4| 9| 9oe|das pue
‘|loA8] MO| UO Suiewal Z uld §1 36 J| #oejday

‘pieoq
HNoNd NSO auk 40 Z uid 41 DI %99yD @

‘paiesa
-uab sAem|e si jeubis 39S (1)

‘O paies|d si aunoid
8yl 1nq ‘psAe(dsiqg

"] Ayney payosiap ayy aoejday

.d€.. pue 41, 01 %98yd Y61y 10u
s1 11 }] "uo 1nd si11amod Jslje sasw Qf Aj@rew

-ixoidde ybiy st G ud HL L, D1 4409yD @

‘Aj4ad
-0.ud auop 10u si Buniag (1)

'ssajbuiueaw A

-|e101 ale Aay) ‘paAe|d
-SIp aJe suoleasn||l
10 SJ9119| BWOS J|IYAA

‘uo 1nd si Jemod Jssyye
paAe|dsip ale saul|
sso|buiuesw Ajje10 |

"C ON £ZZL pdr D 8de|day

‘anoqe se awes (1)

anoQe se aweg

‘Ajiadoud paAe|dsip aq

10U UBD gD JO Saul|
OM} 1SOW JBMO| 8Y |

"0 'ON £T¢L Pd" )| 8de|day

(Al
-ladoud pajjo43u09 8q 10U
ued aull M\OY @yl) Alney
aie Q7 uo sJ| Jo swog (|)

"Aj3oal
-102 10 Ajje101 paAe|d
-SIp 8q 10U ued Aay |

‘Ajedoud paAeidsip aq

10U UBD ()7 JO saul|
om} 1sowsaddn sy

0

Jolsisued] syl aoejdai ‘sauen abeljon syl §|
"1 D Jo3sisueny

ay} aoe|dai ‘Auea 1ou saop abeyjon ay 4

‘pauIn} si YA JO |043U0D
3WIN|OA 8Y} UBYM SBLIBA PIROGASY 8Y1 UO 2D
Joisisuell 8y jo abeljon aseq ay) i Yooy @

‘Ayjney
S1 s101sIsuedl 8yl Jo auQ (g)

"L YA @9e|dau ‘AJeA 10U SB0P 9oueRlSISal 8yl §|

‘pauiny
S1 YOIIMS [0JIUO0D SWIN|OA BY} UBYM SBLIBA
pie0QADY 8Ul UO | YA JO BOUBISISaI §I 308YD) @

‘Aljney s youms
Joluod sawnjoA ayy (1)

‘pauiny si un

8y} JO |041U0D swn|
-oA 8yl 1 8bueyo jou
saop sjbue mian ay |

‘paisnipe aq jou
ued a|bue main ay |

‘aseyd aysoddo ue sey 1 J HO |
0| @oe|das pue ‘g | pue || suld Jo} aseyd
awes ay} sey jeubis auyl JI H | | D) 9oejday

‘pieOoq 1NaJID
NSOW 8yt J0 Z| pue | | suid H| | 3] %984D @

"pasIanal
s! |eubis aul| eiep jeuag (1)

‘Aj@sianal paAe|dsip
SI 81lym pue joelg

"9S19Na] SOW099q
1sesuod Aejdsip ay |

Apaway

1104 %98UD

asne) 9|qissod

a|gnoJ] JO UoIIPUO)

a|gnou] Jo aimeN

8-70



'SMa19s ay} uarybnay (1

ww

9°0 'xoidde s| aoey 10edwi s 48A8| Bunuud
pue ualejd usamiag aouelsip Jadoid (€

(saoa1d )
M8I0S-18G

. iy ipils Jana| Bunuug
o)\ 74
,, 7 °

(s@oaid )

Heuses peay juud

uale|d JO 908} 90UBI9BY

"mojaq
paiedisn||l Se ‘ysny awo29q JaAs| buniuud
J0 aoe} 1oedwi pue abelses pesy juud jo

90k} 90UBI9ya1 1Y} OS peay 1uud soe(dsiq (g ww g0 :8douelsip Jadoid @
'SM8I10S-18S OM] 8] Uasoo (| "90ey 10edwi s 18A8| Bul ‘peay uud pue usleld
:SMO||04 Se 1081109 “Jadosdwi Buteq aouelsiq @ -juud pue uale|d usamiaqg adouelsip ¥oay) @ | Jo uonisod aane|as Ayneq (9)
‘Alnuiuod ‘leuiwli9) pieoq
‘'sued |EO1I103]3 10} S1IM UOWWOD Hd4 pue [euiw 1IN2J12 PUB 8JIM UOWWOD
8y} Jap|osad ‘pawlipuod Bulaq Alinuiluoosiq e -19} pJeoq 1naJid Bunoauuoo 1ep|os }oay) @ | Dd4 Usamiaq 1oeiuod peq (G)
‘aIIM
(2-9) "‘AlInunuod uowwod (sjqes payuld
Dd4 @oe|dal ‘pawuyuod Buleq Alinunnuossiq e |EO14108|D 4O} BJIM UOWIWOD DdH Mo8y) @ 91qIxa|}) Dd 40 aymdny (1)
‘paoe|dai aq p|noys 1019918p
H 8y1 10 D4d ‘Opolp 8yl 1e 8|qe19a18p 10u
sI |euBis ayy §| - -areudoudde s| 1and ‘pe1081ep
-yaiym ‘g L @ 8polp ayr 1o ,asg, Ol ddejday e ‘ZLpue || suid, @g, d139y) @ lou s |euBis 19sai ay] (g)
"Ajiadoud Buiuon
‘ajendoudde st yansyoiym 4L, '/ pue g ‘G ‘g suid gg| Dl pue -0Uny 10U S| INJUID IBALP
Dl 4aAup ayy 10,9, NdD 9Ae|s 8yl doejday @ 9l 01¢| suid g9, NdD dne|s ay1o8y) @ ayl 1o NdJ anes ay] (g)
"1010918p | 8y} 10 8|qed Dd4 8yl soe|dai ‘pieoq HN2JID NSOIN 84l JO G| pue | suid ‘pae19818p 10U
‘61 uid gND 1e Juasaud Jou st [eubis S| 8yl | @ | 38, Ol Pue g1 uid QND 10108UU0D 81 308D @ si g1 |euBis Bulwn ayy (1)

‘paruid aq
ued 10p ou 1nq ‘Ajjew
-10U $81B10. JOJON

‘paruud
aq ued J0p ON |

Apaway

104 398y)

asne) a|qissod

8|gnoJ] 40 UoHIPUO) a|gqnoJ] Jo aimepN

(09L-12POIN) 483uld ODIN  GV'8

8-71



"19p|0sal ‘pawuiuod Bulag Alinunuoasiq

‘leutw
-18) pJEOQ 1NJJID PUB [BUIWIIB] BJIM UOWWOD
Dd4 Usamiaq ALNUIIUOD |BDLI3D3|8 308YD

"Jd4 40 1081U09 peq (1)

‘'suon

-1sod 10p Jejndiued
-un 1e SINd20 S10p 4O
UOISSIWO 1UBISUODU|

‘(g-g) Asse abeuseos peay 1uud
aoejdaJ ‘pawliyuod Buiaq uonesado Ayneq

'¢3719N0Y1L 40 3HNL
-¥N (9 3SNVJ 3781SSOd Ym se sweg

19n8| Bul
-juud jo uonesado Ayne4 ()

‘(1-g) Asse peay 1uud
aoe|daJ ‘pawiyuod Buiaq uonesado Ayneq

'¢ 3719N0Y1 40 3dN1
-¥N (G 3SNVJ 318ISSOd Yim se swes

‘peay
juud jo uoneisado Ayne4 (g)

"19p|0sai ‘pauwnliyuod Buiaq Alinunuoasiqg

'¢3719N0Y1L 40 34NL
-¥N (€ 3SNVI 3791SSOd Y¥Mm se swesg

'alIM plous|os
peay 1und jo 10e3U00 peg (g)

"19p|osal ‘pawyuod Buiag Alinunuooasiq

'¢3719N0YL 40 3HNL
-¥N (2 3SNVJ 319I1SSOd Yim se sules

Jdd
JO ain1dnu 1o 10e1U09 peyg (1)

‘plousjos yuud
Je|noied e Aq po
-19A09 aq 0} uonisod
10P 1B SINJJ0 S10p JO
UOISSIWO 1URISUODU|

‘uollisod Jejnon
-led 1e sjop JO uois
-SIWO Juelsuodu| ‘¢

"(g-G) Asse ebeled peay und
aoe|das ‘pawiyuod Buleq uonesado Ayned

‘uoljesado yloows
104 18n3| Bunuuid Buipuodsaliod }oay)

"1an8| Bul
-juud jo uonesado Ayne4 (/)

‘(1-G) Asse peay 1und
aoe|dal ‘pawdiyuod Buiaq uonesado Ayneq

‘uonesado
yloows 104 pos ysnd Buipuodsaliod 308y)

‘Pesy
1und jo uonesado Ayne4 (9)

‘(1-G) Asse peay 1uud aojedau ‘paijloads
ueyl Jamoj Bulaqg anjeA painsesw ay |

("1 deyy’L|-g'| ied o1
19J81 ‘aouelsisal Jo anjeA ayl 104) ‘plo
-ug|os Buipuodsalio Jo 8ouelIsIsal }o8y)

‘plous|os junud jo aumdny (G)

"19p|osal ‘pawyuod Buiag Alinunuoosiq

‘leulwlal Dd4 pue aiim |eulual
plouajos jund Buipuodsailod ay) Buinosuuod
48p|0s 8y1 A1iNUIIUOD |BOLI1D8|8 10J Y08YD

"81IM pIoUd)
-0s juud jo 10e3U00 peg (1)

‘sjeuiw
-18} J9p|osal ‘pawayuod Buiaq Ayinunuoosig

‘Alinu
-13U0D |BD11109|9 10} |BUIWLISY pieOq 1INJJID
pue jeuiud) Hd4 Buipuodsaiiod yoay)

"Jd4 40 1083U00 peg (€)

(¢-9)
Dd4 99e|dal ‘pawayuod Bulaq Alinuiluoosiqg

"A}INUIIUOD [BO1ID39 40} D4 X98YD

"0d4 Jo aindny (g)

'pP8198uuoIsIp

10 Pa1INJlID-1I0YS S| |10D peay 8yl JI %08Yd
‘Alredoud Buiuoizouny 10U st | J8ALIP Byl §|
‘a1endoidde si1anayoiym , Q€ L,, DI 19AUP
ay1 40,09, NdD @Ae|S 8yl Jayle aoejdey

‘6 pue / ‘G g suid agl, Jl4oAup
ay1pue gl o gl suid, @9, NdD A99Y)

‘Ajdadoud Bui
-uo110uNy 10U S NdD aAe(s
8yl Jo 1ndJ1o J4aAup ayy (L)

(‘prousjos

Jejnoiued e Aq pa
-18A09 8( 0] SUWN|0d
1noy 8y} 10j suop 10u
s1 Bunuug) -elesado
10U S90p plous|

-0s juud Jejnoiued y

'suoilisod 10p e
-noiued je siop jo
uoISSIWO JueISU0) ‘g

Apaway

104 %2849

asne) 9|qIssod

a|gnoJ] J0 uoiIpuo)

8|gnou] jo aunieN

8-72



‘pPa1NDIID
-10Ys 10U Si 1 I 99s 01 Jajulid 8y} 4o 102 40}
-Ow 8y3X08yo 0s|y "L d dpolp 3yl pue €10
J01sisuel) 8y} 3o8yo ‘Ajiadoud Buiuonouny
j0U S| Z | D 10 D 101SISURL] By} 18YLd §| @
'S]1UBWIBIS BAI109)ap aoe|day @

‘MOJ SI Z | D J01SISUBI} 8Y] JO 10198]|0D 8Y1,
pue ybiy si g J0ISISUBI] 8] JO J811IWS 8yl

‘yby stguid 3y, 41«
J1@as pueoay) e

‘sjuaWa|e aA1loayep Butoeldal
81049q ¢ | D J01sIsuell 8yl }08Yd pue pajosu
-UODSIp JOU PalINdJIO-HOoYS Jayliau si usyuld

3y3 JO 102 J010W 8y} 1Byl 8ins axew ‘Alied
-04d Buluonouny 1ou si € LD J01sisue1l 8yl j| @
"S]UBWS|S BAI109)ap aoe|day @

‘NG+40
abe1joA 8yl sey Janiwe ¢ | D J01sisuell 8yl
pue yBiy stindino g | uid 3/, &
‘ybry stindino y uid 3, D«
‘mo| stindino z uid 3p,, Ol«
Jl9as pueosy) @

‘Aj4edoud Buiuonouny jou
8Je 1IN2JID UO-J0l10W 3y}
JO s1uswWd|d a8y} Jo swos (G)

*,A9., NdD ane|s ay1 aoeday @

‘|9A8| 18MO| BY} 1B Bie g7 pue
L1 suid Q9. NdD 9AB(S U} | 88S pue Yo8YD ®

‘Ajdadoud Buiuonouny
10U s NdD dnejs ayL ()

(1-2)
Asse 1010w 8oe|das ‘812104 JOU SIOp JOJOW | @

‘'sajel
-0J 31 J1 §989YD puE JO10W SSOJoE AG'E Alddy @

"10J0W 8A110848(Q (€)

‘pausasuod sued
8y} Jep|osai ‘pawiiyuod Buieq Ajinuinuodsiq @

‘Jeuiwsl
1010W JO |BUILLIS} PJEOQ 1INDJID PUB 8JIM PE3)
1010W U9amiaq AlINUIIUOD [BO1I1D3[S Yo8YD @

Q1M
pesa| Jo10W 4O 19e1U09 peg (Z)

(=)110v18)

(+)(a3y)

‘Aiessadsu
J1 ‘4 Jiedas pue 1no410 Aiddns Jamod 3o8y) @

L0~y -
oa NGo+SY :abe)joA paley
'9d09s0]|19S0 10

191591 Buisn abe1joA jeuiwisl JO10W 303Yy) @

"J010W
01 Aiddns samod sadosdwy ()

‘pUBWIWIOD) 1ulid JO
uonesiidde jo ands ul
91R10J 10U SS0p J010|\

‘018
-01 10U S0P 1010\ G

‘(1-€) Asse wed
pes| aoe|das ‘uiom punoy Buiaq snooib we) e

‘Jeam 10} 3A0016 Wed pes| 328y) e

"an0016 weo pes| 4o JedpA ()

‘(1-€) Asse
weo pes| ‘(£-g) Hun uononpai ‘(| -g) Asse 10}
-ow :Aue Jl ‘Led pabewep 10 uiom 8oe|dsy @

-abewep Jo Jeam 104 sesb jeussrul weo
pes| pue Jeab uononpai ‘Jesb 1010w 329y)H @

'sieab Jo abewep 10 JeaAA (1)

‘uwIn|jo9 Je|
-nonJed e je sabueyo
yipim Jaoeieyd

‘'sabueyo
yipim Js1oesey)d v

Apaway

1104 %2842

asnen 9|qIssod

8|qnoJ JO UOHIPUOY

8|gnou] jo ainieN

8-73



‘(¢-9) Buuds Aem-suo

‘abew

‘Bunds Aem-auo

aoe|daJ ‘pawliu0d Bulag abewep Jo aindny @ -ep Jo aimdni 1oy Bulids Aem-suo 3034y) @ jo abewep 1o aumdny (g)
‘(1-9) Asse Buipaay -1eam 10 abewep 10} Asse Buipasy ‘Asse Buipas)
1aded soe|dal ‘punoy Buiaq Jeam 1o sbeweq @ Jaded jo sjuswale Jaylo pue sieab yoey) @ | Jaded jo Jeam 1o abeweq (p)
(11-1) Asse ‘UJOM 10 uax0.q
aweuy aoe|dal ‘punoy Buieq Jeam 1o yeaig @ | “IBM .10 XEaIq J0} 13N Buipasy saded 3oay) @ | Buiaqians| Buipasy taded (g)
1BaM 104 X08Y)
N
wed |euladiui
‘(4-¢) weod Buipasy ‘wed Buipasy ‘wed Buipas) uoqqul
uoqqu @oe|das ‘uiom Buleq weo [eusdlu| @ uoqqgil JO WEeD [BulalUl Y} JBBM 10} H03YD @ JO weo |eusalul Jo JespA (2)
‘BuibBo|o 10} 8sinod Buipasy saded %08yD @ Jaded
"1 deyd ‘g-z'L 8y} uo jods swes syl
"led 0} 19ja1 ‘1aded Jo suoledy10ads o4 @ je pareadal si Bunuud
“J9lowelp Ajpuanbasuoo pue ‘pawiopad aq jou
‘aoe|dau ‘patajioads se Buiaq jou taded @ [l0J pue SSauddIYL ‘YIpim 1oy 1aded %08y @ "1aded jo Buipas) Ayneq (|) paj aq Jouues jaded | -ueo Buipasytaded '/
"S1UBLIAIS BAI108)
-ap ||e @oe|daJ pue |102 J0l0W 8y} pue € LD
308yo ‘Ajadoud Buiuonounjjousi zLD 4 ©
"SjJUBWIS|e
aA110949p ||e #oe|daJ pue |10D JoJoW BY) pue 'Z 1O 40 10198||00 81
€10 ‘210D 99y0o ‘'ybiy st gD J0 J81WA 3Y1 §| @ pue gD 401SISUBI] 8y} JO 181HWD 8Y} }08y) @
-ybiy aie g pue g suid ayy Ji . 3{,, DI 9oe|daYy @ ‘Aj4edoud Buiuonouny
"MO| 10U 84B 1INJID BALIP 8yl
si g uid ay3 31,09, NdD @Ae|s 8y soejday @ ‘gpue guid 3y, J1>08UD @ | JO SIUAWS|S B} JO BWOS (€)
‘Jeubis sy ayisey g
uid ,as,, O #!..9.. NdD @Ae|s ay1 doe|day @
‘ajeudoidde siI 1aA8yoIym ‘g L g apolp "apIs 149] 8y} 01 pauiniai si ‘Ajdadoud Bujuonouny 1ou
8yl 10, (8.. Dl 1oy aoejday ‘Indino ou peay Ja1uld ayl usym papinoid si [eubis SY aJe 1In2J10 |eubis SY 8yl
sey z| ud,as, I 814 8PoIp 8Y1 %d8Y) @ ayijiees ol | pue | | suid a8, J1>08y) @ 4O sjUBWaId 3y} JO WS (T) o0
‘9d09s0]|19S0 JO sueaw s1 9|9A0 juld ay) ua1je (‘Butuiny dois 10u
"yo1Mms paal Buipn|oul (Z-17) Asse pieoq 1nd Aq jeuiwual 1ndino Jo1oe18p Buniaesal 1e paleuiwial 10u si p|nom Jolow ay|)
-119 aoe|das ‘Jeadde jou saop |eubis 19se1 4| @ | sieadde [euBls 41 328U pue weo pes| s1eloy @ | '10108189p Bumesai Ained (1) Jolow ay3 jo Buiuing 'dols 1,uom 1010\ ‘9

Apaway

1104 %98UD

asnen 8|qissod

a|gnoi] jO uoRIpuo)

8|gnou] jo ainieN

8-74



"9]1e104 EIES
10U S90p U JI ‘(g-/) @118SSED UOQQl 9oe|daY @ "UOI1B10J YlOOWS 10§ 8118SSED UOgqu 308y @ -SeD uoqql 8A1v9eQq (1)
‘pabew "1eab
-ep J1 ‘(9-g) 1eab Buipasy uoqqu soejday @ ‘abewep Joy seab Buipsay uoqqu 3osy) @ | Buipasy uoqqu jo sbewegq (g)
(4-€) wed -abewep 1o} weo Bui ‘weo liee
Buipss) uoqqu aoe|dai ‘punoy Buieq abeweq e -pas) uoqqu jo Lied payioo} jeuleixe yosy) @ | Buipasy uoqqu jo sbeweq (z) 91e19do Jou s80p Wis!
: : : . : : -ueyosw Bupjui ing ‘llee
‘(1-¢£) nooe|d ‘Asse ‘AjfewJou salesado a1e1ado j0U saop
-a1 ‘pabewep punoy Buteq Asse seab j0oodg @ ‘abewep 1o} Asse 1eab |0oods Yosy) @ Jeab joods jo abeweq (|) wslueyosw Bunuug | wsiueyssw Bumju| ‘g
‘Bunds bui
'£3719N0Y1 40 -ploy Jaded jo anBney jo
JHNLVYN '£ 3SNVO 318ISSOd Yiim se swes @ uollew.ojap Jusuewlad (/)
(,,s1usw
-8linbay uoneouqnT,, Z'z'¢ 1ed 0} 1ajal)
1ueouqn| paiyioads Aiddns ‘qusioignsul But "J8|j04 Buipjoy
-9q 1ueolqgn| jo Aluenp (g-9) 49)j04 Buipjoy ‘jueolgn| jo Ayizuenb Jo Jaded jo (uonelols yroow
Jaded aoejdas ‘punoy Buleq eBewep 1o Jeapy @ | ebBewep ‘seam 10y 48j0. Buipjoy Jaded yoay) @ -sun) uonesado Ajne4 (9)
(1-9) ‘Bunds
1 @oe|dau ‘panbiey punoy buiaq Buids ay| e "anbiey Joy Buuds Aem-auo 308y) @ Aem-auo jo anbne4 (g)
'£379N041L 40 ‘Asse Buipaay
JHNLVYN '€ 3SNVI 379ISSOd Y3Mm se sweg @ | Jaded jo abewep o JeapA (1)
'£379N0Y1L 40 193] Buipasy
JYNLVN ‘€ ISNVI 318ISSOd Y1m se swes @ | uaded yo abewep 1o Jeapp (g)
'£3719N0Y1 40 ‘wed Buipasy uoqqu de|
JHNLVYN ¢ 3SNVD 3191SSOd Yim se awes @ 3O Weo |eussiul Jo JeapA () ~18n0 saul| 10 Buroeds
‘. 3719N04Y1 40 aul| Jeinba. ye pajuud ‘Buipasy Jaded
‘90e|das ‘payioads se Butaq jou ssded §| @ | JYNLYN ‘1 ISNVD I19ISSOd YM se awes @ "1aded jo Buipaaj Alne4 (1) Jou a.e sia10eIRY) Jo youd senbaus| g

‘(1-1) Asse swe.y aoe|d

Buuds Buipjoy Jadey
\

o

J8)|04 Buipjoy Jadey
"uollewloap

(Buiyoley) ued Buipjoy Jadey

‘Bunds Buip|oy Jaded jo

-1 ‘pawiiyuod Bulsq uoIBWIOSP JUBUBWIS] @ jusuewusd o4 Bunds Buipjoy saded 308y @ uoleuLIOJap JuUBURWISY (/)
‘(£-9) 49]|04 "19][04
Buipjoy Jaded soe|dal ‘punoy Buiaq abeweq e ‘abewep 10y 48jj01 Buipjoy Jaded ¥osy) @ | Buipjoy saded jo sbeweq (9)

Apaway

w104 %2849

asne) a|qIssoy

9|qnou] Jo uoipuo)

a|gnoJ | Jo ainjeN

8-75



"§}IUN pPaloauUUod

8y} wouy Ino 1uds ale s|eubis 519 H1X28Y) @
‘pa1osu
-u0d Aj10apad si 8|qed 8oeHBIUIl BY] B|IYM
*10308UUO0D 8Y] 10 B|gRD d0EBalUI 8yl doe|day @ ‘aul| S19/S1H 94l JO AJIAIIONPUOD HO83YD @
‘'sHun
‘wa|qoad ON - ‘eyep Buipuss Pa198Uu0d 3y3 01 1Uss aq
sdo1s Ajjewuou 3 ‘elep ul Bunjel si waisAs ‘eiep Buianigdal ued elEpP 848YM UOIIPUOD ‘leubis §19D
ay) pue xa|dnp ey st apow Buipuss 8yi §| @ | 10} x3|dnp jjey S| spow Buipuas ay1 J1o8y) @ 8yl ullou st weisAs 8yl (1) e 10919p 01 8|qeun
‘va "apoip BuiAy ‘papinoad
pue £ SapoIp 33 JO A}IAIIONPUOD 328Y) @ -13081 8y3 Jo uonounye (L) 10U SI A8 F JO J8ylig
‘uaouq st |100 ‘100
‘u@y01q S1 3 J1 10D | | 3y} soejday @ 8y} J1 89S 01 [10D | | 8y} JO doUR)SISal }I8y) @ 1 1 @y} jo uonounyelN (g)
(..d9., 21 pue i0d | | 83yl eq
ueo Asy]) 1uaiinalano Bunsixe ay) Joj a|q
-1suodsal a1e yoIym siuswsa|e ay} soejdal ‘og
‘1ndino A8+ 9yl dois pue
yb1y 0| uid ay3 axew o3 Buiuonouny suels (‘ALO
1IN2.10 UO130810.4d 1UBLINJIBAO 8] ‘S1SIXd uey) aiow Ag a6e10A A 8yl ueyl iaybiy |en “}IOM 1B SI 1IN2410 uol}
AL°O ueyl Jo1eaib asualaylp [eiauslod e §| @ -uajod e sey 1§ 88g) ‘g ud ve, J1309y) @ -08304d 1UaLIN2IBA0 3Y] (¥)
‘Ajiadoud suonouny ‘sjuswl
D 1010edeD 8y} leyl Bulwiiyuoo Jsye -8|@ Aynej swos suiel
V€. Dl 9oejdas ‘Indino esind ou seyli 4| © ndino esind esey Q| uid g, D1 4 309Yy) @ | -U0D }NJIID 101eInbBas ayy (g)
‘yby st (L ud ve, Jl) 1 ud Ve, Ol Se|am se
1010900 ZD 2y} § 2D Joisisueil ay) aoejdey @ | gD J0ISISURII 8Y} JO BPIS 10198|0D BYL 308D @
"z | wid 8y} 03 Juss ('yBy aq pinoys g uid 8y: YO st NdI ‘Ajdedoud uoirouny Jou
Ajassenur stindur g uid ey y1 3/, 01 @9e|ddy @ ane|s 8yl §|) 'zl pue gsuid 3/, 013998y) @ | S90p dulj [eubis IMS @yl (2)
Lgud 49, NdD @AeIS 8UI Y08YD @ (‘pepinoud si jeubis
ybiy st | g uid ‘p4eoq 1na41d NSO 8y} ‘Ajyadoud uonouny 41@ oN) ‘pepinroid
9., NdD 2AB|S 8Y1 Jl NdD dAL|S dy1 2oE|daY @ | JO V| uid g9, J1 01 papinoid st A8+ 41 308D @ 10U s80p NdD @Ae|s aYL (1) jou aie Ag + yiog

"0CTET-SY woy
1u8s 8q ued elep oN

Apsway

w104 %994)

asne) 9|qissod

3|Qno4] JO UOIHPUOD

a|qnoJ] jo aimep

ocee-sd 9v'8

8-76



‘P8UBAULJOU SI Q

pue Q| suid ay3 jo 1ndino Ji g/, Dl 8oejdey @ ‘Al ney
‘MO| (18n8] ZEZ-SH 8yr1e g pInoys | uid 8y ), aie aul| [eubis ysq oy}
Sl {1 uid 8y} J1 9D J01sIsuel) sy} aoe|doy @ ‘gpue Q| ‘v| suid g/, DI ¥98y)d 1o} sjuswiaje sy} Jo swos (7)
‘(dunysa
‘pa10818p si ind /41Q) ‘pe1odsuuoo Apadoud aie Asy 4 98s
-IN0 YS( OU 4 SHUN Pa81dauu0d ay) 90e|daY @ | 01 S8|BD dJBLISIUI 8Y] JO ALIAIIONPUOD Y08y *
'S10108UU0D W8yl Wouj Juas ale sjeu
93 10 se8|qed adepalUl Aljney Byl soejday @ | -Bis YSQ 4l 89S O} sliun PajosuU0d 8y) ¥o8Yy)) |
‘A|pa1eadal Jo pue uo yolims "Apadoud Buluonouny jou
Jamod ay1 Buiuiny Aq Ajddns samod sadoud 'uo si syun ale sadeyalul 40 syun f oI BIIETo)
9ABY S11UN PB1OBUUOD 8Y1 1BY]) 8INS MBI\l @ | PBlIBUUOD 8U1 10} 824N0S Jamod ay} 4 3o8y) * pa108uuoo ay) jo swog (|) j0u aJe sjeubis Ysqg
‘awi awes ayl 1e $a/eq
$8POIpP 8Y) Y08Yd pue wayl aoejdas ‘punoy
aJe sioyoedes usdo/palinolio-1oys Aue §| @ ‘Ajiedoud
" VE.. Bupjiom jou ase g, 9| 40 '8|geIsun siAg F
Dl @oe|dal ‘Ajnej 10u ale s1oyi0eded 8y) §| @ ‘01D pue 43 ‘6D ‘€D sio1oeded ayy yd8y) sioy10eded Bulyloows uaylig | jo abeyjoa ndino sy
‘A}ney
‘'POLIBAUI 1B S|9A9) |BU aie aul| |eubis g ayy
8L, 019%e|dey @ | -Bisayl yiees 01 ¢ pue | suid, g/, o8y 10} s1uawale syl Jo awos (g)
'S10198UU0D ‘P8108uU09 Altedoud ale Aay i aas
8y} 10 s8|qed doepIalul Alney ay) soe|day @ | 01 $5|qeD 80BLBIUI UL JO ALIAIIONPUOD 398Y) “Apadoud Buiuonouny jou
"8|gqnoJ1 "S1un pajosu 8Je saoe)IaluUl JO SHUN ‘po109} ‘elep
83U} Ul PBAJOAUL 8JB YOIym S1iun sy} aoejday @ -uod a3y} 4o 1IN0 juss ale sjeubis QI 4 YoaYyH p8108uu0d 8y} o 8WoOS (|) | -8p 10u ase sjeubis ) 9A19081 01 9|qeun
‘Ndd indino ‘Ndo
ulew ayi soe|das ‘indino asind Jou sey il j| @ asind sey g uid ,Hg, NdD Ulew 8y} ji 308y) ulew ay3 Jo uonounyepy (g)
'0CEC-SY o 1eyl se (AQ F)
|ansf swes ay3 Jo st g uid , g9, D] 4o indino ‘S| 419ALIP
‘ayendoud 8yl 1ey1 ains ayey - ‘g pue (G) ¢ suid , g9, 81 JO sjuawala ay} ‘PapIA
-de s1Jansyoiym ’, gg,, 10 )/, Dl doe|day @ Jlsejjamse Q| pue g suid /7, O] %93yD JO awos jo uonounyely (L) | -oid sijeubis qx) oN
MO Ndd
.D8,. NdD ulew ay1 aoejday @ | si{| uid, Hg, NdD UleW By} 1Byl 81ns aye ulew ayi Jo uonounyey (g)
(Z€Z-SHJo [onslsey g uid 8yl ), ‘aul| [eubis
‘Pasianul ale | | pue S1D 8y} ul stuaws|d ay}
€l sud, g/, J140 sajas) eubis ay: 41 3o8y) J0 8wos jo uonounyely (g)

Apaway

1104 >08y)

asne) a|qIssoy

a|gnoJ] Jo uonIpuo)

a|qnoi] jo aimen

8-77



("018 ‘youms ‘wesboud ui) yuswinbe

uoluedwoo ayy Joj Bumas apow sy1 wyuoD) @

(‘018 ‘poads ‘Jeaq

ul) yuswdinbs uoluedwos
81 JO 1BY] WOJ) JUBID)
-4p s1 Buinles spow ay |

.>_
-ladoud pa1osuuo9 Jou sI

'8|qnoJ) Aue 1noyum
pa1onpuod aq ueo

‘uon
-OB OU |IB}UD 1NQ |ew

'$10108UU0D ‘punosb eseo ayy (9D) punoub sweuy ayy Jo weiboud 1891 ay) uo -iou ase sjeubis ay
a1 Jo sa|qeo aoepa1ul Aljney syl aoejday pue punoib |eubis ayl Jo ALIARONPUOD Yo8yD) @ | puno.b jeubuis ayl Jaylig paseq 158l dVHM VYV pue saoepalul ay |
.d9., NdD 8rejs
8yl aoejdad ‘Indino sey g uid ayy §| - .42,
Dl 8oe|das 1ndino ou sey g uid  4z., DI H
..d9.,
NdD 8Aejs ay1 soejdai ‘ybiy yroq ale Asyi
g o "4, D] 9oejdal ‘mo| yroq aie Aay} 4
'TLpue g ud
Lisud 41, 01%08yd ‘mo| st g uid 4, Ol 4 341 303y2 ‘ybiy sty "G uid 4z, D1 %094D -Apedoud Buiuon
('18n8] JZEZ-SY 8ur 1B 8 pInoys { uid 8y ), -ounj1ou aie Nd dAe|s
‘pPauIdAuUl aie sjans) |eubis ay1 4o aul| jeubis gxy 8y
"8/, Ol 9oeday eyl y1@8s 01 gpue | sud, g/, JlMo8y)d 10} S1UBWa|e By} JO BWOS
'$101989UU0D 'p8108uu0d Apadoud ale Aayy ji aes
8y} 10 sa|qeo aoepia1ul Al ney ay3 aoejday 01 $9|qed 82e 81Ul 8Y] JO ALIAILONPUOD 308YD Apadoud Buiuonouny ou
"Way] WoJj Juss ale sjeu aJe S9dBIB1UI 10 SHUN ‘pa1o91ep

's1iun Alney ayl soejday

-Bis gxy J! 995 01 11UN PadBULOD BY} Y98y

Pe193UUO0d Y} JO BWOS

10U aJe sjeubis gxy

‘MO
1ou siuid 8yl yi, 49, NdD dAels ayl aoejday

"MO] S|
U e8s 01 gz uid,, 49, NdD 9ALIS BY1 %28YD

‘AMIney s1 NdD anejs ay |

"pa1oalap
10u ase sjeubis Q)

‘BIEP
9A19981 0} B|gRUN

(A8+ ybiy jousi g

ud g9, D140 indino ayi y1 g9, | oe|day
MO SI

(01)6ud g9, D1} NdD anels 8y} soe|day

(1ene| ZE€Z-SH Ul 3e aq pnoys g uid ay ),
‘g pue (01) 6 suid ,.gg,, D1 $28Y9

‘Aldadoud Buiuonouny jou
aie JaALIp 84} 10} S| 8Y1

10 NdD 8ne|s 8y 1ayng (1)

ELIBUET
aie sjeubis g Y4 oN

.98, NdD ulew ay) aoejday

“MO|
SI |9A8] Sl 88S 01, D8, NdD UIBW 8yl 408y

‘Aney s1 Ndo ulew sy (g)

Apaway

1104 98y)

asne) a|qIssod

8|qnoJ] JO uoRIpuo)

a|gnou] jo ainieN

8-78




‘aA0Oqe 89S @

‘Ajney s1 8oeua1Ul
10 yun Bunosuuod ay|

‘p81oal
-ap jou s| [euBls Xyd

"aplIs 1un
Bu1osuu0d 8y} uo palesausb si jeubis uid

‘panId
-a1 8 Jouued eleq

‘yun Bunosuuod ayl soejdey @ ay1 J1 308Y9 Jo ‘Hun Buosuu09 8yl aoe|day
‘Ajdedoud pa1osauuod aJe $8|qed 8depalul ayl ‘A|ney si 8oep81Ul
"$10}09UUOD JO 9|qeD 8oBMBlUI By} doe|dey @ | 1eyl Buiwiuod Jalje ALIAIIONPUOD 8yl %23y) 40 yun Bunosuuos ayl (g)
MO SI
‘NdD utew ay1 dae|dal ‘mo| stuid ayy 4| @ Hjless 0161 wd g, NdD Ulew 8yl 39y) ‘Ajney st Ndo urew ayy (g)
"tQZ 9poIp 418uaz ayl Jo ANARONP "Aljney
-u09 Y08Yo os|e ‘Mo| sAem|e si g uid 8y} ale aui| |eubis NId 8yl ‘pe198]
‘sjuswsje Ayney ayl aoeidey @ | joindino | 0L pue (g)g suid 09, DI 984D 10} suawaje 8y} Jo swos (1) -ap jou si |eubis uid
‘Ajsadoud sereiado .
uun ay1 soejdey @ | M 4 WpUOD pue Hun Buiosuuod sy} soejday
‘uonoe sadoud
"Ajdadoud pa1osuuood aJe sa|qed aoeualul 8y} ‘Ayjney s| @oep81Ul ou asned 1ng Ajjew
"$10198UU0D 10 S8|ged adealul 8yl aoeiday @ | 1eyl Buiwiijuod Js1je ALAIIONPUOD 8Y1328Y) 40 1un Bunosuuoo ay] (1) -Jlou 1uas aJe sjeubls
‘'sjuaws|d Alney ayl soejday @ "‘Ayney
‘sjuawa|d Ayney aoejdas 01 0| uid 98, NdD ‘(1Iane] DZEZ-SH) L L aie NdD 9AEB|S 8yl 40 aul|
ulew ayj Jo se [jam se g pue | suid , 4¢,, DI uid , g9, pue z uid D/, Dl 40 indino 328yy jeubis X 1d 8y} 404 siusw ‘p81091ap S| s|eu
jJo1ndino oeyd ‘ybiyjou st g uid . av.. 1 @ "€ pue g suid, gy, J1 984D -9@ 8y} jo swos Jayu3 (L) | -Bis x1d jo indino oN
‘6 uid sy jo indino Bunjosyo ‘A8 F sey 1 ji ess 01 ¢ uid
i81e , 06, J| ooe|dal ‘jewlou ate 99, .89, D199Y2 0S|y "MO| 81e Aayl §l 88s 01 ¢ "Alney ase sjeubils | NOd ‘sjeubis 1 NOd

pue 9/, S|} ‘siuswa|e Ajney syi soejday

ud g9, pue gl pue | | suid, 35/, JI3984y)

10} S1UBWD|S Y} JO BWOS

J0 1nd1no ou st aiay |

"DZEZ-SY 403 uondiosep sy 8eg

"JZEZ-SY 404 UONdLOSIP B} 99

ROTAN A
1oy uonduosep 8yl 88s

(1)

‘papinoid SI A8 F ON

‘Ajjenas paliajsuely
aq 1ou ued eieq

Apaway

1104 %2842

asne) 9|qIssod

8|qnoJ] JO uonipuo)

a|qnou] jo aineN

leuss L'v'8

8-79



"SNdD Ulew 1o/pue ane[s Ayney ay} aoejdey @

‘sas|nd

yilm papinoid ale G| pue g suid , 0g,,

Dl pue Oz uid, Dg, NdD ulew ayi j 198Y)
‘leubis

iea|) - "'90UO0 10} pauin} ale Aayl ji 9as 01
LT pue gg suid g9, NdD 9/e|s 8yl 323y)

‘Ajiadoud >iom 10U
op ("018 saul| ‘e1ep 0|2
J10y) sjeubis jo13u02 8y (G)

-.d9., NdD @Ae|s ay1 aoejday

‘ybuy s
Hyess 019z uid, a9, NdD 9Ae|S 8yl 08yD

-abpuued WOY 8y3
01 paljddns si jamod ON ({)

‘ajenidosdde si JoAsydiym
'..49., NdD @Ae[s 8Y1 1o, 4g,, O] 99e|day

‘mo| st z uid ,,a9,, NdD 9AE.|S 8y} 1By} 308Yd
OS]y ‘Mo|aie Aayljlessol | | uid 4z,

Jlpue £z uid 9, NdD 2ABIS 3Y1 %98YD

‘Ajredoud uonouny
10U op s|eubis yuawabpnl
abpuned WOy 8yl (€)

‘11 aoe|dau
10 O/ "ON 18S 8|ged 8y} JO UOI108UU0D OpaYy

‘pleoq

1N2419 NSO 8Y} 40 gND 10108UUOD 8y} pue
10108UU02 8BpLILIeD BY) 01Ul PB[ SI YdIYyM
LOZ "ON 18S 8|ged 8yl J0 ALAIIONPUOD ¥08Y)

‘Ajney
8B S10108UUO0D 8Y1 10 8|q
-e0 Bunosuuod ayy 18yl (g)

‘a|qejiene si uonesado
|ewou }1 89s pue abpuued \NQY 8yl aoejday

‘AIney
st abpLues WOY 8yl (1)

‘(uonoes

Japeay ay3 Buipn|o
-ul) pswusopad aq ued
uonesado gy3y oN

‘abjued

INOY 8yl wouj 1no
peas aq ued e1ep oN

Apasway

U104 %284D

asne) 9|qissod

8|qnou] Jo uonIpuo)

8|qnoJ] jo ainleN

abpuned NNOH 8’8

*,.dv.. Dl 8de|das ‘pautelqo 1ou si
1ndino g uid §| °, D8, NdD ulew ay1 soejdas

‘|lans| mo| uo 1day sAemie si g uid Dy, D14 @

"apoIp Jauuaz aoe|day @

‘uid 09, Ol 9oeidey @

(L1)8 g ud ay J1%%9y) e

‘Gaz spolp
18Ud7 J0 ALIAIIONPUOD By} Y23y ‘(pueib) |an

-3| Moj uo 1day sAemje si (g) g uid 09, Ol J| @

‘pPasIan
-a1 s |eublis 8y} 1BY} WUIUOD 03 ¢ uld pue

[9A8] DZE€Z-SYH - (9)g uid 09, J1%08y) @

‘Ay|ney si
NdD ulew ayj 1o aul| |eu
-Bis Xyd jo wswsje 8yl (g)

Apaway

110 %08y)

asne) 9|qissod

8|qnoJ] Jo uonIpuo)

8|qnoJ] jo ainieN

8-80



‘a119ssed ay) aoe|day

‘uiebe

90UO 11 189S pue umop apisdn adel ayy uinj
‘pabew

-ep si 11 JI 99s 01 ade] 8118SSeD aY1 308y

18S A
-1adoudwit s| 8119sseD 8y |

‘panow
ag 1ou ued ade} 8y

‘pawIoy
-1ad aq ued uonesado
J1IHM pue gv3y ON

198
1913| 4 8y aoe(daus 10 peay AA/Y 8yl ues|) 'S1BDS 10 1Ip Aue J0) peay AA/Y 94l 3o8Y) "Aliney si peay AA/H 94l (€)
‘NdD anejs ayy asejdas ‘'ybiy si uid ayi 4| ‘uon
'9118SSBO-0.421W 38U} JO (AMASH) Yyoums -elado 3] |HAA 10 A3y 40 swil syl 1e ybiy si ‘JUBWISAOW |BWIOU
peay ayi aoe|dai 40 1snipe ‘moj si uid au3 § }y8as 01 £z wid , 49, NdD 9AL|S 8yl ¥28Y) -ge smoys peay AA/H 94l (Z) ‘ade) ay) uo elep
91lJM 10U UBD Wa}
‘NI @Ae|s 3yl ‘(e1Ep 31 1HM) -sAs a1 1o pajonusap
aoe|das ‘awi} a8y} ||e mo| sulewas uid ayi §| ‘6 uid w9, NdD 8Ae[s 8yl Jo 1nd1no 308y) ‘Ayney st ndd aneisayy (L) aie ade} ay) uo eleq
‘dn "Ajsedoud
punom Buiaq si adel ayl usym indino asjnd uol1ouny Jou seop
‘NdD ulew ay} soejday sey gz uld ,Dg, NdD ulew ay 41 398y ‘Alney st Ndo urew ayy (1) lajunod adey ay|
"JONO S| SPUBUIWOD
8} JO UOISSIWSURI] 8Y] |I3UN MO| SUleWwal ‘Jo
‘NdD 9Anes ay1 aoejday Ny ess o017z uid, Q9. NdD 9A.IS 8yl 328y) pauin] 10U PINOM 18MOd (Z)
"SJuswWaAOW [BWIOU
‘Ayney ale -qe op peay AA/H 84l
‘NdD 9Ae|s 8yl aoejday ‘9g pue Gg suid ,49,, NdD @AL|S 8y 3o8y) s|eubis puewwoo ay] () pue Jojow |91 ay |
‘ybiy osje st 11 1ey1 89s 01 7 g uid
‘ajeudoudde ,,d9.. NdD @Ae[s a8yl xo8yo uayl pue ybiy si 1l '8]119SSBJ-0101W 8yl
SI J8ABYDIYM ‘NdD Ulew 10 dAe(S ay) aoe|day 1Bey1 98s 01 Oz uld , D8, NdD ulew ayl 3oay)H 01 pal|ddns si 1amod oN (€)
‘8N JO UOI128UUOD 338D 0S|y "81eJ1S
-gns NSO 841 40 8ND 10108UU0D 8Y) pue (lee
‘31 9oe|dal 10108uu09 abpulied syl o1ul paj SI YoIym ‘A}Iney a1k S10198UU0D By} 3410M 10U Op suond8s
10 |0/ "ON 18S 81qe9d 8y} JO UOHD3UUOD OpaYy LOZ 'ON 18S 8|ged 3y} JO AJIAIIONPUOD XO3Y) 10 S9|qed uoIYauuod 3y (g) J8y1o0 pue pesy Mm\/H

"pauieIqo ag ued uoilouNy jew
-10U J1 93S pue 81}9SSEI-0J0IW 8y} aoe|day

‘Alney
S| 8119SSED-040IW 8y |

8yl ‘Jojow |8a1 8Y])
‘||e 1e uolouny
10U S80p wWalsAs ay|

‘Allewsouqge
SYIOM JO ||e 1B }IOM
10U S80p WalsSAS ay |

Apaway

104 >98Y)

asne) 9|qIssod

8|QnoJ] 40 uonIPUOY

8|gnoJ] jo aimieN

8)19SSRI0DIN 6'P'8

8-81



('saweuy ‘Buiu
By} Ud3M]aQ UOI198UUOD BY] ¥}28YD OS|Y) -uni s1 adey ay1 ajiym
Bl ‘pauNaLId pawuopad aq ueo ‘pauniopad aq ued
aoe|dal 10 UBS|D pue ‘YdlIMs Jd 8y} 1snlpesy e -}10YS 10U SI 1l JI 88S 0] YI1IMS Jd 9yl Mo8y) @ ‘Ayney st youms 34 eyt (1) uonesado 31 |HA ON uoinesado 3] |YM ON
O'48pio sy ul
‘uieb J010W BY} pUB J3|p! 8y} ‘B|xe I 8yl 1jaq ay1
yead e uielle 01 H] NWIZV 8yl uini ‘paoanp aoejdali ‘abie| 001 sI Aduanbauy Jo aouelieA }|)
-0.daJ ale SulI0) 9ABM BAIND BUIS UBYAN @ "ZHY € Jo (poads) Aouanbauy 3osyo os|y @
‘SWI0) 9ABM
9AIND BUIS IO SWIO0) 9AeM Aejdal OU SMOYS (HLNWIZYV) @del 1sa1
1S8) 9y} SSa|un 13S 1an3| d 8yl doe|dey @ ZH) £ e Buisn swiof anem Aejdais ayl yosy) e ‘paisnl ‘PESY M/Y
i ) -pe Ajadoud 1ou st H1NW a8yl yiim yonoy ul
‘(PeaY A/Y 84l Ylim) ‘peay 8yl yum -|ZV peay ay) 10 Ayney si Ajedoud si pue Ajpoal
185 1819| d 93 aoe|dal 1o Buliap|os 8yl opay @ pa108uu0d salim ayl 1o Bunisp|os ayl o8y @ peay 31 1HM/avad ayl (L) -100 sunJ adey sy |
"SWeIY 8Y] PUB 19S J9AJ|
"}9S 19A3| d 8y} 4O |10D d @Y1 usamiaq punoy
's108[qo ub1a10} ay] aA0WSY @ uinial 8y} pue peay AA/H 8yl punole yoay) @ | aue s1aalqo ybiaio) swos (g)
‘ww GE'O 40 jensl "S9Yo1UMS ‘Buipueys
‘way} aoe|dal 10 S8YIUMS dH 9Y1 I1SNfpesy @ | -ul B 1B paledo| aie S8YDUIMS dH ayl JIdoayD @ | dH 8yl jo luswisnipeeiy (L) -1N0 Jou S| peay ay |
(Bg =+
‘aleudoidde / S1 enjeA piepuelg) -a11assed anbuiol e bui
SI J8ABYDIYM ‘}|8q B3 10 9|Xe ) 8yl soejday @ -sn a|xe ay} jo anbuol Buipuim syl ainsesiy @ Auney
"9|xe 9 ay) aoe|day @ "AjIABSBY SUIN] 11 }I 89S 01 8|Xe 8yl }08y) @ st1jegayr o axe D ayy ()
‘(1010w "18]104 youid ay3 sAow 0} pauiny
aALIp peay ayy) 18s 1eab wno syl soejday @ aq ueo peay adeios peay AA/H 94l J1dj09YD) @
‘60z F
0G| jo 8buel 8yl UIYlIM 8J8YMBWOS punoy si
J19]j04 youid 8y3 JO UOISUS] 8Y] I 308D 0S|y ‘9|xe 9
‘a1enidosdde si 1ansyoiym ‘uayo.q Jou ay1 yim 10e1uo9 Jadoud
‘Bunds Hd ay3 10 19)j04 youid syl soejday e si 4ajjoJ youid ayy Jo Bunds HYd ayi 4 308y) @ utjou stis|jol youid ayy (g)
‘psoeid
"Ajiadoud 11188 10 1j9q 8yl 8oe|day @ -SIp 10 1ND SI 11 1 88S 01 1|8q SALP 8Y1 }08y) @
‘Bul ‘Buiuiny jou si (3)xe
"J0l0W 8y} 9oejday @ | -uinl SI 1} JI 89S O] JO10W SALIP 1/8q 841 408Yy) @ ueysded ayy) ajxe D ayy (g)

Apaway

U104 >08y)

asne) 9|qIssod

3|qnou ] jo uonIpuo)

9|gqnou] Jo aimepN

8-82



Juasaid ale sIndino [aAs|
Mo} J1 885 01 G| 01 / suld \ygl, D1%93YD @

‘Ajiadoud
uonouny jou op sjeubls
108]8s N\ WY 841 Jo awos (g)

G1-ad9l J€lL 444€ ~ 008€
vl —-adgl vl 44/4€ ~ 000€
€1-3a9l J61 d444¢ ~ 008¢
ZL—-agl 091 44/¢ ~ 000¢
LL—asgl DGl 4441 ~ 0081
oL-asgl 14 4441 ~ 0001
6—-0a9l 5eElL 4440 ~ 0080
£—-Qa9l DTl 4440 ~ 0000
|eubis 108]8g ,cwkwM_WOo ssaippy

"a|qe1 Bui

-MO||0} 8yl Buisn Ag | aA110a4ep 8yl 1odsuld @

(‘wesboud uouss ue Buisn Ag 1ndino aq
UBD S8SSaIPPE J041]) "SOSSaIPPE 10418 H23YD) @

"‘Apadiod
uoI1ouUNy 10U Op SlUdBW
-89 NV 81 Jo swos (g)

"MO| 00}
si aBe1joA 8y JI /D Joisisued) 8yl soejdey @

"UoIIPUOD UO-1aM0od B Ul GA+A|
-lewuou si abejjon ay]) /D J01sIsuell 8y} Jo
10108||09 ay) Buisn Aq abeyjon syl sulwexy e

‘'sjusw
-8|8 1IN241D 8yl 01 PapIA
-04d s1 abeyjjon jewsouqy (1)

‘pawiopad
8¢ 10U UBD J1|4M

/Qv3d pue paiayje
ale elep SAWIBWOS

"S10149 \VY

Apsway 1ul0d }o8y) asne) 8|qissod 8|qnoJ] Jo uollpuo) a|qnou] jo ainieN
NVHd OLv'8
‘a1eudoudde si ('g'1'S) uid |9} Jo 1ndino yoay) e "Ajiad
19A8Yy21Iym ‘gD 10 6 | D J01sisuel) ay) aoejday @ ‘paisnipe Ajiadoud sue sasind zH Q0¥ 4! 89S -01d uonouny Jou saop
"1D] 8oedas o YA ISnipy @ 01 1IN2J1D [043U0D J0JOW 3Y} JO [ HA 08D @ | 1IN2JI0 [0J1u0d paads ay] (g)
"AlMmo|s

"19pJO0 pIeS 8y} ul Jojow 8y} '{ pue
18|p! € @|xe J 8y} 'Z }8q 3y} '| 8de|dey @

(6 = 67 anjena paiyioadg) ades
308Yd anbuoy e Buisn anbio} sy} ainses|\ @

‘llews 001 si anbiol ay] (g)

‘a]119ssed ayl aoejday @

"1l UO WIp 1o sieds sey adel ay| @

'9AI10848p St anesseo ay| ()

‘Ajuanb
-814 JN220 S10418 AA/Y

AlaA sunu 1o uon
-etado Buunp uo Buiu
-uni sdois adey ay

"9119SSED 9y} 90B|d8l ‘USXN0I] S| YOIoU 81 §| ®

‘papinoid Alad
-04d S1 yd10U 94NSEeId SSIW-1IUR UB }I }08Yy) @

‘Alney s1 anlasses ay] (g)

"18S 19A9| d 9yl aoe|dal Jo ues|) @

‘pabewep si 11 10
1 UO LIp sey 11 41 88S 01 pesay M/H 84l Yo8y) @

‘Aney si (peay
M/H) 18S 18n8] d 841 (Z)

‘paisnipe
Aliedoud s 11 41 89S 01 Yo1ms 34 9yl ¥98y) @

Apaway

w104 32849

asne) 9|qIssod

a|gnou] Jo uonipuo)

a|qnoJ] jo aimepN

)
0
©



‘ajeudoudde si JaAayoiym ‘€z apolp 19

(A€ Ajorewixosdde si abeyjon jewiou 8y])
"Jo sti1amod a|iym QLD

('soseo
-uaz 8y1 40 O | D 101SISUBI] 8y} 18y aoejday @ Jolsisuel) 8y} o aBe|OA J911IWS 3yl Yo3y) @ SWIOS Ul UO peuIm
(mojouase gl ud, 3/, DIpPURQLD 2Q 10U UBD 18MO()
J101SISURI] 8y} JO 3seq 1Byl 8iNs 8Xew os|y) ‘UNd ‘pasela ale |\vYH ‘NVY
‘Buiuonouny -119 dn->2eQ 8Y1 01 pPapIA Ul palois e1ep ||B ‘HO | Ul B1Bp 10} 8|gR|IBAR SI
‘4o1IMS 19sal 9y} aoejday @ 10U SI YolIMS 18581 8y} 1By} 893S pue }9ay) @ | -o0id si 8be1jon [ewlou oN (1) 18s siJamod usypn uoizouny dn-)oeq oN
‘NdJ utew
ay3 eoedas ‘| uid 8yl 1e Juasald si (asjnd)
jeubis 37g¥N3J ou J| 'seinpadoid anoqe ‘po
ays Buimol|oy 1 xiy ‘ybiy si gz uid g, Ol @ ‘g pue g ‘jsuid 4G, 1 108y) @ | -piroid si jeubis |39 ON (2)
(‘pe1oadsns aq ued 36,
10 ,38., DI 40 1n2.19 d1yd 8Y1 Jo uonodunyen)
yb1y Buiob wouy g uid syl s1uUsA
-aid 1eym 1no puyy 0l ¢ pue g ‘| suid 3g,,
D1 %08yd ‘ybiy ob Jou seop ¢ | uid ,AG,, D14 ®
‘Nd)D utew ay) aoe|dal
‘gg uid g, 18 pe1oalap si Indino asjnd ou §|
‘ge uid, ng,, ‘€1 pue gz |sud *18pJ0 JO 1IN0 A
NdD ulew ayl pue g uid , 4€,, D1 %0842 ‘Z | ..dG., X98Yo ‘pa19s18p s! 1ndino asind ou 919 -919|dwod s uonouny
uid ,,ag,, J| 1e peloalep stindino asind ou §| @ 4l Indino esind e Joy | | uid 4G, D1 %93y) @ | -ejieae sijeubis /4 ON (1) JLIYM/Qv3d 8yL

Apaway

1104 %284D

asne) 9|qIssod

8|gN04] 4O UOILIPUOD

8|qnoJ ] 40 aimeN

8-84



‘PpIA
-0.d ale s|eubis as|nd ou pue palindJId-1oys

‘pPalNdII0-1oYs
SI 11 J1 89S 01 9(QZ ©poIp J8usdz ay3 Y28y
‘(adey e Buipeo| Buunp) o | uid , dg,, DI 01

Ayney
81e1IN2119 g3y 9y}

j0U SI spolp Jauaz aul §i ,d8,, D] 9oejday @ papinoid ale sasind zH¥ g 10 ZH¥ | 1 J98YD 104 siuswa|d 9y} Jo awos ({)
‘uoijeurjoul
pesy Jo/pue paads ade}
JO swudy ul Buiyorew
"Buipi0oal J0) pasn sem aulyoew 1ou aJe ade)] 81319SSeO Ay}
81 Se SuOol1Ipuod swes ay} Japun peo| 0} Al] @ pue sspiodaus ader ay] (g)
‘peojas pue (Buipiooal 1oy ‘|9A8| peoj Mo| 001
1aA8] 8yl se ybiy se) |ans| peo| ayi aodueyuy e sey Jspiodas aderay] (g)
*A1IAI3ONPUOD J18Y3 408D '$10}09U
‘p4e0Q 1IN2UID NSOIN 8y} 10} S10108U 0l Qg-XH pue ispiooas ade} 9119sSed -Uuo9 8ay] pue sa|qed ay} ‘pawioyiad aq ueo
-uod ajged sy} Jo s8|qed Ayney ayi aoejday e ay) wou} AjsAlleulalje sa|gqed ayl Ino |ind 1e sjeubis jo abessed oN () uonesado Qy3y ON
‘uoiisod ui adey mau e buiyas a1oy ‘11 01 Bunay ‘9|Xe ue}
-9q 8|xe ay1 ues|) ‘ade} onsubew ay3 aoe|d -pe ade) ps|Buelua ue sey 3} J1 88s 01 J8pJ0D -sdeo ayy o1 saiaype adel
-1 ‘a|xe ay3 01 Bullaype si adey onjoubew e §| @ -8. ade} ay1 Jo uonoes aALp adel ayi ¥}o8y) onsubew psjbueius uy (g)
‘uoi}
‘leulusal § INY 84l Jo Aem Aqg Jojow -ow s11 sdois Ajnpun
8y1 Joj abeiljon sapinoad 1apiooas adey ayl i "Aj1084109 sanow ‘1UN2JID Agjas | A 9yl 0} Joj0W 8y} 40 padnpal
uonipuod 1no psjind e ui 6njd ] |NY 8yl dooy] @ Jolow ay 41 @as pue Bnid | INY 8yl 1no [Ind SMOJ} 1Ua.IND Yyonwi 00] (2) si anbioy J0j0Ww ay

.49..NdD
ane|s ay} aoeidal ‘ybiy s1 g uid a8, Dl 4 ©
.3L..40,,0d8,, ede(das ‘mo| st g uid .48, DI} ®

1avi
Aejas ayy eoejdas ‘moy st L uid 37,014 @

"MO| SI 31 j1 998 03 G uid /g, DI %99y ‘YbIy s
U4 ‘MO S1J188s 0} | uid 3/, D1 409YD

(UG
punoJe ag p|noys aouelsisal ayl AjjewJop)
11 90e|dal ‘A)ney S1 (ZOL 'ON) 8|qed 3y j| @

‘Z pue
| suid s11 JOo A1IARONPUOD 328Yd pue 1aplodal

ade) anlesseod ayy uo Bn|d J |NY 8yl 1no Ind @

"SUOI}D8UUO0D 8yl Opay @

"JapJooal adey ay} 104 8|q

-B9 98U} JO SUOIIPUOD PUB SUOIIOBUUOD 328y @

"Ayney si Ae)
-81]0J3u0d 310N3Y 9yl

(1)

‘uo110UNy 10U SBOP 19
-pi023a1 ade} 8118ssED
8y} Joy Jojow 8y

‘pawloy
-1ad aq 10u ueo suon
-e1ado 31 |I4M/Av3IY

Apaway

o4 %9849

asne) 9|qissod

8|qnoJ] jo uonipuo)

a|gnou] jo ainieN

anesse’ |eusdixy

LL'v'e

8-85



‘6Y 101sIS

-81 8y} JO 9oUR1SISal JO (HY) 8njeAa syl 3osyd @ ‘Ayney
"pPa1NaIId-LOoYsS 81BN 3] [HAA 8yl
‘Sjuawa|e Aljney ayl eojeday @ | 10U SI11 Ji 89S 0} Z(Z POIP 18USZ BY1 308y @ | JO SIUSWAIA 31 JO swos (9)
‘Juss ‘papinold aie sasind zHY Z 10 ZHY
-81d aJe sas|nd ou jI NdD dAe|S 8y}l aoe|dey @ | §18ds 01 pg uid , 9, NdD L[S 8Y1 323Y) @ ‘Ayney st NdD aAe[s ayl (g)
‘pawiIoy
-1ad uaaq sey uonesado J] |YAA 1084100 ‘uonesado *MO| 00} SI J18p1092al
e 1ey} 99s 0} uonesado 3] [YM 8yl AjiBp @ 3114/ J8yioue A} pue [9A3] peo| 8yl asiey @ | adel 8yl JO |aA3] peo| 8yl ({)
"} UO sueds ‘Ayney

10 LIp Ou sey }1 1 89S 0} ade} 8yl 38y)

s1 ade} onaubew sy (g)

"pJeoq 1n2419 NSOIN 8y 10} S10108U
-u09 8|qeo 8y} 10 s8|qed Aynej ayl aoe|day @

‘A3IAI3ONPUOD
118Y1 %98y 01 0Z-XH pue 18pio2ai adei
ay1 woJj Ajaaneulsi|e sajged ayl ino jind

'$10}98U
-u0d 8y} 10 S8|qed 8Y3 BIA
papinoid ale sjeubis oN (z)

"allossed ade} onsubew ay) soe|day @

"8118SSBD 8y} JO 210U 8yl }98Y)

‘uao.q st yojou
ainsels ssiw-nue ayy (1)

‘pawopiad aq ued
uonesado Qy3y oN

‘leuoiiouny
S19poIp 8y} JI 9g2 J01oeded ayy aoejday @

‘uado 10 pa1InouID

-1l0ys si 11 41 88s 03 0 1 3PO!P 3Y1 %d93Y)
‘Pepia

-o.d ale sjeubis j1 @ss 01 7 uid ,d8,, D1934D

‘Ayney

s101Q 8polp a3yl io
Bunayy 104 J0110edRO 3Y ] (9)

‘pe
-piroud aue sas|nd JI NdD oAe|s ayl soejday @

‘papinoud aie sasind
j1 @9s 01 Gg uid , 4g,, NdD 8BS 3yl X28y)

‘Ainey st ndd anejs ayl (g)

‘pswiopiad aq ued
uoneisado Qy3y ON

Apaway

104 %9949

asne) 9|qIssod

3|qnoJ ] 40 uonIpuo)

8|qnou] jo aimieN

8-86






APPENDIX

. Basic Information on Circuitry
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1. Basic Information on Circuitry

1.1 Table of Binary code

DECIMAL
A58 3] 2|7 ]6]8 32K 8
Al4 | 4 1 6 3 8 4 16 K Z
[}

A13 ] 2 8 1 9 2 8 K e

A12 | 1 4 0 9 6 4 K

All | 8 2 0 4 8 2K

A10 | 4 1 0 2 4 1K §

A9 |2 5 11| 2 é

A8 |1 2 5 6 -

A7 |8 1 2 | 8

A6 | 4 6 | 4 £

A5 |2 3 2 é

A4 |1 1 6

A3 | 8 8

A2 |4 4 &3

Al |2 2 é

A0 |1 1

Decimall HEX (Bit) Binary |Decimal] HEX (Bit) Binary |Decimall HEX (Bit) binary
0 0 0000 6 6 0110 12 1100
1 1 0001 7 7 0111 13 1101
2 2 0010 8 8 1000 14 1110
3 3 0011 9 9 1001 15 1111
4 4 0100 10 A 1010 16 10 10000
5 5 0101 11 B 1011 17 11 10001




1.2 Transistors and Color Code

(1) Transistors

Turned on when the base (B) is at low level.

PNP Transistor

level.

(2) Color markings of resistors and capacitors

[/ /]

(L[]
/1L,

i

First color zone

Second color zone } ————=
Third color zone

Fourth color zone

Color Error
Gold +5%
Silver +10%

Non-colored| +20%

NPN Transistor

B

Turned on when the base (B) is at high

First |Second| Third

Color color color color
zone | zone | zone

Black 0 0] 10°
Brown 1 1 10’
Red 2 2 10?
Orange 3 3 10°
Yellow 4 4 104
Green 5 5 10°
Blue 6 6 108
Purple 7 7 10’
Grey 8 8 108
White 9 9 10°
Gold - - 107"
Silver - - 1072




1.3 Circuit Symbols
(1) AND circuit (H: High level, L: Low level)

c
B O— B O— c

Ao——]
BO—O ¢

Truth Table Truth Table Truth Table
Input |Output Input |[Output Input | Output
A B C
L L L L
H|L L H| L L H | L L
L |H L L|H| H L|H H
H|H H H|{H| L H | H H
(Concept of AND Circuit) - {)/C
SwW SwW
= A B

:@ Lamp output
C

(2) OR circuit
A A

o C
@O—o
Truth Table

Input [Output
L H
H{L| L
L H|H
H|H| H

) Oo— T >
B B
Truth Table Truth Table
Input | Output Input | Output
A|B| C A|B| C
L| L L H
H|L| H H|L| H
L{H| H Li|H| L
H|{H| H H| H| H
SW A

(Concept of OR Circuit) z O—
= ws

—-l—

Lamp output
C

A-3



(3) Logics of AND circuit and OR circuit

A A A
o——0 c o—| C c
e P o > ] >
B B B
A A A
. ] > ) >t D
B B B
Truth Table Truth Table Truth Table
Input | Output Input | Output Input Output
A|B C A|B C A | B C
L L L|L L L|L
H| L H H| L H H | L H
L|H H L | H L L|H L
H| H H H|H L H | H H

(4) Inverter circuit

S I U N

Input |Output Input [Output Input [Output
A B A B A B
L H L H L L
H L H L H H

Note: The circle in the symbol indicates the open
collector type.

— X
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(5) Flip-flop

Truth Table

Output

L
H

H*

Input

X

H H|L->H|H| H
H H L->H|L|L

1

PRESET
B CLEAR

[A

C CLOCK

D DATA

o

CK

* Temporary state

(6) Decoder

e N I I S R S U S [ e [ (Wi [ [ [ [ B (e
MLl A A3 3|=]4
S A A=A AR A
M..ILLLLLHLLL
WHLLLLHLLLL
O|l-1 ||| B A3
(TR IS I IS B = = (o [ R ) U [ R [} (U )
CA I IS B e i S O = I (N [ [ By e ) U [
Al=_lE|lm | -m|lm |- ||| =
‘mC*LLLLHHHH
WB_LLHHLLHH
<| /| A|@Z-n|A|l=E|A|-|3|=
| N ||| ©O|~]|00| o
Wwuw o I — 5 x
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2. IC

2.1 Table of Main ICs

Name Part Code Type Location of Use
6301 X40006310 CPU (Main CPU) 8G
6301 (MASK) Y201800301 | CPU (Slave CPU) 6D
M16010C’ X400004491 | RAM (2K byte) 13C ~ 16C, 12G ~ 15G
MB3761 X440167610 | OP AMP 2B
TL497 X440034970 | Switching voltage regulator 3A
TD62504 X440045040 | Driver (Transistor array) 7E
HD75188 X440751880 | Line driver (for RS-232C) 6B
HD75189 X440751890 | Line receiver (for RS-232C) 7B
TC4016BP X460401600 | Two-way switch 2F, 4D
TC4049BP X460404900 | Converter 2C,7C,11H
TC4068BP X460406800 | 8-input NAND 1G
TC4093BP X460409300 | 2-input NAND 6C
TC4011UBP X460401101 | 2-input NAND 5F
TC4049UBP X460404902 | Converter 7C, 8D
TC40HO00 X460400004 | 2-input NAND 1E, 5D, 8E
TC40H002 X460400204 | 2-input NOR 1F, 3E, 4F
TC40HO004 X460400404 | HEX INVERTER 3F, 4E, 5E, 11G
TC40HO10 X460401004 | 3-input NAND 2E
TC40HO74 X460407404 | Flip-flop 10H
TC40H138 X460413804 | Decoder 9E, 15D, 16D, 16G
TC40H166 X460416604 | Shift register 10G
TC40H273 X460427304 | Flip-flop 5G, 9G
TC40H367 X460436704 | 3-input buffer 3G, 4G
TC40H373 X460437304 | Latch 16E
TD6303F X440043030 | Motor control Microcassette IC1




ICs

(1) 6301
MODE‘ —l
P2X TIMER SCI P1X
T I
RES - V, 4 ROM
| g T R
E — | U /1
EXTAL RQ1 ——>— RAM
XTAL 128
MPX
V]
P3X P4 X

The HX-20 employs a 2.4576 MHz crystal oscillator, whose output frequency is divided into
one quarter by an internal circuit, i.e.,, 614.4 kHz (about every 1.63 usec.), which drives the
HX-20.

The main CPU operates in the expanded multiplex mode, while the slave CPU operates in the
single chip mode. Thus, the ports are used as shown below.

Port Main CPU Slave CPU
Port 1 Parallel I/0 terminal I/0 terminal
Port 2 Serial I/O terminal - I/0 terminal
Port 3 Address/data terminal I/0 terminal
Port 4 Address terminal I/0 terminal




Main CPU6301 (8G)

Pin No. Port Direction Meaning
1 G —— | GND
2 X In | Oscillator input 2.4576 MHz
TAL put <.
3 EX In Oscillator input 2.4576 MHz
TAL ’
4 NMI In Non-mask interrupt Low: Interrupt
5 IRQ In 1/0 request Low: On
6 RS In Reset signal
7 S.TB. - Unused
8 20 In Bar code reader data line
9 21 Out RS232C TX (transmitting data)
. Low: Peripheral
10 22 Out Serial select High: Slave 63d
11 23 In Slave 6301 serial (RX)
12 24 Out Slave 6301 serial (TX)
13 10 In Data set ready (DSR) Low: On
14 11 In Clear to send (CTS) Low: On
15 12 Out Slave CPU R/W control

External port interrupt

16 13 In Low: Interrupt
Power abnormal )

17 14 In (PWA) (IRQ1) Low: Interrupt
Keyboard interrupt .

18 15 In (IRQ1) Low: Interrupt

19 16 In Perlpheral.status Low: On
(Serial option)

20 17 In Cartridge option flag Low: ROM

High: uCASSETTE

A-8



Main CPU 6301 (8G)

Pin No. Port Direction Meaning
21 Vce +5V
22 A15 Out | Address bus
23 Al14 Out
24 A13 Out
25 A12 Out
26 A11 Out
27 A10 Out
28 A9 Out
29 A8 Out
30 DA7 In/Out | Data address bus
31 DAG6 In/Out
32 DA5 In/Out
33 DA4 In/Out
34 DA3 In/Out
35 DA2 In/Out
36 DA1 In/Out
37 DAO In/Out
38 R/W Out | Read/write
39 AS Out | Address strobe
40 E Out | ENABLE

A-9




Slave CPU 6301 (6D)

Pin No. Port Direction Meaning
1 G - GND
2 X In Oscillator input  2.4576 (MHz)
TAL illator inpu . z
3 EX In Oscillator input  2.4576 (MHz)
TAL P '
4 NM1 In Non-mask interrupt Low: ON
5 IRQ - Unused
6 R In Request signal
7 STB - Unused
RS-232C (RX) . LOW: READ DATA
8 20 In receiving data Microcassette HIGH: WRITE ENABLE
9 21 Out Microcassette Write data
internal clock
. LOW: BRAKE
10 22 In Serial select HIGH: NORMAL
11 23 In Serial data (RX)
12 24 Out Serial data (TX)
. LOW: OFF
13 10 Out Printer head 1 HIGH: ON
14 11 Out Printer head 2
15 12 Out Printer head 3
16 13 Out Printer head 4 ‘
) LOW: ON
17 14 Out Printer Motor HIGH: OFF
LOW: OFF
18 15 Out Speaker HIGH: ON
19 16 In Printer reset pulse
20 17 In Printer timing pulse




Slave CPU 6301 (6D)

Pin No. Port Direction Meaning
21 Vcc - +5V
. Low: Carrier detected
22 47 In Carrier detect High: Not detected
Rom cartridge Microcassette clock
23 46 Out select Low: Counter High: Head switch
Low: RS232-C
24 45 Out Cassette/RS-232C select High: Microcassette
25 44 out ROM address counter Clock
clear
ROM cartridge power switch .
26 43 Out Low: Off High: On Microcassette command
27 42 Clear shift Microcassette power switch
register Low: Off High: On
Port enable Printer motor control
28 4 Out always on Low: Open High: Brake
29 40 In PLUG 2
LOW: Off
30 37 Out Program power on/off High: On
Low: Off
31 36 Out RS-232 powgr on High: On
Low: On
32 35 Out Bar code on/off High: Off
33 34 Out Slave status flag
34 33 Out External cassette write data
35 32 In External cassette read data
36 31 Out Request to send (RTS)
37 30 Out External cassette remote on/off Low: On
High: Off
38 - - Unused
39 SC1 - Unused
40 - - Unused
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(5) 75188

InS = EaS

(Pin 1: Vcc, 7 : GND)

(6) 75189

(Pin 7: GND, 14: Vcc)

(7) TC 4016

1
RX 81 ( lo
i U} = TX (SLAVE CPU)
Hl (2 Ho
I A\ | TX ( PERIPHERAL)
| |
9 3 ) 12 Ry (SLAVE CPU
> |! 3) | (sL )
]
i
] ) I3 RIPHERAL
ey 4: 4 ) | RX (PERIPHERAL)
| R Y P P P J
R65
P22 —e %c
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(11) TC4011BP

D |
1

—_———————————ad

e
L

(Pin7: Vss, 14: Vbb)

(12) 40HOOOP

FTTTT T

(Pin 7: GND, 14 : Voo)

(13) 40HOO2P

13 12 11 10 9 8

A |

(Pin 7: GND, 14: Voo)
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(14) 40HO04P

|
-
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Y Y

L

(15) 40HO10P
13
=" |
' :
{ |
| |
| |
I |
| |
I |
i I
| |
] |
I N RO (N S DR, R _l
(Pin 7: GND, 14 : Vop)
(16) 40HO74P
5 :_ —————————————————————————— 12
' - L '
> : ot a pcCl : 9
I |
I _ = I
3 : CKP_ a CKP—R‘Q i 8
4 ! [ 10
| |
) T ] Il
(DMODE)........... CL and PR at high level
th —><—1tn+|
tn tn+| Output
CK(CLOCK) Q Q
H L H
L H L




(17) 40H138
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(18) 40H166

SERIAL INPUT

SHIFT 7/ LOAD

PARALLEL INPUT A
CK cL
QA ] 2
PARALLEL INPUT B (2 % 10 1
: cK cLi—
QB T
[ T |>°
PARALLEL INPUT ¢ & %:D; 5 5
—ck —cL|—¢
Qc Q,
PARALLEL INPUT p 2. %j}; 1 =
—CK ZcLf—e
Qo 9
PARALLEL INPUT E “O)———%—D— ID BI
+—ck _cLl—e
QE Q
PARALLEL INPUT F LU Ele ;C Dl J =
P—CcK _cy
QF Q
PARALLEL INPUT G 22! % D D
*—cK _cL—
Q6 Q
1 S
PARALLEL INPUT H 1% B!
1»——<CKD I;CLL—a
cLock X T E)
CLOCK INHIBIT ‘& ouTPoT an
CLEaR &) >
INPUTS OUTPUTS
FUNCTION
SHIFT/ | CLOCK SERIAL |PARALLEL INPUT| INTERNAL
CLEAR CLOCK QH | MODE
LOAD |INHIBIT INPUT A H QA | QB
L x P X bg X P L L L | Clear
H H L i L X P L | Qan Qcn
Shift
H H L T H >:< X H QAn QGn
H L L 1 * L L L | Ps L
H L L 1 X L H L | P H | Parallel
H L L 1 % H L H | Pws | L | Load
H L L i 3 H H H | Pns H
H X H X bg bg x Qao | Qpo Quo | Hold
H Py P i P Py P Qao | Qpo Quo |No change
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(19) 40H166

coc [T U U U U U U UUUUUUUUULUL
LOAD
[} .
Al E
8 '2 L0,
c3 =
| |
D 4 120
E 5 ] |3 I
16| 14|
F 1 [}
6 b7 [i51]
T | )
o I8] 16!
o sl7[e,5,4]3 2[1] 16 [15lia[i3]i2[ i1 o[ 9]
H273
2 5 6 9 12 5 16
CLK 11—>0— '[ 'I —t— 'I
CK CK -' CK VCK CK 7CK CK 4 CK
L N R R R e
3 4 7 8 13 14 17 18

(Pin 10: Vss, 20: Vbb)




(20) 40H367

H373

o —————————

2
(Pin 8: GND, 16: Vop)

23

(21) TD6303F

|
) DO[ID [JLO‘D

[

_IE)
X))
o—T 2
oo

p | S
"—_'12)
|OXD)

| S
"""—'12)
|WX®)

|
—__ﬂEl)
OO
)
(OXO)

\‘

(Pin 10: Vss, 20: Voo)

16 15 14 13 12 | l| I0| 9|
GND NC
g:,‘f:;‘::: Comparator Integrating Power on/off
circuit circuit circuit circuit standby
Output buffer
amplifier
Regulated Waveform 1/2 Trigger
[ L |99 Power
sf;;’f,; shaper divider _(T— circuit limiter
i
: NC Vcc
I 2| 3 4| s| 6| 7| 8
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Serial - Parallel Conversion

The HX-20 converts data program-wise. The concept of serial « parallel conversion using
the hardware shown below is explained.

7 6 5 4 3 2 | 0 BIT |
(2 T T T T T T T T
L H L H H L H H DATA
[ [ = [ [ — — READ
F_D—FF P Hrr P Hrr [eelrr PP B HFr P B eFF o SERAL
| 2 3 4 5 6 7 8 out
,- al 1 i a . -
I— 1 Jq 1 1 )\ [ . ORESET
SERIAL
DATA
IN
o
DATA LOAD SHIFT CLOCK
| | [ |
| ' L 4+ modulat_|
I Parallel —= Serial —:-—Modulat-, % a iorc: uat—+ Serial —= Parallel
L oo j ' !
- i
|

|

MODEM == —=  MODEM
' Communication line !

(Receiving terminal)

)
.___J{
S R

HX-20 (Sending terminal)

Data conversion from serial to parallel and vice versa is necessary for reducing the number of
communication lines in data transfer.

Serial-parallel conversion performed by the above circuit is briefly explained on the next page.
page.
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3.1 Parallel to Serial Conversion (Add start and stop bits.)
After the flip-flop circuit is reset by a reset signal, parallel data is read into FF "1" to FF ‘8’ by a

data load signal.

Then, the data is shifted bit by bit at the timing of NOT DATA LOAD and SHIFT CLOCK, and
these bits are output to SERIAL DATA OUT. In performing this operation, it is necessary to

add a start bit and a stop bit to the data.

3.2 Serial to Parallel Conversion

After resetting the flip-flop with a reset signal, the serial data bits coming from SERIAL DATA IN
are set into FF “1’, and are shifted bit by bit at the SHIFT CLOCK timing.
After shifting 1 byte of data bits, the bits are read out to the parallel data line by a read signal. In

this conversion operation, the start bit and stop bit are separated from the data.

SHIFT
CLOCK

ST

(@)

~N o0 OO~ WD

Output

[ ] L [ ] L
o | 1 | 2 4 | 5 7 | 8
11
11
I
[T 1
—
[ 1
ST(|>1I2 4 7 _|sTop

(Serial conversion)
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4.
4.1

4.2

4.3

Main Circuit Signals
Enable Signal (E)

POINT IC8G PIN 40
VOLTAGE 2.0V DC/DIV
SWEEP 0.5 usec.

A system clock with a period of 1.6 usec
*A pulse waveform is always output if
power is on.

Address Strobe Signal (AS)

POINT IC 8G PIN39
VOLTAGE 2.0V DC/DIV
SWEEP 0.5 usec.

This signal is output every 1.6 usec.
*A pulse waveform is always output if
power is on.

Address/Data Bus Signal

POINT IC 8G PIN37
VOLTAGE 2.0v DC/DIV
SWEEP 1.0 usec.

Address/data buses are not constant de-
pending on the program command and
data being executed.
* Normally high level

A-23
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4.4 LCD Chip Select Signal (CS)

POINT IC16GPIN 14
VOLTAGE 2.0V DC/DIV
SWEEP 2.0 usec

*Normally high level

4.5 LCD Shift Clock Signal (SCK)
POINT IC 11H PIN2
VOLTAGE 2.0V DC/DIV
SWEEP 2.0 usec.
*Normally high level

4.6 Clock Pulse for Clock
POINT IC 6G PIN2
VOLTAGE 2.0V DC/DIV
SWEEP 10 usec.

*Normally a pulse waveform

A-24
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4.7 KSC Signal

4.8

4.9

POINT IC 5G PINbG
VOLTAGE 2.0V DC/DIV
SWEEP 0.2 msec

*Normally low level

Key Input Control Signal

POINT ICB6CPIN13
VOLTAGE 2.0V DC/DIV
SWEEP 50 usec.

*Normally low level

KB REQUEST Signal

POINT IC8G PIN18
VOLTAGE 2.0V DC/DIV
SWEEP 50 usec.

*Normally high level
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4.10 Cassette Write Waveform Slave Output

POINT IC 6D PIN 33
VOLTAGE 2.0V DC/DIV
SWEEP 0.5 msec

Bit on where pulse is wide; bit off where
pulse is narrow
*Normally low level

GND
4.11 Cassette Read Waveform
POINT IC 8D PIN7
VOLTAGE 2.0V AC/DIV
SWEEP 0.5 msec.
All bits are off. When bit is on, pulse width GND
is twice as large.
*Normally high level
4.12 Cassette Read Waveform
POINT IC 8D PING6
VOLTAGE 2.0V DC/DIV
SWEEP 0.5 msec.
This is a shaped version of the above input
to IC 8D Pin 7.
*Normally low level
GND
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4.13 Microcassette Read Waveform

CH1 CH2
POINT IC4 PIN1 IC4 PIN2
VOLTAGE 2.0V DC/DIV 0.5V DC/DIV
SWEEP 0.1 msec 0.1 msec

4.14 Microcassette Read Waveform

CH1 CH2
POINT IC4 PIN1 IC4 PIN2
VOLTAGE 2.0vDC/DIV 2.0V DC/DIV
SWEEP 0.1 msec. 0.1 msec.

4.15 Tachogenerator Output

POINT R16

VOLTAGE 0.2V AC/DIV

SWEEP 1.0 msec.

This signal has a period of 400 Hz. In case
of no speed control (REW/FF), the period
increases to more than 400 Hz and the
waveform to about 1.5 Vp-p.
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IC TYPE | USAGE LOCATION * CAUTION
40HO000 1A 5A IC'IA’” MARKED WITH ASTARISK HC(X)-ZO EXP BOARD
40H002 3A 6A AND DOUBLE LINE IS ALWAYS
40HO04 7A BATTERY BACKED UP. UNIT No. Y202204000
40HO010 LA
40H138 2A 8A
40H367 9A 10A 1A
4L0H245 12A

A-36



EPSON

EPSON CORPORATION
BUSINESS & INDUSTRIAL INSTRUMENT DIVISION

EPSON OVERSEAS MARKETING LOCATIONS

EPSON AMERICA, INC. (L.A)
3415 Kashiwa Street. Torrance, CA. 90505 USA.
Phone: (213)539-9140 Telex: 182412

EPSON DEUTSCHLAND GmbH
Am Seestern 24 4000 Dusseldorf 11, F.R. Germany
Phone: 0211-5961001 Telex: 85684786

EPSON U.K. LTD.
Dorland House, 1F 388 High Road, Wembley London
Phone: (01) 900-0466/9 Telex: 8814169

EPSON CORPORATION SINGAPORE REPRESENTATIVE OFFICE
Suite 813, 8th Floor, World Trade Centre

No1, Maritime Square Telok Blangah Road, Singapore 0409

Phone: 2786071/2 Telex: RS39536
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