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INTRODUCTION

The EPSON PX-8 is a general-purpose portable computer driven by an incorporated rechar-
geable battery. Standard features include a micro cassette drive, ROM capsule and RS-232C
interface allowing the machine to independently handle a variety of applications. The system
can also be expanded by connecting peripheral equipment such as a printer. Long time
steady operation has been realized by employing the battery-powered supply system with its
large capacity of 1100 mAH. A recharge control circuit to protect the battery from over-
charge and an auxiliary battery (90 mAH) for backup have been added to enhance reliability.

MICROCASSETTE™M is a trade mark of OLYMPUS OPTICAL Co., Ltd.
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1.1 Specifications

(1) Dimension:
(2) Weight:
(3) Environment:

® Temperature

e Humidity

(4) Power:
e Consumption:

e Battery:

o AC adapter output:
(5) Keyboard:

(6) LCD:

(7) Microcassette™:

(8) Interface
e RS-232C:

297 mm (width) x 216 mm (depth) x 4 7mm (height)
Approx. 2.3 kg

Operating 5 ~ 35°C

Recharging 5 ~ 35°C

Not operating -20 ~ 60°C

(below 30°C for a long period of time)

Storing data 0 ~ 40°C

(not operating)

Operating 10 ~ 80% (non-condensing)

Not operating 5 ~ 85% (non-condensing)

Approx. 325 mW (when micro cassette, speaker, ROM capsule,
RS-232C, SERIAL are not operating)
Two Ni-cd rechargeable batteries

Main battery Auxiliary battery
Voltage 4.8V 4.8V
Capacity 1100 mAH 90 mAH
Charging current 330 mA MAX. 10 mA MAX.
Charging voltage 56 ~ 6.4V 5.7 ~ 6.0V

6.0V, 600 mA

72 keys (include 9 function keys)

3 mode indication lamps

480 (width) x 64 (height) dots (80 x 8 characters per screen)
1/64 duty, adjustable VIEW ANGLE

Tape speed 2.4 cm/s

Drive Center capstan

Track Two-truck, one-channel

Frequency characteristic 315 ~ 4KHz

Data file Sequential file with directory
Connector 8-pin mini-DIN connector

Voltage + 8V (ON/OFF control by software)
Transmission speed 75 ~ 19200 BPS

Mode Full duplex/half duplex
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SERIAL:

Speaker:

Analog input:

Bar code:

(9) CPU and memory

111

Main CPU:
Slave CPU:
Auxiliary CPU:
Main RAM:
Video RAM:
ROM:

ROM capsule:

Available models

REV.-A

Connector 8-pin mini-DIN connector
Voltage =+ 8V (ON/OFF control by software)
Transmission speed 150, 600, 4800, 38.4K BPS

Audio response controlled by software or by micro cassette
(with adjustable volume)

Input voltage 0~ 20V

A/D converter 6-bit (Resolution: approx. 0.03V)
Can connect to high-resolution (0.19mm) or low-resolution
(0.33mm).

Z-80, 2.45MHz

6303, 614kHz

7508, 200kHz (with battery backup)
64kB D-RAM (with battery backup)
6kB static RAM (with battery backup)
32kB

Two capsules can be incorporated.

(8 ~ 32kB per capsule)

The following models are available for this computer. However, major differences among these
models are restricted to keyboard and AC adaptor specifications, the internal hardware is the

same.
Table 1-1
Model Keyboard AC adaptor

H101A AA ASCII (US.A) HOOAAA: 120V 60 Hz

H101A AC ASCII HOOAAA: 120V 60 Hz, HOOAAU-B: 240V 50 Hz,
HOOAAU-A: 240V 50 Hz

H101A BA HASCII (U.S.A) HOOAAA: 120V 60 Hz

H101A UA England HOOAAU-A: 240V 50 Hz

H101A FA France HOOAAF: 220V 50 Hz

H101A GA Germany HOOAAG: 220V 50 Hz

H101A SA Sweden HOOAAG: 220V 50 Hz

H101A DA Denmark HOOAAG: 220V 50 Hz

H101A NA Norway HOOAAG: 220V 50 Hz
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1.1.2 Specifications of option
Optional features are summarized in the table below. They provide you with system expansion to
meet your specific demands or flexible system configuration by using universal option.

Table 1-2
Name Application/Descriotion
# 723 cable For floppy disk drive (serial)
# 724 cable For acoustic coupler {RS-232C)
# 725 cable For printer (RS-232C)
# 726 cable Null modem (for interconnection between two EPSON PX-8

computers via RS-232C interfacing)

CX-20/21 Acoustic coupler

PF-10 3.5 inch floppy disk drive
TF-15/TF-20 5.25 inch floppy disk drive
RAM DISK UNIT Additional 120/60 kB RAM

UNIVERSAL UNIT A through-hole circuit board and a case

MODEM UNIT Built-in modem (for U.S.A. only)
MULTI UNIT RAM + MODEM (for U.S.A. only)
EPSON PRINTER Verious models with RS-232C interface
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1.2 Names of Major Parts

8 9 10
®
% {. . : J f 4
(Left side view) (Right side view)
—16
} 14
15
| | (Rear side view)
T
Table 1-3 Major Component
No. Name No. Name

VIEW ANGLE VOLUME (adjustable view 10 | Power switch
angle due to temperature complement)

11 | Speaker output (for external speaker)

Microcassette (program load/save and

2 . Analog input interface (analog input/
sound generation) 12| . .
joystick)

3 | LCD panel unit

P n 13 | Bar code reader interface
4 | LCD panel open switch ) .

P P 14 RS-232C interface (for connection to
5 | Keyboard unit acoustic coupler/printer, etc.)
6 | Battery cover (to replace main battery) 15 High-speed serial interface (for connec-

. tion to floppy disk drive)

7 ROM cartridge cover (for replacement of

ROM capsule, and INITIAL RESET) Expansion interface (for connection to

16

. optional unit/universal unit)
8 | Reset switch P

Speaker volume (internal/external

speaker volume adjustment)
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1.3 Major parts

The main unit consists of five parts and a case as shown in Fig. 1-2.
D MAPLE board
A control board realizing compact size and low power consumption with CMOS, flat package
type multifunction gate arrays and various chips on it.
@ Micro cassette
Consists of control board and driving mechanism. Reads and writes data from and to the tape.
® Keyboard
Has 72 keys on it (73 keys for Japanese use), 9 of which are function keys. Also has three in-
dicators which show the input mode.
® LCD
Consists of 480 (width) x 64 (height) dots, can display a total of 480 characters.
® Main battery
A rechargeable Ni-cd battery with a capacity of 1100 mAH. It supplies power necessary for
the normal circuit operation.

Bottom side

Fig. 1-2

1.3.1 MAPLE board

Power consumption is considerably reduced by employing power-saving C-MOS. On-board inte-
gration has become easy by employing customized LSIs and chips. Although both sides of the
boards are utilized, the back side mainly includes chips such as resistors and capacitors.

ROM capsule

rAuinia ry battery

Front view Rear view
Fig. 1-3
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External interfaces (shown in Table 1-4) and two ROM capsules on the board provide a system
configuration suitable for your needs or implementation of an application program. An auxiliary
rechargeable battery of 90 mAH is also incorporated which supplies power in order to ensure
normal circuit operation when the voltage of the main battery falls down below a certain value.

Table 1-4 External Interfaces

Item Function Note

RS-232C 110 ~ 19200 BPS, Operator-selectable: transmission speed,
RS-232C level X-ON/OFF, etc.,

SERIAL 38400 BPS MAX., Operator-selectable: transmission speed,
RS-232C level X-ON/OFF, etc.,

Bar code Read at TTL level Read program and bar code reader are required.

i Analog or joystick input Analog input line has +5V pull up function.

Analog input ) _
(with trigger)

External speaker | O ~ 6V output 802 0.2W

1.3.2 Microcassette

The microcassette consists of a control board and drive mechanism. Operations such as FF,
REW, etc. are controlled by software, resulting in high reliability compared with manual control.
Increased chip implimentation has permitted a reduction in size of the control board.

This cassette drive operates at a tape speed of 2.4 cm/s, and reads or writes data effectively utiliz-
ing a tape counter and directory which contains file names, file starting addresses, etc.

Fig. 1-4

Mechanical components include a tape drive motor and its driving mechanism, R/W heads and
their mechanisms, reels, etc. The control board controls the revolving speed of motor, load/
unload of R/W heads and R/W operation.

To enable sound output, it provides signals to an internal or external speaker after amplifying them
twice. For reading data, duplicated amplification circuits eliminate high frequency component
(noise) and detect the peak of signal to ensure highly reliable sound output.

1-6




REV.-A

1.3.3 Keyboard
Matrix keyboard uses mechanical contact switches. Switches, reverse-current protection diode

and mode indication LED lamps are implemented on the control board.

Fig.1-5

1.34 LCD
The LCD is a twist pneumatic (TNM) effect type liquid-crystal display. The screen angle can be

changed arbitrarily. VIEW ANGLE volume is provided to correct the change of liquid crystal dis-

play condition caused by temperature rise or fall.

Fig. 1-6

1.3.5 Main battery
The main battery is Ni-Cd with a nominal voltage of 4.8V. When the battery is fully charged, the

voltage is 5.0V or more, enough to provide power for circuit operation. The battery can be easily
removed and replaced by removing the battery cover on the bottom of the unit.

shlinow W @

EPSON

RB 201
48v nooman NL
EPSON CORPORRTION .svun -

Fig. 1-7
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1.4 Interface

As shown in Table 1-3, the unit has eleven connectors: among them, CN3, CN4 and CN5 have a
slide-lock mechanism.

Table 1-5 Interface Connectors

Name '\cl:f";itr’,ir Function
CN1 3 | AC adapter connection interface
CN2 2 | Main battery connection interface

CN3 20 | Incorporated microcassette interface

CN4 22 | Keyboard interface

CNb 16 LCD interface

CN6 8 | High speed serial interface

CN7 8 | RS-232C interface

CNS8 50 | Expansion interface

CN9 3 Bar code reader interface

CN10 3 | Analog input interface

CN11 2 | External speaker interface

Note: CN5 is integrated on the back of MAPLE board.

Table 1-6 CN1 (AC Adaptor) Pin Assignments

. . e 3 1
Pin No. |Signal name Definition fﬁﬂ @3
1 VCH Charging voltage
2 —_— Undefined
3 GND Ground

Table 1-7 CN2 (Battery Connection) Pin Assignments

Pin No. |Signal Name Definition ‘e
a_o
1 VB Main battery voltage
2 GND Ground
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Table 1-8 CN3 (Incorporated Microcassette) Pin Assignments

Pin No. | Signal Name Definition
1 VLSW Circuit voltage supply (through read gate)
2 VLR Circuit voltage supply (read amp. power supply)
3,4 GND Ground
5 RDSP Sound output of read data
6 WE
7 RDMC Read signal
8 WD Write data
9 HMT Head pinch motor control
10 CNTR Counter
11 MT B Capstan motor drive control
12 MT A Capstan motor drive control
13 HSW Head switch status
14 MT C Capstan motor speed control
15,16 VBSW Battery voltage supply (for motor)
17 ERAH Erase signal
18,19, 20 GND Ground




Table 1-9 CN4 (Keyboard Interface) Pin Assignments
Pin No. |Signal Name Definition

1 KSC O Key scan signal

2 KSC 1 Key scan signal

3 KSC 2 Key scan signal

4 KSC 3 Key scan signal

5 KSC 4 Key scan signal

6 KSC 5 Key scan signal

7 KSC 6 Key scan signal

8 KSC 7 Key scan signal

9 KSC 8 Key scan signal
10 KRTN O Key return signal
11 KRTN 1 Key return signal
12 KRTN 2 Key return signal
13 KRTN 3 Key return signal
14 KRTN 4 Key return signal
15 KRTN 5 Key return signal
16 KRTN 6 Key return signal
17 KRTN 7 Key return signal
18 LED O | CAPS LOCK MODE
19 LED 1 NUMERIC MODE
20 LED 2 INSERT MODE

21,22 GND Ground
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Table 1-10 CN5 (LCD Interface) Pin Connections

Pin No. |Signal Name Definition
1 VLD Circuit voltage: +5
2 YDO Y data
3 YSCL Y shift clock
4 YSPU Speed up signal
5 YDIS Y display signal
6 FS Frame signal
7 LP Latch pulse signal
8 XECL X enable clock
9 XSCL X shift clock
10 XDO X data O
11 XD1 X data 1
12 XD2 X data 2
13 XD3 X data 3
14 GND Signal ground
15,16 VL Circuit voltage

* View from the rear side of the board.

Table 1-11 CN6 (High Speed Serial Interface) Pin Connections

Pin No. |Signal Name Definition
1 GND Signal ground
2 PTX Transmit data (output)
3 PRX Receiving data (input)
6 PIN Receiving mode (input)
7 POUT Transmit mode (output)
E FG Chassis ground




Table 1-12 CN7 (RS-232C Interface) Pin Assignments

Pin No. |Signal Name Definition
1 GND Signal ground
2 TXD Transmit data (output)
3 RXD Receiving data (input)
4 RST Request-to-send (output)
5 CTS Clear-to-send (input)
6 DSR Data set ready (output)
7 DTR Data terminal ready (output)
8 CD Carrier detect
E FG Chassis ground
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Table 1-13 CNS8 (Expansion) Interface JLQ
50 a2
m SN'gr';Z' Direction Definition ::'('; il'gr';j Direction Definition
1 |AB12 (0] Address bus 12 2 |AB11 0] Address bus 11
3 |AB14 o] Address bus 14 4 1AB13 (0] Address bus 13
5 |AB 1 0] Address bus 1 6 |AB 2 0] Address bus 2
7 |AB15 o Address bus 15 8 |AB O 0] Address bus O
9 |AB 4 (0] Address bus 4 10 |AB 3 0] Address bus 3
11 [AB 6 o] Address bus 1 /. 12 |AB 5 o] Address bus 5
13 [AB10 o} Address bus 10 14 |AB 7 (0] Address bus 7
15 |AB 8 (0] Address bus 8 16 |AB 9 0] Address bus 9
17 |DB O 1/0 Data bus O 18 |DB 1 1/0 Data bus 1
19 |DB 2 1/0 Data bus 2 20 |DbB 3 1/0 Data bus 3
21 |DB 4 1/0 Data bus 4 22 |DB 5 1/0 Data bus 5
23 |DB 6 1/0 Dat bus 6 24 |DB 7 1/0 Data bus 7
25 |BURQ 0] Bus request 26 |BUAK 0 Bus acknowledge
27 |M1 0] Machine cycle 1 28 |WAIT I Wait
29 |VL 0] Circuit voltage: +5V 30 |HLTA 0} Halt acknowledge
31 |GND — Signal ground 32 |GND — Signal ground
33 |RS 0 Reset 34 [SPI | Speaker
35 |RD 0 Read 36 |MRQ 0 Memory request
37 |WR o Write 38 |CLK 0] 2.45 MHz
39 |VCH (¢} Charging voltage 40 |IORQ 6] I/0 request
41 |DCAS 0 Data CAS 42 |DW 0] Data write
43 |INTEX | External interruption 44 | OFF 0 Initializilng signal of IC "6A”
45 |RXD I Serial received data 46 |TXD 0 Serial send data
47 |VvB1 0 Battery voltage 48 |BK2 I Bank exchange
49 (CG — Chassis ground 50 |CG — Chassis ground




Table 1-14 CN9 (Bar Code Read Interface) Pin Assignments

Pin No. |[Signal name Definition
1 G Signal ground
2 +5 Circuit voltage
3 BRDT Bar code reader data

B

Table 1-15 CN10 (Analog Input Interface) Pin Assignments

Pin No. |[Signal name Definition
1 G Signal ground
2 ANIN Analog input
3 TRIG Analog trigger input

Table 1-16 CN11 (External Speaker Interface) Pin Assignments |

Pin No. |Signal name Definition
1 EXSPG Speaker ground
2 EXSP Speaker signal

REV.-A
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1.5 Connection Cable (option)

Fig. 1-8 shows in a diagram the information cables for all the available peripheral devices.

PX-8
System bas #727
Option unit
Serial |RS-232C
#723
#725 #726
#725
#723
#723
#723
#725
#726

#724
Acoustic coupler
CX-20(21)

Fig. 1-8 Peripheral Device Information Cables

Table 1-17 Information Cables Specific to the PX-8 Computer

No. Interface Part No.
#723 High speed serial Y204080000 (Y204080400--JAPAN)
#724 RS-232C Y204080100 (Y204080500--JAPAN)
# 725 RS-232C Y204080200 (Y204080600--JAPAN)

# 726 High speed serial/RS-232C | Y204080300 (Y204080700--JAPAN)

#727 Expansion interface Y204301000

1-15




- (1) #723 cable
Usage : Connection to dedicated floppy disk drive
Connector: Round-type miniature, DING

REV.-A

T m == ] [ &

No. | Signal Name Color
- 1 | GND Black
2 | PTX Brown No. | Signal Name Color
3 | PRX Red 1 | PRX Red
4 | — — 2 | PIN Orange
5 | — — 3 | PTX Brown
6 | PIN Orange 4 | POUT Blue
7 | POUT Blue 5 | GND Black
8 | — — 6 | — e
E | CGND (Shield) E | CGND (Shield)
Fig. 1-9

# 723, simple serial cable, consists of two lines: the send/receive data line and the 1/O control
line. Therefore, devices which can be connected via this cable are intelligent terminals only (that

is, dedicated floppy disk drives) that can be controlled by PIN, POUT.

(2) #724 cable
Usage : Connection to acoustic coupler
Connector: Round-type miniature, DB25

o
0633
209,

W

[; ”“"“"“ — ) —

I
\¢

]ﬂ.ﬂﬂ—’ \\U

‘ ——
\ ©ccocooooo )
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No. | Signal Name Color
1 | GND Black
2 | TXD Brown
3 | RXD Red
4 | RTC Orange
5 | CTS Blue
6 | DSR Purple
7 | DTR Gray
8 |CD White
E | CG Shield

“34
_/

Fig.1-10

This MODEM connector cable conveys RS-232C interface signals.

(3) #725 cable

Usage

: Connection to printer with RS-232C interface

Connector: Round-type miniature, DB25

)
— D
\\

Y

L D

No. | Signal Name Color
1 | GND Black
2 | TXD Brown
3 | RXD Red

4 | RTS Orange
5 | CTS Orange
6 | DSR Purple
7 | DTR Gray

8 |CD White
E | CG Shield

No. | Signal Name Color

1 | CG Shield

2 | TXD Brown

3 | RXD Red

4 | RTS Orange

5 | CTS Blue

6 | DSR Purple

7 | GND Black

8 | CD White

20 | DTR Gray
N,

No. | Signal Name Color

1 | CG Shield

2 | RXD Red

3 | TXD Brown

4 | — White

5 | — White

6 | DSR Gray

7 | GND Black

8 | CD Orange

20 | DTR Purple

Fig. 1-11
1-17




(4) #726 cable

Usage

: Connection between two units or more
Connector: Round-type miniature Round-type miniature

REV.-A

Fig. 1-12

= vz [ @
No. | Signal Name Color No. | Signal Name Color
1 | GND Black 1 | GND Black
2 | TXD Brown 2 | TXD Red
3 | RXD Red >< 3 | RXD Brown
4 | RTS Orange 4 | RTS White
5 | CTS Orange 5 | CTS White
6 | DSR Purple 6 | DSR Gray
7 | DTR Gray 7 | DTR Purple
8 |CD White 8 |CD Orange
E I CG Shield E | CG Shield

An shown in Fig. 1-11, control lines of DSR and DTR, and connected lines of CTS and RTS (con-
nected to CD) are crossing respectively. Therefore, when transmitting data or receiving, both un-

its must open RS-232C interfaces.

(5) #727 cable

Optional unit side

Usage

: Connection to optional unit
Connector: ERC-AA50-30(S)

Main unit side

See Page 1-13 CN8 for signals.

L}

% Main unit side 418 /50
11 |
D .. __-_-_-_._pg "LI
\ HTT
I 47 9
| |
2 48 =1 0]
[ L]
- oal
L 1
T T
1 Optional unit side 47 49
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2.1 General

This chapter describes various functions of the main control board (called MAPLE board) which is
the center of this computer. The microcassette drive and option units are described in Chapter 3.
The MAPLE board uses a diversity of fully customized ICs (referred to as gate arrays throughout
this manual), masked ROMs, and other chip elements (resistor, capacitor, transistor, and diode
chips) which simplify component mounting. As many CMOS elements as possible have been
used in order to lower power consumption. In addition, the computer provides the following fea-
tures in order to control functions specific to battery powering:
(1) Battery backup:

Protects data in RAM.
(2) Battery distribution (main and auxiliary battery power supplies):

Ensures a more reliable battery backup.
(3) Charge control:

Prevents excess Ni-Cd battery charging.
(4) Power distribution:

Outputs the supply voltages only while the computer is in operation in order to minimize bat-

tery consumption.
(5) Low voltage detection:

Automatically changes the main battery to the auxiliary battery supply.
In addition, the computer is provided with a software automatic power-off feature which prevents
the battery from being discharged out if the computer is inadvertently left on.

2.1.1 Major Components

The MAPLE board has elements mounted on both the sides. A speaker and elements such as re-
sistor packages, etc. are mounted on one side, while elements such as connectors, switches, and
LSI chips, etc. are mounted on the opposite side as shown in Fig. 2-1. Table 2-1 lists major
board elements together with a summary of their function.
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25 24 23 21 20 19 18
Fig. 2-1 MAPLE Board Element Layout
Table 2-1 MAPLE Board Major Components
No. Name Function No. Name Function
1 | CN11 External speaker connector 2 | ento Analog signal input conne-
3 | CN9 Barcode reader connector ctor
5 | Main CPU 780 CPU package 4 | Gate array GAH40M package
7 | Gate array GAH40D package 6 | LCD controller SED 1320 package
o | ong RS-232C interface connec- 8 | CN8 Expansion interface connector
tor 10 | CN6 Serial interface connector
11 | oN3 Microcassette interface con- 12 | V-RAM 6kB LCD RAM
nector 14 | sw3 Auxiliary battery control
13 | Auxiliary battery 90 mAH backup battery switch
15 | CN2 Main battery connector 16 | oN1 AC adaptor input (charge in-
17 | sw2 Reset switch put) connector
19 | Gate array GAH40S package 8 | A Fuse 3A
21 | ROM capsule (32 kBx 2) 20 | Sub-CPU 6303 CPU package
23 | swa 8-position DIP switch 22 | SW5H Initial reset switch
25 | cna Keyboard interface connec- 24 | D-RAM 64kBx8
tor 26 | 4-bit CPU 7508 CPU package
27 | T soming T EmPEIE® | ) 28 | v achustmont varabl resitor
29 | Serial controller 82C51 package 30 | SW1 Power switch
31 | ROM 32kB ROM 32 | CN5 LCD interface
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2.1.2 System Configuration

PX-8's main components include a main battery; the MAPLE (main) board, which along with con-
trol circuitry also contains an auxiliary battery; the LCD unit; the keyboard; and the microcas-
sette drive assembly. The following block diagram demonstrates component configuration.

Microcassette drive

Drive mechanism

]
Keyboard MAP-MC board
MAPLE board LCD unit
Main
LCD panel
battery K> r pane
— MAP-LD board
\ /
v
IPL ROM RAM
32K 64K

1L ﬁl} >

MAIN CPU 82C51 /GAH4ﬂI—— RS-232C
Z-80 R —
]/} uPD 7001 Barcode reader I
SED1320
U 7508 —| Timer |
Slave CPU | SED1320/VRAM
6303 Bk LCD
A
MASK 4K Microcassette
GAH 40S — tape drive
GAH 40M A
GAH 40S ROM capsule
51 Speaker
(built-in/external)
Serial interface
Keyboard
Sub-CPU
7508

Analog device

Fig. 2-2 Computer Configuration

2-3




REV.-A
2.2 Power Supply

This computer operates with a rechargeable Ni-Cd battery and is provided with features for mini-
mizing power consumption and controlling battery charge. The power supply is summarized in
the following:

@ Batteries: Two batteries; main and auxiliary, are used.
Main battery.........ccccceeenn.... Supplies a DC voltage of 4.8V and has a capacity of 1100 mAH. It
can power all the computer circuits; backing up the commercial as
AC power when not used or unavailable. It also supplies power to

the attached option units.

Auxiliary battery................. Also supplies the DC 4.8V power. It has a capacity of 90 mAH and
backs up the main battery when in a low voltage (discharged) con-
dition.

® Charging circuit: Supplies charging current to the main and auxiliary battery when an AC adap-
tor is connected. This circuit, which operates in either of two modes; normal and tricle (low
current) charges, under the control of a sub-CPU 7508, controls the charging current.

@ Voltage detection circuit: Monitors the voltage of the main battery using an internal AD con-
verter. The result is processed by the sub-CPU 7508 to cause the circuit to provide two func-
tions. One is low voltage detection which allows the computer, if it is operating, to display a
warning message “CHARGE BATTERY” on the LCD screen, when the battery power (i.e., vol-
tage) falls below a certain level. In addition, this function causes the computer to stop at an ap-
propriate point in the operation in progress. The other function determines the normal charge
restart timing; causing a switch from tricle to normal charge when AC adapter is connected.

® Backup circuit: Supplies the power required to maintain data in the RAMs when the power
switch is off or the computer is not connected to the AC power line. [t also serves to normally
operate the circuits which monitor the battery voltage and detect whether power is on.

® +8V regulator: This voltage regulator supplies DC voltages of +8V required for RS-232C
operations. The voltages are generated from the battery voltage (VB) only when the RS-232C
or serial interface is used.

® -15V regulator: Supplies a-15V DC voltage used for LCD display control. This voltage is gen-
erated from the battery voltage (VB) as long as power is on.

® 5V regulator: Supplies a +5V DC voltage used for the PROM capsule. This voltage is generated

from the battery voltage (VB) only when the PROM is accessed. The regulator is provided in
order to prevent a transient due to PROM access from directly affecting the VB line.
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Other power circuits such as a switching circuit, which supplies the logic circuit power, are locat-

ed on the MAPLE board, in addition to the above. Fig. 2-3 is a block diagram which summarizes
the power supply circuits on the MAPLE board.

AC adaptor
Q 7508 ? 7001 A/D converter To backup circuit
Charge
control A RS-232C supply == +8Vv
power voltage (£10%)
——I ?——— regulator -8V
GAH40S
F1 VB
—G\Qf 9 Logic circuit
) voltage supply
Main
Vv
battery \l 7508 (+5V)
Power control
|
ISIave CPU 6303 Speaker amp.
LCD power
— - Clock ———— voltage = -15V{£10%)
:‘UX"'aW generator | —e———¢—] regulator
attery ]
ROM capsule
power voltage}l——== +5V (£ 5%)
GND regulator _
!]'A == To microcassette
GAH40S

Fig. 2-3 Power Circuit Block Diagram
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2.2.1 Power On/Off Control

The power circuits are controlled by the 4-bit CPU 7508 which operates under a control program
stored in a mask ROM built in it. If the CPU runs away due to some reason (battery power exhaus-
tion for example), therefore, the power supplies are completely out of control. If this occurs, the
AC adaptor should be connected to charge the batteries and then SW5 should be pressed to reset
the CPU 7508.

2.2.1.1 Power On

The computer is turned on by either of the following:

(1) Setting the POWER switch ON
Setting the POWER switch ON causes pin 23 of CPU 7508 (INTO) to go high (see Fig. 2-4)
which interrupts the control program for turning power on.

(2) Programmed power on
Power is automatically turned on regardless of the POWER switch setting when the time spe-
cified softwarewise with a “WAKE"” command coincides with that of the clock built in CPU
7508.

2.2.1.2 Power Off

Power is turned off by one of the following:

(1) POWER switch OFF
Turning the POWER switch OFF causes pin 23 of the 7508 CPU (INTO) to go low (see Fig.
2-4), interrupting the control program for turning power off.

(2) Low voltage detection
When a low VB line voltage is detected. The 7508 CPU interrupts the main CPU and current
processing to be terminated at an appropriate point . At the same time, “CHARGE BATTERY"
message display on the LCD screen for 30 seconds. The 7508 CPU then automatically turns
power off if the POWER switch is at the ON position.

(3) Automatic (programmed) power off
The computer can be turned off by a software automatic power-off feature which uses the
7508 CPU’s built in clock. This feature automatically turns power off when no I/0O unit is used
for a certain period of time even though the computer is in the key entry mode. Power off tim-
ing as follows:
® Default: 10 minutes
® Specified: 1 to 255 minutes (specified by using the CONFIG command)
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The following is a circuit diagram including the power on/off circuit:
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Fig. 2-4 Power On/Off Control Circuit

* The power-off operation involves the following component functions:
® Microcasette tape drive head unloading
® Microcassette tape drive power off
® P-ROM cartridge power off
® RS-232C power off
® Barcode reader power off
® Speaker power off
It also controls the emergency power supply which allows the computer operation sequence in
process to be completed and status information to be stored whenever the regular power sup-
ply is depleted.
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2.2.1.3 Power On/Off Timing
Power on/off has to be controlled by interrupting the sub-CPU 7508. Thus, either timing (the
POWER ON or RESET signal) will be a little delayed as shown in Fig. 2-5

7 L
) )
POWER SW
{7508 POO)
POWER ON
(7508 P70)
(C
20ms /) 45 s
<
OFF (7508 P71)
(gate array OFF signal)
(L
/)
10 ~70ms -, 110ms
7/
t
RESET t: May vary depending on
operation in progress
when the POWER switch

is reset OFF.

Fig. 2-5 Power On/Off Control Circuit

The time delay sequence illustrated in Fig. 2-5 above is only a sample time sequence. The
power on/off operation permits any operation sequence in process, including the mechanical
operation of an 1/0O unit (e.g., the microcassette) currently in progress, to be completed and the
printer to be reinitialized before the power is off. The length of the illustrated time delay will vary
according to which mechanical and/or logic sequence must be completed. The off signal is used
to prevent a latch within the gate array.

2.2.1.4 Power On/Off Circuit Operations

Fig. 2-6 shows the circuit. When the POWER switch is set ON or RESET off, or an automatic

power on or off is input via software, the sub-CPU control program processes the power on or off

as an interrupt using port 70 as follows:

® Power on: P70 of the sub-CPU 7508 going low causes the anode of D15 to go low, turning pin
4 of IC "3E’ high. This in turn causes the output at pin 14 of the next inverter, 12D, to go low.
This signal is fed to transistors Q6 and Q23 through resistors R29 and D16 respectively, turn-
ing them on. This causes the VB (+) voltage to be output at the collector of Q6, supplying the
operation voltage (logic circuit voltage: VL) to the elements on the board. The transistor Q23
also supplies the VB(+) voltage to the battery-backed-up elements on the board. Thus, the
board is ready to operate. Port 42 of the 7508 sub-CPU controls the backup for the auxiliary
battery and can enable or disable conduction through transistor Q20. When port 42 output is
high, the low level at pin 11 of IC 3D breaks down zener diode ZD9, holding Q20 in conduction.
In this way the LCD drive voltage is insured, the message, “CHARGE BATTERY", will be dis-
played whenever the main battery output voltage falls to or below the low voltage limit.
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® Power off: P70 of the sub-CPU going high, causes the output of pin 14 of inverter, 12D, to go
high, turning Q6 off and thereby stopping the logic circuit voltage supply. Q23 is controlled by
the sub-CPU, via P42, returning it to the normal backup operation.

® When the power-off request is an interrupt, generated when the POWER switch is turned OFF
or low voltage is detected. When the power is turned Off and the power off request is comitted,
the current operation has to be examined and a sequence excuted which assures that the oper-
ation in progress, including any I/O operation sequence, will be resumed without error when
power is restored. The sequence allows all necessary processes such as the reinitialization of
the I/0 device (e.g., microcassette) in operation, a warning message display, etc. to be accom-
plished before the logic circuit voltage supply is actually removed.

@ OFF signal: The OFF signal shown in Fig. 2-5 is controlled via P71 of sub-CPU 7508. This sig-
nal is emitted to gate arrays 6A and 4C, and the expansion interface CN8. It is intended to ini-
tialize the internal circuit of the gate arrays in order to prevent their outputs from being latched;
it is a so called reset signal to the gate arrays and does not control power supply to the gate ar-
rays.

The relationship between P70 and P42 of sub-CPU 7508 will be discussed in section 2.3, “Low
Voltage Detection”.
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ce4
Q23
.-
Backup line ;
R87 R26
51K 44K pie To RAM, etc.
vDD G

Q20 POWER SW——— POO ( INTO)
R88 ZD9 " 12 725E08
v 7<L C‘ 3D I (2E)
20K 20K 13
T_ P42
420 5
14 3 4 D15
P70
6
—— Auxiliary
—=— Dbattery
77L7 GND
10 S
3D
8
L QVB({tH)
(Main battery voltage)
Fig. 2-6

Note:
P70: POWER ON signal
High turns power off, and
Low turns power on.
P42: Main — auxiliary battery switching signal
High selects auxiliary battery, and
Low select main battery.
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2.2.2 Charging Circuit

Two 4.8V, rechargeable, Ni-Cd batteries are connected to the MAPLE board. The main battery,
which is housed the bottom case and can be replaced by loosening a single screw, has the larger
capacity of 1100 mAH. Its charging circuit includes an overcharge protection circuit which pro-
tects the battery from overcharge by automatically discontinuing charge. The auxiliary battery,
which is mounted on the MAPLE board, has a capacity of 90 mAH. A switch is inserted in both
the charging circuit and backup line which can disable the backup by the auxiliary battery.

2.2.2.1 Main Battery Charging Circuit

AC Adaptor
GND
Ri4
2E R77 Q33 Q30
P44 I J2 68K
100K | O_N
Zra3o OFF ‘o
10K
7508 82x 2
R4 39
Main battery
Fa D4

VB4

Fig. 2-7 Main Battery Charging Circuit

The charging circuit includes jumper A2 which allows two modes of charging:

When J2 is jumpered..................... No Overcharge Protection Control

Jumpering J2 causes the base of transistor Q9 to be always tied to ground, holding it in conduc-

tion. This effectively bypasses resistors R3 and R5, inserted in the charging circuit in series, and

causes the charging current to be supplied to the battery through transistor Q9, current limiting

resistor R1, and reverse-current preventing diode D4. This setting ecuses the battery to be con-

tinually charged as long as the AC adaptor is connected. Because of the low current limiting resis-

tance in the mode of operation, the battery is highly liable to overcharge.

When J2 is open........ccceevvvvvernnnnnns Shipment Setting

® When J2 is open, the charge current bypassing transistor Q9 is controlled by the port 41 out-
put of the 4-bit sub-CPU 7508. This CPU has a clock feature built in and maintains port 41 at
the low level only for the first eight hours after it detects that the AC adaptor is connected, pro-
viding the same charging mode as when the jumper J2 is closed. With port 41 held low, tran-
sistor Q33 is cut off, leaving its collector at the high level (The collector is pulled up to the ac
adaptor output through the resistor R39.) This maintains transistor Q30 in conduction; the col-
lector is held at the low level, providing the same effect as if jumper J2 were closed.
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@ When eight hours have elapsed after the ac adaptor is connected to the AC line, port 41 of the
4-bit sub-CPU goes high, cutting off transistor Q9. This puts the circuit in the trickle charging
state by inserting the resistors R3 and R5 (combined resistance, 41 ohms) in the charging path
in series. The circuit constants are selected in this state so that the battery is substantially not
harmed by overcharge, even if the battery is continually charged.

*Reference
Following is the sub-CPU port operation for power control:
Table 2-2 Sub-CPU Port Operation

Port |Direction Meaning S,g;?' Function
POO N Power switch Low Power switch “OFF” interruption (H - L: ~} )
interruption High Power switch “ON"” interruption (L - H: _f )
Main battery Low Inactive
P23 Out ‘ : :
voltage detection High Active @ Supply main battery voltage to A/D
converter
® Supply operational voltage to A/D
converter
Low Reset main CPU, slave CPU, etc.
P40 out Reset
High Inactive
Recharging mode Low Normal recharging mode
P41 Out
control High Trikle recharging mode
Battery back-up Low Back-up with main battery
P42 Out : —
control High Back-up with auxiliary battery
Low Active source input of “P40” and “"OFF”
P60 In Reset switch
High Inactive
PE 1 | AC adapter (re- Low No AC adapter (non recharging condition)
n i -
chgrglng opera High Recharging condition (AC adapter is plugged)
tion) detect
P63 o Recharging mode Low Normal recharging mode
ut age _
for auxiliary bat High Trikle recharging mode
tery
Low Power ON
P70 Out Powr ON -
High Power OFF
“OFF"” signal for Low Active (Initialize the ‘4C’ ‘6A’)
P71 Out

gate array (6A, 4C) High Inactive
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2.2.2.2 Main Battery Charging
In the following text, the functions of jumper J2 are summarized. Then, the actual main battery
charging operations are described based in Fig. 2-8.

(1) J2 jumper

The J2 jumper provides the following functions:
When closed: Disables the charging control; the battery is always charged as long as the AC

adaptor is connected.
When open:  Enables the charging control; the battery is charged as follows when the AC

adaptor is connected, depending on whether power is on or off:

When power is on: The normal charge continues for the first 11 hours, and
then the trickle charge is used.
When power is off: The normal charge continues for the first eight hours, and
then the trickle charge is used.
* With jumper 2 open and power off, the circuit remains in the trickle charge

mode, after the normal charge, for the first eight hours. However, the circuit

automatically returns to the normal charge mode whenever the battery vol-
tage falls below 5V.
(2) Charging Operations
® Fig. 2-8 is a timing diagram which illustrates the main battery charging operation when the
charge control is in effect.

POWER switch setting -—I L, l
3
AC adaptor connection 11.0H | . 11.0H , 4.0H ”
e !
d | Py | |
Charge mode —, i P i Normal charge
FE"V 4 “Normal charge "> “Normal charge | |
chargedj-——---——-———-—=-—-—-—-|-=-——=-= = — — = — - 7/’
g Trickle charge U
Battery Normal charge
voltage Trickle charge
variation 50V I - -~ -2
Low @
voltage ® " @ y ® . ® § ®

[
< €

Fig. 2-8 Main Battery Charging Operation

Note: Battery voltages and charging currents:

Voltages:

When fully charged:

Low voltage:
Charging currents:
Main battery
Normal charge:
Trickle charge:
Auxiliary battery
Normal charge:
Trickle charge:

Approx. 5.4V
Approx. 4.5 to 4.8V

150 to 200 mA

40 mA

10 mA
1 mA
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Fig. 2-8 illustrates the main battery charging operation from a low voltage. The individual steps of

the operation () through ) are explained in detail in the following:

(@ Situation — Low voltage is detected while the computer is used with the AC adaptor connect-
ed.
The charging control is enable, and the battery is charged during normal computer use for
aperiod of 11 hours. During that time, the battery may not be fully, charged depending on the
particular use of the computer. After 11 hours, the charge mode changes to trickle charge in
which the battery is charged at a current of approximately 40 mA. The figure shows a charg-
ing current of more than 40 mA, indicating that the battery is being discharged.

@ Situation — The battery voltage falls to 5.0V while the computer is used.
Since the AC adaptor remains connected, the charge mode is switched back from trickle to
normal charge. Sub-CPU 7508 always monitors the battery voltage using an A/D converter
and, whenever it detects that the voltage has fallen to 5.0V or below, it automatically switches
the mode through port 41. The circuit restores the same charging operation as (D above. The
almost linear changes during the normal and trickle charges indicate that the charge and dis-
charge currents remain almost constant during these durations.

® Situation — After the AC adapter is disconnected, the computer is used for a while, and then

power is turned off.

While the computer is used, the battery power decreases depending on how it is used. After
power off, the battery power decreases for backing up the internal circuits.

@ Situation — The AC adaptor is connected while the power remains off.
The eight-hour normal charge starts when the AC adaptor is connected. However, it is inter-
rupted four hours after when the adaptor is disconnected. The battery is charged at the nor-
mal charge current during this interval regardless of the battery power.

(® Situation — The normal charge is interrupted by replacing the adaptor connection to another

AC line outlet.

(® Situation — The adaptor is reconnected and the normal charge is resumed.

The eight-hour normal charge starts again when the AC adaptor is reconnected.

Note 1: The main battery charging is controlled by detecting connection of the AC adaptor, re-
gardless of the current residual battery power or the past charging operations. The 8- or
11-hour normal charge starts depending on whether power has been turned on or off
when the adaptor is connected.

Note 2: The battery may not be fully charged even though the adaptor is left connected for a long
period of time. It is highly likely that the battery will remain below the full charge, espe-
cially when high power consuming operations are being performed while the battery
charge is in process.

When charging control is disabled

When the charging control feature is disabled, the battery is charged at the normal charge current
as long as the AC adaptor is connected. Leaving the adaptor connected for a long time (over-
charging the battery) may affect the life of the battery.
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2.2.2.3 Auxiliary Battery Charging Circuit

As shown in Fig. 2-9, this circuit allows the
user to select, via switch SW3, whether or
not to enable charging and discharging (i.e.,
backup by the auxiliary battery). (SW3 is nor-
mally jumpered.)

When SW3 is jumpered, the battery is
charged by one of the following three modes:
® When the AC adaptor is connected:
(1) The auxiliary battery is charged from
VCH through R18.
(2) The auxiliary battery is charged from
VCH through Q13.
® When the computer is turned on:
(3) The auxiliary battery is charged from
the LCD power supply.
® Mode (1) is a trickle (low current) charge,
which is enabled when the main battery
voltage is 5.0V or below.
® Mode (2) is a normal charge which is ena-
bled after low battery voltage (VB) condi-
tion is detected. When low voltage is de-
tected, P63 of the sub-CPU 7508 is held
low for 8.0 hours, forcing the normal (high
current) charge.
The low level at P63 causes a potential dif-

DR3.3MB
zo7

47K

Auxiliary <.I)
battery\' sSw3

4N100
~AAS
201

747c74 * 4 iop
cqoqul—-ﬂ 13"
C410— +—9¢ O.I

i

—0 LCD power supply

r=——-h
DLOEIS, |
! i! L4 IMain
TREY-DY— —— [ battery,
S S P
o O gk
N c N
) H D B

(from AC adaptor)

Fig. 2-9 Auxiliary Battery Charging Circuit

ference of approximately 6V (VCH voltage), which is AC adapter voltage, to appear across zener
diode ZD7, breaking it down (ZD7 is a 3.3V zener diode). This lowers the base voltage of tran- ~
sistor Q13 below the collector voltage, putting the transistor in conduction, and providing the
normal charging path from the VCH line through Q13, D12, and R2.

® Mode (3) constantly maintains the auxiliary battery in a fully charged state for emergency (the
backup operation from the auxiliary voltage when low voltage is detected). Thus, the battery is
continuously charged as long as the LCD power supply is available (whenever power is on) re-
gardless of whether the ac adaptor is connected or not. See 2.2.5.2, LCD Voltage Regulator for

details.

2.2.2.4 Charging Timing Detection

The sub-CPU program is designed to control auxiliary battery charging from the AC adaptor using
the built-in clock. Connection of the AC adaptor. Port 61 of the sub-CPU goes high whenever the
AC adaptor is connected and the main battery is being charged. Since port 61 is connected to the
anode of the diode D4 in the charging circuit through the resistor R17, the presence of the VCH

voltage can be detected.
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2.2.2.5 Protection Against Charging Voltage Supply Failure
An overvoltage detection circuit and a reverse-current blocking circuit are provided in order to
protect the batteries and their charging circuits when any abnormal voltage occurs on the output
of the ac adaptor; i.e., the charging voltage. The operations of the circuits are described in the fol-
lowing:
(1) Protection against low voltage
The diode inserted in the charging circuit in series prevents reverse current if the charging vol-
tage falls below the battery voltage.
(2) Protection against overvoltage
If the voltage at the cathode of the zener diode (VCH) rises to +7.5V or above, the zener diode
breaks down, and protect the overvoltage condition for VB+ line.

RS 82 R1 D4 1
VCH O

Q9
To port 61 of

Charge mode control O——EIL ’7_1\/;7&’\/\}\[j O 4-bit sub CPU 7508
R441 10K

Fig. 2-10 Battery Protection Circuit

R17 41K
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2.2.3 Low Voltage Detection

The 4-bit sub-CPU always monitors the battery voltage through an AD converter (uPD7001).
When the battery voltage falls to +4.7V or below, the main battery is switched to the auxiliary bat-
tery.

2.2.3.1 Battery Voltage Detection Circuit

This circuit monitors the main battery voltage output through fuse F1 as follows:

® The built-in program of the 4-bit sub-CPU 7508 holds port 23 (pin 5) high. This causes IC 12D
to hold its pin 11 low, putting transistors Q24 and Q32 in conduction. Q24 feeds the battery
voltage (VB) to pin 16 of IC 1D (power terminal pin) to enable the AD converter x4PD7001. Q32
feeds VB to the voltage divider (resistors R69 and R57). The divided voltage across R57 is fed
to the AN 1 channel input of the AD converter which converts the input voltage to a 6-bit digi-
tal value representing a voltage value from OV to 2.0V in a minimum increment of approximate-
ly 32 mV. When the digital value falls to D9H (approx. 1.7V) or below, the sub-CPU detects a
low voltage condition.

Fi Q32 R69

VB !

AN {

" . 1
J vy
100K 17.8K <E‘°K_LC43

' R57 4PD7001
68K SR89

RS9

A

J.

16 JvbD

q

Zﬁ]m
6 o)

7508 (2E)

ik

Fig. 2-11 Battery Voltage Detection Circuit
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The voltage supplied to the voltage divider circuit may be considered to be the same as the VB
voltage. The current flowing through Q32 is so small that the voltage drop across the transis-
tor is negligible. Thus, the divided voltage fed to the AD converter can be represented by the
following expression:

Vour = VB§V+)-R57 _VB-10000

The analog output (divider output) voltage equivalent to the digital value of D9H is given by mul-
tiplying the voltage represented by the least significant bit (SLB) (32 mV) by 217 (D9H). D9H is
equivalent to a voltage of approximately 1.7V at the input terminal AN1, as shown below.

E=n2gx217 = 1.695 (V)

where 256 voltage represented by LSB.
The VB voltage which causes the divided voltage to be detected to be a low voltage is approxi-
mately 4.7V as given by the following expression:

VB = RB3ERET), 2y 217mza71 (V)

Note: The above expressions do not take into account any errors such as the divider resistance
errors, etc., and they actually include a total error factor of +0.1V.

The above low voltage detection is performed regardless of whether power is on or off. After
the after low voltage is detected, port 23 of the sub-CPU (pin 5) is back low to prevent further
battery power consumption. While power is off, the voltage is monitored every 10 seconds.

2.2.3.2 Voltage Sampling During Power Off

1.

12D, pin 11
1D power supply control
1D, pin 5 5V 5V imsS
SO (Serial Output)
2E, pin 3
1D CS control G
G
° [
G

Sv

Fig. 2-12

The output at pin 11 of the IC 12D is controlled at port 23 of the 7508 (2E) sub-CPU. While
power i3 off, it is held low for 8 ms every 10 seconds to power the IC xuPD7001 (1D). Approxi-
mately 4 ms after the power supply to the IC, the cs signal is input to it for channel selection.
Once a channel is selected, the digital data of that channel is output to 1D, pin 5.
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2.2.3.3 Circuit Operation After Low Voltage Detection
The 4-bit sub-CPU raises its port 42 (pin 37) high and controls the battery switching from main to
auxiliary battery power as follows:

When power is on

® Since port 70 (POW ON) of the sub-CPU is low when power is on, the output at pin 4 of IC 3E is
inverted high, holding pin 10 of the IC 3D low as inverted by the IC. The resistor R98 (100
kohms) and the zener diode ZD8 (4V) are connected in series across this pin and the anode of
the auxiliary battery.

Normally, the auxiliary battery is fully charged, since it is always charged in the trickle charge
mode, and has an output voltage of 4V or above. Thus, the zener diode intermittently breaks
down. This in turn causes the transistors Q15 and Q3 to alternate conduction and cut-off. This
operation intermittently continues until the auxiliary battery voltage reaches 4V (discharge final
voltage). When Q3 starts conduction after the discharge final voltage is reached, a current
flows from the auxiliary battery, which is connected to the emitter of Q3, to the collector; i.e., to
the VB line, supplementing its power which is being supplied from the main battery. This oper-
ation ensures that the computer operation, such as microcassette rewind, etc., which is in pro-
gress when low voltage is detected, is normally completed.

® The high output from port 42 of the sub-CPU is also fed to the base of transistor Q20 to enable
the backup voltage supply to the VB+ line from the auxiliary battery. The backup voltage supply
ensures that the computer will continue to operate until an operation termination sequence is
executed and the low voltage condition is detected. Subsequently, the “CHARGE BATTERY"
message is displayed on the LCD panel.

When power is off

® When power is off, the high level of port 70 of the sub-CPU (POW ON) holds the output at pin 4
of the IC 3E low, disabling the AND logic consisting of pins 8, 9, and 10 of the IC 3D and hold-
ing the output at pin 10 high. This disables the power supply from the auxiliary battery to the
VB line. However, the power supply to the backup line through the transistor Q23 is enabled.
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The following elements are backed up by the battery voltage (VB) while power is off in order to
protect data in the RAMs and maintain a clock feature, etc.

Table 2-3 Battery Protected Component

Location Element name Function
:E - 775 RAM Main RAM (dynamic)
9C ~ 11C | V-RAM LCD display RAM (static)
2E 4-bit sub-CPU Power control, keyboard scanning
3D Gate Backup line control
3E Gate Power-on signal gate
4C, 6A Gate array Interrupt and clock control, etc.
*1D 8-bit AD converter Battery voltage detection and temperature change detec-
tion (for RAM refresh rate determination), etc.

* The operating voltage is supplied for 8 ms every 10 seconds.

The backup circuit is
shown in Fig. 2-13. As
can be seen, the circuit is
normally backed up from
the VB line via the transis-
tor Q23, regardless of
whether the computer is
operating or not. It is
backed up from the auxi-
liary battery when
voltage is detected.
For details of the circuit

low

operations, refer to the
descriptions on the power
on/off circuit.

-O Backup line
SWs
D—O\OA—o
8970- IRS
D16 |[MA1S!
20K 2
m431

VB

Fig. 2-13 Backup Circuit
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2.2.5 DC Voltage Regulators

The MAPLE board is powered by the main or auxiliary +5V Ni-Cd battery. For circuits such as an
I/0 control section which requires different operating voltages and any special section which re-
quires a larger current, however, voltage regulators are used to convert the battery voltage to the
required voltages and prevent the circuit operation from being affected from a voltage drop due to
use of large amount of current. The internally used voltage regulators are summarized below:

(1) 45V regulator

Purpose: ROM capsule power source.
Control: Enabled when the ROM capsule is reread.
Output voltage: +bV
(2) LCD drive source regulator
Purpose: LCD drive power source.
Control: Always enabled.
Output voltage: —15V (The LCD is actually driven by a voltage of 20V obtained using

the potential difference from the +5V supply.)
(3) RS-232C level source regulator

Purpose: Sources for the RS-232C levels of +8V.
Control: Enabled only when the RS-232C or serial interface is operated.
Output voltage: +8V

The individual regulators are detailed in the following:

2.2.5.1 +5V Regulator

This regulator supplies power to the ROM capsule. When accessed, the ROM generates such a
large transient current that, if it were directly powered by the battery, a momentary low voltage
condition would occur due to a voltage drop along the power line, precluding normal operation.
To prevent this, the regulator is provided as a power buffer. The circuit operation is detailed as

follows (Refer to Fig. 2-14): SWPR oV
® The SWPR signal is low when power is off " %ﬂo
and is inverted high at pin 10 of the IC ‘°“£s”z

12D. This signal maintains transistor Q28 Oscillator

in conduction, holding the collector low. circuit

Thus, the switching signal fed from pin 2

of IC 14D does not appear at the lower ter-

minal of the capacitor C28 (collector of

Q28) and the transistor Q19 is cut off,

generating no output voltage. | L2
® When power is off, transistor Q28 is cut

off by the high level of the SWPR signal,

—

| Constant-voltage
circuit

and a clock signal of approximately 35 kHz = Efr;\?ecner
is fed to pin 14 of IC 24D. This causes a

pulse signal at the collector of the transis-

tor Q19, which repeats, switching transis- 35 kHz clock —J

tor Q5 on and off. GND

Fig. 2-14 +5V Regulator Circuit
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The collector of Q5 is connected to the VB line (+5V) through inductance L1 and the emitter is
grounded. When the transistor repeats switching on and off, therefore, a voltage as shown in
Fig. 2-15 appears at the collector. This voltage is filtered by the electrolytic capacitor, C3,
through the diode D1 to a voltage that exceeds VB. This results in a potential difference across
the emitter, and base of the transistor Q4, which causes the transistor to conduct, outputting a
DC voltage of approximately 7V at its collector.

Because this output is connected to the constant-voltage circuit, consisting of the resistors R13
and R25, and the zener diode ZD5, the actual output voltage is fixed at +5V by the 5V break-
down voltage of the zener diode. When the Q4 output voltage rises above +5V, ZD5 breaks
down at +5V, putting transistor Q22 in conduction, which forces the switching signal to ground
level. The output voltage is always maintained at +5V by disabling the switching of Q5. Varia-
tion of load is handled by the relatively large capacitance of capacitor C8 (220 uF), connected
at the collector of Q4.

Clock 35 kHz __I l_

Switching pulse
at 14D, pin 14

Q5 emitter

Q4 collector
(before filtered)

G Zener breakdown

Fig. 2-15 +5V Regulator Voltages
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Major actual voltage waveforms are shown below.

(1) Top — Test point: IC 14D, pin 14
(2) Center — Test point: IC 14D, pin 15 2v 5V 20ySs
(3) Bottom - Test point: Diode D1, cathode
ANNNNANN
G
G
5v 5v

Fig. 2-16 Major Voltage Waveforms In +5V
Regulator Circuit

Details of the above waveforms are enlarged below for clarity.

5v 5v 50yS

G
Voltage circuit- - - - - M 5V 5V

Fig. 2-17 Major Voltage Waveforms Enlarged

Though it looks as if Q5 continued to oscillate due to false images in the above photograph, it ac-
tually switches once almost every several switching clock pulses. This ratio varies depending on

load.
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2.2.5.2 LCD Drive Source Regulator

Two voltage supplies are required to drive the LCD display;

+5V is required for the logic circuit, and 20V is required for the X-Y drivers. A total potential dif-
ference of 20V is obtained by subtracting the —15V output voltage of this regulator from the +5V
of the logic circuit power supply. Fig. 2-18 shows the regulator circuit.

Circuit Operation

The oscillator circuit generates a clock of ap- R90
proximately 35 kHz when the POWER switch is Oscillator circuit — 2
turned on. This clock is fed to pin 7 of the IC Constant-voltage “:’1

14D through R55, C27, and R54. The inverted circuit i

output at pin 6 is input to the base of the tran-
sistor Q29 through R20, switching it on and
off.

The emitter of Q29 is connected to the +bV lo-
gic circuit power supply and the collector is
connected to ground through inductance L3.
As the transistor is switched on and off by the R20 3K
clock signal, a voltage, as shown in Fig. 2-20, %

which is the counter electromotive force across
L3, appears at the collector of Q29. While the
collector voltage swings negative, a current

220P

DC-DC
converter

flows in through diode D6, generating a nega- LCD regulator
output voltage

tive voltage at the negative side of capacitor 35 KHy clock‘\—igg‘
C17. This output is used as the LCD drive output NG 200t
source voltage. It is also fed to the constant Return voltage ~___
voltage circuit which connects the LCD drive GND
voltage to the +5V logic circuit line through the

resistor R147 and the zener diode ZD20. The Fig. 2-18 LCD Drive Source Regulator
zener diode has a breakdown voltage of 20V. Circuit

Thus, when the output voltage rises to —15V or

above, the zener diode breaks down, raising the base of the transistor Q34 to the high level of
+5V. This puts the transistor in conduction and its collector is driven negative, disabling the clock
signal to Q29. This stops switching of Q29 and thereby lowers the output voltage. This state is
maintained until the zener breakdown comes to an end. At that time, Q29 switches again. The
circuit repeats this operation to produce a stable voltage of -15V.

The signal generated at the collector of Q29 is fed to the diode D14 through the capacitor C35.
The negative component of the signal is removed by a current supply from ground through diode
D14, while the positive voltage is fed back to the auxiliary battery through D14.
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The diode, inserted across the signal line and ground, clamps the signal to the ground level, eli-
minating the negative component. While the positive component is fed back to the auxiliary bat-
tery via the other diode D14.

—_

03 4 ZD8 R48 R6
P70 < &B 9 [ 10 D l'l'A'
Q 30
Sub CPU 8 a7k
7508 RZ2.4MB
P42 R98 VB
10K T

Return voltage
from LCD o
regulator 12

e \3-[; l.l.].—
> Auxiliary battery

ZDi9 R88 = 0K

Ve

RZ2.4MB 20K

Fig. 2-19 Feedback Circuit

Fig. 2-19 is the feedback circuit redrawn for clarification. This circuit provides the charging path
to the auxiliary battery while power is on.

Power off

7508, P70
(Power control)

759& P42” l«— Main battery —»|«————————— Auxiliary battery change >
(Main/auxiliary
battery switching)

Feedbackvoltage" ” ” “ ” ” ” “ ” ” ” ” ” ” ” ” ” ” ” ”
waveform as

observed

Fig. 2-20 Maijor Voltages of LCD Drive Power Regulator Circuit
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Fig. 2-21 is a photograph of the major voltage
waveforms.

(Top) Measured at IC 14D, pin 7
(Center) Measured at IC 14D, pin 6
(Bottom) Measured at diode, anode

REV.-A

S5V 10v >10yS

| T

5V

Fig. 2-21 Major Voltage Waveforms of LCD
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* The detailed voltage waveform at the anode of D6, shown below, illustrates an oscillation
which occurs during charge/discharge from/to the inductance L3.

Charge

Damping oscillation

A
C

[

Disch;ge from L3 (Osciﬂtion)

Fig. 2-22 Details of L3 Discharge and Charge Cycle

2.2.5.3 RS-232C Regulator

This regulator is also a DC-DC converter, which is enabled only when the RS-232C or the serial
interface is used. The circuit includes a control feature which prevents its output voltage
from being used for data transmission during a certain period of the rising time until the voltage is
sufficiently stable to be used for the RS-232C levels. IC 4C performs this control function.

@ Circuit Operation
IC 4C initially outputs a high signal at pin 26 (SWRS) and a low signal at pin 27 (INHRS).
The SWRS signal is inverted by IC 12D and fed to the base of the transistor Q8, turning it on.
This causes the battery voltage (VB, +5V) to be output at the collector of the transistor. The
INHRS signal is inverted high by 12D and then input to the base transistor Q18, cutting the
transistor off. Q17 is also cut off, leaving the transmission line (TXD) floating.

A pulse signal of approximately 35 kHz, generated by a CR oscillator circuit, is supplied to pin 9
of IC 14D through R45, C29, and R46. The inverted output is fed to the base of transis-
tor Q31, switching it on and off. This causes transistor Q17 to also start switching, thus re-
peating a discharge/charge from or to the inductance L2. This discharge and charge voltage is
half-wave rectified by the diode D2, and the positive output voltage is filtered by capacitor
C13 to produce a DC voltage of +8V. -8V is generated at the negative pole of capacitor
C14 by the negative component charge to capacitor C15 and a negative voltage swing at
the anode of diode D3 due to the charge.

Fig. 2-23 shows the timing relationship among the voltages discussed above.
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SWRS —ffJ

Switching pulse | [ .MMM LUUUULUULIUL
(4545 Hz) !
+5

Q7 collector ¢!

|NHRS | I 100 msec l

+8‘—-/
_8,__\

Fig. 2-23 RS-232C Power Regulator Circuit Operation Timing Diagram

|
N
—

The INHRS signal controls the pull-up operation (-8V) for the TXD line. It prevents irregular out-
put voltages from reaching the TXD line. After power is turned on, if the SWRS signal has been
activated, the INHRS signal is maintained low for approximately 100 ms, preventing the TXD
signal line from being pulled up to unstable voltages. After power is turned off, the INHRS sig-
nal is again maintained low for approximately 100 ms in order to prevent a pull-up to unstable
voltages.

@ Voltage Stabilizer Circuit

The switching of transistor Q31 is controlled by a feedback from the -8V output of this DC-DC
converter to the switching circuit to generate a constant output voltage.

When the -8V line voltage is lower, no potential difference is generated across the base
(ground) and emitter of the transistor Q21; it is maintained in the off state because the zener
diode ZD2 does not break down, and the switching circuit is not affected. When voltage rises
to 7V or above, however, ZD2 breaks down at its zener voltage, generating a potential differ-
ence across the base and eimitter of Q21, turning it on. In this state, the collector is held at a
negative level regardless of the switching pulse. Transistor Q31 is cut off and stops switching,
lowering the output potential. This causes the breakdown of ZD2 and allows the switching to
be resumed. The sequence of these circuit operations is repeated to provide two stable voltage
levels of +8V.

The RS-232C power regulator switching signal is shown in Fig. 2-24.
(1) Top: Original clock signal — Measured at IC

(2) Bottom: Input to RS — Measured at IC 14D,

14D, pin 11.

. 5v 10yS
pin 7. g

Fig. 2-24
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2.3 CPU Operations

Control of memory, 1/0, and various other functions is distributed among the three COMS CPUs
on the MAPLE board.

(1)

(2)

3)

Main CPU (Z80).....2.45 MHz

The main CPU provides overall control of circuit operations using the external 32 kB ROM
(2A). Its major control functions are:

® Expand interface (CN8) control

® RS-232C interface operation control via a serial controller

® 64 kB dynamic RAM read/write and refresh operation control via a gate array (GAH40D)

® RS-232C interface control via a serial controller (82C51)

® RS-232C clock supply via a baud rate generator (GAH40M)

Sub-CPU (7508).....200 kHz

The sub-CPU provides the following circuit operation control functions independent of the
main CPU using the internal 4 kB masked ROM:

® Command exchange with the main CPU via a gate array (GAH40M)

® Power on/off control

® Change mode (normal or trickle) control

® Keyboard data entry check

@ DIP switch setting read

@ A-D converter enabling/disabling control

Slave CPU (6303).....614 kHz

The 6303 provides the following control functions independent of the main CPU, using the in-
ternal 4 kB masked ROM:

® Command exchange with the main CPU via the LCD controller (SED1320)

® Microcassette control via a gate array (GAH40S)

@ High speed serial interface control

® Speaker output control

® LCD display control via the LCD controller (SED1320)

® ROM capsule read control via a gate array (GAH40S)
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The three CPUs operate using a clock supplied from a gate array (GAH40D), which has a built-in
frequency divider circuit. Data and commands are exchanged between the main CPU and the two

sub-CPUs as follow:

Main CPU
(Z80)

A

GAH40

\|

_l—
55
a s

SED1320

LCD controller

A Gate

\ array
<Para|le|transfer /

Y

A

N

< Serial transfer >Sub—CPU 7508
M

L4

[

_L
o2
=0
©c
® ©
o s

Slave CPU 6303

Gate array
GAH40D

Data exchange between Z80 and 6303: Handshaking is accomplished via the LCD controller.
Data exchange between Z80 and 7508: Handshaking is accomplished via the gate array GAH40M.

Fig. 2-25 Data/Command Exchange Between Main CPU and Sub-CPUs

2.3.1.1 Data/Command Exchange Between Main CPU and Sub-CPU 7508 via GAH40M

Commands are transferred in parallell between the main CPU and gate array and serially between
the gate array and sub-CPU 7508. Handshaking among the CPUs is performed via the read/write
control on the serial/parallel conversion register in the gate array. Fig. 2-26 illustrates this control.

Main CPU

Z-80

&

I N <
8-bit data bus SIO

Gate array (GAH40M) Sub CPU
3! Tﬁ 7508
/ R CK o Q—i‘
Q ‘ SCK
Hip @ q_l P20
ek & P22
170 resistSr P21
| 04 W |
05 R
06w cs
06 R
7001
—P1s 1

so

Fig. 2-26 Main CPU and 7508 Handshaking Control
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Handshaking is accomplished using a flipflop (FF) within the gate array. The FF signals, when it is
set, that the main CPU may access the serial I/0 (SIO) register in the gate array; the sub-CPU is is-
sued an interrupt, when it is reset, that a command has been written to the SIO from the main
CPU, and is available for access by the sub-CPU.

@ Operation sequence between main CPU and gate array.
1. Main CPU reads the I/0 address O5H (status register) and checks the state of bit 2 (the FF).
The bit indicates, when it is on, that the main CPU may access SI0.
2. Main CPU reads or writes SIO (I/0 address O6H).
3. Main CPU writes bit 1 of the command register (I/O address 01H) and sets FF.

@ Operation sequence between the sub-CPU and gate array .
1. Sub-CPU waits until its port 22 goes high (this occurs when FF is reset by the main CPU), in-
dicating that main CPU has stored a command in SIO.
2. Sub-CPU issues the shift clock (SCK) and reads in the command from SIO one bit at a time
and performs the specified processing.
3. Sub-CPU activates its port 22 to set the FF-setting. The FF informs the main CPU that the
command has been received and the SIO is now available for access by the main CPU.

@ Fig. 2-27 illustrates the interfacing operation between the main CPU and sub-CPU 7508 via the
gate array.

(R) W R (W) R w (R) W
3 B o s 8l
280 data bus L
Command Data Data Command Data

SIO FF resetting pulse rL rl H ﬂ
| J / V

SIO ready e

R w “ (R) W T R (W) R(W)
7508 datab a a a 6'
5 atabus Command DatallI DataIL| Command Data
Ready (7508) | I“I I“|

Fig. 2-27 Main CPU and Sub-CPU Interfacing Signal Timing
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As can be learned from the figure, the handshake is accomplished via the SIO READY signal as
follows:

{

When SIO READY is set
When SIO READY is reset

. 280

: 7508

« ->GAH40M

< ->GAH40M

The SIO READY signal is set and reset by the following signals:

SIO READY is reset when READY FF is reset by bit O of Z80 I/0 address O1.
SIO READY is set by 7508 port 22.

® The SIO READY signal is set and reset either by a command (data) or interrupt. The operations

are illustrated by Fig. 2-28

Command (data)

SIO READY

Y

Write command
and reset S|O FF.

—~
7

|s there any
parameter?

Termination

Write or read
command.

Reset SIO FF.

Fig. 2-28 Main CPU and Sub-CPU Interfacing Operations
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Interrupt

SI0 READY

Read status and
reset SIO FF.

SIO READY

Y

Read status.

Keyboard

N

Check status
(to determine
interrupt type).

Enter data from
keyboard.




REV.-A

(Serial Data/Command Transfer)
Data such as A-D conversion data which are exchanged between the following components are
serially transferred:
(1) Between sub-CPU 7508 (2E) and A-D converter 7001 (1D)
® ANO channel selection and temperature data transfer
® AN1 channel selection and battery voltage data transfer
® AN2 channel selection and external analog input data transfer
® AN3 channel selection and barcode data transfer

(2) Between sub-CPU 7508 (2E) and gate array GAH40M (4C)
® Channel selections listed in (1) above and data transfer
® Keyboard and DIP switch data transfer
Fig. 2-29 shows the transfer paths of the above serial data.

SCK

750
GAH40M so 8

. (2E)
Main CPU/ 8-bit parallel SCK [« — Sl

Z-80 transfer Sl ke i

(4A)

SO SO
| 7001
—»S (1D)
L >
SI:  SERIAL IN SCK
SO: SERIAL OUT 57
SCK: SHIFT CLOCK

Analog channels

Fig. 2-29 Serial Data Transfer

The operations listed in (1) and (2) above are controlled by the appropriate commands of the main
CPU and the sub-CPU 7508. The operation sequence executed when the main CPU reads data
from the A-D converter 7001 is shown below.

(1) Main CPU reads I/0O address 05 and examines whether bit is on (high) — examines whether a
analog data read command may be issued by checking the state of the handshaking FF in the
gate array GAH40M (bit O of 1/0O address 05). If the previous command has been processed,
bit O is on, indicating that the command may be issued (as signalled by RDY SIO).

(2) Main CPU writes the 1-byte command at I/O address 06 (SIOR resistor) — stores the command
in the SIOR register in the gate array GAH40M.

(3) Main CPU writes bit 1 of |/0 address “01" — this causes an interrupt to sub-CPU which informs
it that the command has been stored in the SIOR register (RDY SIO is reset).

(4) Sub-CPU issues eight shift clock (SCK) pulses to gate array and reads in the 8-bit command
from the SIOR register.

(5) According to the received command, sub-CPU activates (lowers) the cs signal to the A-D con-
verter to select it and then issues the channel selection data in synchronization with the shift
clock.
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(6) Sub-CPU deactivates (raises) the CS signal to allow the A-D converter to perform the specified
A-D conversion. Then, the sub-CPU lowers the CS signal again and reads in the converted data
by issuing eight read shift clock pulses.

(7) Sub-CPU sends the A-D converted data, in synchronization with the shift clock pulses, to the
SIOR register in the gate array GAH40M.

(8) Main CPU reads I/0 address 06 to read in the 1-byte data.

2.3.1.2 Data/Command Exchange between Main CPU and Sub-CPU 6303 via SED1320
Data/Commands are transferred in an 8-bit parallel format between Z80, the main CPU, and the
sub-CPU 6303 via two registers in the gate array SED1320. Fig. 2-30 illustrates the control flow.

(z-80) | (6303)
< > PDOR K >
i Write signal
OFH Read signal f f 9 26H: Data, or
27H: Command
> PDIR K
Data: OEH Write signal _} 1 Read signal
CMD: OFH
Status registers
/\______
> e———
Read signal Read signal
OEH —> — 26H

Fig. 2-30 Control Flow for Data/Command Transfer between Z80 and 6303
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Handshaking between the Z80 and 6303 is performed via the two status registers in SED1320
which are respectively assigned to the CPUs. Each of the registers has Input Buffer Full (IBF), Out-
put Buffer Full (IBF), and Flag (Fl) bits as shown in Fig. 2-31. Data outputs (write) and inputs (read)
are controlled by the state of these status bits. The handshaking between the two CPUs is ex-
plained below.

780 SED 1320 6303

Status registers

FA [ > F4

sf-———-1 | | s

—e i ] )
O00EH: Read o |R| I1BF =<\~ __- - IBF [r
OOOEH Write—Q S —””\”\~\‘~ P ————————q S
O00FH R OBF [~ 1 osfF [r]

—

B 4
F

Fig. 2-31 Handshaking Between 280 and 6303
The status registers are accessed from both Z80 and are 6303 and used as follows:

Output

When either the Z80 or 6303 outputs 1-byte data, the OBF bit of one status register and the IBF
bit of the other status register are set. This informs the other CPU that the 1-byte data has been
stored in the gate array SED1320, ready to be read.

Input

When the CPU reads the data from SED1320, the IBF bit of its status register and the OBF bit of

the other register are reset after the data is read in. These input and output operations are
asynchronous.
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There is a memory space on the MAPLE board which includes the following RAMs and ROMs:

Slave CPU 6303

4 kB mask ROM: FOOOH-FFFFH
Internal RAM: 80H-FFH

1/0 register: OOH-28H

ROM

Optionunit }—¢

Main CPU Z80
IPL ROM
‘ OOOOH ~ 7FFFH
D-RAM
0OO00OH ~ FFFFH
SI0 82C51
/0 OCH, ODH

Baud rate generator
GAH40M OOH ~ O7H

LCD V-RAM (6 kB)
8000H ~ 97FFH

SED 132D
1/0 OEH, OFH
4-bit CPU 7508
4 kB mask ROM
896-bit memory
Sub I/0 control
GAH40S
ROM capsule ROM capsule
(Max. 32 kB) (Max. 32 kB)

Fig. 2-32 Memory Space
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2.3.2 Operations of Main CPU (70008)
The Main CPU Z80 operates using control programs contained in the 32kB ROM (2A) to control
the slave CPU 6303, sub-CPU 7508, gate arrays, D-RAM, and serial controller 82C51, etc. The
slave and sub-CPUs are controlled via the handshaking gate arrays.
These control operations are accomplished using the I/O addresses listed in table 2-4.

Table 2-4 1/0 Address

I/0 adress Re:gézg:te Circuit component Function

0000 R GAH40M Input Capture register (L) command trigger
w GAH40M Control register

0001 R GAH40M Input Capture register (H) command trigger
W GAH40M Command register

0002 R GAH40M Input Capture register (L) barcode trigger
w GAH40M Control register

0003 R GAH40M input Capture register (H) barcode trigger
R GAH40M Interrupt Status register

0004
w GAH40M Interrupt Enable register

0005 R GAH40M Status register
R GAH40M Serial 1/0 register

0006
w Serial 1/0 register

0007

0 Unused

0008

0oocC W 82C51 Command

000D R/W 82C51 Data

O00E R SED 1320 Status

SED 1320 Data
OOOF
Command register
0010
! Unused
OOFF
2.3.2.1 Reset

Three negative going swings of the clock signal supplied at the RS terminal cause the internal ini-
tialization of the line CPU 70008, which then waits for the reset condition to be removed. When
the reset signal is discontinued, the CPU begins executing its program from address OOOOH (the
start address of the ROM located at 2A). The internal initialization sequence occurs as follows:

® Resetting the Program Counter (PC) to OO00H

@ Resetting the Interrupt Enable flipflop {IFF) to O

® Resetting the Index register (I) and the memory Refresh register (R) to 00
® Resetting the interrupt mode to O

® Forcing all address/data bus lines in the high impedance state

® Diactivating all control signals
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2.3.2.2 Memory Bank Switching
The main CPU controls memory using 16 address lines, making it capable accessing a memory
space of 64k bytes from address 0000 to FFFF. However, the CPU memory space includes a 32k
byte ROM and an option unit ROM, in addition to the 64k byte dynamic RAM. To allow the CPU to

access this entire memory space which is greater than 64k bytes, bank switching signals are
used.

Note: When a RAM disk is used as option unit, no memory back switching is made but the main
CPU controls the external RAM as an I/0O port.

i Option unit
Address bus !
N RV Y VAR Y.
|
Bank O i
32KB 64KB | OPTION
GAH40D| , BK2 |GAH40M
[Main CPU IPL ROM D-RAM i ROM
|
I I AN AN A !
|
H '
1 >
[
Data bus |
e ——

Fig. 2-33 Memory Configuration

The entire memory space is divided into the four banks (listed in Table 2.5), which are se-
lected by a combination of the BANK O and BK 2 signals shown in Fig. 2-32.
Table 2-5 Memory Bank Selection

6,4BK2 1 1 0 0
Y «
Address 0 1 0 1
FFFF D-RAM | D-RAM | OPTION | OPTION
(H) (H) ROM (H) | ROM (H)
8000
7FFF | |PLROM | D-RAM | IPLROM | OPTION
S (L) ROM (L)
0000

As shown in Fig. 2-33, two band control signals, BANK O and BK 2, are used, both are fed to the
gate array GAH40D. Because BK 2 is pulled up on the MAPLE board, only the left two D-RAMs
and IPL ROM are addressed when no option unit (with ROM) is available.
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2.3.2.3 Interrupt

There are only two external interrupt signals to the main CPU; INTR and BURQ. The NMI signal is

not used. The main CPU interrupts are discussed in the following.
1.INTR interrupts

The INTR interrupts include the interrupts INTO through INT5 from the sub-CPU 7508, the ser-
ial controller 82C51, the RS-232C interface, the gate array GAH40M, and the option unit.

These interrupts multiplexed by GAH40M and fed to the main CPU as single interrupt request
via the gate array GAH40D (Fig. 2-34).

Main GAH40D GAH40D
CPU (6A) (4C)
(4A)
) SONT Sub-CPU 7508
SINT p—— o >INT !
INT 3
— — INT 4 RXRDY (SI0 82C52)
INTR [O- O} Z-INT INTO (
INT 1 CD (RS-232C interface)
INT2 |
INT5 — INTEX (onti ;
. INT EX (option unit)

Fig. 2-34 INTR Interrupt Request Routing

The two interrupt requests of INT3 (Input Capture flag) and INT4 (Overflow flag) are generated
within GAH40M. All six interrupts are controlled in GAH40M from the main CPU by the corre-
sponding interrupt control bits at |/O address 0004 listed in Table 2-6

Table 2-6 Interrupt Control Bits

per | wme | e [ e | g | e
7 Unused — 3 IER 3 (ICF) F6
6 Unused — 2 IER 2 (RS-232C) F4
5 IER 5 (Option unit) FA 1 IER 1 (SIO 82C51) F2
4 IER 4 (OVF) F8 0 IER O (sub-CPU 7508) FO

When the INTR signal is generated with the interrupt enabled (i.e., the corresponding IER bit
ON), the main CPU enters the interrupt processing program after the current instruction has
been executed.

2.BURQ interrupt

This interrupt request singal is fed from the option unit o the main CPU. When it goes low, the
main CPU forces the address bus, daga bus, and system control terminals (Mﬁ?Q, IORQ, RD,
and WD) in to a high impedance state, making the buses available for use by the option unit
after the current instruction has been executed.

*The interrupt request signals and their function summaries are listed in Table 2-7 in priority

order.
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Table 2-7 Interrupt Request Signal and Their Priority

!ntgrrupt Signal name Function Vector
Priority order address
Highest BURQ External bus request from option unit —

NMI Unused —
INTR (INT O) Alarm and low voltage detection from sub-CPU 7508 FO
INTR (INT 1) 1-byte received from serial controller 82C51 F2
INTR (INT 2) CD signal from RS-232C interface F4
INTR (INT 3) Barcode trigger within gate array GAH40M F6
INTR(INT 4) Free running counter overflow within gate array GAH40M F8
Lowest INTR (INT 5) Interrupt from option unit FA

3. Intrerrupt vectors
When accepting an enabled interrupt request via the Z-INT terminal of GAH40D, the main CPU
makes an indirect call to the interrupt processing routine using the contents of the | register and
the read vector address - this call is called madkable interrupt mode 2 operation.

Fig. 2-35 shows the signal timing from the time the interrupt is accepted until the interrupt rou-
tine is entered by the indirect call. A concept of the controlling scheme is also presented.

Latest state T T2 T™W™W ™ T3
Z-INT —— F— —_—_———,———— e e e e e —

/___
IORQ nye /__

Input data
(vector address)

Data

:

Address bus 1 X Memory refresh

Upper 7 bits of

input data
4
| / 0 Interrupt routine ]
start address table '
(. J\ / :terrupt service
[ _Ioweraddiess| outine
L _ _ _bits | A —
Upper address
| _ _bits |

Fig. 2-35 Interrupt Routine Call Control and Timing
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When the Z-INT signal is activated, the main CPU samples the signal at the rising edge of the
clock signal in the last state of the current instruction execution and generates an M1 cycle which
includes two extra wait cycles. Then, the CPU reads data (a vector address) from GAH40M at the
rising edge of T3 in the M1 cycle and begins the interrupt processing.

Observed Memory Control Signal Waveforms
(Top) CLK:
Measured at 4A, pin 6

G

Measured at 4A, pin 27 —

(Second from bottom) MRQ s |

Measured at 4A, pin 19
(Bottom) RF: G |||I “ll ”H IH‘ HI
Measured at 4A, pin 28 :__L_‘ J
64L~ .

S5V 5V

5v 5V >500ns

Fig. 2-36 CLK, M1, MRQ, and RF

(Top) CLK:
Measured at 4A, pin 6 >200nS

5V 5V
(Second from top) MRQ: ’—\_ﬂ_ﬂ_ﬂ_ﬂ

Measured at 4A, pin 19

(Second from bottom)ﬁ: S l \ ] ! l ‘ _—

Measured at 4A, pin 28

(Bottom) RD: G‘J" '

Measured at 4A, pin 21

G
5V 5V

Fig. 2-37 CLK, MRQ, RF, and RD
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Observed D-RAM Control Signal Waveforms
(Top) W1:
Measured at 6A, pin 18
(Second form top) RAS1:
Measured at 6A, pin 17
(Second from bottom) CAS1:
Measured at 6A, pin 44
(Bottom) RF:
Measured at 6A, pin 40

REV.-A

5V 5V >2us
5V 5V
Enlarged
5 V 5 V >1uS
& o S Y . A
5V 5V
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Observed D-RAM Refresh Signal Waveforms

(Top) Z-RF:

Measured at 6A, pin 29
(Bottom) FR:

Measured at 6A, pin 40

5V 2uS

5V

Enlarged

5V i00nS

G

SRR W

5v

2-43
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2.3.3 Operations of Slave CPU 6303
The slave CPU 6303 is an 8-bit CMOS CPU, which controls the microcassette tape (MCT), liquid
crystal display (LCD), ROM files, external speaker, and serial interface.

2.3.3.1 Operation Modes

The operation mode of the 6303 slave CPU is determined by the state of three ports, P20, P21,
and P22. Performance of mode setting is a hardware based function, occurring immediately after
power up or whenever the reset switch is pressed. When the reset signal goes high, the CPU
latches the state of the three ports in an internal register. When the reset signal is deactivated,
the operation mode is determined according to the information latched.

The slave CPU performs the following sequence of operations after each deactivation of the reset

signal:

@ Latches bits 2, 1, and O of port 2 in the Program Control Register.

@ Sets the vector address FFFE and the contents of the byte location addressed by FFFF to the
program counter.

@® Sets the interrupt mask bits.

® A data address is read from the vector address, FFFF, is sent to the program counter,and ini-
tiates program execution from that address.

* Program Control Register (0OO3H) — stores the state of ports 20, 21, and 22, used for determin-
ing the operation mode.

Fig. 2-40 illustrates a sample CPU operation mode selection, mode 6 (multiplexed/partial decode),
from the shown combination of port states.

Slave CPU 6303 (13D)

7 6 5 4 1 o
Port 2 data register
PC2 | PC1 | PCO [1/O 4 \ /01 |1/00
! | d / address OOO3H
Mode setting port states
13E, pln 56 ............................. LOW
CN3, Pin 8 +ererereresesmsirniniinns High
I R High

Fig. 2-40 Slave CPU Operation Mode Selection Example

Mode selection reults in the following memory mapping:

OO0O0OH OO1FH OO080H OOFFH 8000H SBQOH FOOOH FFFFH
Internal External Internal Internal
register memory RAM Not used Not used ROM

)
V-RAM Slave CPU operation control
mask ROM

Fig. 2-41 Resultant Memory Mapping Example
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Fig. 2-42 illustrates the vector address operation.

* Vector address — program counter

6303

Memory

- >|><><:><><J

iy |

Vector Address

*The CPU stores the contents of the location addressed
by the vector address in the program counter.

Fig. 2-42 Vector Address Operation

2.3.3.2 Internal Registers and External Memories
Tabel 2-8 lists the internal registers and external memory locations whitch are used as various
control addresses.

Table 2-8 Internal Registers and External Momory Locations

Read/ Bit
Address Function )
Write 7 6 5 4 3 2 1 0
0000 | !/Oport1 data direction 1/0 Control For Address 0002
register
0001 | !/Oport2datadirection 1/0 control for address 0003
register
6 Speaker | gheaker | SERIAL | SERIAL | uMCT UMCT | uMmCT
0002 1/0 port 1 port address ES;Z)T; output POUT PIN HSW uMCT WE ERAH HMT
3 0003 1/0 port 2 port address — — — Siﬂ?l')?" S%& —  |umcTWD| PRD
0004 | !/Oport3 data direction 1/0 control for address 0006
register
O | 0005 | 1/Oport4 data direction /0 control for address 0007
register
0006 1/0 port 3 port address Address (lower 8 bits)/data bus
3 0007 I/O port 4 port address Address bus (upper 8 bits)
0008 T.imer control/status re-
gister
0009 Counter (upper 8 bits) Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 Bit 8
O00A Counter (lower 8 bits) Bit 7 Bit 6 Bit b Bit 4 Bit 3 Bit 2 Bit 1 Bit O
ooog | Qutput compare register Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8
(upper 8 bits)
000C | Output compare register Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | BitO
(lower 8 bits)
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Read Bit
Address Function ) /

Write 7 6 5 4 3 2 1 0
000D :)"e”r”; giatg;“’e register (up- Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8
00OE ::L”W“;rcg‘;t"t‘;f register Bit7 | Bit6é | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | BitO

6 000F Control/status register FLAG e!gge — 0Sss tﬁ;ﬁ:l — — —
3 Baudrate/Mode Control Clock control Baudrate control
0 0010 register - - - -
3| o011 rograuy ¢ controlfstats RDRF | ORFE | TDRE | RIE | RE | TIE | TE | wu
0012 Receive data register MSB LSB
0013 Transmit data register MSB LSB
0014 RAM control register $§g\‘gé?y e?\gx e — — — — — —
CNTR Microcassette tape drive counter data
0020 Counter (upper byte) R | Count — — Bit12 | Bit11 | Bit10 | Bit9 Bit 8
input
Counter reset w — — —_ —_ —_ —_ —_ —
G Counter (I byte) R Microcassette tape counter data
A vounter {lower by Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
0021 oTAp
H Command register w S—gl\?rp FAST — MTC MTB MTA S\é\./r SW PR
4 0022 P-ROM address (upper 8 W Upper P-ROM address bits
0 byte) Bit 15 |B|t14|B|t13LB|t12|B|t11 | Bit10 | Bit9 | Bit8
S 0023 P-ROM address (lower 8 W Upper P-ROM address bits
byte) Bit 7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit O
P-ROM read data R MSB LSB
0024 Cpntroller instruction re- W
S gister
E 0025 Controller data buffer R
D Controller data buffer w
1 Controller status register R
0026 Port data output register W
3 (data)
2 Port data input register R
0 0027 Port data output register W
(command) SED 1320
) 0028 Interrupt enable register w 6305
GAH
40S
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2.3.3.3 Slave CPU Interrupt
INTR is the only interrupt request signal to the slave CPU 6303; the NMI signal is not used. The
slave CPU interrupt is discussed in the following:

Interrupt control

As shown in Fig. 2-43, the interrupt request signal is generated in SED1320 and fed to the slave
CPU via GAH40S. This signal is used when the main CPU sends a command to the slave CPU via
the PDIR register in SED1320 and is reset when the slave CPU reads the CSR register in
SED1320.

SED1320
e mmm e R GAH40S
Dgta 7\_:_ N :
Main CPU—N/ PDIR | |PDOR
z80 A9 — .
4.9M A L-->/"AD -
o s e | 8% |wos
= SINT SINT| £ & |IRQO
PWR  |CSR}----- > B E -3
olie % PCS =
* PDIR: Parallel Data -
Input register <o
GAH40M * PDOR: Parallel Data E AS R/W INTR
_ Output register
IR 6303
W * CSR: Control Status
CSOE register

Fig. 2-43 Slave CPU Interrupt Control Block Diagram

The INTR signal is generated in SED1320 when the main CPU initiates a command, which is in
turn fed to GAH40S. The signal then interrupts the slave CPU under an interrupt mask control by
the slave CPU (the interrupt is disabled by bit O of 6303 address 0028 — enabled when the bit is
1). When interrupted, the slave CPU fetches the command by reading address 0027.

Slave CPU 6303 basic clock signal waveforms

(Top) EXTAL.:

Measured at 13D, pin 3 5V 5V >500n$S
(Center) E:

Measured at 13D, pin 40 ’\ [\ [\ [\ [\ !\ [\ [\ [\ [\ [\ [\ [\{
(Bottom) AS: G

G
G _A&mmmﬂ@m&m!nmm_

5V 5V

Fig. 2-44
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2.3.4 Operations of the 7508 Sub-CPU

2.3.4.1 Operation During Power Off

During power off, the 7508 sub-CPU performs two important functions; it monitors pin 23 at port

00, checking for a change of state indicating the power switch has been turned on; it also moni-

tors battery voltage every 10 seconds to assure that there is adequate power supply to maintain

data in RAM and to provide backup power for the main battery.

® Battery voltage monitoring
The sub-CPU 7508 enables port 23 (pin 5) every 10 seconds for a period of approximately 7.5
ms in order to supply the Vcc source to the A-D converter. If then turns on port 21, pin 3, (low)
to put the A-D converter in the interface mode. One-byte serial data is then output with a series
of eight shift clock pulses over the Sl and SO signal lines respectively to select the A-D con-
verter channel for battery voltage check (AN1). After channel selection data is issued, the 7508
returns port 21 from low to high to change the A-D converter mode from interface to A-D con-
version. This causes the converter to initiate an A-D conversion through the specified cnannel.
The converted result is stored in the shift register in the converter. After returning port 21 low
(the interface mode), the 7508 issues shift clock pulses to read in the digital data, bit by bit.
This data is examined to determine the main battery voltage. If the voltage is found to be below
a certain level, the battery voltage line is backed up from the auxiliary battery by using a port 42.

2.3.4.2 Operation While Power Is On

While power is on, the 7508 sub-CPU performs the following functions:

@ Keyboard Control — Controls the keyboard matrix using key scan signals (KSCO-8) and key re-

turn signals (KRTNO-7)
® DIP Switch (SW1) Monitoring — Checks DIP switch 1 during initialization using signals KSC9
and KRTN1-7. v

@ Battery Voltage Monitoring Support Functions — Includes such operations as main CPU inter-
rupt via gate array GAH40M (Low voltage in-
terrupt) and back-up power provision via the
auxially battery.

® Analog Trigger Signal Detection — Detects a triggering signal in the analog input interface to

control the A-D converter and read analog input data.

2-48




REV.-A

Observed Shift Clock Wave Forms
SCK:

Measured at 1D, pin 4
Figures 2-45 through 2-47 show the SCK sig-
nal waveforms which should be observed dur-
ing a serial data transfer. Fig. 2-45 is
an enlargement of the single negative going
pulse shown in Fig. 2-47. Fig. 2-46 further en-
larges one pulse in Fig. 2-44.

The three pulses shown in fig. 2-46 are used to
allow the 7508 to perform the following opera-
tions, in order from left to right:
1) Fetch the command stored in the gate array
GAH40M to 7508.
2) Select the uPD7008 channel.
3) Read the A-D converted data from yPD7001.
Note: Fig.2-46 and 2-47 are enlargements of
the signal shown in Fig. 2-45.

2-49

2V 5V 10mS

Fig. 2-45 SCK Signal Waveform (Serial
Data Trans for) Enlargement

2V 5V 200yS

Fig. 2-46 SCK Waveform Pulse Enlarge-
ment 2 (Serial Data Transfer)

2v 10uS

Fig. 2-47 SCK Signal Waveforms During
Serial Data Transfer
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2.4 Clock Generator Circuit

There are three clock oscillator circuits listed in Table 2-9 on the MAPLE board. Two clock pulse
signals of these three are fed to the IC 6A, which divides and distributes them to the LSIs listed in
the table. The remaining signal is generated by a CR oscillator circuit and used as the switching
signal for the DC-DC converters which generate special voltages.

Table 2-9 Clock Oscillator Circuits

Output F d
Oscillator Circuit Primary Frequency . .pu requ?ncY an
Signal Destination
Main oscillator circuit (CR1) | 9.8304 MHz 49 MHz - 7C
Clock oscillator circuit (CR2) | 32.768 kHz 1.0 kHz - 2E
Voltage regulator oscillator 35 kHz 35 kHz - RS-232C, (+ 8V)
circuit — LCD regulator (-15V)
5V regulator (+5V)

2.4.1. CR1 Oscillator Circuit

The CR1 oscillator circuit starts functioning when power is turned on. The output is amplified by
IC 7B and is then fed to IC 6A. This IC consists of two frequency divider circuits and the primary
frequency is halved and quartered to produce two clock signals of 4.9 MHz and 2.45 MHz.

CR1 9.8304 MHz

6A (GAH40D) | D I
ar
49152 MHz = RI37 Ri34
4 ]
OM  1OM
24576 MHz ~=— L2 =2 &,45_‘.
A op 7B 1P
Iczo Ica

Fig. 2-48 CR1 Oscillator Circuit
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The primary and divided frequency

output signal waveforms are as

shown in Fig. 2-49.

The 2.45 MHz clock signal is sup-
. . gnal 15 st 5V 200nS

plied to the main CPU (4A), gate ar-

ray GAH40M (4A), and serial con- 9.8M Jﬂ.ﬂﬂﬂ“_ﬂﬂﬂﬂﬂﬂ“ﬂnﬂﬂﬂﬂﬂj_
G

troller (2C), and used as their basic

clocks. 4.9M |
G
G

SV SV

Fig. 2-49 CR1 Clock Signal Waveforms

The 4.9 MHz clock signal is supplied to the LCD controller (7C) and used as the basic clock signal
for LCD display control. This signal is further halved within the controller. The output clock signal
of 2.45 MHz is fed to the external clock signal input terminal (EXTAL) of the 6303 slave CPU.
Thus, the signal is quartered within the slave CPU to a clock signal of 614 kHz and used as its
operation clock signal.

2V 50mv 100nS 5V 5V 500nS
6303

49M G
6303
E r
G [ %

G
6303

6303 AS G ﬂ ﬂ ﬁ [_

EXTAL

2V 5V 500mV

Fig. 2-50 LCD Controller and Slave CPU Operation Clock Signal Waveforms
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2.4.2 CR2 Oscillator Circuit
The output of the 32.768 kHz crystal oscillator is used as the counting signal for the built-in clock
and as the D-RAM refreshing timing pulse. Thus, the oscillator circuit is always backed up by the
battery (from the VB line) to ensure the 32.768 kHz clock signal to be supplied to IC 6A
(GAH40D), regardless whether power is on or off.
Fig. 2-51 is a circuit diagram of the CR2 oscillator circuit.

c22
. , GAH-40D (6A)
VB R136 R135 L
—AM—A— CR2 l:’32.768
Q26 14 kHz
] 1 ] Vee
R126 — {3 o2 —+
1 2 R122
703 J_ cas c23
-4 ca6
R113 T 7
R133
32,768KHz 1 KC ——o0To sub-CPU
Q25 7508
3 Ri132 2 pin 40
ZR36 > VB
R70 Pull up for RXD signal line on the expansion
interface.
IC 12D pin 14 (Power ON/OFF control)
Fig. 2-561 CR2 Oscillator Circuit
The signal waveforms at various
points should be observed as
shown in Fig. 2-52.
* The 1 kHz output to the 7508 5V 5V 20ys

(pin 51 of GAH40D) is available

while power is off. CR2 I\/\/\/‘\/\M
G

3E

pin 3 l l l l l l l l l { l

G |

3D

pin 4 | l ’ | l l l ! | r7 ]

5v

Fig. 2-52
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Circuit operations

< While power is on >

While power is on, port 70 of the 4-bit sub-CPU is held low. This low signal is fed to the base of
transistor Q25 after being inverted twice by ICs 3E and 12D, maintaining the transistor in con-
duction. This causes Vcc to be supplied to IC 3E, enabling it to oscillate.

To 3E, pin 14 (Vce), 2

7508 (2E)

P70

Fig. 2-563 CR2 Oscillation Control

< While power is off >

While power is off, the backup voltage VB is supplied to the collector of the transistor Q26, as
well as to the base through the resistor R126. A zener diode, ZD3, is inserted across the base of
Q26 and ground. ZD3 has a zener breakdown voltage of 4V and breaks down when the base
potential rises towards the VB (+5V) voltage beyond 4V. The zener breakdown is removed
when the base potential falls below 4V. An infinite repetition of this alternation causes Q26 to
continue switching on and off, outputting a voltage of approximately 4V at the emitter. This out-
put is connected to the same line as the collector of transistor Q25 and causes Vcc to be sup-
plied to IC 3E, ensuring the same oscillation as when power is on.

Q26
VB To 3E, pin 14 (Vcc), 2

R126

Fig. 2-54
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2.4.3 Voltage Regulator Oscillator Circuit

This circuit is a CR oscillator circuit, consisting of the resistor R90 (68 kohms) and the capacitor
C26 (220 pF), oscillates at a frequency of approximately 35 kHz. The output is amplified by IC
14D and supplied to the following three circuits:

a. RS-232C DC-DC converter circuit
b. LCD DC-DC converter circuit
c. ROM capsule biasing circuit

R21 1K 14D 14D 14D R90 68K
JL 5D 4 3902 H{: 12
—_— C26 220P

e

®To each circuit a though ¢
discribed above

Fig. 2-65 Voltage Regulator Oscillator Circuit

5v 10usS
IC 14D
Pin 11
) [
IC 14D
Pin7
G N N r
5V
Fig. 2-56

2.4.4 Other Oscillator Circuits

Sub-CPU 7508 and A/D converter have own CR oscillator by using the external components.
Sub-CPU clock is adjustable with VR3.
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2.4.4.1 Sub-CPU 7508 Clock Signal Oscillator Circuit

This circuit oscillates at a frequency of approximately 200 kHz, using an external capacitor and

the variable resistor VR3.
The output signal waveforms should be observed at the indicated points as in Fig. 2-57.

5v 5V 2usS

pin19G

pin 21 G

5V

Fig. 2-567 7508 Clock Signal Oscillator Circuit Output

Signal Waveforms

2.4.4.2 A-D Converter Clock Signal Oscillator.

This circuit oscillates at a frequency of approximately 480 kHz using an external capacitor and re-
sistor. The signal waveforms at the indicated points should be observd as shown in Fig. 2-58.

5V 5V 2y

1D

SOIAVAVAVAVAVAVAVAYA
G

or [ AANT

5V

Fig. 2-58 A-D Converter Clock Signal Oscillator Waveforms
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~ O Figures 2-59 and 2-60 show the timing relationship among major clock signals.

about 100 nsec.

-

sM ML rororuwroror

2.45M —‘_ —

6303 pin 3
- EXTAL

6303 pin 40
E

6303 pin 39
AS

Fig. 2-59

ML
o ] 3
’ T
o | — L

Fig. 2-60
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2.5 Jumper and Switch Setting

All the jumpers and switches including a DIP switch mounted on the MAPLE board are listed in
Table 2-10 together with their summarized functions.

Table 2-10 Jumper And Switch Settings

Standard Circuit
Name . Drawing Associated Signal/Function
Setting L
Coordination
J1 T/N A-2 HLTA: Open - Specifies Toshiba unit.
Closed - Specifies NEC unit.
J2 OFF A-6 OVERCHARGE: Open - Controls overcharge
_ protection.
J3 OFF Cc-7 TEST: Closed — Operates sub-CPU 7508 in
test mode.
J4 ON D-7 Analog Input pull-up:

Closed - pulls up ANIN input line to VB through
a 100 kohm resistor.

Jb **A/B E-6/7 LP pulse hold:
A - Holds 8 LP pulses.
B — Provides no LP pulse holding.

SWi1 OFF Cc-7 Power switch
SW2 *N/O C-7 Reset switch (main frame system rest)
SW3 ON A-7 Auxiliary battery switch:
ON - Enables backup from auxiliary battery.
1 - Used to keyboard models.
2 _
3 _
S
4 -
Cc-7
5 -
4
6 _
7 -
8 -
VSV A *N/O A-4/5 Ensures initialization during backed-up operation.
5 B *N/O D-6 Initial reset: Sub-CPU 7508 reset
Notes:

* A push switch containing two sets of contacts.
** A orBis selected depending on the used LCD.
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Jumpers and Switches
Fig. 2-61 shows the locations of the jumpers and switches used on the MAPLE board and illus-
trates their setting positions (ON/OFF, A/B, etc.).

SW2

B 7 : ; : ) OFF
o yisseo — R JZ{DON

r Sw4 J3—[o_o]
SWb

8
ON 2% OFF
1

Fig. 2-61 MAPLE Board Jumpers and Switches

2.5.1 Jumpers
The functions of the individual jumpers are detailed in the following (see Table 2-10 for a sum-
mary of their functions).

2511 J1

This jumper is provided in order to permituse of either of two available main CPU types. (The main

CPU is located at 4A on the MAPLE board.) One of two terminals may be selected, T and N ter-

minals, respectively, disable and enable the HLTA signal line, reconciling the difference in Line

control between the two types of main CPUs. (The line relates to the DRAM refresh.)

T- Terminal T is selected when a TOSHIBA CPU (parts No. X400084005) is used. When the T
and center terminals are jumpered, the main CPU output signal, HL—TA is disabled. (The ter-
minal is open; i.e., not connected to any other terminal.)

N - Terminal N is selected when a NEC CPU (parts No. X400070008) is used.

* Caution: Examine the main CPU type before setting this jumper.

251.2 J2

This jumper is provided to allow for protection against main battery overcharge. When the ON
and center terminals are jumpered, the control by the sub-CPU 7508 is disabled, forcing a normal
(high current) charge to be maintained as long as the ac adaptor is connected. This setting
may result in an overcharge condition of the main battery, which may shorten its life.
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2513 J3
J3 is a maintenance purpose jumper used for testing the sub-
CPU 7508. To open (set off) this jumper, put the jumper block

as shown in Fig. 2-62; leaving one terminal pin open. OFF is {D: ::,’|
the standard setting. The ON setting disables the normal sub- { i:'i:
CPU operation. —
/ /
Fig. 2-62
2514 J4

Jumper J4 allows for pull-up of the analog input (ANIN) signal input. Because the ANIN signal
input voltage ranges from O to +2.0V, the jumper may need to be reset depending on the connect-
ed analog device.

2515 J5

Jumper J5 is used to eliminate vertical ghost display lines which may appear due to the charac-
teristics of the LCD unit. Its setting depends on the installed LCD unit (or the LCD panel, to be
precise). J5 may need to be reset when the LCD unit is replaced so that ghosts, if observed,
are eliminated.

2.5.2 Switches
Five switches are mounted on the MAPLE board as shown in Fig. 2-61. Their functions are de-
tailed in the following.

25.2.1 SW1

This switch is used to turn the computer on and off. It is connected to a port of the sub-CPU
7508 which controls power on/off by sensing a setting change of this switch. Thus, it may be in-
effective when the sub-CPU loeses the normal power-on/off sequence control capability because
the computer can, through a programming error, got into a software loop.

25.2.2 SW2

This is the RESET switch which is accessible at the left side of the computer. It is connected to
another port of the sub-CPU. The switch causes all of the computer sections except for the sub-
CPU to be initialized, it is ineffective when the sub-CPU is not operating normally.

25.2.3 SW3

This switch allows the user to enable or disable the charging and discharging circuits for the auxi-
liary battery, soldered on the MAPLE board. It is provided in order to prevent complete auxiliary
battery discharge and thereby protect the battery from deterioration when the PX-8 unit is stored
unused for a long period of time. The switch must be set ON whenever the board is in service,
otherwise, the normal backup operation would not be in effect. After a low voltage condition is
detected, the Ni-Cd battery life is shortened if left completely discharged.
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2524 SW4

This DIP switch assembly is used to select an international character set. The individual
switches are read only when the system is initialized to allow the computer to operate on the se-
lected character set. Table 2-11 shows the available character sets and the corresponding SW4
settings.

Table 2-11 Character Set Selection SW4 Setting

Setting Sw4
Character set 1 2 3 4 5 6 7 8
ASCII 1 1 1 1 0] 1 o) 0
French 0] 1 1 1 0 1 0 0
German 1 0 1 1 0] 1 0] 0
English o) 0] 1 1 0] 1 0 o)
Danish 1 1 0 1 0 1 0 0
Swedish 0 1 0] 1 0 1 0 0
Norwegian 0 1 1 0 ’O 1 o 0
Italy 1 0] 0 1 0 1 0 0
Spain o) 0 0 1 o) 1 0 0
HASCI 0] 0] 0] 0] 0] 1 1 0]
Japanese (Japanese) 1 0 0 0 0] 1 0 0
Japanese (JIS) 0 0 0 0 0 0 0 0
Japanese (touch 16) 1 0] 0 0 0 0 0 0

Note: 1 indicates that the switch is closed and O indicates that the switch is open.

® SW4-5 is used to check whether the RAM disk contents of the RAM unit are correct:
ON: The check is made when power is turned ON in the Restart mode.
OFF: No check is made.
® SW4-6 is used to select the charactor generator set for screen dump.
® A system initialization can be accomplished in either of the following two ways:
1. Remove the ROM cartridge cover and press the INITIAL RESET switch (SW5).
2. Press the RESET switch while holding the SHIFT and GRPH keys down:
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25.25 SW5H

SW5 is the Initial Reset switch which is used to initialize the entire computer including the sub-
CPU 7508. Normally, it is pressed when the system is first initialized and a message, “SYSTEM
INITIALIZE", is displayed on the LCD panel. This switch must also be pressed, however, when the
computer gets into a software loop or the sub-CPU stops operating for the same some reason
and, SW2 is ineffective.

The switch is an alternate singal-pole, double-throw type (containing contacts A and B). One con-
tact is connected to the reset (RS) input terminal of the sub-CPU for initializing it. The other one
(A4/5 in the circuit diagram) is inserted between the backup line power line from the auxiliary bat-
tery and the logic circuit voltage supply line. When the switch is pressed and this contact is
closed, the backup voltage, which is normally supplied through the transistor Q23, is directly fed
to the logic circuit voltage supply line, bypassing the transistor. This is required to slightly raise
the logic circuit supply voltage in order to ensure computer reinitialization in an abnormal condi-
tion. A hardware failure may have occurred if SW5 needs to be pressed.

2.5.3 Variable Resistors

Three variable resistors are located on the MAPLE board as shown in Fig. 2-61 and one each on
the LCD unit (MAP-LD board) and the microcassette tape drive (MAP-MC board), totalling five.
The functions of the individual variable resistors are detailed in the following.

2.5.3.1 MAPLE Board Variable Resistors
Table 2-12 lists the three variable resistors used on the MAPLE board together with their func-
tions.

Table 2-12 MAPLE Board Variable Resistors and Their Functions

Name Function
VR1 This variable resistor is used to control the output
(Circuit diagram coordination H7) sound level to the built-in and external (if used)
speakers.
VR2 Allows the user to adjust the reference voltage to the
((Circuit diagram coordination D5) A-D converter (1D). An incorrect adjustment of this re-

ference voltage may result in an error in voltage detec-
tion and A-D conversion of the barcode reader or ex-
ternal analog input signal by the sub-CPU.

VR3 Allows the user to adjust the frequency of the sub-CPU
(Circuit diagram coordination C6/7) driving clock signal.
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2.5.3.2 MAP-LD Board Variable Resistor
This is the variable resistor VR1, found at coordination C6/7 on the circuit diagram, which allows
the user to adjust the voltage supplied to the LCD drivers for the optimum liquid crystal twisting.

(This adjustment affects the view angle.) It is provided in order to compensate for change in liquid
crystal reaction depending on temperature.

2.5.3.3 MAP-MC Board Variable Resistor

This is the variable resistor, located at coordination E2 on the circuit diagram, which allows the
user to adjust the microcassette tape speed. An incorrect adjustment of this variable resistor
causes the intervals between tape read and write data pulses to deviate from the nominal va-
lue, resulting in loss of compatibility with other microcassette tape drives.
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2.6 Reset

The reset signal initializes the computer circuit and is used to prevent any abnormal operation at
power on (during the logic circuit power voltage rise time), after emergency shut-down due to
any computer abnormality, and before subsequent restart. The resetting operation of this com-
puter is accomplished indirectly by software. The sub-CPU internal program differs from other
computers, which are reset directly by a switch operation.
Fig. 2-63 outlines the RESET signal circuits.

SWi1
VB o——=>VB
POWER SW
Sw2 SW5 /
r o VB
RS Sw P60 POO RS INITIAL
(ADSNS) (INTO) i RESET SW
- " Internal v
~ program ©
(Interrupt) {eo ]
Q Sub-CPU
Z80-related 22 = 7508 (2E)
Reset routinewy| ?%)’
™~ | Clears all registers <_
GAH40D | such as timer, etc.
(BA) !P40|— ——————— — P71
¢ __g q/ AN = VB ™
RST Data lines
m | Oto7
RSO L _J
0 OFF GAH40M
—_ Z-80
F—9RS @A)
System reset Gate array
signal OFF GAH40D f OFF signal
_ 6303
] 9 RS (13D)
————== CN8
(Option unit interface)
GAH40M
1 (4C)
+—=>CN8
Onti .
78 % (Option unit interface) |
82C51

Fig. 2-63 Reset Signal Circuit Block Diagram
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2.6.1 Resetting By SW1 (POWER) and SW2 (RESET)

To use either switch SW1 (POWER) or SW2 (RESET or the RS signal on the circuit dia-
gram), it is requisite that the sub-CPU 7508 be operating normally . When either switch is
pressed, the sub-CPU accepts the signal as an interrupt and turns its port 40 low. This signal is
fed to the RST terminal of the gate array, GAH40D (6A), and is output from the RSO terminal, re-
setting the main CPU and the slave CPU, etc.

2.6.2 Resetting By SW5 (INITIAL RESET)

Switch SW5 allows the sub-CPU itself to be reset. It initializes the sub-CPU’s internal
settings, including the built-in calender clock setting, etc. This is the only difference between the
reset from switchs and the reset by switches SW1 and SW2.

2.6.3 OFF Signal
The OFF signal is provided in association with computer resetting in order to prevent inconven-
iences such as latch of flipflops in the gate arrays, etc. It provides the gate arrays with the follow-
ing functions:
< GAH40D >

Supplles the reset signal to Z80 and 6303, etc.

Disables the Chip Select signal to the IPL ROM.

Disables the Z80 read signal line.

Disables the interrupt signal line to Z80.

Resets all FFs.

Disables all outputs other than the above.
< GAH40M >

Prevents latching of the gate array FFs by forcing the outputs in the high impedance state.

2.7 Keyboard

The keyboard has 72 keys (including function key switches), three light emitting diodes (LEDs), 23
diodes, and three resistors for the LEDs mounted on it. The keyboard is structured in a matrix
which is scanned by the sub-CPU 7508. Keyed in data are sent to the main CPU Z80 from the
cub-CPU via the gate array GAH40M. In preparation for a situation where the normal keyed-in
data transfer to the main CPU is hampered, the sub-CPU incorporates a 7-character key data
buffer. Fig. 2-64 is a block diagram illustrating the keyboard input operation.
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_____ 1
|
U 1E Sub-CPU Main CPU
1 7508 GAH40M %0
KSC S
' SET RESET
: SIO Hand
N READY shaking
T o
I B il et
: -3 %% Serial ~ SIOR Parallel ¥
TwB o | transfer transfer
’ smofl
| : "O-CEI
T -'-Jq>_,“§ ol
MO~
T KRTN =
|
.
{Keyboard) !

Fig. 2-64 Keyboard Input Operation Block Diagram
The keyboard keys are scanned by the sub-CPU which controls the key data outputs as follows:

(1) Key switch (CTRL, SHIFT(R), SHIFT(L), CAPS LOCK, NUM GRPH, and CTRL (right of the space-
bar) output control

When any of these keys is pressed for the first time (i.e, it is stet), the sub-CPU issues a
MAKE code. When it is pressed for the second time (i.e., it is released), the sub-CPU issues a
BREAK code. This is required for the correct keyboard data input, because the keyboard input
mode is controlled by these keys and the main CPU has to be informed whether any one of
them is in effect. Fig. 2-65 illustrates a sample sequence of key strokes, which includes shift
operations in the alphanumeric mode: The sub-CPU issues the MAKE and BREAK codes for
the left SHFT key when it is locked and released respectively. The main CPU can display the
intended upper case and lower case alphabets as shown below.

z A A B B
Character data keys
Function key
(left SHIFT)
Key codes output 74 66 U B3J 66 40 | |A3| 40
from 7508 I
Characters displayed z A a b B

by main CPU
Fig. 2-65 Keyboard Data Input And Mode Control Sample
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(2) Data keys (other than the function keys)
Each data key issues the corresponding KEY code shown in Table 2-13 only once, when it is
pressed. When any key other than a function key depressed, its character code is repeatedly
generated by the sub-CPU provided that a feature called Auto Repeat is enabled. This feature
is enabled or disabled and the frequency of repetition is selected by software.

Cd[2T3Ta]5]e[7]8 9] 10 |11 |12 |13

14 | 15 116 |17 |18 |19 | 20|21 |22 |23 |24 |25 26 a7

28|29 |30 |31 |32(33|34|35|36|37|38 )39 (40|41 ] a2
43 44145 | 46| 47|48 |49 [ 50 | 51| 52| 53 | 54| 55 56
57 581659 |60 |61 |62 )63 |64]|65| 66 |67 68 69

70 71 72
Table 2-13
Upper Code

owerco S| O 1 2 3 4 5 6 7 8 9 A B

Byte
0 2 1 29 46 62 21 37 54 12
1 3 14 30 47 63 22 38 55 13
2 4 15 31 48 64 23 39 56 OFF 43| ON 43
3 5 16 32 49 65 24 40 71 OFF 57| ON 57
4 6 17 33 50 66 25 41 58 OFF 70| ON 70
5 7 18 34 51 67 26 42 59 OFF 72| ON 72
6 8 19 35 52 10 27 44 60 OFF 68| ON 68
7 9 20 36 53 11 28 45 61 OFF 69| ON 69
8
9
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2.7.1 Key Switch Structure
A key switch made up of a key top and a switch as shown in Fig. 2-66. (A dust-proof switch cover
is inserted between the key top and switch of a function key.)

mm

U [fu

Inside of the switch section

Function key Normal key

Fig. 2-66 Key Switch Structure

The.switch uses a pair of mechanical contacts. The spring contact moves left and right to make
and break contact according to the vertical stroke of the key stem. Fig. 2-67 illustrates the rela-
tionship between make and break of the switch contacts and key stroke. The space, shift, and re-
torn keys have a press load of approximately 95g, while the rest have that of approximately 65g.

/////Z/ = Full break area

<<—— Make and break area

1.1 //// )/ f=— Ful make area

15

04

Fig. 2-67 Key Stroke And Switch Action
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2.7.2 Key Signal Input

The keyboard has a 9 x 8 matrix structure which uses nine keyboard scan (KSC) signals and eight
keyboard return (KRTN) signals. The scan signals are used as a reference and a pressed key is
identified by examining the corresponding return signal lines for make.

Key input is controlled by the 4-bit sub CPU 7508 which is programmed to read, when the com-
puter is initialized, the setting of the DIP SW2 assembly, as well as the key switches. The read key
data and the SW2 setting are bit-serially transferred to the IC 4C (GAH40M), where the data are
converted from serial to parallel, and further transferred to the main CPU. Fig. 2-68 is a block dia-
gram of the keyboard matrix.

|
7 A I
5 B - ——K
o c 1E : : KSCO ~ 8
8 D o : kG
(2E) : ! KRTNO ~ 7
47K b
L—'\Nv—> +5 : : ~
. L
Layw—s15 . | -
47K o !
. ,o! Nt
Lwv—s +5 o
47K e
_ MAPLE board - T - Keyboard
CN4

Fig. 2-68 Keyboard Matrix

Normally, IC 1E maintains all the KSC signal lines at the low level. Pressing a key causes a current
to flow from the corresponding KRTN signal line on the MAPLE board to the IC through the
diodes, pulling the KRTN signal line low. 7508 can detect that a key is pressed from the level
change of the KRTN signal line. However, it cannot identify the pressed key which turned the line
low. To accomplish this identification, the 7508 monitors the KRTN signal line while outputting
pulses over the KSC signal lines as shown in Fig. 2-69. By examining both the KRTN signal line
turning low and the KSC signal line, over which a negative going pulse is currently output, the
7508 is able to identify which key has been depressed.
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1 )

2 .

3 | L

4 [ LI

5 ! LI

6 | L

7 | LI

g I L

5 _ LI
A [/

Fig. 2-69 KSC Line Pulse Signals

The KSC signals are controlled by the sub-CPU and the decoder IC 1E, as shown in Table 2-14.

Table 2-14
Input (1E) Output
A/B|/C/ D|O|1T|2|3|4|5|6/|7]8]29
L,L|L|L|L{HH/H H|H|H|H|H]|H
HiL|L|L|H|L|H|/H|/H|H|H|H|H]H
L/H|{L|L/H H|L|IH|{H|H|H|H]|H|H
H|H|L|L|H/ H{H|L|H|H|H|H|H]|H
L{L H/L|H{H/H|H|L|H|H|H|H]H
H|{L/ H|{L H/H|/H|/H|H|L|H|H|HI|H
LIH/H|L{H|H/H|H|H|H|L|H]H|H
HIH/ H|L|H H{H|H|H H|H|L|HIH
L{L|{L{ H|/H H/H/H|H H|H|H/|L]|H
HIL|]L{H/H|{H|H|H|H H|H|H|H]|L
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The 7508 provides signals from ports 30
through 33 as shown in Fig. 2-70. The IC 1E
generates the KSC pulse signals KSCO through

KSC8 according to Table 2-14. 5v 5v 2ms

U TULUUL
S S ) I
] L J -

_ 5V 5V

Fig. 2-70

< DIP Switch Assembly SW4 Setting Detection >
This switch assembly forms a matrix of the KSC8 line and the KRTN lines KRTNO through KTRN7
as shown in Fig. 2-71. Thus, its setting can be read in the same way as a normal key switch.

sSw4
b
———G 0~ KRTNO
+—K+—+0 o~ KRTN1
K : o0 : KRTN2
+—K—-0 o~ KRTN3
$—t+—0 0= KRTN4
KSC8 —4—}—+0 O~ KRTN5
K : GO : KRTN6
LK : oo : KRTN7
. .
. .

Fig. 2-71 SW4 Matrix
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2.7.3 Key Input Control

When two or more keys are simultaneously pressed, keyboards which use a matrix structure such
as described above may not be able to identify any of the pressed keys. To remove this inconven-
ience, the 7508 is programmed such that, when two or more keys are simultaneously pressed
during one scan cycle (approximately 10 ms), the key operation is determined to be an error and
no key input is accepted until only a single key is pressed. Assume for example that the keys A, B,
and C in Fig. 2-72 are simultaneously pressed. The KSC1 signal will pull both the KRTN1 and
KRTNG lines low it and will not be able to be determined which is pressed. The KRTN1 line goes
low when the KSC1 line is activated (low) because the two lines are connected via the A con-
tacts. The KRTNG6 line is pulled low during the KSC1 time because the pulse signal is routed to the
KRTN®6 line through A contacts, KRTN1 line, B contacts, KSC2 line, and C contacts.

KRTN KRTN KRTN KRTN KRTN

0 1 2 6 7 key-
switch
< [ "~
ksco — B :" ~ '\S <5‘§/
4 < < < <
KSc1 —kt v z [~ ‘\g .
ksc2 —« ~> Tw I » [~
[ L <
csca —4 ~ >t '~
: = S S |
kscg —K+ [~

Fig. 2-72
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2.7.4 Keyboard Circuit Element Layout
23 diodes and 3 resistors are placed on the keyboard, in addition to the key switches and LEDs.
The diodes are put in the switch section of the keys indicated in Fig. 2-73. Their locations and

names are printed on the back side of the keyboard board. The resistors are located as shown in
Fig. 2-73.

D2 D3 D21 D4

i e[ 3]alse]7[8 ][9] 10 [ 11 [12 |13 |—D1,D5, D10, D9
14 |15 |16 |17 |18 |19 |20] 21 |22 |23/ | 24 |25 | 26 |27 }—— D6
2829|3031 | 32333435 [36]37 ]38 [[390 |40 |41 |42} D13,D15,D17,D7
D12 43 ]| 44 | 45 | 46| 47 | 48] 49|50 |51 |52] 53 |54 | 55 |56 —D11,D8
D14 57 |se |59 |60|61|62|63]6a]65|66 67| 68 | 69
70 O T 72
D16 D23 D19 D22 D20 D18 R1
R3 R2

-+ LT 1

Fig. 2-73

Note: The Auto Repeat feature is ineffective for the following keys. (See Fig. 2-73)
2 ~9,43,57,68,69,70,and 72
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2.8 LCD Unit

The LCD unit consists of a driver board (MAP-LD) and a liquid crystal display panel, and provides a

display area of 480 x 64 dots. The display panel is provided with a ratchet which allows adjust-
ment for the optimum view angle. Fig. 2-74 is a control block diagram.

SED 1320 Slave CPU
- —< Address/data bus N es03
,/ , R/W
I Y, AS (Address Strobe)
| / Clock signal

Character (4

lgenerator | /‘——-——)\
LI___-. Address/data ) RAM

Read/write (6 kB)
control
(LINE, LDO)
27
"9' 5 Y-drive control
X o
Supply voltage 480 dots
64 dots
(LCD Unit)

Fig. 2-74 LCD Unit Control Block Diagram

The LCD unit is controlled by the slave CPU 6303 as shown in the above block diagram. In the
character mode, the character generator in SED1320 is used for display. In the graphic mode, how-
ever, the data from the 6kB RAM are displayed with all the data bits corresponding to the 480 x

64 display dots (or segments), one to one. In either mode, data are output bit-serially from
SED1320 in synchronization with the X-Y drive line signals.
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2.8.1 Liquid Crystal Display Panel Structure
The Liquid Crystal Display (LCD) display panel is a 480 x 64 dot matrix display panel which uses a
twisted nematic (TNM) effect type liquid crystal — one of the voltage effect types. It is struc-

tured as shown in Fig. 2-75.
Upper polarizer plate / /
- Upper glass plate
F" Sealing material / /
" ! Liquid crystal

Lower glass plateﬁ

Lower polarizer pIate 2 —
£ Z

Reflector plate

Note: The polarization angles of the upper and lower polalrizer plates differ by 90 degrees.

Oscillation directions

Liquid crystal molecul

of light [~
ry 7
— L R oD Light
Polarized by 90° (areas where no electric field is applied)
~
Polarizer plate LV . .
Polarization direction
'\’
% — ) oD Dark
(areas where an electric field is applied)
e\[\.

Upper polarizer plate Lower glass plate

Upper glass plate Lower polarizer plate

Fig. 2-75

2.8.2 Theory of Operation

The liquid crystal is confined between the upper and lower glass plates. The upper glass plate has
many of electrodes regularly arranged on it. The liquid crystal characteristically shows a twisted
motion, when a voltage is applied across it, depending on the magnitude of the voltage any the
direction it takes determined by the direction of the applied electric field. Using of this character-
istic for the display screen, light and dark contrast are produced on the panel by applying a vol-
tage across the liquid crystal. To maintain this contrast, however, a refresh operation (a repeated
application of voltage) is required simalar to the refresh system used for the dynamic RAM.
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Optical contrast of the liquid crystal is produced in the mechanism as follows:. First, only the
light elements which oscillate in a specific direction are transmitted through the upper polarizer
plate onto the liquid crystal. The light, arriving on the liquid crystal, is affected, depehding on
whether an electric field is applied or not:

< When no electric field is applied >

The penetrating light is polarized by 90°. This causes the oscillation direction of the light to coin-
cide with the polarization direction of the polalrilzer plate and the light is transmitted through it.
Then, the light strikes the bottom reflector plate and is reflected, so that the panel looks light
(white).

< When an electric field is applied >

The twisted orientation of the liquid crystal is corrected by the electric field and the optical activity
is removed. The oscillation direction of the light penetrating the liquid crystal layer does not
coincide with the polarization direction of the lower polarizer plate and is shut off by it. sults in no
reflection from the bottom reflector plate so that the panel looks dark (black).

The reaction to the electric field varies depending on temperature. To compensate this, a variable
resistor, called VIEW ANGLE is provided in the voltage source circuit.

@ Display dot (segment)

046
Each display dot has an area of 0.45 (high) x 0.41
0.41 (wide) mm2. These dots are laid out at a -
vertical pitch of 0.5 mm and at a horizontal
pitch of 0.46 mm as shown in Fig. 2-786. i 8
o
(Unit: mm)

Fig. 2-76 Display Dot Dimensions And
Layout

Notes:

As described above, variation of liquid crystal reaction can be compensated for by adjusting the

X-Y drive line signal voltage with the sliding type variable resistor VIEW ANGLE over a certain

temperature range. If the range is exceeded, however, this compensation is no longer possible,

and the LCD panel may exhibit one of the following problems:

< Lower temperature >

® Liquid crystal reaction is slow and a long time is required until selected dots become visible (up
to several seconds may be required)

® When the temperature further falls, no selected dots are visible over the entire panel.

< Higher temperature >

@ The entire area of the panel looks dark (black) and selected dots are not easily recognizable.
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® When the temperature further rises, the entire panel becomes completely black and no selected
dots are visible at all.

After being exposed to an abnormally low or high temperature, the LCD panel normally restores
its original property by itself if it is left at the normal temperature for a while. If the panel is left
in an abnormal temperature range beyond a certain limit of time, however, the liquid crystal may
be permanently affected and the panel may not return to its original operating condition.

2.8.3 Circuit Operations

The LCD panel is structured as a 480 (horizontal) x 64 (vertical) dot matrix and dirven with eight
SED1120 X-direction (vertical) drivers and one SED1130 Y-direction (horizontal) driver. The
SED1120 drivers, each of which can drive 64 dots, are assigned to eight X drive lines
X1 through X8, as shown in Fig. 2-77.

480 dots

N

1 1 133 |65 (97129161193 (225|241 |273|305|337|369|401|433|465

AR AR AR RARARARA R AR

/
SE— 32 | 64 | 96 (128|160|1921224|240|272|304|336|368 (400|432 464|480 %dots

64 | X1 | X2 | X3 | X4 | X6 | X6 | X7 | X8 | X1 | X2 | X3 | X4 | X6 | X6 | X7 | X8

SED1130

Fig. 2-77 X-Y Drive Scheme

2.8.3.1 Chip Selection

The eight SED1120 X-line drivers are cascaded as shown in Fig. 2-78. Data bits are transferred to
one of these eight driver chips, one at a time, by means of a chip-enabling method designed to
minimize power consumption.

X1 X2 X8

El EO El EO El
R () D eE O Fr {X3~ X7) F/F

S il

Fig. 2-78 SED1120 Data Transfer Scheme

2-76




REV.-A

In the above circuit, the Latch Pulse (LP) signal is supplied to the Enable Input (El) terminal of the
first (i.e., X1) SED1120 driver. Once the X1 driver is enabled (the internal flipflop is set ON) with a
single LP signal pulse, the subsequent drivers X2 through X8 can be sequentially selectéd (or ena-
bled) by the XECL signal.

2.8.3.2 Data Transfer

Four data lines are connected to each SED1120 driver and four-bit data is serially transferred one
bit at a time. The data are transferred to a driver and are converted to parallel by an internal shift
register. Fig. 2-79 outlines the timing relationship among the LCD operation signals.

LP —rl I
XECL [

M )

16 pulses

SED1120 X1 | X2 |x3/7L x7 | x8 | | x1
Chip select o

XSCL —I—L———,—l——//__l_—l_
DINO [ [1 /F [

7/

60 56 s)
DIN1 6r1L |5-7l 7/ J1_|
DIN2 6H2 J;SL e D
DIN3 n ﬂ 7/~ ”
63 59 3

Fig. 2-79 LCD Operation Signal Timing

16 pulses of the data strobing signal XSCL are supplied to each SED1120 driver. During each of
these pulses, data bits DINO through DIN3 are strobed. These data bits correspond to particular
display dots and are transferred in sequence, beginning from those corresponding to the
segments of the highest numbers as shown in the enlarged timing diagram in Fig. 2-79. This
operation is repeated on all the SED1120 drives, X1 through X8, to display a single horizontal dot
line. The series of operations needs to be repeated 64 times to display all dotons the entire LCD
panel.
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-~ 2.8.3 X-Y Display Control Timing

Approx. 285 usec

LP -n n
xsct. | UUIIITTTNTIATRTTATI B

le
< =
i I | | I I I I l I l \Approx. 130 usec (3.25 usec x 40)
| Total 120 pulses

-

Approx. 3.25usec

J—Corresponds to 15 XSCL pulses.

XECL—“ "“—J-Inn—-nrI -l

YSPU _I—I —I_
YScL .ﬂ r

Fig. 2-80

Four displayed dots (or four data bits), are transferred by a single XSCL pulse. (480 dots=4 x 120
x SCL pulses). The data bits for one entire dot line in the Y direction, are transferred in a duration
of 130 us.

A pulse signal LP is generated at the came frequency as the XSCL pulse signal. This signal out-

puts the Y-line data output signal YDOO when it is activated. This causes the Y-line drive position
to be advanced by one dot to designate the next dot line.
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Observed LCD X-Line Display Control Signal Waveforms

(Top) LP — measured at CNb, pin 7.

(Second from top) XSCL - measured at CN5,

pin 9.

(Second from bottom) XECL — measured at

CNb, pin 8.
(Bottom) XDO — measured at CN5, pin 10.

S5v 5v S50us

o A
il

5V

5V

AN A0

[

(1

5V 5V 1ps
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Fig. 2-81 LCD X-Line Display Control
Signal Waveforms




(Top) XECL — measured at CN5, pin 8.
(Bottom) XSCL — measured at CN5, pin 3.

The XECL signal selects an X-drive IC
(SED1120) from X1 to X8 on the MAP-LD
board. 16 XSCL signal pulses correspond to
each on XECL pulse, and four display data bits
correspond to each on XSCL pulse. Thus, 64
data bits (display dots) are written to the select-
ed X-drive IC in succession. Fig.2-81 shows
waveforms of the XECL and XSCL signals on
different time base. 15 XSCL pulses corre-
spond to the first XECL pulse and 16 XSCL
pulses correspond to each of the subsequent
XECL pulses.
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2V 500mV 50uS
G
G
2V 500mV 5uS
G
2V
2V 500mV 500nS
G
2V

Fig. 2-81 LCD X-LINE Display Control
Signal Waveforms
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Observed LCD Y-Line Display Control Signal Waveforms

(Top) LP — measured at CNS, pin7. ¢
(Second from top) YSCL - measured at CNS5, 5V [ 5V >50ys'—:
pin 3. .I |
(Second from bottom) YSDU - measured at G H f ﬂ '
CN5, pin 4. I i I i
(Bottom) YSCL — measured at CN5, pin 9. 6 ': i
G n ) n I
| |
: : :
5V I 5V |
L e _ _1
5V 5V >50uS
G
o
G
. RN AT
5V

5v

Fig. 2-83 LCD Y-Line Display Control
Signal Waveforms
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2.8.4 Jumper J5

This jumper allows the user to select one of two frame (FR) frequencios. It switches the FR signal
to change the panel display mode. Jumper terminal A (see Fig. 2-84) is wired when the computer
is shipped. Fig. 2-84 shows the FR signal generator circuit which includes the jumper Fig. 2-85il-
lustrates the timing relationships among various circuit signals.

9a
64 1
L -q1A J5J
P . 160 6 +5 umper
—2A
2Q0A 11 3
SED 9 8

1320 A4y 20C

Loy L.
cq |63 2—) 12

FR
(to LCD unit)

Fig. 2-84 FR Signal Generator Circuit

The LP signal is fed to the first stage of the dual 4-bit binary counter, IC 9a. The signal frequency
is divided down to one sixteenth (285 usec x 16 = 4.5 msec) and is further fed to the second bin-
ary counter. Two outputs are provided from pins 11 (2QA) and 9 (2QC) of the second counter,
which respectively have one 32nd and one 128th of the original LP signal frequency.

About 285 usec.
' JLUULMUULMUUULM_HJLH_M_H,H_

9a Pin6
(10D) | About 4.5 usec.

1QD

20A _-J'_l
_I___

2QC

I

About 36.4 usec. ==

2aPin10

FR

Fig. 2-85 Timing Relationship Among RF Signal Generator Circuit Signals
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The FR signal is supplied to the LCD X and Y drivers to accomplish the display as follows:

Table 2-15

480 dots

1 1 3 5 7 9 |11 113|156 | 2 4 6 8 [10 |12 | 14 | 16

2 |17 {19121 |23 25|27 |29 {31 (1820|2224 |26 |28 | 30| 32

3 |33 35|37 (39|41 |43 |45 |47 |34 |36 |38 |40 |42 |44 | 46 | 48

4 149 | 561 | B3 | b5 |57 |69 |61 |63 |5H50|52 |54 |56|58)|60|62] 64 64
dots

5 |65 |67 |69 |71 73|75 |77 |79 |66 |68 |70 |72 |74 |76 |78 |80

64 [1009(1011({1013({1015|1017|1019{1021|1023|1010{1012|1014|1016{1018(1020|1022|1024

Data are displayed on the LCD panel as dots; numbers in Table 2-15 correspond to dot positions
on the display screen.. At least 64 LP pulses are required to display all the dots. Thus, a data
transfer time of approximately 18.2 ms (285 us x 64) and the same amount of non-data-transfer
time - i.e., a total of approximately 36.4 ms, — are required for each 1-panel display cycle.

The data transfer and non-transfer cycles can be altered as shown in Fig. 2-86 by changing the J5
jumper connection. '

7680-bit transfer time 15360-bit transfer time

Jumper setting :<l> \ r =
' i :

]

1

1

J5=A 1 —

1

] ]

1 I

J5=B }— y

! 30720-bit transfer time

1-panel display cycle

N

Fig. 2-86

Jumper J5 may need to be reset in order to reduce ghost display lines due to the difference in li-
quid crystal characteristics between LCD panels.
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Fig. 2-87 shows actual waveforms of the two FR signals.
(Top) J5, A(IC 2a Pin 10)
(Bottom) J5, B (IC 7c Pin 63) 5V >5mS

5V

Fig. 2-87 FR Signal Waveforms

The proper FR signal should be selected by jumper J5, according to the nature of the liquid crystal

display panel. If the jumper is improperly wired or not wired at all, vertical or horizontal ghost
linesmay appear on the screen.

Select either signal A or B, observing which gives less ghost and better display quality.
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2.9 A-D Converter

This is an A-D converter which has an analog input multiplexer and an input/output serial inter-
face built in. A reference voltage of +2V is supplied to the converter, and is used to compare the
various analog input voltages for conversion as shown in Fig. 2-88

-5V S1 SCK SO cs
f i f

0.1 uF T R60

9 AW

10KQ

O
Temperature 16 2| 3| 4 5 T i
VD y
Battery voltage
x%—‘ 5 { 9-bit shift Sop
4ot 3 register
(Analog input) | 4, 25
o =5
‘—/3 13 ;;‘:’E cs eno| e |
External input signal Sequential F: 85 7CLO RI2
comparison S35 g CLA
VRF Lregister S5 zrxa
i i T g6 c25
Barcode input signal ~ 745 V] g3 2
Reference input A 47p
(ZOV) 3BitD
14 |
is
Fig. 2-88

2.9.1 Operation Control

The +2V reference voltage and a clock signal of approximately 400 kHz are fed from external cir-

cuits when the +5V source is supplied, and the converter is activated. Then, to accomplish an ac-

tual A-D conversion, the following sequence of control operations must be externally provided:

1. Channel Selection
After activating a low cs signal , the first channel selection address bit is supplied via the Sl
signal line, together with one shift clock pulse from the SCK signal line. Repeating this opera-
tion eight times, with the adress bit changed each time in sequence, causes the complete de-
sired channel address to be set to the shift register in the converter. This then goes high. This
causes the least significant bits of the shift register to be set to the address latch decoder and
the channel is selected according to the two bits as shown in Table 2-16.

Table 2-16 Channel Selection

Bit O Bit 1 Analog channel
0 0 O (Temperature)
1 0 1 (Battery voltage)
0 1 2 (External input)
1 1 3 (Barcode)
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2.9.1.1 A-D Conversion

Turning the cs signal high causes the A-D conversion, using the selected analog input channel
when the sequence controller sets virtual bits to the sequential comparison register. An analog
voltage equivalent to the value of the bits set in the sequential comparison register is generated
by the converter and compared with the input analog voltage by a built-in comparator. It is then
determined whether or not to reset any of the virtual bits, depending on the compared result. This
operation is repeated until the exact combination of bits, which is equivalent to the input analog
voltage, is finally set in the sequential comparison register. This sequence of operations requires a
minimum of 56 clock pulses, and the entire sequence is repeated until the cs signal is turned low.
Thus, the sequential comparison register is refreshed approximately 14 every us (2.5 us x 56 =
140 us) because the clock cycle is approximately 400 kHz.

2.9.1.2 Converted Digital Data Read

Turning the CS low causes the sequence controller to stop operating, terminating the conversion.
Approximately 12.5 us (a duration of 5 clock pulses) after this, the internal cS signal, which is
used in the sequence controller, goes low, allowing the converter to be interfaced with the exter-
nal circuit via signal terminals such as SO and SCK, etc. The contents of the sequential compari-
son register have been set to the shift register by this time. Thus, when the shift clock (SCK) pulse
is supplied, the digital data is output over the SO line one bit at a time at the rising edge of the
pulse.

2.9.1.3 Output Data

A specific value of total error is inherent to this A-D converter due to its physical property which
varies depending on reference voltage. It internally converts an input analog voltage to a digital
value of eight bits. However, the total error at a reference voltage of 2.0V is equivalent to the two
least significant bits. Thus, only the six most significant bits are effective.

2.9.1.4 Timing

Fig. 2-89 shows a conceptual basic operation timing of the converter. The minimum conversion
time corresponds to a duration of 56 clock pulses, writch is approximately 140 us (2.5 us x 56 =
140 us) because the clock cycle is approximately 400 kHz. Thus, a total data transfer time of ap-
proximately 400 us is required for channel selection and digital data read.
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2.9.2 Battery Voltage Detector Circuit

The battery voltage delection circuit detects two specific signals from low voltage (approximately

4.7V) and a recharge start voltage {(approximately 5V)

When these voltage are sensed, following sequence is initialed.

® Low voltage.............ccceeeeennn.. approximately +4.7V
When this voltage is detected, the 7508 forces the current computer operation to an end at an
appropriate point (a point at which the terminated operation can be properly resumed) and
switch the main battery to the auxiliary battery.

® Recharge start voltage............. approximately +5V
When this voltage is detected while the AC adaptor is connected, the 7508 switches the
charge from trickle to normal mode.

2.9.2.1 Circuit Operations

Fig. 2-90 shows the battery voltage detector circuit. The battery voltage VB is fed to Ithe divider
circuit, which consists of R69 and R57, through the fuse F1,and the transistor Q32. The divided
voltage is supplied to channel AN1 of the A-D converter. The voltage drop across F1 and Q32 is
negligible and the voltage at the AN1 terminal VAN1 is given as follows:

VB-R57 .
AN1= R69 + R59 AN1 =0.36-VB
® Low voltage: The converted digital value, which is equivalent to the low voltage of +4.7V, is
D9(H) at a reference voltage of +2.0V (the digital equivalent is FF(H)). This value is approximate-
ly equivalent to 1.69V. Thus, the VB voltage of 4.7V should generate a potential of 1.75V at
terminal AN1 as determined by the following expression:
1.69

VB"=036

® Recharge start voltage: The recharge start voltage of +5V is converted to a digital value of
E6(H). Thus, the potential at terminal AN1 should be 1.8V.

IOAA
é’%’(‘)f 7K 41P
4l < 5 R‘ZIB C25
T C
R Lot S
K ]
(ID) UPD 7001 - MA l\ 100K
53 )
= A A A A v G !
¢ ' NN R L RI2
S 0 6 & ¢ aso 3
6? 51108 51K 3 BEK 11110400 /4] 159 gox
) K < Q% ) o
R32ER33S “porz i [REE] 38l
= tHS R |TL RS8
oolcagoollr] |- |- Tees 76 431 10K
[ C i SRS i
s 4 -
30 :'!:'lox=j'<‘f<':cl’ @ P 2, S'}; onp | VB
RSl L | [0 ] 9% Y
) ERT CO3R563A4
Fi
Q32 1 ‘ —
B970 [
[~ IRS
R0 2R
I
VB+
6

Sub-CPU

Fig. 2-90

2-88




REV.-A

2.9.3 Temperature Detector Circuit

When the power switch is off, battery power consumption is minimized by optinizing the refresh
current according to ambient temperatures. The ambient temperature is sensed by a thermistor
and fed to channel ANO of the A-D converter which detects the reference temperatures.

2.9.3.1 Circuit Operations

Fig. 2-91 shows the temperature detector circuit, including the sensing section. The reference
voltage (VRF) is adjusted to +2.0V by VR2. Thus, the potential at point (A) is given as follows, be-
cause of the voltage divider circuit consisting of R76 and R111:

W

4L1P
R60 VW—o—|
] Wb

j Ri121 | C2
403 5 7 8 2
S S S C [ D |6
c 1 o0 L L Lv R o i
0 I A oI [ce0 D10
(1D)UPD 700! MA

- 470
ﬁ ﬁ ﬁ ﬁ Y g 9 I RII 153
3 2 I 0 G _E

H
== VRF Q b
Oluge K 'S'ATé 7
*1% (RB6
2 QR LRs8
<TH ‘ 76 %/sox 3 10K
002 R VR2
C45“@: | ‘&- s GND
00z 711 1%
8 A -

ERT CO3R563AA

Fig. 2-91 Temperature Detector Circuit

R111-Vx
VRF =76 +R111
_ _VRE(R76+R111)
Vx= R111
_ 2(348x103+100x10%) _
Vx = TOETE =2.696 (V)

Potential at point (A)

The potential (A) is also applied to the voltage divider circuit consisting of R86 and the thermistor
TH1, which is the temperature sensor. The potential at the junction of R86 and TH1, VTH, which
is supplied to channel ANO, is therefore represented by the following expression:

R(TH1)-2.696
R86 + R (TH1)

where the thermister resistance R (TH1) has the following temperature characteristic:

VTH =

1 1 .
02732+t 02982 't ¢
As the temperature rises, the thermister resistance decreases, causing the voltage supply to the
ANO channel (VTH) to be lowered.

R(TH1)=56 Kexp 4.3 (
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2.9.3.2 Processing By Sub-CPU After Detection

The sub-CPU 7508 converts the ANO voltage to a digital value based on the reference voltage.
The sub-CPU then finds the points that correspond to 25°C and 45°C, and controls the D-RAM re-
fresh current for saving power consumption as follows:

< Temperature range (°C) > < D-RAM refresh current (uA) >
45 orabove ..........cooeeiiiiiiiiiiiiiinnnn, 1400
25 0rabove.......cccccciieeeiiiivi. 600
Below 25 ..o, 200

2.9.4 Analog Input (ANIN)

The Analog Input (ANIN) terminal in the analog input interface, which is connected to the AN2 ter-
minal of the A-D converter, provides a universal A-D conversion capability which can convert any
analog voltage signal from OV to +2V to digital data from 00 (H) to FF (H). A triggering output
(TRIG) terminal is provided in this interface so that a wide variation of analog devices from a sim-
ple one such as a joystick to a complicated measurement instrument can be connected. The ANIN
signal line may be pulled up to the +5V supply via the jumper J4.

The input signal is limited from OV to +5V by voltage limiter diodes, and high frequency noises on
the signal line are removed by a filter circuit, including the capacitor C37, before being connected
to the A-D converter. Fig. 2-92 shows the barcode control circuit.

TRIGO o 62
10K 1
Analog input interface| ANIN O— ’ +5 C33
RI07 e
100K DA2
GNP RM141 R33
J4 Wy —Wv ANZ
| /Q 10K oK A/D convert
ON !/ OFF DAl c er
R106L O 037'|7;
100Kk ¥ +5
D7
R49 R56 R32
BRDT O— AWV - A AN3
10K | 10K | 51K |(1p)
b7 4PD7001
C36
R23: C32;l;7 ;
2.2K
Barcode interface 2 1
Q10
c2 A
G
BCD
(4C SWBCD
12 O<\r5 P12
12D

Fig. 2-92 Barcode Control Circuit
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2.9.5 Barcode Input (BRDT)

The barcode input (BRDT) terminal is connected to the AN3 terminal of the A-D converter,
through voltage limiter and noise limiter circuits similar to the ANIN signal line described above,
and pins 1 and 2 of the NAND gate 3D. The NAND gate feeds the barcode data input signal to the
read circuit, which is discussed in detail in the next section, “Barcode Interface”. The AN3 channel
provides a route to a special check function for any unacceptable deviation from the nominal vol-
tage levels, +5V and the ground level, of the barcode data signal.

Barcode Interface

There are may barcode systems for each of which a different barcode data read progam is re-
quired. In addition, there are numerous models of barcode readers whose hardware characteris-
tics (which require different barcode color pattern specifications, scanning angles, and/or reading
heights, etc.). This computer incorporates an interface for TTL-compatible, hand-held barcode
readers which are discussed in detail in the following:

This interface has a +5V line terminal that can be used to supply the operating power to the con-
nected barcode reader. The supply is controlled by the barcode reader power on/off (SWBCD)
signal fed from port 12 of the gate array GAH40M which can be directly controlled by bit B of
main CPU address 00.

The barcode data signal line is supplied to the AN3 terminal of the A-D converter, through a vol-
tage limiter and noise eliminator circuits, similarl to the ANIN signal line, and port 14 of GAH40M
(BCD) after being inverted by the IC 3D as described above. There the signal is examined whether
it is active (ON or MARK) or inactive (OFF or SPACE), and each active (MARK) duration (i.e., the
pulse width) is measured under the control of the main CPU. Before proceeding to the discussions
on the barcode interface circuit operations, basic functional theories of a barcode reader and a
sample waveform which it generates from a given barcode pattern are discussed here.

Barcode Reader

Barcode marks printed
on label sheet

Barcode sensor Lens

+5 0—

~

~T~

6 o—t !

BRDT 0 Digitizer Amplifier transistor
circuit

Reflected light

Fig. 2-93 Barcode Reader Funcational Block Diagram
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As shown in Fig. 2-93, the reader has a light source and a reflected light sensor which connects
the optical barcode pattern (a series of variations of contrast, generated by the black stripes and
exposed white sheet) to a series of electrical pulses. Many barcode readers are of a hand-held
type so that each scan inevitably causes a variation in the output pulse signal (BRDT) due to differ-
ence of scanning speed as shown in Fig. 2-94.

Scanning speed 1

Scanning speed 2

Fig. 2-94 Barcode Data Signal Variation Due To Scanning Speed Difference

If the pattern were read at almost the same scanning speed (i.e., at a constant barcode movement
speed), the ratio of the corresponding marks and spaces would remain the same. Thus, the pat-
tern could be correctly read in principle by supposedly triggering a time measurement mechanism
with each pulse, measuring the time between the pulses, and processing the pulse intervals based
on a reference timing obtained from the measurment. This sequence of operations are actually
accomplished by software as discussed below.

Barcode Data Processing

Read barcode pattern data are detected and processed under the control of the main CPU. A trig-
ger pulse, which is generated by the leading and/or trailing edge of each arriving barcode data
pulse and a free-running counter (an endless counter which repeats counting from 0000 (H) to
FFFF (H) are used to detect the pulses; a data pulse is detected by comparing the counter value at
the time a trigger pulse is generated and at the time the next trigger pulse is generated.

Fig. 2-96 illustrates the operation.
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Clock
WRESET RESET
FRC (upper 8 bits) |le=— FRC (lower 8 bits)
Overflow
0003 Read 0002 Read
) Main CPU
ICR (upper 8 bits) ICR (lower 8 bits) (4A)
0000 Read
Data bus J‘>
0001 Read
Trigger mode | 0000 Write
A-D converter Interrupt control
CTRL CTRL (IER) 0004 Write INT
r——===n
1 |
ICF (Input Capture Flag) —1 GAH40D m
L)
Fig. 2-95 Barcode Data Read Circuit Block Diagram
The barcode data read control is initiated by Table 2-17 BRDT Triggering Modes
an interrupt issued from the gate array
GAH40D to the main CPU. It occurs when | ~ddress 0000 BRDT triggering mode
the input capture flag (ICF) is turned ON by a Bit 1 Bit O (polarity)
barcode pattern read (i.e., reader scanning). _ .
The trigger may be generated at a different 0 0 Triggering is disabled
point or points on the pulse, depending on 0 1 1 Triggering at falling edge
the BRDT triggering mode selected by the _ .
user. (See Table 2-17.) 1 0 _f Triggered at rising edge
When interrupted, the main CPU first reads Triggered at both rising
address 0002 to store the lower eight FRC 1 1 _f 1 and falling edges

bits in the corresponding lower half of ICR,
then it reads address 0003 to store the upper
eight FRC bits in the upper half of ICR, and resets ICF, removing the triggering signal. At
the time the trigger pulse is generated, the main CPU reads addresses 0000 and 0001
to determine the FRC count value; ICR maintains this value until it is updated by the next FRC
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read, while FRC continues counting until another interrupt by the BRDT trigger pulse occurs. The
next pulse repeats the operation. In this manner, the main CPU can accurately read the barcode
pattern data by means of software.

The BRDT signal is also connected to the A-D converter; converter output is used to examine the
barcode data signal for any unacceptable deviation from the nominal voltage levels and has noth-
ing to do with data read.

R52
TRIGO Wy * P62
10K | (2E)
Analog interface| ANIN & * 7508
R107
100K
- GND
e AN2
9
ONJ{//OFF
R106=
+5
1OOK%
D7
R49 R56 R32

BRDTO— . AN~ N\/VTW\,——— AN3
10K 10K _| 5.4K (1D)
T s c36 #PD7001
R23 I

Barcode interface 2.2K i |
Q10
+5 O ve
. NF
c2 9 3
GO—¢
BCD
7 0

SwWBCD
12 045 P{2

12D
Fig. 2-96 Barcode Interface Circuit
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Fig. 2-97 shows an example of the barcode patterns. (This pattern is for low-resolution of CODE
39.

‘ |!|I“‘"I.IlII'"I.IIII'!HI,J;m l!l' At

Fig. 2-97
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2.10 ROM Capsule

The ROM capsule can hold two 256kB ROMs and is controlled by the gate array GAH40S. A
power supply line which generates and supplies +5V power from the VB line to the capsule, as re-
quired, is also included in the circuit. Fig. 2-98is a block diagram of the ROM capsule and its con-
trol and data lines and buses.

9E Ca—
ROM # 2
(OO00OH ~ 7FFFH) <
O
Q
= >
o g
2 e
~ w
10E < ©
ROM # 1 Z 6303
(8000H ~ FFFFH) I (13D)
N
cC C
GAH40S E FS>
10
W AB14
° AB15
ROM capsule E
powr (+5V) supply AS
R/W
DAO ~ 7 >
Fig. 2-98

2.10.1 Addressing

Two 2767 (8kB), 27128 (16kB), or 27256 (32kB) ROM can be mountedto the ROM capsule and
are accessed via the 6303 slave CPU as follows:

The ROMs are addressed using the data address lines DAO through DA7. An address is therefore
set in GAH40S in two parts. GAH40S has two 8-bit PROM address registers; High and Low,
which can be directly accessed as an /0 address from the slave CPU.

The most significant bit (MSB) of this set of address registers is used to select either ROM # 1 or
# 2 (i.e., serves as the chip select bit). Fig.2-99 is a block diagram conceptually illustrating ROM
capsule addressing.
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——->‘ ROM # 1 j
M select
ROM selec ={ ROM=2 Dat‘a :—'> 6303
register|

PROM address PROM address
register (Hirgh) 7 6 5 4 3 2 1 O 7 6 5 4 3 2 1 O register (Low)
R/ISB LSIg
A L—Address 0023H

Address 0022H

DAO ~ 7 6303

Fig. 2-99
ROM data is read by a read at I/O address 0023H from the 6303.

2.10.2 Power control

The +bV ROM power supply is controlled via, the 6303, by accessing the command register in
GAH40S. The process is similar to the ROM data read. The SWPR signal, which turns the power
supply on and off, corresponds to bit O of the command register (I/O address 0021H), which is
under the direct control of the 6303.

N GAH40Ss
Data - — — — ROM 1
Slave ————\/

CpPu :T‘
6303

ROM 2

AL
)

Address 0021H — — — ] 0021 SWPR +BV regulator
4= -1 ROMcapsule
power supply

Fig. 2-100
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This power supply is controlled using a 3-second timer and operates as follows:
(1) When power is off
The SWPR signal enables the voltage regulator. 50 ms later, ROM is read and the timer is trig-
gered.
(2) When power is already on
ROM is read and the timer is triggered.
The above 3-second timer is used to enable the voltage regulator only during ROM read; the regu-
lator is automatically disabled if ROM is not read within three seconds. ROM access is made effi-
cient in cases where many ROM reads are repeated within a short period of time by eliminating
the 50 ms wait time required for regulator stabilization. Fig. 2-101 illustrates an outline of the re-

gulator control.

ROM read

Regulator output

|
I
|
I

|
|
|
| |
e k] SJRO™S ] j20ms

3 second .3 second 3 second

r---f

Fig. 2-101 ROM Power Voltage Regulator Control

2.10.3 ROM Data Format
It should be noted that the logical addresses Table 2-18
(memory addresses as seen from the main CPU)

ROM Address
and the actual ROM addresses do not com-

. ] Logical 2764 27128 27256
pletely match, as shown in Table 2-18. Logical address (8 kB) (16 kB) {32 kB)
addresses are used in the following descrip- 0000 0000 0000 4000
tions on ROM data format. S

1FFF
3FFF 3FFF 7FFF
4000 OOSOO
7FFF 3FFF
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MINi: 0040
OO|OO 00,20 Mex: O3FF 2764 : 1FFF
! ' 1 27128: 3FFF
vy ' 27256: 7FFF
One to three
Header directories Data block

c 1 2 3 4 5 6 7 8 9 A B C D E_F

T I
Capacity Check SUM
EBH37H in KB L H System Name ROM Name
. 1
ROM Name (continued) n “\" Version No. Date
00-99 M M D D Y Y

Number of directory entries plus 1

Fig. 2-102 ROM Data Format

® “E5” at the beginning of the header is the null code and has no special meaning. This null code
is put here merely because the operating system deals with ROM as it would a floppy disk
which always contains “E5”. (The null code is written on all floppy disks when initialized.)

® 37" in the second header byte position indicates that the file is to be used with this computer.

® Two ROM capsules may be dealt with as a single floppy disk drive. By setting the most signifi-
cant bit (NSB) of the third byte in the first ROM header (for lower address space) to 1, the entire
second ROM capsule can be used as a data block.
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This interface is controlled by the programmable serial controller 82C51 (IC 2C). The interface re-
quires special voltage supplies that meet the RS-232C standard. +8V sources are provided from
a DC-DC converter regulator which generates the voltages from the battery voltage (VB) under the

control of IC 4C.

2.11.1 RS-232C levels
The RS-232C standard defines the space state as being between +25V and +3V inclusive, and the
mark state be between —-25V and -3V inclusive. This circuit uses the DC-DC converter to generate
the voltage sources of =8V from the battery voltage (+5V) for the RS-232C levels. Table 2-19
summarizes the relationship between the levels and data signals.

Table 2-19
. A . Start/Stop Bit in
Voltage Level Data Signal Timing Signal State Start-Stop System
+8V 0 On Space Start bit
-8V 1 Off Mark Stop bit

The interface circuit uses the receiver circuit shown in Fig. 2-103, which can receive up to maxi-

mum levels of +25V.

Input
(RS-232C levels)

+5

10K

(Input waveform)

4049 G
Output
(TTL levels)

100K

(Output waveform)
G

Fig. 2-103

The RS-232C input signal is converted to TTL level by the two limiter diodes after passing
through the 10 kohm resistor.

2-100




REV.-A

A circuit diagram of the RS-232C interface circuit.

+5
o —2i—ollelslal 1z .
s S 4 t CTd
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10K [ 0
é TXD [To CN8
—— |option interface
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01
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Fig. 2-104 RS-232C Interface Circuit

2-101




2.11.2 RS-232C Interface Circuit Operations
The base transmit/receive clock signal is supplied from GAH40M and data are converted from
parallel to serial and vice versa at the same rate as the base signal; one sixteenth or one sixty-
fourth of the base rate can be selected using the mode instruction register. The baud rate genera-
tor in GAH40M needs to be set to the desired rate before an RS-232C operation is initiated. The
data read/write and interrupt are controlled by the main CPU and via the GAH40M.

2.11.2.1 Baud rate Generator Setting
The baud rate generator can be set by modifying bits 4 through 7 of the register, I/O address 00,

through a write from the main CPU:

—— O

Table 2-20 Baud rate Generator Settings

REV.-A

Bit 7
it6
Bit
{ Bit 4
B|B|B|B Baud 8251 Baud 8251
R|R|R|R TXC RXC Ratex 1/16 Rate x 1/64
G| G |G |G (8251 clock)
3121110 X RX TX RX
o|o|0]|oO 1.74545K 1.74545K 110 110 e — —_
OO0 |01 2.4K 2.4K 150 150
o|lo|1]o0 4.8K 4.8K 300 300
OO0 |11 9.6K 9.6K 600 600 150 150
oO|1{0]0 19.2K 19.2K 1200 1200 300 300
Ol1/]0]1 38.4K 38.4K 2400 2400 600 600
ol1|1]0 76.8K 76.8K 4800 4800 1200 1200
o111 153.6K 153.6K 9600 9600 2400 2400
1/10/01]0 19.2K 1.2K 1200 75
1101]0 1 1.2K 19.2K 75 1200 e — -
1/0/1]0 307.2K 307.2K 19.2K 19.2K 4800 4800
11711010 3.2K 3.2K 200 200

* For asynchronous transmission/reception (start-stop bit system), the transmit/receive clock
rate is internally obtained by dividing the base signal down to one sixteenth or one sixtyfourth.
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2.11.2.2. Data Read/Write

A read/write at I/O address OC or OD from the main CPU causes the Chip Select (CS) signal and
the Read (ﬁ) or Write (WR) signal to be issued from the address decoder circuit in GAH40H. An
/O address ABO is connected to pin 20 and dealt with as the C/D signal.

Thus, address OD is used as the command address of the 82C51 and address OC is used as the
data address. Fig. 2-105is a block diagram illustrating the read/write control flow.

GAH40M 82C51
oc (0]03
[Address bus<::y Data buffer C__“
Addressdecoder | | | | b — —— — -
Receive |Transmit
Main CPU
Ty IR A\
RD R/W control
WR
— IW
10RQ Control register C:
ABO
C/b 0D
Data bus
Fig. 2-105

* The transmit and receive buffers can hold only one byte each. Thus, the main CPU transfers
data byte by byte.

2.11.2.3 Interfacing

The RS-232C and option unit signal lines are connected to the transmit and receive signal lines
(RXD and TXD) and their input and output are controlled by the 82C51. To prevent the two in-
put/output signals from interfering with each other, the input/output of the RS-232C signals is
enabled and disabled by the AUX signal from GAH50M (which can be controlled by bit 5 of I/0
address 02). Fig. 2-106 shows the control circuit.

. 82C51
RXD 10 42
3E 11 3
8 13 ) 3E | RXD
RS-232C <
(2C)
4 _T_L)(g} Option unit
S AUX
| TXD 12D [ 5 l_ 19 | 1y

Fig. 2-106 RS-232C RXD and TXD Line Control Circuit
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The AUX signal is supplied to pin 4 of IC 12D and pin 8 of the IC 3E. When this signal goes low,
the two AND gates are disabled and the RS-232C interface is diactivated. And input/output
from/to the option unit is possible. When the AUX signal goes high, the RS-232C interface is en-
abled and the option unit is deactivated.

2.11.2.4 Operation Timing

Handshaking of this interface varies depending on software specification. Fig. 2-107 illustrates
the timing relationship among the interface operation signals.

SWRS (—

+8V —f

INHRS —

DTR

=g

Transmitter DSR

RTS

CTS’

S
Data S T IS
(space/mark) L 7191 {2]314)518)7 e T01,2345|g7

V-0
—HW0
-

Receiver CD

Fig. 2-107 RS-232C Interface Signal Timing Relationship

< Setting up for Communications >

The interface set-up operations are common to RS-232C transmitting and receiving. The SWRS
signal from GAH40M first enables the +8V regulator. At the same time, the INHRS signal is
activated to prevent the regulator output from being supplied until it rises beyond a certain level
and becomes stable. Then, the interface issues the DTR signal to check whether the connected
modem is ready. If ready, the modem responds to DTR with the DSR signal and waits for the

arrival of the RTS signal or carrier (CD). In the following discussions, either RS-232C interface can
be transmitter or receiver.
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< Transmission >

The transmitter interface issues the Request to Send (RTS) signal to its modem. This causes the
modem to output a carrier over the communications line to put the receiver RS-232C interface in
the receive state. After this, the modem returns the Clear to Send (CTS) signal to the transmitter
interface. This causes the interface to initiate a serial data transmission. The modem modulates
and transmits the data bits over the communications line.

< Reception >

The carrier, arriving over the communications line, is detected in the receiver modem after passing
through a hand-pass filter. This state is informed to the receiver interface via the Carrier Detect
(CD) signal. The interface assumes the Ready-to-Receiver state and the subsequently arriving data
is demodulated by the modem and is read by the receiver interface. Fig. 2-108 illustrates the sig-
nal follow, including flow over the communications line.

DTR DTR .
RDY T+ r{RDY Receive
. DSR I ! DSRr_ | side
Transmit - L.
side
RTS c RTS
OSCy T~ 2 - =
cts | T 3 | CTS _
Communications line B
| . £
T™D_| | = 7 = & €D
T RXT
A : '
«

I 3 4\

| s} 1

| = |

) Transmitter modulator/ Receiver modulator/ \\
,/  demodulator (modem) demodulator (modem)  \

RS-232C levels RS-232 levels

Fig. 2-108
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2.11.2.5 Signal Level Conversion

REV.-A

An IC 75188 (USART) is inserted in two RS-232C interface output signal lines to convert the TTL

levels to the RS-232C levels of +=8V.

A limiter circuit consisting of two diodes is used for the level conversion from RS-232C to TTL.

Fig. 2-109 shows the individual circuits.

< Output signal lines >

There are three output signal lines; RTS, TXD
and DTR. RTS and TXD are converted by the IC
12C (75188). DTR is normally pulled up to the
-8V supply and it is driven to +8V only when
DTR goes low.

< Input signal lines >

There are the four input signal lines; RXD, CTS,
DSR, and CD. These signals are converted by
the limiter diode circuit shown in the figure.
Mark (negative level) causes a current through
the diode B, clamping the input to IC 4049 at
the ground level. Space (positive level) causes a
current through the diode A to the +5V supply,
clamping the input at +5V.

RTS—2[120)3 4 o RTS
Cc31
14 -
+8V
Yo TXD
TXD 5(12C ]

L
75
(INHRS)
8V

+8V}j f
DTR

5V

GND

. -~ DTR
A
-8V I
|
To RS-232C
interface
+5
A
4049 10K
100 B
(Input)
(Output)

Fig. 2-109

* This interface circuit uses RS-232C levels of +8V. The standards define the levels as follows:

® Mark - logical “1” (stop-bit level): -3V ~ -25V

® Space - logical “0” (start-bit level): +3V ~ +25V
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2.11.2.6 Reception

The input interface line signals RXD, CTS, DSR, and CD can always be read, regardless of whether

power is on or off.

That is, the RS-232C interface supply voltage regulator needs not be turned on only for reception
provided that the CD (DCD) signal is monitored with the DSR signal held high or the reception

check is disabled.

® The 10 kohm current limiting resistor insert-
ed on the receive signal line as shown in Fig.
2-110 protects the connected device from
excess current or voltage drop. The next vol-
tage limiter circuit, consisting of two diodes,
and converts the RS-232C line levels from
the mating transmitter to the O/+5V TTL le-
vels. The 100 kohm resistor pulls the limiter
output down to ensure that the inverter IC 9B
to functions properly.

2.11.2.7 Operation Mode Switching

The transmit/receive lines between the option
unit (if connected) are connected to the trans-
mit/receive data lines (TXD/RXD) between the
serial controller 82C51 (2A), as well as to the
those lines going to and from the RS-232C in-
terface, as shown in Fig.2-111.

These two pairs of lines cannot be controlled
simultaneously. It is necessary to enable one
either pair or no other. This is accomplished by
the AUX signal, issued from gate array
GAH40M. This signal is controlled by the main
CPU using bit 5 of its I/0 address 0002. When
the bit is O, the AUX signal is held low, disa-
bling the transmit/receive data lines to/from
the RS-232C interface at gates 3E and 12C re-
spectively. When the bit is 1; i.e., the AUX sig-
nal is high, the data lines are disabled. Thus,
the option unit data lines must be disabled at
the option unit in order to prevent mixture of
the signals.
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2.12 Serial Interface

This interface is provided by using the serial port of the 6303 slave CPU. A baud rate is obtained
by dividing the 614 kHz system clock supplied from the 6303 according to the command sent
from the main CPU. Fig. 2-112is a circuit diagram of the serial interface.

19
8 2:2 — Slave CPU 6303
71pi4
L P23
P24
G ] E
12__ GND
12 |1 BTvY 2
(INHRS) T2 e
Q18 Collector al6 SERIAL
CN6
9 8 -8
{62Cp_—DET_omUT 7
PRX |3
RM 89
O PIN 6

M
12 ”100’(2
9B 7 ;;; '
B r

Fig. 2-112 Serial Interface Circuit

2.12.1 Power Supply

The driver (12C) and receiver (9B) circuits in this interface are the same as those used in the
RS-232C interface. Thus, the same =8V voltage regulator is required, which is also controlled by
the gate array GAH40M. See paragraph 2.5.3 for details of the regulator operation.

2.12.2 Data Transmission Rate

A baud rate can be determined by varying the internal frequency division of the clock signal to the
slave CPU (2.4576 MHz). One of four baud rates, 38.4K, 4800, 600, and 150 bps, can be select-
ed. The baud rate selection is accomplished by rewriting slave CPU address 0010 (the Slave CPU
transmission rate/mode control register) as shown in Table 2-21. (The original frequency of
2.4576 MHz is quartered within the slave CPU to the 614 kHz operating clock signal.)

Table 2-21 Option Unit Data Transmission Rate Selection

Address 0000 | Frequency Division Ratio (Frequency o
o ) ) Transmission Rate
Bit1 | Bito |Division to the Operation Clock Signal)
0 0 1/16 26us 34800 bauds
0 1 1/128 208us 4800 bauds
1 0 1/1024 1.67ms 600 bauds
1 1 1/4096 6.67ms 150 bauds
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2.12.3 Interface

The signal voltage levels are the same meaning that used in the RS-232C interface, as shown in

Table 2-22.

Table 2-22 Data Signal Voltage Levels

. Corresponds to Start
Voltage Level Data Signal State or Stop Bit State.
+8V 0 Space Start bit
-8V 1 Mark Stop bit

® The Transmit (PTX) signal line is controlled by the INHRS signal via transistor Q16 inserted
across that line and the -8V supply. This is required to suppress the regulator output, prevent-
ing its rise time irregular voltage waveform from being recognized as a start bit by the connect-

ed device.

® The PRX and PIN signal lines have a 10-kohm current limiting resistor, a voltage limiter circuit,
consisting of two diodes, and a 100 kohm pull-down resistor, as shown in Fig. 2-113.
The current limiting resistor protects the connected device from overload and voltage drop.

The voltage limiter converts the +8V RS-232C levels to the 0/+5V TTL levels.
The pull-down resistor ensures that the IC inverter to functions properly.

Slave CPU

+b

Fig. 2-113
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2.12.4 Circuit Operation
The interface allows the following full-duplex data transmission between the computer and the

connected device:

Number of start bits: 1 bit
Data length: 8 bits
Number of stop bits: 1 bit
Parity: Not used.

The POUT and PIN signals, which respectively, indicates whether the computer (or the connected
device) is in the transmit or receive state. However, these signals will rary depending on the con-
nected device and/or the application program used in the computer. See Fig. 2-114.

Computer Connected device
Control signal
POUT g PIN — — 7
PTX Transmitted data >| pRX
Control
i t
PRX Received data PTX circui
dy) signal _I
PIN Status (Ready) signa POUT — —

Fig. 2-114 Serial Interface Signals
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2.13 Speaker Circuit

A cone speaker is built in on the back side of the MAPLE board. An external speaker can be also
connected as required.
(1) Input signal
The following three signals are input to the speaker circuit:
® Microcassette read signal — may be a sound source.
® Slave CPU 6303 output.
® Expanded interface SPI signal.
(2) Output control
The output to the speaker is controlled by the slave CPU 6303 via its port 17 as follows:

Port 17 level Control
High Enables the speaker circuit.
Low Disables the speaker circuit.

® The output level to the speaker can be adjusted by a variable resistor.
® The internal speaker is automatically switched to the external speaker when the speaket
cord jack is connected with CN11.
(3) Speaker
The built-in speaker is a 200 mW, 8 ohm cone speaker with a frequency range from 600 Hz to
10,000 Hz.
Note: The BEEP command can specify up to 2500 Hz.

2.13.1 Circuit Operations

The speaker circuit includes an operational amplifier (NJM 386, 8B) whose operation voltage is
controlled by the slave CPU 6303 via port 17. When port 17 is at the high level, the operational
amplifier is activated. See Fig. 2-115.

SPI (Speaker Input from option unit)

From slave CPU 6303, port 16 (pin 19)

RDSP (Microcassette read data)

From slave CPU 6303, port 17 (pin 20)

EXSPC]

8
7 > @ SP
+ F0 s+~ CS
A REB 150y 10K 13 cvochEFw 10y

-2 100K
RM 8

Fig. 2-115 Circuit Operations
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When the operational amplifier is activated, the SPI, RDSP, and slave CPU output signals are fed
to the non-inverted input terminal (pin 3) of the amplifier through the respective resistors and the
capacitor C18, are amplified and the output is obtained at pin 5.

The inverted input terminal (pin 2) is grounded. When the voltage at the negative pole terminal of
C18 deviates from the ground level, therefore, the voltage divided by the variable resistor VR1 is
supplied to the non-inverted input terminal (pin 3) and amplified.

C18 is inserted to reject the DC component of the incoming signals.

2.13.2 System Outputs to Speaker

Any one of the sounds listed in Table 2-23 can be output to the speaker(s) from the system via the
BASIC SOUND command, e.g., /n the application program.

Table 2-23 System Outputs to Speakser

Occasion

Sound

Power on in Restart mode

One short sound of selected frequency

Power on in Continue mode

One long sound of selected frequency

Before password entry

One “peeroe”

Alarm/wake while power off

Three “peeroes”

Alarm/wake display

Three “peeroe”

The buzzer is sounded by a combination of the above sounds.

Example: When the computer enters the Restart mode at the Wake time while power is off.

Three “peeroes’” and one short sound of the selected frequency occur.
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Ovserved Speaker Output Signal Waveforms
(Top) RD — Measured at IC3, pin 1.

(Bottom) RDSP — Measured at CN1, pin 5. 200mV 200mV  >50uS
* Adjusts the volume control variable resistor

VR1 at the middle when playing back AZI- \/-\/\_

MUTH tapes.

200mVv 200mV

Fig. 2-116

When the variable resistor VR1 is set minimum, the RDSP signal has almost the same phase as

the output signal at IC3, pin 1. However, its phase amplitude decreases as VR1 resistance in-
creases.
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2.14 Dynamic RAM

As shown in Fig. 2-117, eight address lines, one data input, and one output line are connected to
the D-RAM, which is controlled by four signals; W, RAS, CAS, and RF.

l\ g Output O DO
AO ~ 7 A1 = ! buffer
g i
S Cell matrix Input
3 buffer
3
— o
o Timing pulse —
generator |—O W
7? circuit
> Column decoder (128) © DI
—_— Row timing pulse Column timing pulse —
RAS © generator circuit generator circuit O CAs
Refresh address counter Refresh controller RF

Fig. 2-117 D-RAM Control Functional Block Diagram

< Address lines >

Each D-RAM chip has a capacity of 64k bits, permitting only eight lines to be addressed at a time.
Therefore, GAH40D sends the upper and lower eight bits of the 16 bit address lines from the main
CPU separately. This adress mode is illustrated in Fig. 2-118.

Address output I ® @

from main CPU

16 address 8 address
lines lines

——'\ GAH40D ———’\? ]
Main Ao —/ | GAH40D ‘
CPU —/ |—2- j ':—; 3 address decoder 3 @© x @

laz | |

o o | —

¢
IA'P ._J RAS ®

CAS

Address decoder

Fig. 2-118 D-RAM Addressing Control
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2.14.1 D-RAM Accesses

The D-RAM is read/written and refreshed via the gate array GAH40D. The D-RAM is a quasi
C-MOS product (the output section is built with C-MOS and the internal circuitry uses N-MOS),
which requires a relatively large amount of operating current. Consequently, a power-saving fea-
ture is provided, which selects a minimum safe refresh current, depending on ambient tempera-

ture.
Address line0 ~ 7
pw | (®A) . (7E) /“" L'\ (6D) /L-] L'\ (6E) /LJ ’_’VN (7D)
—™~RF Bit6 | |— Bitd }—| | Bit2 }— Bit O
DCAS | GanaoD b—=w
> RAS
AL LN AL LN AL LN
Bank > CAS (5D) / (4F) (5E) \ y (4D)
control Bit 7 Bit 5 Bit3 Bit 1
DatabusO ~ 7
‘E? Main CPU
N GAH40M IPL ROM
| r
Bank O} L_{CTLRREG |-~
BK2 _J_ Option unit (RAM disk) B
.
5 :C_SA_H_490§ 64KB/128KB
Sub CPU 7508

An external 64kB or 128kB D-RAM memory can be expanded as an option unit, which can also be
battery-backed up, as shown in Fig. 2-119; the refresh signals DW and DCAS are also supplied

Fig. 2-119 D-RAM Configuration

from the sub-CPU 7508 to the option unit.
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2.14.2 D-RAM Refresh by Sub-CPU
The D-RAM refresh feature is enabled whenever the D-RAM is not being accessed by the main
CPU. The feature refreshes the D-RAM using two signals: DW and DCAS. Refresh is performed

in one of three modes, automatically selected depending on ambient temperature.

1) Operation modes
The Sub-CPU 7508 monitors the ambient temperature, which is read as a resistance variation
of a thermistor connected to channel ANO of the A-D converter 7001, and an internal control
program determines one of three predetermined temperature ranges into which the read valu
falls. The sub-CPU sets the states of ports 72 and 73 according to the selected temperature
range. The range is indicated to the gate array, GAH40D, which internally generates two re-
fresh control signals CAS and WE, and supplies them to the D-RAM chips. Table 2-24 sum-
marizes the relashionship between the modes and the control signals.

Table 2-24 D-RAM Refresh Mode and Contrl Signals

REV.-A

Ambient Control signals to D-RAM Control signals from 7508 to GAH40D
Refresh temperature
mode range (°C) CAS WE DCAS DW
TH 45 ~ H 0 0
™ 25 ~ 45 H L 0 1
TL 0~ 25 L o 1 1

2.14.3 D-RAM Refresh by Main CPU
The main CPU refreshes the D-RAM by issuing the lower serven refresh address bits and the

MREQ and RF signals after each operation code fetch during the M1cycle. The actual waveforms
of the related signals are shown in the following:
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Observed signal waveforms
RAS and CAS signals

(Top) RAS signal — measured at IC 6A, pin
17

(Bottom) CAS signal — measured at IC 6A, pin
44

Menu display

(Top) RF output — measured at IC 6A, pin
40

(Bottom) Z-RF input — measured at IC 6A, pin
29

\\Enlarged

</

>2v 200nS
G—M L
D

>5V

Fig. 2-120 RAS and CAS Signal Waveforms

G I
S

Fig. 2-121 Z-RF and RF Signal Waveforms
During Menu Display
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Read/write_

(Top) RF ouput — measured at IC 6A, pin
40

(Bottom) Z-RF input - measured at IC 6A, pin
29

REV.-A

>2v | 5uS

|
L2V
Enlarged
>2V 2yS
G
G
>5v

Fig. 2-122 Z-RF and RF Signal Waveforms
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3.1 Microcassette

The microcassette tape is controlled by the 6303 slave CPU. The unit requires a comparatively
large power supply because of the mechanical functions it performs. It is powered only when
used. Fig. 3-1 is a block diagram illustrating signal flow to and from the microcassette.

SLAVE I

cru Ko GAH40s K" MMC board

6303 |
I

[

j |

Power supply I

A MAPLE BOARD +

" Microcassette

mechanism

Fig. 3-1 Microcassette Tape Operation Control Block Diagram

3.1.1 Slave CPU Functions
The 6303 slave CPU directly controls all microcassette tape operations using the following sig-
nals:
HSW: Indicates the current position of the read/write head (LOAD/ UNLOAD).
WE: Indicates whether the microcassette is write-enabled.
(detects the presence of the microcassette write inhibit tab).
ERAH: Erase signal.
HMT: Head pinch motor drive signal.
D: Write data.

3.1.2 Gate Array Functions

The gate array issues or accepts the following signals under the control of the slave CPU:
MTA - MTC: Capstan motor drive control signal
CNTR: Tape count detection signal (photo-reflector detection signal)
RDMC: Read data

SWMC: MMC board and mechanism operation power control signal

3.1.3 Microcassette Tape Data Format

Data are recorded on a microcassette tape in blocks of 256 bytes and all cassette tapes are
accessed in blocks. Fig. 3-2 illustrates the structure of a data block.
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Block check character field
Preamble

|
I |

Synchronization field Block identification field Data field Postamble
,______/\___\(_/g N /L —
A series of Block number
------- . F
FF 80-bit zeros Flaa | { FF | AA FF
| | 4
| : Block identification number | L_Block check IBG
| | | character value by
! | ——"H": Header block l Cyclic Redundancy
IBG | ) | Check (CRC)
| Block identifier L “D": Data block |
|
|
! : “E": EOF block |
|
| 1 ' |
IL*‘ + Processed by CRC feature — ————_gu]
|
|

!
|
}-‘—-— Block length ————my
| |

Fig. 3-2 Microcassette Tape Data Format

One tape reel (or one tape volume) consists of a directory and one or more files. The directory
consists of three blocks; the first block contains identification data for the tape and directory and
the second and third blocks contain control data for the files.

One file consists of a header block, one or more data blocks, and an end-of-file (EOF) block. Fig.
3-3 illustrates the general data structure of one reel.

Tape reel (volume)

Directory File O File 1 5& File N
! T T e— ‘
I T -
| - = -
! First block Second block Third block — — — __

-

Tape and directory identification data |File control data (for up to 8 file

s)l File control data (for up to 4 files)]

~

v

These data are read
into memory by MOUNT.

|

File n

Header block

Data block 1 Data block 2 Data block n EOF block

IFiIestructuredataT File data T Filedataj 53 l File data J File data l

o |

Fig. 3-3 Cassette Tape Reel Structure
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3.1.4 Outline of Microcassette Mechanism

i fom———Wiite enable (WE) switeh
Microcassette tape rite enable (WE) switc

o O

KCapstan shaft "W w
O
. /T
7
roC ‘z\ U ] Read/write (R/W)
! 6 head
; \ — [
| Head pinch roller R/W winding Erase winding
I
Moved back and forth by the head
pinch motor. Side view

(=]

-

[

7=

Write inhibit tab (write-inhibited when
bent in)

-
|

'/Cassette tape
( TS ——__Right reel
Leftreel\l;:( H \: .’ I \‘/ . .
Lo Laas ototransistor
Jy i 3
gD -

~ -

Reflection plate

Light emission diode

HSW switch —
, \/—\
\ \
| 1
\\ 7 g Pinion rack \

Head pinch HSP switch

motor *

Tape is loaded when the switch breaks.

CAM = Loading/unloading is accomplished by slid-
ing tape on the pinch roller and read/write
head using a cam motion.

Fig. 3-4
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3.1.5 MMC Board
The MMC board consists of two major sections, the motor drive control and read/write, which
provide the following functions:

3.1.5.1 Motor Control Section
The motor control section occupies the upper half of the MMC board and controls the capstan
motor and head pinch motor drive, and tape count detection. The individual circuits are discussed
in the following:
(1) Capstan motor drive circuit

This circuit uses two ICs: IC1 and IC2. IC1 controls motor drive circuit switching and 1C2

controls motor revolution speed.

® Motor drive circuit

Fig. 3-5 shows the internal circuit of IC1.

VB SW o q
Q! F IC2 Pin6
[ ZIS DI Jgoz 1
_‘r\/ Q4 Q6 j
Q2
MTA ﬁ
MTB ,D—" — v N
X +{, 05 Q7 y
03 j’>°" =2 I; E3
NN
B
./
o) o)
M+ M-
l |
L"(\ M/ :" - Capstan motor

Fig. 3-5 Motor Drive IC Circuit

The circuit switches the polarity of the voltage applied to the capstan motor. Simplified circuit
descriptions follow. While the actual circuit operation is more complicated, the basic operation is
the same.

3-4
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Table 3-1 Cassette Tape Operation Truth Table

Operation MTC |MTB MTA| 2% Head Position
READ (Replay) 0 0 1 0 Load
WRITE (REC) 0o 0 1 1 Load
REWIND (FAST) 171,01 o Unload
REWIND (SLOW) o/ 1 o, o Unload
F.F. (FAST) 10 1 o0 Unload
F.F. (SLOW) 0 0 1| 0 | Unload

MTA =High, MTB = Low

Since both the signals are supplied to the exclusive OR gate A, the base of the transistors Q2 and
Q3 are held high, maintaining them in conduction. This causes the emitter of Q2 to be held high
which in turn maintains transistor Q7 in conduction, holding the M- terminal of the capstan motor
at ground level. The low signal inverted by inverter C turns transistor Q4 on which drives the ex-
ternal transistor Q1, supplying the VBSW voltage to the M+ terminal of the capstan motor. This
results in a forward capstan motor drive which winds the tape. (The motor control transistors Q4
and A7 are in conduction.)

MTA = Low, MTB = High

Both Q2 and Q3 are in conduction similare to the above phase. However, the high level at the col-
lector of Q3 maintains the transistor in conduction this time, causing the the M+ terminal of the
capstan motor to be held at ground level. The low signal inverted by inverter D turns transistor
Q6 and supplies the VBSW voltage to the M- terminal. This results in a backward capstan motor
drive, which rewinds the tape. (The motor control transistors, Qb and Q6, are in conduction.)

MTA = High, MTB = High

When both the signals are high, the low output of the exclusive OR gate A cuts off transistors Q2
and Q3, and no effective control signal can be output at the emitter of either transistor, but the
high level output of AND gate B maintains transistors Q5 and Q7 in conduction, holding both the
M+ and M- terminals of the capstan motor at ground level. (The motor control transistors Q5 and
Q7 are in conduction.)

MTA =Low, MTB = Low

Both the outputs of the exclusive OR gate A and the AND gate B are low; no control signal is avai-
lable. All the motor control transistors, Q4 through Q7, are cut off, leaving the capstan motor in a
floating state.

The external transistor Q1 is controlled by the output at pin 6 of 1C2 (a speed control signal).
Thus, the VBSW voltage may not be supplied to the capstan motor if either Q4 or Q6 is in conduc-
tion.
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Hsw <13}
WE 3
ok ¥ % o FG1
100K 2% 100K el
= 0P ] - T
238 6.8K 2 VRI
7661 c4 R4 |C6 Z ]
R G347 % 474 [ |0K1 |OL|Z£ 00K FTI ET
[ S OT FeTrRs s 3Rs | N
T Iv%c'ﬂ 6 e e M 150K K | saiE
4 8
MTA [ID>— N 2 — )
> N Cli+
MTB L 2 M54546L 3 Zﬁzﬂu M5 19701
L G2 ] 3 .
5 s 5 I y
18 R3g C1L v
19 68T oIT 4
oP [20> - N
MAISIA RI3
MTC [14 > R
ERAH [17 120K
HMT 3 —
cNTR <10 4
1C5 2/6 4063
Fig. 3-6

3.1.5.2 Motor Revolution Speed Control Circuit
This circuit controls revolution of the capstan motor to ensure a cassette tape feed at a constant

speed. Tape must be read/written at a speed of 2.4 cm/s. To secure this tape speed, the capstan

motor must revolve at 2,400 rpm.

Because no tape speed control is desired during fast forward feed or rewind, a function which can

enable or disable the tape speed control is also required. Fig. 3-7 is a block diagram of the internal

circuit of IC2.

il

7 - (8) -
Power
voltage
control
circuit
Singl ] i
ingle R
> Amp- st‘gi- nte- Power
lifier “;;r grating Ampli-
circuit circuit fier
'
Overshoot l
suppression ,
circuit l

Regu-
(ilated
power
supply
- 3 -

Fig. 3-7 IC2 Internal Circuit Block Diagram
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The principle of the motor speed control can be illustrated by Fig. 3-8.

Pin2 O—Wy
1K

L

VRA1 RS |

Pin1 © 7‘.‘%( MWy * }

100K 150K l : ‘,AQD(PUD—
: Oscillator Limiters -J-LI-LI-LH-
| circuit
|
| Regulated

power N
| supply ouT = Integrating
_%% circuit
| , TRIG
e f | )

1
T
|

Limiters I"”‘l I'_‘ ﬂ n

Fig. 3-8 Motor Speed Control Circuitry

Integrating Circuit
The IC output is a pulse signal as shown in Fig. 3-9. However, the capstan motor cannot be con-
trolled by a pulse signal as the motor would oscillate. The IC output is integrated by the next

stage integrating circuit, which uses the external capacitors C3 and C4. The pulse delay time (t) is
determined by the capacitance of C4.

1 [

—= 1

Fig. 3-9 Integrating Circuit

Current Control
The output current from the integrating circuit is amplified and the amplified current is limited to a
proper value by the external resistor R3. Fig. 3-10 conceptually illustrates the principle.

Current limiter
resistor

VBSW p W\N\;T

Speed control

M Capstan motor

Fig. 3-10
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3.1.5.3 Power Supply
Because IC 2 requires a negative voltage supply, pin 5 is grounded and pin 4 is connected to the
VBSW voltage.

Input — Monostable Circuit

Motor speed control is accomplished by comparing the time constant determined by VR1, R5, and
C7 with the frequency fed back from the capstan motor tachogenerator. The relationship bet-
ween the time constant and the rpm of the capstan motor is as follows:

1

NP = where N: rpm of capstan motor — 2,400 rpm

1.17Rx C7
1 P: Number of tachogenerator poles - 10
2400-10=775"0501 Rx: Total resistance of VR1 and R5 (kohms)
C7: 0.01 uF (pF)
103 .
Rx = 1—%‘;‘%(6%—1 ..... Approximately 205 k{2

The specified speed should be attained by ad-
justing VR1 nearly at the center. The opti-
mum frequency output from the tachogenera-
tor, 400 Hz, is deviced as follows:

ZL‘%grp—”l x 10 (poles) = 400 Hz
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3.1.6 Mechanism Control
3.1.6.1 Tape Count Detection

Tape count detection is accomplished by mirrors directly coupled to the left reel (the reel taking
up tape during read/write) and a photo-reflector assembly (a single element which is a combina-

tion of a light emission diode and a phototransistor). Fig. 3-11 shows the circuit and the position-
al relationship between the elements.

Light emission
diode Phototransistor

VBSB — "2 1 "3 4

L, R4l
= 4.7K

Photo-reflector

- D7
%MAI53 \\ /
GND o ! /

4 32 1l Mirror ———=
CNTR —<p-<}—
IC5 2/6 4069

Fig. 3-11 Tape Count Detector Circuit and Positional
Relationship between Elements

f""_{-"'l

The reflector drum has four mirrors on it as shown in Fig. 3-11. One reel revolution is counted as
four.

3.1.6.2 Head Pinch Motor Control

The head pinch motor moves the P-lever assembly consisting of the pinch roller and the read/
write head. The assembly slides back and forth to accomplish tape loading and unloading. This
motor always revolves in a direction and drives two cams; one is used to move the P-lever assem-
bly back and forth and the other makes and breaks thc HSW switch, which detects the read/write
head position. Fig. 3-12 shows the control circuit.
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O HSW1
——o HSW2
VBSW o e
LO E+ ORANGE
02 2501280 OE- BLUE
[ *- O HPM1 RED
——OHPM2 BLACK
05 RI2
250601R 03 20
R9 1024%20 ce
15Ky ¥ ! 2s%2m
GP o—7 H?ZLB 1 MR RE
27K ZRA3 R10 Rll cq c1o
ERAH o 9 1.0k 15K .1 1
HMT ©O- A
Rz ¥
10K
1/6 1069 S O M+  RED

0 M- BLACK

Fig. 3-12 Head Pinch Motor Control Circuit

When the HMT signal goes high, the transistors Q5 and Q2 are turned on and the VBSW voltage
is supplied to HPM1 (the positive side terminal of the motor), revolving the motor which in turn
causes the P-lever assembly to move back and forth.

When the HMT signal is turned low to stop the motor, the output of IC5 turns off and the output
of pin 6 goes high, turns off transistors Q5, Q2, and turns on Q3. This causes the HPM1
line to be shorted to ground, and applies a brake to the motor, preventing revolution by inertia. If
the motor continued revolving by inertia, the read/write head position and the pinch roller’s con-
tacting pressure against the capstan shaft would deviate from the specifications, and such failures
as read/write error would occur.

The zener diode ZD1, connected at the base of Q5 maintains the voltage supplied to the motor
below the VBSW voltage (approximately 5V). — (A higher motor drive voltage would increase the
motor inertia as described above.)

3.1.6.3. Erase Circuit

When the ERAH signal is activated low, transistor Q3 is turned on. This causes a current from the
VBSW line to ground passing through the erase winding of the read/write head, and erasing
previously written tape data. This circuit operates only during write.

Read/Write Head Structure
Both the read/write and erase heads make use of leakage flux.

2\__) _(\(:}K Leakage flux

<\_‘D

Ry —
_<\

Data are actually written on the tape at the

copre slit where leakage flux is generate.

Fig.3-13 Read/Write Head Structure
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3.1.7 Read/Write Control Section

The read/write control is located in the lower half of the MMC board and consists of a read and
write circuit. However, most of the section is actually occupied by the read circuit operational am-
plifier.

3.1.7.1 Write Circuit (Erase and Write)
Magnetic tape write is accomplished using leakage flux as illustrated above. A logical value of O
or 1 can be written on reversing tape by reversing the direction of the flux; i.e., the direction of the
current through the write head winding. Write
This circuit reverses the write current direction current /\/‘\/_
by means of charging and discharging an elec-
trolytic capacitor. Thus, the current waveform

State Charge Discharge [Chargel A Charge

theoretically looks as shown in Fig. 3-14. l;/:)z:g:zg:ed N5 N ‘s N
on tape Discharge

Fig. 3-14 Tape Write Current Waveform

Writing a value is ultimately generating a magnetic polarity determined by the write current direc-
tion. In order to eliminate interference which may be caused by data patterns previously written
(magnetized) on the tape, the erase head is always activated during write operation initiated by
the ERAH signal. New data, then will not be affected by previously magnetized polarities and the
tape can be uniformly magnetized as new data is written Fig‘ 3-15 conceptually illustrates this
operation, including the positional relationship between the read/write and erase heads.

Erase coil
aweor NNNNNNNNNN
]
2 5NN ANA AA A
&) NSNSSN SSNNS
Q | - - -
1 L
2 ; ; SV
= [ SNSNNS VYVVYV VVYV y INNS SN
M SS5SS5SS5S5S5SSSSS b I S
. J
| __C ____f___ ‘“___i__
Newly written data RPP_-"—“H.F > Erasedarea ]/ Previous data
v
Fig. 3.15 E+ E-
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C13
3.1.7.2 Circuit Operations Read signal O—]

Fig. 3-16 illustrates the write circuit. To
write data, the direction of the write cur-
rent through the read/write head is alter-
nated by repeating charging and dischar-
ging the electolytic capacitor C12.

()_RPH + PINK

RPH - WHITE

D6 MA1S1A ICS

+5 1/6 4068

be— MAPLE

O l board
/ SubCPU6303 P21

Fig. 3-16

A series of actual data bits is written on tape by alternating current to enable or disable, depen-
ding on the value of each bit, the pull-up of the input to pin 5 of IC5 to the VLSW voltage line
through R4. The WD signal, which represents the logical value O or 1 of each data bit, usually va-
ries its level and appears as shown in Fig. 3-17; it looks like a train of pulses.

ON OFF ON
ON (1) bit: 2 kHz cycle ~+———— Bit o Bit —ete  Bijt
OFF (0) bit: 1 kHz cycle {Logical 1) (Logcal 0)

Fig. 3-17 Write Signal (WD) Pulse Train
* The flag bit is also written for each data byte and the write signal appears as shown in Fig. 3-18.

1KHz 2KHZ
| 1000psec |500psecr

AMAD AN AN
\/ ¥,

T
!
|
|
|
t
|
|
|
L
(=

FLAG BIT

ON

1 byte (HEX 14)

Fig. 3-18 Sample Write Signal Waveform
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The above sample illustrates a data write (i.e. transfer) rate of approximately 1286 bps. As shown
below, the rate varies depending on the bit configuration of the byte. Because the above sample
data byte has four bits on and four bits off, the time required to write the entire byte (8 data bits
and 1 stop bit) is:

4x05+5x10=7ms
Thus, a write time of 0.777 ms (7/9) is required per bit, resulting in the data transfer rate of
approximately 1286 bps.

Circuit Operations During Non-Write

Part 21 of the 6303 slave CPU on the MAPLE board is a floating part, IC neither activate nor non-
active signals are output. The WD signal line is always pulled up through a 100 kohm resistor.
This causes output pin 13 of IC5 to be held low. The positive pole terminal of capacitor C12 is al-
ways grounded through the diode D2 and IC5, and no current flows through the read/write head.

Circuit Operations During Write

When the WD signal is low, a current flows from the VLSW line to port 21 through R40 and D86,
lowering pin 13 of IC5 to almost OV. This causes pin 12 to go high which allows the capacitor
C12 to be charged, resulting in the write current through the read/write head in the direction indi-
cated as |12 in Fig. 3-16.

When the WD signal goes high, C12 starts
charging and results in the write current  +54
indicated as 11. This charge and dischar-
ge cycle is repeated for each data bit until

the complete series of data bits is written.
The diode D2 connected at pin 12 of IC6 G, | | | | [
limits the top and bottom of the signal by | | ‘ | | 4.4V
approximately 0.6V each as shown in Fig. | | l
3-19. This serves to supply the optimum

current waveform to the write winding.

Fig. 3-19 Write Current Waveshaping

For data integrity, however, the data section of each file is written twice. Furthermore, each cas-
sette tape reel requires a directory and a gap between blocks. Thus, the actual write time requires
more than twice as long as that obtained from the above transfer rate.

3.1.7.3 Read Circuit

Data written on tape as a series of alternating magnetized polarities is read using voltage induc-
tion across the read winding. The induced voltage is amplified by a negative feedback integrating
circuit and played back. To also allow sound playback, this circuit has a signal output terminal to
the speaker (RDSP) in the middle of a series of amplifiers. Fig. 3-20 shows the circuit.
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Circuit Operations
The read signal from the read winding is fed to pin 6 of IC3, after its dc component is removed by

capacitor C13. Divided voltage from VLRO is supplied to pin 5 by the voltage divider circuit.

R33 R15 R17

5. 47K VLSW O—W NV — W\
Vx= g STk 220V 33K 33K | 47K JT -
Vx
{ IC3, pins 5, 3
IC4, pin 3
R20

Pins 5 through 7 of IC3 form a negative feedback amplifier (G =- m—).

The output signal is fed, after its dc component is rejected by capacitor C18, to the next stage,

which is also a negative feedback amplifier (G =- 2—%%).

The output of this amplifier is fed to the next filter circuit. It is also supplied to the speaker circuit
on the MAPLE board. Since no phase compensation is provided in the previous stages, the signal
here has some delay.

In the filter circuit, a high frequency component is removed by the T-type filter consisting of R26,
R27, and C23, and the amplifier circuit. The amplifier frequency response is varied to lower the
gain in a high frequency range.

The amplifier, consisting of pins 1 through 3 of IC3, detects signal peaks.

-O HSW  BROWN

HOW ]
<3 [—O HSW2 BROWN
we <& N o
]y R3 | ORANG
a0k 100K ORANG
VBsw ::> QlE wzi .
25, 68K +  ORANGI
S Lo o R4 [C6 Aox -
T Wt s “‘]5/: RS R6 SE
i s I . L« r|Lc»< 1K M1 RED
BN > ——— YU S | B, = S BLACK
i 2 4
|
Mg (> —— e MsaseeL szgz M51970L
”
16V T g T 3
" 5 |6 . R3 oL
8 6 °T T 0
w [ 05 ) .
MASIA R ¢
MTC [14 = o "
ERAH 1T e e '|>° T :
M > ‘<P—c3< }-4‘ K ) -
onr - <0J - ' }
1C5 2/6 4089 L

o] RED
O M- BLACK

Fig. 3.20 Read Circuit
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Observed read signal waveforms — (AZIMUTH tape playback signals)

(Top) Measured at IC3, pin 7 -5 mV/DIV

(Bottom) Measured at IC3, 200 uS/DIV
pin 1 -5 mV/DIV
Sweep: 0.1

G

NANN
JVVVY

Fig. 3-21

(Top) Measured at IC4, pin 7 = 200 mV/
DIV

200 uS/DIV
(Bottom) Measured at IC4, pin 1 —
500mV/DIV
G ANV ANRY AN AN A
NV VvV VvV UV v
] ]
G
L
Fig. 3-22
(Top) Measured at IC4, pin 2-50 mV/
DIV
200 uS/DIV
(Bottom) Measured IC4, pin 1 —
500 mV/DIV
G A A A_
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Observed microcassette tape playback waveforms — AZIMUTH tape

(Top) Measured at IC3, pin.............eee. 5 mV/DIV
(Second from top) Measured at the
center of R26 and

R27 .o 20 mV/DIV
(Second from bottom) Measured at IC4,
DIN 6 e 50 mV/DIV 500 xS/DIV
(Bottom) Measured at IC4, pin 5. AC —_—rr~— e ———

MOde ... 2V/DIV /\/\/

/Y e W

Fig. 3-24

The top three are since waves. The bottom signal is almost a square wave, due to a peak detec-
tion by a diode inserted across pins 1 and 2 of IC4.

Observed noise filter (phase compensation) circuit signal waveforms AZIMUTH - tape

(Top) Measured at IC3, pin
(Second from top) Measured at the

center of R26 and
R27. 200 mV/DIV

(Second from bottom) Measured at IC4, | 20 #S/DIV

pin 6.

(Bottom) Measured at IC4, pin 5. /\/v
AC mode

\/\/\/
\/\/\/

Fig. 3-25




REV.-A

Observed capstan motor control signal waveforms

(Top) Feedback signal from tacho gener-
ator — measured at IC2, pin 3.
(Bottom) 400 kHz basic clock signal

S50mv 100mV  1imS
measured at IC2, pin. 2. m

- 1 M
SV vV

/. /\ N\ /\
SNV

500mvV
Fig. 3-26
(Top) Capstan motor drive voltage input
— measured at IC, pin 2.
(Bottom) Voltage control signal — 2V 5 ms
measured at IC2, pin 6. —
G+
G _|_ — — — — . oy
500 mV
Fig. 3-27

50mV 100mV  1mS

EXPLODED SIGNAL WAVE ‘ \W\}

50mV

Fig. 3-28
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3.2 RAM Disk Unit

Two models of 60K and 120K bytes are available. The models have the same circuit and operates
exactly the same way. Only the difference is whether 64K or 128K bytes of DRAM are installed.
The RAM disk unit has a Z-80 CPU buiit in and is operated asynchronously with the Main Frame.

3.2.1 Major Circuit Elements
The RAM disk unit is built on a circuit board which contains casing components and the following
major circuit elements shown and listed below including a battery.

REV.-A

6 7 1 5 3 4 i
N Jrz ( l J -2 — z:- -
Im A 40 18 m —’WV—" ° c2 2 ]
3 - B % Oz
s 2 * 110A 1A 124 I3A__14A__15A___I6A mmF_
35 . A 26 g RM3 0 CNI a9 E
- N 1| jRm2 1 ' .m—-NE |3’_‘L_ , 9_:}
po | 4 20 3[] i 7
’ 2: A “’ 58 68’ 78 n.o _J "o L] N S THE e e N
20 21 ' ’_M c: ;?: 8 20 ' -%g;- I:
"—5;“ [~_J._l° ] B 7 7 7««:04‘ . ) e e 20 LPD4265x8 -
' 1 w3 e % IO':;O . e V00 ,12C i3c | 14C 41 15C | 16C o s o7
_ || = - A N —0‘;
i : m D U [ U ‘—J ' m—_l ) P] H H g Q —t
_| e | J . 40H374 40H3 49 ' ., € 8 c e ——
sl Lisj2° L,7 Sog9  4onare 8_;~:—D1I55 ’ ‘i’i'_:"? 40m027 40H36T 4OH244 ln‘onou ono0o s *OHOTE aomore
Eoim [E=5€11 MAP-RF BOARD UNIT Y204204 00000
/M N\
12 9 10 8
11
Fig. 3-29 RAM Disk Board Element Lay-Out
Table 3-2 Major Circuit Element
No. Element Function No. Element Function
1 | Connector CN1 Interface fche datca and address 2 | Battery 4.8V, 480mAH
busses with Main Frame.
Write protect control Connect/disconnect the built-in bat-
3 swi ON: Protect OFF: Unprotect 4|sw2 tery — the line normally connected.
5 | Jumper J1 E)ef'"e RAM capacity (B0 Kor 120 | o ;1 oer J2 7-80 CPU selection.
7 |[ROM (27C32) |Control for RAM disk Operation. 8 | D-RAM 64/128 K D-RAM
Gate array . Crystal resona- . .
. P lock 1 of 9.8 MH
9 (GAH40D) Control for DRAM read/write 10 tor CR1 rovide a clock signal o z
Crystal resona- . . Control the RAM disk unit — oper-
11 tor (R2) Provide a clock signal of 32.768kHz. |12 |CPU Z-80 ates at a clock rate of 2.45 MHz.

/
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3.2.2 Function Circuit Blocks
Fig. 3-30 is a functional block diagram of the RAM disk unit.

Address bus RAM ADDRESS BUS )
RAM
BANK 1
Z-80 GAH40D >
27C32 1/0 selector ]
2.45MHz Frequency
|di_vidgr I RAM
circuit BANK 2
I | 5
5 |Interrupt|s % =
= P e
© g2 DATA BUS
2 >8°
£ {} °d Ml‘jz
& — — cloc
L€ SJiNpPUT ouTPuT 2% oscillator
Ck_ | BUFFER BUFFER cK
32.768 kHz
Command clock
decoder oscillator
80H 81H
Address decoder BUS. BUFFER j&——DIR
Power supply circuit
Battery
AO~ AT RD WR DO~D7
N\ J
Y

Fig. 3-30 RAM Disk Unit Block Diagram

TO Main Frame

The RAM disk unit includes a power supply circuit, hand-shaking circuits such as an address and
command decoders and a status latch, etc.; a DRAM control circuit; a interrupt control circuit; a
data bus input/output control circuit; two clock-oscillator circuits; and an 1/O selector circuit. etc.
Data are transferred between the Main Frame and RAM disk main CPUs (i.e., read/write operation
for RAM disk unit by referring to the status latch. The CPUs have their own memory spaces inde-
pendent from each other and data transfers between them are accomplished in forms of 1/O
read/write operations.
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3.2.3 Interface Signals
The RAM disk unit is connected to the Main Frame board via a cable assembly # 727. Table 3-3

lists the interface signals. 49 /3 1
50 \t Xs 2
= =]

Table 3-3. RAM Disk Unit Interface Signals

:‘2 zi:rr:: Direction Definition :'('; SNE:\ZI Direction Definition
1 - - Not used. 2 - - Not used.
3 - - Not used. 4 - - Not used.
5 |AB1 Input [ Address but line 1 6 |AB2 Input Address bus line 2
7 - - Not used 8 |ABO Input Address bus line O
9 |AB4 Input Address bus line 4 10 |AB3 Input Address bus line 3

11 |AB6 Input Address bus line 6 12 |ABS5 Input Address bus line 5

B 13 | - - |Notused. 14 | AB7 Input | Address bus line 7

15 - - Not used. 16 - - Not used.

17 |DBO g}‘i::/t Data bus line O 18 |DB1 (')r:ﬁ:f‘/t Data bus line 1

19 |DB2 (')Tj':ggt Data bus line 2 20 |DB3 (')"u‘i:f]/t Data bus line 3

21 |DB4 (')“u’i‘;zt Data bus line 4 22 |DBS c')"u'Z:L/t Data bus line 5

23 |DB6 c';:ﬁ‘;;/t Data bus line 6 24 |DB7 (l)r:::::l/t Data bus line 7

25 - - Not used. 26 - - Not used.

27 - - Not used. 28 - - Not used.

29 |VL Input Logic circuit+5V supply 30 - - Not used.

31 |GND - Signal ground 32 |GND - Signal ground

} 33 |RS Input  |Reset 34 - - Not used.

35 |RD Input  |Read 36 - - Not used.

37 |WR Input  |Write 38 - - Not used.

39 |VCH Input  |Battery charge voltage 40 |IORQ Input I/0 Request

41 |DCAS Input  [Cata CAS 42 |DW Input Data Write

43 - - Not used. 44 |OFF Input GAH40D Initialization

45 - - Not used. 46 - - Not used.

47 |VvB1 Input  |Battery voltage 48 - - Not used.

49 - - Not used. 50 - - Not used.

Note:

Some of the signals used in the Main Frame including the address

AB15, etc. are not used in this interface.

bus lines AB7 through
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3.2.4 Jumpers and Switc
The following jumpers and

hes
switches are mounted on the RAM disk unit board. The switches SW

1 and SW 2 will be accessed by user.

Table 3-4 Jumper and Switch

Jumper/switch Standard Drawing coordination Function
1 . DE.-4 Select a RAM capacity: 60K or 120K bytes,
' according to the installed RAM elements.
J2 — E-2 Specifies the main CPU.
Enable/disable DRAM write protection
ON: Enables write protection — allows read
SWi1 ON ONE -4 only.
OFF: Disables write protection — allows both
read and write.
Enable/disable battery backup
ON: Enables battery backup — allows battery
SW2 ON A -6 charge/discharge.

OFF: Disables battery backup — battery
charge/discharge is inhibited.

JUMPERS
|
J1 ' J2
T TT T T TTTTTTTTTT T T T T T T '53_____:_ _________________________
R2 [
— W | c
D4 |
—i— N T
JRY. |

Y \\ © 1104 1A 2A |
S A% v |
l

60K byte setting | Z-80
|

| (1Aa)
I
I
[e] \\\ o |
N \ © |

120K byte setting
SWITCHES
i
WRITE PROTECT BACK UP

[\OFFI—_—_ION

j OFFl C_]|on

!

SW1

|

SW 2

Fig. 3-31 Jumper and Switch Location
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3.2.5 Power Supply Circuit
The RAM disk unit power supply circuit consists of a +4.8V, 450 mAH rechargeable battery, a
charge circuit, a logic voltage source circuit, and a backup circuit.
1. Rechargeable battery and charge circuit
The battery is connected to the MAP-RF board via a connector CN 2. The switch (SW2) on the
board allows the user to connect or disconnect the battery to the MAP-RF board.

The circuit surrounding the battery is shown below.
NI=CD 1 2v450mAh

1) Battery backup switch SW2 —‘I -
This switch should be reset OFF when stor- N2
ing this unit alone or when not using it for a -©
long period of time as attached to the Main \'r'sw2

Frame. With this switch reset OFF, the bat-

tery is prevented from any discharge other +a-
than the natural one so that the longest life “h63v
can be ensured. s x > E&%KUP
* The backup line circuit operates irrespective S 5] Tesosc 4t
of the setting of this switch; when the switch Rﬁ:mm'o& b
is reset OFF, the line is backed up from the
Main Frame battery and its working time mﬂ{" 55086
may be shortened. I T or 22K
2) Battery charging 5 5 ?_‘%5—
The battery is always charged toward the full 2Bl Ry o
via either of the following two charging L?xC;lC
paths: ) €945
When the Main Frame AC adaptor is con- o
nected to the AC power source. 22k |ROZ $R30
Vo, — D2 - R1 —» SW2 — CN2 — Battery 1582778 O:aosc,“” 47
When the AC adaptor is not used but the bat- o7
tery voltage is lower than the VB1 supply vol- >_Lca3-7’
tage from the Main Frame. ol e

In<0$
Cw<O
—<

Vg, - D3 - R2 - SW2 - CN2 - Battery

Fig. 3-32 Power Supply Circuit
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2. Backup circuit
The backup circuit supplies power required to protect data in the DRAM.
Table 3-5 lists the elements backed up by this circuit.
Table 3.5 Backed Up Elements

Element Drawing coordination Function Element Drawing coordination Function
1C F1.2 Read/write control 17B ~ 10B G-2~6 D-RAM
gate array 17A ~ 10A H-2~6 D-RAM
9A H-1 Gate 3C 3 -
3C A, B-7 Gate

These elements are powered from a special line called “Backup” and always active; they are po-
wered by the operating voltage supply while Main Frame is on and from the backup voltage while
off.
1) Power supply paths to the backup line
There are the six paths listed in table 3-6 which are selected to supply power to the backup
line depending on the various conditions. The abbreviations used in the table mean the follow-
ing:
Ve, : Main Frame battery voltage
Vy : RAM disk unit battery voltage
Battery: RAM disk unit battery

Tabel 3-6 Backup Line Supply Paths

Main Frame power AC adapter Battery voltage relation Path
Connected —_ VcH - D2 - R1 - Q1 -
OFF Not connected VB1 > Vx Vel - D3 - R2 - Q1 -
Not connected VB1 < Vx Battery - CN2 - SW2 - Q1 -
Connected — VcH —» D1 - R36 - Q2 -
ON Not connected VB1 > Vx Vve1 - Q2 -
Not connected Ve1 < Vx Battery - CN2 - SW2 —» R3 —»
D4 - Q2 -

The backup line is powered either transistor Q1 or Q2 depending on whether Main Frame power

is on or off.

* While Main Frame is off, VL is low because the logic circuit operating voltage is not supplied.

This maintains transistor Q4 cut off and the collector is pulled up high through resistor R37.
Thus, transistors Q2 and Q3 remain cut off.
VL is also connected to the base of Q1 through diodes D7, D8, and D9. The emitter of Q1 is
connected to VB1 or the RAM disk battery voltage and normally maintained at +5V. The
source is also connected to the base through R29. Because the base is connected to the signal
ground through D7, D8, and R34, the current, which flows from the base to the ground unless
the junction of D8 and R34 is pulled up to the VL line, generates a potential across the emitter
and base. That is, transistor Q1 conducts due to this potential while Main Frame is off.
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Iw

While Main Frame Power is on, no effective po-
tential is generated across the emitter and base
of Q1 because the base is pulled up to VL, and
Q1 is maintained cut off. Q4 conducts because

— A58
WA-
0x2] IW

[:eosc M
b3
Ql
A

R2

0
w

the base input (VL) is low and the collector is D;Ew‘
held low. This maintains Q2 and Q3 in conduc- o l«lo
tion. Thus, the backup line is powered via Q2 3 |3

and the logic circuit voltage is supplied through
Q3.
3. Logic circuit voltage
The logic circuit voltage is supplied from the
collector of transistor Q3. The voltage ap- 1552778
plied to the emitter (VB1 or V., through D1 f :‘
and R34) is supplied to the circuit power
line. The supply circuit operates as descried

above. 39<V> “
C
H !
3.2.6 Interface Circuit Fig. 3-33 Power Supply Circuit

Since this RAM disk unit and Main Frame asynchronously operate, either one must examine the
status of the other to accomplish a RAM disk read/write. A function, which temporarily stores the
data until it is written in RAM disk or read by Main Frame, is also required. SRV g 14
1. Address decoder o
The RAM disk is looked upon as an I/0O de- 2 - 80H
vice by the Main Frame CPU and two |/O ad-
dresses are assigned. Fig. 3-34 shows the

address decoder circuit.

Pin 10 and 13 of IC “6C” are the outputs of
the decoder. As obvious from the figure, the
output (pin 8) of IC “6B” must be low to ena-
ble the two decoder outputs. Either of them

is selected depending on the state of AO. 7':","‘8
The output IC “6B” is low when the following 2 g‘;
relation is satisfied among the input signals ;.‘"v

to this IC and the preceding IC “7C”; A1 — A6 . e
A7.I0RQ. This relation can be logically re- 3 $3$33; 13Kx8 "

presented as in Fig. 3-34; an address 80 (H)
or 81(H) is decoded to access the RAM disk
unit.

Fig. 3-34 RAM disk address decoder circuit
A7 A6 A5 A4 A3 A2 A1 A0

1 0] 0 0] 0 o) o | 1/0
_ J

80 (H)
or
81 (H)
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2. Command decoder

Four signals are generated by IC “14C"” from either address supplied from the address decoder
and the RD and WR signals as shown in fig. 3-35.

L INTACK

DATA JEY

/0 1L, I \
J e e \
ADDRESS H :

[ _§0H i';iJILC ] YCODATA w;ﬁgg
135 58
5 T ! 4| x..
4
I e ! - o %_J !
l T b-L—J P 3 oA F 3
: filPuscrof Eouscm s sy g § Puscr 2
r—CK CK —~CK CK
H7% H74 H74 H74
R R R R
13 |Y xJY |
rr
>~—
8
12/ H “8 9]10
LB/
A IMx2 3
1A S 8
nE 2 $R22
R212 235y
35B7
o}
% W
DR
CN I
Fig. 3-35
The four 1/0 read/write signals provide the functions listed in table 3-7.
Table. 3-7 Command Decoder Signals
1/0 Addrss RD/WR signal Generated signal Function
RD Status Read Read RAM disk status to Main Frame
81 (H) p—
WR Command Write Write a command from Main Frame to
RAM disk.
RD Data Read Read data from RAM disk to Main Frame
80 (H) —
WR Data Write Write data from Main Frame to RAM disk.

Unlike the other three, the Status Read signal reads the RAM disk status register irrespective of
the RAM disk CPU operation, directly controlling the register read access and data bus drive. The
other signals cannot accomplish their functions without intervention by the RAM disk CPU. In ad-
dition, any of these signals cannot be directly transferred between the Main Frame and RAM disk
CPUs because they are operating asynchronously. Thus, a means is required to temporarily store
the signals. This is accomplished by the circuit consisting of the two ICs “15C” and “16C" both of
which contain two D-type FF having Preset (P) and Clear (C) terminals. Each of four signals is con-
nected to the Preset terminal of one of the four D-type FFs. Once a signal activated low, the corre-
sponding FF is set and the Q output remains high until either of the following occurs:
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* CKinput: I/O port 03 (H) read by RAM disk unit - FF output read.

* Rinput : PX-8 resetor /O port 01 (H) write by RAM disk unit - program reset.

3. Data and command registers
Two 8-bit registers are provided for input and output which serve as buffers (temporary data
storage) used during data transfers between the RAM disk unit and Main Frame. Their input/
output or read/write is controlled via an address assigned to them. The data is directed on the
data bus from/to the registers under a directional control by the data bus control feature provid-
ed by a tri-state buffer IC “8A”. Fig. 3-30 shows the data transfer directions and the direction
control circuit.

CPU
D-RAM
imil
3]4]718)BE4IV)8, qs 6[B ) 2846,
p!2 3 4|s 6|7 1 0! 23456 \ OSREAD
H374|(89) o 11 H3P4 {98) oc 1l ~ READ
4 cK o [ _—
2'526394 5 57'98 |A2 4 51678 WR|TE
00(H) (DATA) i R = 81 (COMMAND) or
WRITE ‘\ 7 || 80 (DATA) WRITE
. \pd _RM3
- I R eas0geyt
80(H) (DATA) 9 MXOZTTTTTTT
READ 3 |, ospnel
Z T3] 5 81 -
7 < N
< BAs o 85
AN I AR 4
A2 82
Al(8A)BI
DIR 33K x8
READ ! 17]18l %iL

DBT 234567

Fig. 3-36 Data Transfer Directions and Control

ICs “8B” and “9B” contain eight tri-state D-type FFs each. The FFs read and latch data from either
data bus as arrowed when the “CK" signal rises. When the “OC” signal goes low, the latched data
becomes available onto the data bus from the output (Q) terminals.

@ IC “9B" is the Input register. It latches a data directed from Main Frame via address 81 (H). This
data is then transferred to the RAM disk CPU when it reads its I/O port 03 (H).

@ IC “8B” is the Output register. It latches a data when the RAM disk CPU writes to its |/O port
00 (H). Then, the latched data is sent over the data bus to Main Frame when it reads its I/O port
80 (H)..

® The tri-state buffer register “8A” is controiled by the DIR input signal. When this signal is high,
the “bufferred” data is directed from the RAM disk unit to Main Frame. When the signal is low,
the data transfer direction is reversed.
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3.2.7 1/0 Selector

The 1/0 selector (IC “5C") is the RAM disk CPU |I/O address decoder which is used for handshak-
ing in the interface. Fig. 3-37 shows the circuit and table 4-7 lists its decoding logics.

$322332 g $33 Ei& f 220KxB IC “5C” Logic Table
211 T 1117 INPUTS OUTPUTS INPUTS OUTPUTS
15 e EE"ECI TROGEOATA L1vo 1v1 1v2 1va iELECIST;gGE D ATav0 2v1 2v2 2va
3] X X| H | X |H H H H|[x X H ] x [H H H H
e Lol H L m e Lo e L Lo H N
9 LWL H H oL H K[|t KL L |H L H H
H ool L | H|w W oL W oL | L |HoH LN
g H H L H H H H L H H L L H H H L
S X x| x Llm o oH H X x| x H | H H H H
3
:
(1A) 0
Z-80(CMOS) —— —_— ———
AO A1 RD WR IORQ
e
|
B
HLTAgg%
[
A B 1 2 1 2
o7h C C G G
: 1Y (50) 2
i A N
0 r N r N
. | 0123 0123
i ¢} o)
w i3] iJis 1¢;1u
of ctide
N7-8 M so
8 °cré§, Pﬁ” L O1R) O3R) OOW)| 02W)
6] | s)of]2!
ouwW) 03(wW)

Fig. 3-37 1/0 Selector Circuit

IC “6C" has six outputs whose functions are listed in table 3-8.
Table 3-8 1/0 Selector Logics

Read/Write 1/0 Port Address Supplied To Function
01 7B Read J1 and SW1 status.
READ
03 9B Read data or command from input
register.
00 12C, 8B Write data to output register.
01 13C Program Reset output signal.
WRITE
02 4C RAM bank 0/1 control
03 4C RAM bank 2 control
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3.2.8 Bank Control
The RAM disk unit can contain a 4 K byte IPL ROM and 64 K or 128 K byte DRAM. However, the

Z-80 CPU cannot directly access DRAM above 64 K bytes. Thus, DRAM needs to be divided into
banks so that entire DRAM can be accessed indirectly by selecting bank. This control is accom-
plised by the Bank Latch circuit and the gate array GAH40D shown in fig. 3-38.

"R —
ot
N o4 or7d——
i ¢
A15 =4 i
! "
24 10 Ho
9 (1 C) o
7 3 12 47
K 9
( : :
e < 36
20 313 Y o
procy o 7 S
s 100K TosHiBA EQIO30EA !
g 00— (GAHLOD)
NEC
n
e
R VESVL,]Z
HLTA
M |
éé‘loN'
3 [ 7 il
1 2
4“6 TBanny,
i samf2
i 8
°] F S
WS F T
6| 53] 8
BANK t T
LATCH—| *
1_%_
€
03(W)
- "‘,::&EEU
1 |
JUMPER i
02(W) 3t
S iy
l LOGIC
— — Veeo
R R
—_—
DO ~ D7

Fig. 3-38 Bank Control Circuit

1. Momory map
The bank control signals and the memory map are associated as shown in table 3-9.

Table 3-9 Bank Control Signal and Memory Map

BK 2 1 1 0 0
Address Loy 0 1 0 1
FFFF
) (FCOO) |-+ meemee ol
/ DRAM 2 DRAM 2 DRAM 1 DRAM 1
( (OFFF)
IPL ROM IPL ROM
0000
Note:

The DRAM address space from FCOO to FFFF is a comon area which contains the bank se-
lection program.
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Gate GAH4O0D is initialized as follows when Main Frame Power is turned on:
Bank2=1,Bank 0/1 =0
This initialization is of course accomplished by a hardware reset logic. The initialization circuit

operation is described below.

® The Reset (R) signal is connected to both the Bank Latch FFs located in drawing coordinations
C,.D-3. Thus, the two Q outputs are held-low - the output from pin 5 is the Bank O/1 Selection
signal and the output from pin 9 is the Bank 2 Selection signal. Address bus lines 12 through
15 from the Z-80 CPU are respectively connected to pins 4, 2, 1, and 5 of IC “6B" which are all
low immediately after Main Frame power is turned on, raising the output (pin 6) high. This out-
put signal is fed to IC “13C"” where it is NANDED with the Bank 2 Selection signal from the
Bank Latch circuit which is also low immediately after power on. Thus, the output from pin 3 is
high.

The RAM disk memory address space is mapped as shwon in the second (from the left) or fourth

column of table 3-9 by initialization so that the CPU accesses address 000O; i.e., the IPL ROM

area.

2. Bank selection
Bank selection is accomplished by the program in IPL ROM which accesses I/O ADDRESS 02
and 03, which are connected to the Bank Latch, to change the latch setting. Thus, if a bank,
which allows no IPL ROM access, were selected by simply accessing the Bank Latch, no subse-
quent bank selection would be possible. In order to solve this problem, the bank control pro-
gram is usually written in the DRAM area from a certain address during the IPL program execu-
tion. This unit initially loads the bank control program in a DRAM 2 address space from FCOC
to FFFF, and a common DRAM 2 area of the highest 64 bytes is always selected independently
by gate array GAH40D regardless of bank (O/1 or 2).

3.2.9 Interrupt

As previously stated, the command (i.e., Read or Write) and 8-bit data sent from the Main Frame is
temporarily stored in an internal buffer because the RAM disk unit operates asynchronously. The
unit is notified of this temporary storage by an interrupt. Fig. 3-39 shows the interrupt circuit.

(1A)
(DO~ D7)
— 6C 4B
M1 3331 I:
IORQ
2 17 10
)
INTR Z— G 26
INT Shazio 1vefe
3fas 1y3fd
(1C) E PO T
5 elme ¥ el DO~ D7
SSINT Jo@” has T ovi[2
L Bbae  avepr
Bloas  2v3f2
Vegd

—DATA READ(8OR)

COMMAND WRITE(81W)

DATE WRITE(8OW)
Fig. 3-39 RAM Disk Interrupt Circuit
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As obvious from the drawing, the three signals other than Status Read, which instructs an imme-
diate read, are fed to the OR circuit of IC “7C" via D-type FFs “15C"” and “16C"” whose output is
connected to the S-INT terminal of gate array “1C”. This input signal is output from the gate array
as the Z-INT signal to the INTR terminal of the CPU as the interrupt input. When the AND condi-
tion between M1 and IORQ is met (indicating that a vector address is output on the data bus in
the CPU mode 3) after an interruption occurs, a byte data corresponding to the RAM disk com-
mand signal is output on the data bus from the right terminals of IC “11C"”. This data is the inter-
rupt vector which is fed to the CPU. There are the following interrupt vectors corresponding to
the RAM disk command signals:

Command signal Interrupt vector

Data Read 02 Each of these vector address calls a
Command Write 04 specific routine that processes the
Data Write 08 corresponding command and data.

After an interrupt is accepted, the D-type FF
which caused the interrupt (“15C"” or “16C") is
initialized. Fig. 3-40 shows the related circuit. oane

TA REA

INTACK (MT, IORQ) Interruption

The vector address is output and the D-type J—FaArid
command buffer FF is reset by the same signal D

o i SR g
INTACK. However, the FF is reset at the rising | - o0

edge to ensure the in \ - . . |
g terrupt vector to be com ok " S N
ZD 3 o P 12[C P o P _J
(90 16C)Q F 15C) @ (15Co
CK CK CK CK

pletely fed to the CPU as shown in fig. 3-41. Bicerals BuscnlS
F— H7% 1 H74 H74 r-‘ H74
R R R R
|39 1? BY D¢
nlr
Fig. 3-40

o-Fra—

I NTACK

Vector address E—

Fig. 3-41 RAM disk command buffer circuit
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3.2.10 Clock Signals

. 54
Two clock signals of 9.8 MHz and 32.768 kHz . TZ’: -
are generated in the RAM disk unit. 9.8 MHz A
clock signal is divided in gate array GAH40D to H
4 C"'D 98304M
2.45 MHz and fed to the CPU. The 32.768 kHz 0 o F33
- . . . . A 'OM
clock signal is also divided in the gate array and D samjed S:/\b;_*
used as the DRAM refreshing signal. Fig. 3-42 = o0 T
shows the clock signal oscillator circuits. 74HCOA
32.768K
CR2
"p"m
Ry M 3¢
260K | 2 X _L
RLL [OM ‘82" B 3ca7p
2 1M
R43
Fig. 3-42
3.2.11 DRAM Banks —
The DRAM circuit is organized as o
shown in fig. 3-43 and controlled ! : m
by gate array GAH40D. b — E o
It is read/written and refreshed : K [ W : } “
(also while Main Frame power is = w 5
off) in the same way as Main Frame SR 1 " %:
RAM. This unit has two DRAM | g‘ Carm Tk BIT 7
banks of 64 K bytes each and can : J'T 11 eeasen) g W
- i e L B
provide a capacity of 64 Kor 128 K ' ; - ) | i BIT6
bytes. Two signals DCAS and DW, — Tl ===
which determine a refresh mode i = W] | Foo AT
while power is off, are applied from " " ~Can i oy BITS
Main Frame. : A i &
. . SRR ' ia vy - A 5:;’ 3 EE
@ IC “9C"” is provided to ensure the o #H = s Y BIT 4
address output that can drive e ‘ —
128 K bytes of RAM. e || =
¢ .: o : :.t:s“:i, | B‘T3
c2s 7T ea
w:s % l] H¥dos s ; F BIT 2
e BT 3
:’i;i ‘: a8 s : 1 BIT 1
Y.
= % 7
]| | B
— 17 BITO
Bank 0/1
64KB

Fig. 3-43 DRAM Circuit Organization
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3.2.12 Jumpers and Switch

The combination of jumper J1 and switch SW1
allows the IPL program to be read via I/O port
address 01. Jumper J2 selects a CPU model.

D1
DO
35
| |(78: :
D1R G2 W37
SA BA
2] & .
Backup line
WRITE R4S < )2
L PROTECT

100K
LS W. 00 TOSHIBA

| SwWI NEC

E8O0 GAH40P

Fig. 3-44

3.2.13 Status Register

The Main Frame CPU reads the RAM disk status from IC “10C” shown in fig. 3-45. Input termin-
als 6 and 10 are grounded to produce the ID code of the RAM disk unit. The Date/COM Write sig-
nal input to terminal 4 indicates whether a data or command received from Main Frame is being
processed or not. The signal input to terminal 2 from D-type FF “12C" indicates whether a data is
latched (buffered) to be sent to Main Frame or not.

& R
data set “de v
(OO0 W) — option so 120)
status read
(81R)....Main frame
DATA/CMD GATE /-}7
2/416
H%G{ “Fis
3[5[719
data read
(80K) \ _RM3 L
status read | Ay 2Jle[s]6]7]spls
81P / 90 M03FEEEsE
/ as ., sals
a7 1By
9]0 /A A6 2 B6
A5 4 BS 4
AL S B4
A3 83 =4
8 A2 B2
AI(8A)BI
DIR 33K x8
! 17)18)
DBIr234567

)
Fig. 3-45 DRAM Circuit Organization
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Disassemble/Assemble

This section describes how to disassemble and assemble the machine. First, disassembling/
assembling of the unit, next, disassembling of each unit are shown. To assemble each unit, follow
in the reverse order of disassembling. Pay attention to the following cautions when disassem-
bling and assembling the machine.

(1) Confirm that power of the machine is off.

(2) Disconnect options and cables that are connected to the machine.

(3) Save programs if any that are stored in the RAM of main memory and the option onto cassette
tapes, etc.

(4) When repairing, storing, or shipping the MAPLE board, care must be used to prevent any
shortcircuit on the board.

(5) Avoid placing boards that incorporate ICs (MAPLE board, LCD panel board, option board, etc.)
directly on a work stand. If it is not practical, place it with the component side below (so that
static electricity will not affect it).

(6) Pay attention so that cables may not be caught by case, fitting poles, etc.

(7) When fitting a screw, pay attention to the length of the screw.

(8) When fitting a component with screw lock being used, be sure to apply specified screw lock.

(9) As for boards such as MAPLE board with battery on it, power off the battery line to protect the
board from short-circuit or remove the battery and keep it.

Should the board be left with the battery installed, it would be completely discharged, and the
battery life might be shortened.
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4.1 Main Frame
(1) Unit Disassembly and Assembly

Disassemble Procedure Assemble Procedure

Lower Step 1. Turn the body upsidedown with the | Step 1. Same as step 1 of the disassemble

case handle to your side. procedure.

(see

Fig. Step 2. Remove the screw of the battery Step 2. Remove switch panel and button of
4-1) cover and remove the cover. power switch.

Step 3. Pull out the connector of the battery | Step 3. Fit handle to lower case.
and remove the battery.

Step 4. Fit lower case from speaker volume
Step 4. Remove seven screws pointed by knob side (left side).
arrows.

Step 5. Fit seven screws pointed by arrows.
Step 5. Lift up the lower cover from the

right side. Step 6. Fit switch panel and power switch
button.

Step 7. Fit battery and battery cover with

SCrews.
Battery cover
. i i .
X&’«'% r,x,
. ae
o @ o
SW ‘ e o r
panel & . i
button ¢ 4 *

i
N
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Disassemble Procedure

Assemble Procedure

Lock Step 1. Remove keyboard cover. Perform the reverse procedure to disassem-
tton ble.
bu Stpe 2. Place the body as shown in Fig. 4-2, ©
cover .
and remove screw pointed by arrow.
Step 3. Lift up cover slowly from right side.
Fig. 4-2
Board Step 1. Remove lock button cover. Step 1. Place PX-8 with lower case being
removed.
Step 2. Remove connector.
. tj t i ified
Step 3. Remove FPC cable from connector Step 2. Put jack connector @ into specifie
hole.
CN4.
tep 3. Pl ard slowly.
Step 4. Remove cables from D, @ and ®. Step ace board slowly _
Step 4. Fit three screws pointed by arrows.
Step 5. Remove three screws pointed by ar- ep 't three Wws pol v w
rows. Step 5. Fit cables to connectors D, @ and
Step 6. Lift up board slowly from your side. ®.
Step 6. Remove lock button cover and
insert the FPC cable to connector
(CN4).
Step 7. After fitting the cable to the connec-

tor O, insert cable between case
and boss paying attention not to
damage the cable. (see Fig. 4-4.)
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Disassemble Procedure

Assemble Procedure

Micro- | Step 1. Remove lower case. Step 1. Place the machine so that the batte-
cas- ry is situated in the right rear corner.
sette Step 2. Remove three screws pointed by ar-
rows. Step 2. First align the position of right bot-
tom screw, next, top screw, and last,
Step 3. Lift unit up a little horizontally and left bottom screw. Place unit slow-
next shift unit slightly to right and ly.
lift up unit from left side.
Step 3. Fit three screws pointed by arrows.
*  Perform the above with FPC cable
being removed.
FPC cable "'Q‘Df
—
H Fig. 4-5
To CN3
"o (LLLL
Shield Step 1. Remove lower case, board and mi- Step 1. After fitting keyboard, bring down
board crocassette. shield board slowly aligning it to the
hole.
Step 2. Remove four spacers pointed by ar-
rows and two cassette fitting poles. | Step 2. Fit four spacers and two cassette fit-
ting poles.
Step 3. Lift up shield board slowly.




Disassemble Procedure

Assemble Procedure

Key- Step 1. Remove lower case, board and Step 1. Turn over upper case.
board shield board.
Step 2. Turn over keyboard unit and bring
Step 2. Remove two screws pointed by ar- down slowly from space key side.
rows.
Step 3. Fit two screws pointed by arrows.
Step 3. Lift up keyboard unit slowly from
microcassette side.
|
Fig. 4-7
LCD Step 1. Remove lock button cover and con- Step 1. Fit travel ratchet as shown in
unit nector (CN4). Fig.4-9.
Ratchet spring seat
Step 2. Lock LCD unit.
Step 3. Remove screws in the order O, @
and ®.
Step 4. Release LCD unit lock and lift up Ratchet Ratchet Travel
unit slowly from lock side with LCD guide pin Sp:r.'g 4.9 ratchet
ig. 4-

face up.

Step 2. Fix LCD unit ratchet to the body and
set lead line ring bearing and lock
LCD unit.

Tighten screws D, @ and ® as
shown in Fig. 4-10 and 4-8.
Lead line ring

Step 3.

L

Fig. 4-10

4-5
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Disassemble Procedure

Assemble Procedure

Option
unit

Step 1.

Remove expansion bus connector
cover of option unit and bus con-
nector cover of the main frame.

ol

ool
-

Bus connector cover Main
frame
(e]e} [ 9
-—— |
Option
Bus connector cover unit

Fig. 4-11

Fig. 4-12

First remove option side connector

and next main frame side connector.

Remove four screws pointed by
arrows.

®
> 4

Fig. 4-13

Step 1.

Step 2.

Step 3.

Stpe 4.

Remove connector covers both of
option and main frame.

Fit option unit as shown in Fig.
4-14, and tighten screws tentatively
in the order of D to @ on Fig. 4-13,
and last, tighten them fully.

Fit connector first to option side and
second to main frame side.

Fit connector cover from main frame
side and next, option side.

Option unit

Main frame

Fig. 4-14
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Exploded View of Main Frame

LCD cover panel

LCD unit

Function panel

Ratchet

ock button cover

Keyboard cover

Upper case

Lock lever

—— Microcassette

Keyboard

&r/y
f&'//
008
AP

/2
’ ¥
X ,
Y

0

Speaker

.

Maple board

Cable set

Speaker volume knob

Battery cover

Bus connector cover

Lower case

Stand

Power switch button

Switch panel

Handle

ROM cartridge cover

Overview
Fig. 4-15

4-7
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~ 4.2 Disassemble/Assemble of Each Unit

4.2.1 Keyboard
(1) Normal (normal size)
Step 1. Remove key top using key top puller.
Step 2. Remove key switch.
(2) SHIFT key (includes the same size keys)
Step 1. Remove key top of CTRL and A which is located on the top of specified key top.
Step 2. Insert a thin minus screw driver between key tops and lift up one end of corre-
sponding key. Lock can be removed.
Step 3.  Shift key and remove it from support bar.
(3) SPACE key
Step1. RemovekeytopsZ X,C,V,B,N,...which are located on the top of SPACE bar.
Step 2. Insert a thin minus screw driver between key tops and lift up one end of key. Lock
can be removed.
Step 3. Remove key from support bar using a little screw driver.
(4) SHIFT key
Step 4. Remove SHIFT key from switch cover using key top puller.

Fig. 4-17
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4.2.2 Microcassette Mechanism
Step 1. Remove board.
Step 2. Remove microcassette mounting bracket by loosing three screws which are
marked with arrows on Fig. 4-19.

Mounting bracket

Fig. 4-19

(1) C wheel
Step 1. Remove C support bracket by loosing two screws.
Step 2. Remove M belt.
Step 3.  Lift up C wheel slowly.

C support bracket
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o~

(2) M pulley
Step 1. Remove C support bracket.
Step 2. Remove FG york by loosing screws (D and @.
Step 3. Lossen screws @ and @. e
* Pay attention to two FG spacers.

FG york

FG york

FG spacer

s
W/ e
M pulley

NN

C support bracket

Fig. 4-21

(3) PE switch
Step 1. Remove one screw and PE switch.

Fig. 4-22

(4) HP switch
Step 1. Remove screw pointed by arrow.
Step 2. Remove HP switch slowly.

4-10




REV.-A

(5) HP motor
Step 1. Remove HP switch
Step 2. Remove screw (D and next Q).

Fig. 4-24
(6) Pinch roller

Step 1. Remove HP motor.
Step 2. Remove E ring and lift up PR lever and spring.

PR lever

Fig. 4-25
(7) P lever (head part)

Step 1. Remove HP motor and pinch roller.
Step 2.  Push E button spring by tweezers and remove lever from (D in a way like pulling out.

Fig. 4-26
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~~  (8) Pocket
Step 1. Remove pocket spring.
Step 2. Remove pocket pin.

Pocket pin

Pocket spring

Fig. 4-27

4-12
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Overview of Microcassette Mechanism

Pocket pin

Pocket spring

Screw

P support spring

P lever support

Spring

E ring

Pin

M pulley

Screw

FG spacer

FG york
Screw
C wheel

C support bracket

C pocket

Screw

HP switch

Cam gear assembly

PR lever

P lever

Screw

Main frame

Washer

Switch

Washer

M belt

Screw
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~ 4.2.3 LCD Unit
Step 1. Remove LCD unit.
Step 2. Remove cover panel. (not reusable)
Step 3. Remove two screws pointed by arrows.

Fig. 4-29
Step 4.  Turn over unit and lift up unit slowly from screw side.
Step 5. Remove four screws pointed by arrows and lift up board slowly.
* Pay attention to contrast button and cover glass.
— Fig. 4-30

Step 6.  Move leg of fitting bracket.

Fitting bracket LCD panel
Leg of fitting bracket

—
Ll L LLLLLLLLLLL L L.

- E [ /TF

Board -
r MAP-LD Zebra
board

Fig. 4-31

Step 7.  Remove fitting bracket with LCD face up.
Step 8. Remove LCD with zebra on it taking care for three pins.
Step 9. Remove four zebras and zebra guide.
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~ 4.3 Option Unit

Step 1.  Remove unit from the body.
Step 2. Remove three screws pointed by arrows.

g '

Fig. 4-33

Step 3. Remove case cover from screw side.
Step4. Remove two screws pointed by arrows.

Fig. 4-34

Step 5.  Lift up unit slowly from the opposite side of connector.

4-16
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4.4 Main Battery

Before replacing the main battery, the RAM data must be saved on an external storage device
(cassette tape or floppy disk, etc.) for protection.

Main battery replacement procedure
Step 1. Reset the POWER switch OFF.

Step 2. Loosen the main battery cover set screw at the bottom of the computer and remove
the cover.

Fig. 4-36 Main Battery Cover Removal

Step 3.  Make sure that the auxiliary switch is set.

Fig. 4-37 Auxiliary Battery Switch

Step 4. Disconnect the battery connector and remove the battery.

O | )
Fig. 4-38 Main Battery Removal

Step 5. Connect the new battery connector and put the battery in place and lay the lead

wire as shown in Fig. 4-39 - lay the lead wire so that it is pushed against the case
and the pressure prevents it from rising.

Lead wire l

Fig. 4-39 Main Battery Installation

4-18
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Step 6. Replace the battery cover — care should be taken not to pinch the battery wires at

the set screw.
Step 7. Tighten the battery cover set screw.
Step 8. Open the ROM capsule cover.

ROM capsule cover

OPEN

Fig. 4-40 ROM Capsule Cover

Step 9. Push once the INITIAL RESET switch located above the ROM cover.

INITIAL RESET switch f
N\ 24
N

AN

Fig. 4-41 Access to INITIAL RESET Switch

Step 10.  Replace the ROM capsule cover.

After above procedures, change the battery by connecting the AC adaptor. Never discard the bat-
tery into water or in fire, nor disassemble.
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5.1 An Introduction to Troubleshooting

Troubleshooting is usually to easy; vaned symptoms appear depending on points of failure. This
section describes two procedures which may allow easier troubleshooting and subsequent repair:
1. Check-out procedure
Objective: To guide the user through a problem isolation process when symptoms do not indi-
cate a specific component malfunction.
Fault isolation level: Repair by unit replacement, repair can be accomplished with a basic know-
ledge of computer hardware.
2. Unit repair flowchart
Objective: To guide the user through a component level repair process.
Allow a component-level repair of an individual faulty unit.
Fault isolation level: Component level — Requires an advanced knowledge of computer hardwa-
re engineering, and electronics.

General troubleshooting procedure

@ First, isolate and replace the faulty unit according to the check-out procedure faulty each time a
unit is replaced, to make sure the new unit is not faulty. This process will prevent confusion
with a problem caused by poor connector contacts.

® Second, isolate and replace the faulty component in the unit according to the appro-
priate unit flowchart or the trouble table.

Step 1 Step 2
Check-out Unit repair
7
procedure flowchart
Repair by unit Repair at com-
replacement ponent level

Note 1) All checks indicated on the flowchart must be made.
Should any unit or component be replaced disregarding any check, the newly installed
one might be damaged.

Note 2) Whenever you are lost in the repair procedure, return to the entry and restart the
procedure.

Note 3) When no exit is found, during a diagnostic procedure (e.g., the test process has resul-
ted in repeating a diagnostic loop), proceed with the repair according to the trouble ta-
ble.

5.2 Test Program

A test program is supplied stored in an E-PROM with carrier which can be installed in the com-
puter ROM capsule. The test program provides tests for the ten functions listed in Table 5.1. It al-
lows either one of the following two execution modes
® AUTO Modo
In this mode, the program automatically performs a six test cycle. If desired, the cycle may be
repeated up to 99 times. The number of cycles may be selected after loading the program. This

mode is suitable for an aging test after repair or a test on a problem of very low reproducibility.
5-1
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" @ MANUAL Mode
The manual mode allows the user to select any one test from those listed in Table 5-1 and is an
aid to component level troubleshooting.

Table 5-1 Functions Tested by the Test Program

No. Tested Functions

—

RAM CHECK

BUZZER CHECK

RS, SER CHECK

LCD CHECK

MCMT CHECK

DIP-SW READ CHECK

KEY BOARD CHECK

ANALOG INPUT CHECK

BARCODE CHECK

)
olow|ow|N|o|lo|s|lw|N

CLOCK CHECK

5.2.1 Repairing Tools
Table 5-2 lists necessary repair tools which are available from EPSON.
Table 5-2 Repaired Repair Tools

Tool Q'ty
-~ 1 Test program ROM 1
2 RS-232C interface mini-wrapping connector 1
3 Serial interface mini-wrapping connector 1
4 Microcassette tape 1
5 Cable assembly (P/N B778400201) 1
6 DC regulator or dry-cell battery 1
7 Low-resolution barcode reader 1

The wrapping connector, internal pin connections, and the external power supply set-up, etc. are
illustrated in Fig. 5-1.

5-2
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Wrapping connector pin arrangement Internal pin connections
Serial interface RS-232C interface

s " 45 67
® 3 2-3 23
2 1 4558

N

é ——RS-232C interface mini-wrapping connector

DC regulator

L Serial interface mini-wrapping connector

Micro-

Jj- H| cassette
L —] tape

Fig. 5-1 Set-up for Repair

5.2.2 Installing the Test Program ROM
To install the test program ROM in the ROM capsule of the computer, perform the following steps:

Step (1): Reset the POWER switch OFF.
Step (2): Remove the ROM capsule cover from the bottom panel.
Step (3): When two ROMs are already installed in the capsule, remove either one by alternately lif-

ting up on the tabs at both ends of the ROM.
* If the ROM is difficult to remove, alternately raise both the ends with a flat screw

driver.

f Cover

Fig. 5-2 ROM Capsule Cover Removal Fig. 5-3 ROM Removal
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Step 4: Insert the test program ROM in the capsule. Make sure that the ROM pins are proper-
ly inserted into the socket.
Note: When neither ROM capsule is empty, the test program ROM may be inserted in
either ROM socket; ROMB or ROMC. When one ROM is already installed, in-
sert the test program ROM in the empty socket.

Fig. 5-4 ROM Capsule Sockets

Step 5: Replacethe ROM capsule cover.

5.2.3 Loading the Test Program
Set the POWER switch ON and check to see that the menu shown in Fig. 5-5 appears on the LCD

panel. The display varies depending on the inserted ROM. If nothing appears on the panel, press
the RESET switch.

Fig. 5-6 Tet Program Menu

® Move the cursor so that “MAPTST" blinks, and then press the RETURN key.

Note: One of the messages shown in Fig. 5-6 will be displayed, depending on the ROM capsule
socket in which the program ROM is inserted.

AL MAFTET AT MAFTET

1. Message displayed when test 2. Message displayed when test
program ROM is inserted in program ROM is inserted in
ROM 1 socket. ROM 2 socket.

Fig. 5-6 Test Program ROM Location Information Messages

5-4
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@ After the above preparation, the following menu will appear on the LCD panel.

TERT PROGRAM MERNL MODE Ve 1.8

——
AT

Iz
FlE LA

Fig. 5-7 AUTO and MANUAL Mode Selection Menu

5.2.4 Selecting a Test Mode

In response to the menu in Fig. 5-7, key in “1” or “2", respectively, to select the AUTO or MA-
NUAL test mode.

® AUTO Mode

When the AUTO mode is selected (“1” is keyed in), the prompt of Fig. 5-8 should appear. Spe-
cify a number of test cycles to be run by responding with a number from 1 to 99.

RAM, buzzer, RS-232C interface, serial interface, LCD unit, microcassette tape drive, and DIP
switch tests make up one test cycle. When the AUTO mode is selected, this cycle is repeated
according to the number of times specified in response to the prompt.

SHEDE COLNT

Fig. 5-8 Prompt for Number of Test Cycles
® MANUAL Mode

TEST FROGRSM SELECT

ey

L e

CHETE

Fig. 5-9 Menu for an Individual Test

Select a test by keying in the number preceding the test. When the test is completed, the dis-
play stops. To repeat the test again, press the spacebar, otherwise, press the RETURN key.

To stop the test after the keyboard check has been selected, key in “Break”.

* If any error message appears, refer to section 5.2.6.

5.2.56 Test Run Procedure and Display Information

This section describes the procedure for running the individual tests and display information given
by them.

MEMORY & VeREM DH

Fig. 5-10 RAM Check Test Information Message
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(1) RAM Check
® The information message displayed in Fig. 5-11 appears.
® The RAM and V-RAM check tests are performed in succession and the follow-
ing messages are displayed when the tests are completed.

M !

Fig. 5-11 RAM Check Test End Messages

(2) Buzzer Check
® The buzzer sounds for approximately three seconds.
® The buzzer further sounds at two different tones and then the following prompt is dis-

played:

BUZZER OK 7

Fig. 5-12 Buzzer Check Test Prompt

* Adjust the sound level and do another check.

(3) RS-232C and Serial Interface Check
Step 1: Insert the RS-232C serial interface connector, which is connected according
to the instructions in section 5-1. (The RS-232C socket is labeled on the PX-8
case.)
Step 2: Key in “3” for the test menu (TEST PROGRAM SELECT). The RS-232C and
Serial Interface Check test will be selected. The program runs the RS-232C interfa-
ce test first, displaying the following information:

1
CHECE END Mo

Fig. 5-13 RS-232 Interface Check Phase Information Messages

Step 3: The program then runs the serial interface test the display should appear as in Fig.
5-14.

Al TING
Ml ERND NOW !

HIGH SFEED

HIGH &

Fig. 5-14 Serial Interface Check Phase Information Messages
Step 4: These messages indicate the end of the test.

5-6
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(4) LCD Check
® The entire LCD panel display is reversed.
® The LCD panel display is reversed every other dot and then the black and white con-
bination is reversed.
® The LCD panel display is reversed every four dots and then the black and white con-
bination is reversed.
The following character pattern appears (Fig. 5-15) and the test ends.

exkwx®  CHRAGENE TEST  sxwwx*

DU () sk, e ABLETIAEATED g 4w s PEAECDEFGHTIELMNDFORSTUNVKAY Z 0¥ 1S abodet ghi e

poratuvweyz 0 F ™

Fig. 5-15 LCD Check Test Character Pattern

(5) MCMT (Microcassette Tape Drive) Check
® The following prompt appears:

Fig. 5-16 First MCMT Check Test Prompt

If speaker sound output is desired depress “Y” (YES); if not, press “N” (NO), respond by in-
putting “Y” (YES) on “N” (NO) as desired.
® The next prompt will appear as follows:

et
-
o
e
e
—
-
o

Fig. 5-17 Second MCMT Check Test Prompt

Examine the tape and respond with “Y” to this prompt if the tape data may be des-
troyed. Otherwise, key in “N".

® A Rewind/Fast Feed and Read/Write check tests are performed after the following in-
formation message is displayed:

MY CHECE (REWIND /7. F & READSWRIVE OHECE:

Fig. 5-18 MCMT Check Test Information Message

@ The third prompt appears as follows:

WRITE TAPE INFMAETON TO THIS TaPE 7 OV N

Fig. 5-19 Third MCMT Check Test Prompt

5-7
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® The test ends with the following information message:

Fig. 5-20 MCMT Check Test End Message

(6) DIP SW Read Check

® The following information is displayed:

i 1‘ :, ~——Element setting

Fig. 5-21 DIP SW Read Check Test Data

® Make sure that the DIP switch setting agrees with the following table.

Table 5-3 DIP Switch of Settings

REV.-A

~4 —=—— DIP switch SW4 elements 1 through 8

Character set specification

SW4 Setting

SW4

4

ASCII (USA)

French

—

German

English

o | O

-—

Danish

—

Swedish

-

o | O

Norwegian

o | O

—

Italian

Spanish

-—

OO0 |0 |0 |0 |0 |0 |0 |0 N

HASCI

o | O

—

Japanese (Japanese language)

—

Japanese (kana)

Japanese (touch 16)

oO|lo0o|]O0O|O|O|O

OO0 |0 |O|0O|O

o
O|lo0o|0Oj0Ooj]0Oj0O|0O]|]O0OjJO|]O|O |0O|0O|joO

O|O0 |O | O

O |O | O

oO|lo ojlojfoj]ojojoj0ojl0o|0O|O0C|O |

5-8
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(7) Keyboard Check
Step 1: Select your keyboard type by responding with the number following the
specification of your unit.
The following display data prompt will appear:

Fig. 5-22 Keyboard Test Display Data Prompt

Step 2: In response to the above prompt, key in characters to be displayed in the following
order:

storl | 1 12| 31456 7|8 9110|111 |12

13151171921 (23]25|27|29] 31|33(35] 37 |39
14|16|18|20|22|24|26|28| 30|32 |34|36|38(40]| 41
42 143(45]|47|49|51|53|55|57|59|61|63( 65 |67

66, 68
44 |146148| 50| 52|54|56|58| 60|62 |64 e8| (69
69 70 71

(70) (71) (72)

Fig. 5-23 Keyboard Check Test Character Data Entry

* The numbers within the parentheses are for a 73-key keyboard.
® When the key data entry ends, the following prompt appears.

Fig. 5-24 Keyboard Check Part 2 Test Entry Prompt

Step 3: If the keyboard check, part 2, test is desired, respond with “N” to this prompt. Other-
wise, key in “Y”. The above part 1 test will be repeated.
® The program enters the part 2 test and displays the following prompt:

e

Fig. 5-25 Keyboard Check Part 2 Test Prompt

Step 4: Key in the same characters as randomly displayed, following the above prompt.

5-9
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Step 5: To terminate the test, key in “Break”. The program will end the test leaving the fol-
lowing information message:

Fig. 5-26 Keyboard Check Test End Message

(8) Analog Input Check
Step 1: Connect a DC voltage regulator (output voltage range should be from OV to
+2.0V) and a dry-cell battery. Use the cable assembly P/N B778400201 according
to the instructions in section 5.1.
® The program displays the connected voltage at an accuracy of +=0.02V.
Step 2: When a DC voltage regulator is used, compare the displayed value with the reading.
If a dry-cell battery is used, measure and compare its voltage.

(9) Barcode Check
® The following is displayed:

teed
~

Fig. 5-27 Barcode Check Test Prompt

Step 1: Read the barcode pattern using a reader.
@ If the pattern and read data agree, “OK" appears on the LCD panel.

(10) Clock Check
® The following prompt appears:

TIME SET 7 (Y/MD

Fig. 5-28 Time Setting Prompt

Step 1: If you would like to seft the time, respond with “Y” to this prompt; otherwise, key in
IINI"
® When “Y" is keyed in above, the time setting guide message is displayed:

foerbiyS Uasy s Mow s Manater SDeo S bWeek

Fig. 5-29 Time Setting Guide Message

Step 2: Key in the date and time as follows: year, month, day, week day, hour, minute, and
second.
@ The set time should be updated every one second.
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5.2.6 Test Program Messages

The test program displays a message on the LCD panel when it terminates normally terminates.

When any malfunction is found, a diagnostic code indicates the problem area.

Major error messages are explained in the following:

(1) Return codes from slave CPU 6303
The slave CPU operation being performed when an error occurs is indicated on the LCD panel
as a one-byte return code as shown in Fig. 5-30. Table 5-4 lists all the available return codes
and summarizes their meaning.

ERFOF

/ / Fig. 5-30 Error Message Format

,” Table 5-4 Slave CPU Return Codes and Their Meaning
/

Device Code Meaning
SYS 00 Normal processing termination
SYS 01 Break ACK - Indicates that a break took place.
SYS 02 Command error — Indicates that a command has been input which is not included in the de-
fined
system
SYS 03 Communication error — Indicates that a 6ommand is received when data was to be recei-

ved/sent or vice versa.

2CD 11 lllegal size — Indicates that a screen-over occured which is attributable to an illegal size
specification.

2CD 12 An undefined graphic alphabetic character was used.

2CD 13 An alphabetic character code was used. Or, an attempt was made to define any other than

that for alphabetic character.

MCT 41 Head error — Indicates that the head failed to operate normally.

MCT 42 The tape stopped during processing.

MCT 43 Write protect error — An attempt was made to write a tape with no write protect pin.

MCT 44 Data error — Indicates that the data could not be determined to be either 1 or O because the
data pulse is wider or narrower than the standard value.

MCT 45 CRC error

ESPS 61 A linkage failed.

ESPS 62 Communication error — Overrun or framing error.

ESPS 63 Timer over

BEEP 71 BEEP already in progress — Indicates that a BEEP or MELODY was attempted when another

BEEP or MELODY was already in progress.
MCT 46 Block mode error — A block whose identifier is other than that specified.




(2) RAM error messages

Fig. 5-31

Fig. 5-32

REV.-A

D-RAM compare error — The RAM test was attempted on a program area (including OS, TPA,
and RAM files) where no read/write test is allowed.

V-RAM compare error — Written and read-back data did not agree.

(3) RS-232C and Serial Interface error messages

RS-232C transmission/reception failure — DIR - DSR, RTS - CTS - CD, TXD — RXD

An RS-232C error code XX - | 08: Parity error

10: Overrun error
20: Framing error

Fig. 5-33

Fig. 5-34

Fig. 5-35

Fig. 5-36

Fig. 5-37
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(4) Microcassette tape drive error messages

MEET

Fig. 5-38

Fig. 5-39

Fig. 5-40

Fig. 5-41

Fig. 5-42

Read/write error — possibly an abnormal tape feed speed or improper read/write pulse width.

Read failure.

Fig. 5-43

Fig. 5-44

Fig. 5-45
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(5) Keyboard error message

Fig. 5-46

Key entry code mismatch — a key code other than the specified one was input. Up to five key
entry retrials are allowed.

(6) Barcode error message

Fig. 5-47

Barcode pattern read failure.

Unit Level Troubleshooting

When trouble-shooting a faulty unit, first find the entry routine for that unit from the entry table.
In such a case where there are more than one symptom is observed and symptoms vary during
the course of troubleshooting, make it a practice to enter the troubleshooting procedures accor-
ding to the symptom that occurred first.

Notes on using the flowcharts

1) The troubleshooting flowcharts do not necessarily include all information required for trouble-
shooting such as check modes, etc. Thus, the flowchart context and trouble symptoms should
be closely examined.

2) If the troubleshooting flowchart instructions lead you into a loop or to the end of a procedure
and the problem is not resolved, refer to the schematic drawings or proceed by troubles shoo-
ting according to the following procedure:

Step 1:  Replace the faulty unit with a good one and make sure that the faulty unit is really mal-
functioning.
Step 2:  If the problem is difficult to reproduce or occurs so briefly that it is hard to examine the
symptom, vary the supply voltage according to the following instructions:
(a) Disconnect the battery from the battery connector CN2.
(b) Prepare a variable (O — 10) DC voltage regulator and make sure that the output is
turned off.
(c) Connect the regulator to the CN2 connector in place of the battery.
(d) Adjust the regulator output voltage to +5V.
(e) Turn the regulator output on.

After the above setup is completed, vary the regulator output in a range from 4.8V to 6.0V and ex-
amine the unit operation at each voltage level. If this voltage margin test is successful maintain
the voltage and proceed with troubleshooting, using tne check-out procedure and trouble-
shooting flowchart.
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5.3 Check-out Procedure

C D)

Start

Table 5-1

SYSTEM INITIALIZE

ENTER DATE TIME (YYMMDDhhmmss)

000000000000

Press INITIAL RESET
switch.

Adjust VIEW ANGLE
variable register.

Turn POWER switch
ON.

Did any
information appear on
LCD panel?

Did any
information appear on
LCD panel?

GO TO
3.1

Is displayed
information message

&

“CHANGE
BATTERY!"?

GO TO
4.1

Press RESET switch.

&

Is displayed
information the same
as table 1?

Press RESET switch.

Did displayed
information

Do you
pass here for
second time?

disappear
once?

Can numeric
keys 1 to 9 be

entered?




Read test program.

Did test
program menu
appear?

Select MANUAL mode
and run all tests.

RAM
Check error?

BUZZER
Check error?

RS/Serial
Check error?

LCD
Check error?

MCMT
Check error

Did install test pro-
gram menu appear?

GOTO
43

GOTO
3.1

DIP SW
Read Check error?

Keyboard
Check error?

Analog Input
Check error?

Barcode
Check error?

Clock
Check error?

Observe fault pheno-
menon again before
determining that com-
puter really has a trou-
ble. Then isolate faul-
ty unit by replacing
LCD unit, MAPLE bo-
ard, and Microcasset-
te tape drive in this or-
der.

5-16
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Charge main battery
using ac adaptor.
Press INITIAL RESET
switch and then turn
POWER switch ON.

Slide VIEW ANGLE var-
iable resistor as view-
ing LCD panel.

Did table
1 appear on LCD
panel?

Turn POWER switch
OFF. Then, remove
main battery and mea-
sure its output volt-
age.

Did a ligh
and shade pattern
appear on
LCD panel

Do you
pass here for
second time.

Replace MAPLE board.

]

Replace LCD unit.

Replace LCD unit.

Do you pass
here for second
time?

Feel main battery sur-
face for any abnormal
heat with your fingers.

Is main
battery voltage 4.0V
or above?

Main battery is bad.

Replace it.

Connect ac adaptor
and then press INITI-
AL RESET switch.

!

Charge main battery
for 8.0 hours (with
POWER switch OFF).

Is main
battery abnormally
heated?

Replace main battery.

GOTO
33

GOTO
Start




Set switch SW3 off
and measure VB+ voltage.

Is VB+
voltage 4.8V
or above?

Set switch SW3 ON.

GOTO
35

N

Readjust VRF voltage
with VR2.

Set switch SW3 ON,
press INITIAL RESET
switch, and then turn
POWER switch ON.

Did message
“CHANGE BATTERY"”
appear?

Replace MARPLE
board.

Replace keyboard unit.

Do
numeric keys
fonction?

Replace maple board.

GOTO
Start

Replace test program
ROM, press RESET
switch, and then re-
load test pregram.

Was
trouble fixed?

Replace MAPLE board

GOTO
Start
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5.4 Unit Troubleshooting

5.4.1 Repairing The MAPLE Board

The following should be noted when repairing the MAPLE board:

1) Check to see that the jumpers and switches are correctly set before proceeding with the repair.

2) Measure the voltage of the main and auxiliary batteries and verify whether the trouble is caused
by insufficient voltage.

3) Care must be used to avoid short circuits on either side of the board. Any short circuit will
short circuit the auxiliary battery resolting in damage to other circuits.

4) Before testing circuit continuity or element function with a circuit tester, make sure that the line
or element to be tested is not backed up by battery. Whenever the battery backed-up line has
to be checked, remove the auxiliary battery from the board before the test.

(Others)

Depending on location of the problem, a MAPLE board failure may present various symptoms and
troubleshooting is harder. Check the computer for any basic problem according to the procedure
below, first. If no problem is found by these checks, use the troubleshooting and repair the test
program and repair flowchart.

(1) Check the jumpers and switches for any improper setting.

(2) Check the logic circuit voltage and clock signal. (Also check fuse F1).

(3) Check the connectors for any imperfect contact.
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Vs
MAPLE BOARD REPAIR ENTRY TABLE
( Start )
Execute test progFam.
If a definite phenome-
non can be observed,
go to the correspond-
ing entry. Otherwise,
check the following, in
sequence.
N
Speaker
Power supply
N
—

ROM capsule
N

Keyboard

Microcassette tape
drive unit

\ i

RS-232C interface

GOTO
8.1

|
=2

Serial interface

The trouble is possi-
bly in another unit or
connection.

Replace MAPLE board
to recheck whether
the trouble is MAPLE
board or not.

Barcode interface

Analog
input interface

=z

5-20
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(With

connected)

Measure main (VB+)
and auxiliary battery
voltages.

no ac adaptor

Is VB + 4.8V or be-

low?

Is
VB + 4.8V or above?

Replace main battery
(possibly a inter-cell
short or open circuit)

Is this routine run for
second time?

Is auxiliary
battery voltage 4.8V
or above?

Connect ac adaptor
and turn POWER
switch ON.

Does battery
leak?

Connect ac adaptor

and sta
charge.

rt 8-hour

L

Measure main battery
voltage with ac adap-
tor connected (loaded
voltage) and discon-

nected (unloaded vol-

If main battery is bad,
open jumper J72
(overcharge control).

tage).

Was

Set switch SW3 ON.

information displayed
on LCD panel?

Is this routine run for
second time?

Is unloaded voltage
9+1V?

Is loaded voltage
6+0.5V?

Possibly an open cir-
cuit in charging cir-
cuit.

Is

Readjust VIEW AN-
GLE variable resistor.

charging current 400
mA
or above?

GOTO
4.1

GOTO
3.1

Is ac input
within +10% of rat-
ing.

Change ac input.

Possibly a short cir-
cuit on backup line

Replace ac adaptor.

Change ac input.

due to a defective ele-
ment. Find and re-
place defective ele-
ment through visual
check and physical
feel (for excessive
heat).

5-21
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GOTO
22




Measure output vol-
tages at pins 8 and 14
of IC 12D while oper-
ating RS-232C inter-
face.

Are
output voltages
+=8V?

Check levels of pins 2
and 15 of IC 12D.

Is pin
15 at low level?

Is pin
15 at low level?

Measure output vol-
tage at pin 28 of IC 9E
while reading ROM
capsule.

REV.-A

Replace IC 12D.

Check transistors Q7,
Q8,Q14,Q17,Q18,
Q21, and Q31 and re-

Replace IC 4C;
GAH40M.

place defective one.

Is
output voltage
+5V?

Turn POWER switch
OFF and make sure
that no voltage other
than VB+ is output.

Check level of IC 13E
pin 31.

Replace IC 13E.

Was
trouble fixed?

Check transistors
Q11,Q27,and Q1.

Replace slave CPU
6303 (13D).

Was

trouble fixed?

Check signals of IC
14D pins 14 and 15.

GOTO
Start.

Are
pulses observed at
those pins?

Check transistors Q4,
Q5,Q19, Q22, and
Q28, and replace de-
fective one.

Replace IC 14D.
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Check signal of IC
14D pin 2.

Are
pulses observed at
pin 2?

Replace IC 14D.

Check signals of IC
14D pins 6 and 7.

Are
pulses observed at
pin 7?

Replace transistor
Q34.

Was
trouble fixed?

Replace zener diode
ZD20.

Replace transistor
Q29.

Was
trouble fixed?

Replace inductance
L3.

5-23

GOTO




Replace CR1.

Is

9.8 MHz signal

REV.-A

1

Replace IC 7B.

observed?

Was
trouble fixed?

Is 4.9
MHz clock signal
observed?

Was
trouble fixed?

Replace IC 6A.
Y Replace IC 6A.
P GOTO
Start.
Was N
trouble fixed?
Is 2.45 Replace IC 7C.
MHz slave CPU clock
signal observed?
1] ] ]
Is 2.45 _
MHz main CPU clock Replace main CPU Replace IC 2C. Replace IC 6A.
signal observed? (4A).

Was
trouble fixed?

Is 32
kHz clock signal
observed?

Was
trouble fixed?

Was
trouble fixed?

Check pin 6 signal of
IC 3D.

Replace IC 4C.

Replace CR2.

Are
pulses observed?

Was
trouble fixed?

Replace IC 5D.

Replace IC 3E.

Was
trouble fixed?

GOTO GOTO
6.1

Start.

5-24
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Is 1
kHz pulse signal
observed?

Is 200
kHz sub-CPU clock
signal observed?

Replace sub-CPU
7508 (2E).

Replace IC 6A.

Was
trouble fixed?

Readjust sub-CPU
clock signal with VR3.

Is 35
kHz LCD unit clock
signal observed?

I

Replace IC 14D.

Is correct
RS-232C interface
clock signal
observed?

Was
trouble fixed?

Replace IC 2C.

Is correct
serial interface
clock signal
observed?

L

Replace slave CPU
6303 (13D).

Is correct
A-D converted clock
signal observed?

Replace A-D converter
7001 (1D).

Possibly no clock sig-
nal related trouble.

5-256

Was
trouble fixed?

Replace sub-CPU
7508.

1

Replace IC 4C.

GOTO
Start.




Was
repeat key
typed in?

Replace sub-CPU
7508.

Check whether DIP
switch SW4 is cor-
rectly set.

Is
SW4 correctly
set?

Replace IC 1E.

Type all keys.

Could all
keys be successfully
typed in?

Did any
character change?

Replace sub-CPU
7508.

Was trouble
fixed?

Replace IC 1E.
GOTO
Start.

Reset

Sw4.

Was
trouble
fixed?

7IN

Replace sub-CPU
7508.

GOTO
Start.

5-26

Did 8 or
more keys fail to
be typed in?

Check outputs of pins
10 through 13 with
one malfunctioning
key held down.

Are
pulses observed at
all pins?

Check outputs of IC
1E pins 1 through 11
with above key held
down.

Are
pulses observed at
all pins?

Probably an imperfect
contact at connector
CN4.

REV.-A

GOTO
7.3

GOTO
7.2
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Check pins 8 and 14
potentials of IC 12D.

Are these
potentials +8V?

Is pin 4
level of IC
12D high?

Check signals of IC

8.2

Are pins
1and 2 of IC

Replace IC 4C.

12D pins 15 and 16. 12D high?
Replace IC 4C.
Are
both low?
oth low Replace IC 12D.
GOTO
Start.
1 1
Check signals of IC 3E Replace IC 9B
pins9and 11.

Replace IC 2C.

Was
trouble fixed?

Is
DTR level
high?

Replace transistor
Q14.

Can data
be properly
received?

Were
pulses observed at
pin 11?

Was
trouble fixed?

Replace IC 9B.

Replace IC 7D.

Replace IC 12C.

Was
trouble fixed?

5-27

Was
trouble fixed?

Start.




Replace slave CPU
6303.

Was
trouble fixed?

Measure levels of IC
12D pins 8 and 14.

Are
those levels
+8V?

——

Replace IC 12D.

Was
trouble fixed?

Replace IC 9B.

Check voltage VRF.

Readjust VRF.

Was
trouble fixed?

Measure pin 16 vol-
tage of AD converter
1D.

Is 4BV
supplied at
taht pin?

Replace transistor
Q24.

—

Replace A-D converter
1D.

GOTO
Start.

Was
trouble fixad?

GOTO
10.2

5-28
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Replace sub CPU
7508.

Was
trouble fixed?

GOTO
Start.

Replace IC 4C.

Measure voltage of
connector CN5 pin
15.

Is that
voltage
-15Vv?

GOTO
4.1

Replace slave CPU
6303.

Was
trouble fixed?

Replace SED 1320
(7C).

Was
trouble fixed?

Replace V-RAM chips
9C through 11C one Start.
by one.
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Check level of slave
CPU 6303 (13D) pin
20.

Is
that level
high?

Replace slave CPU
6303.

Replace slave CPU
6303 (13D).

Was
trouble fixed?

Replace gate array
GAH40S (13E).

Was
trouble fixed?

10.2

Test speaker output
by operating micro-
cassette tape drive
and using SOUND
command.

Was speaker
output observed by
both?

Was speaker

Replace IC 8B.

Was
trouble fixed?

Replace VR1.

output observed by
either one?

Is this

i

Replace IC 7B.

trouble a D-RAM
failure?

Replace sub-CPU
7508 (2E).

Was
trouble fixed?

|

Examine error bit for
this trouble.

Replace one of the follo-
wing ICs according to the

error bit:

Bit0: 7D, Bit 1:4D
Bit 2 : 6E, Bit 3: 5E
Bit 4: 6D, Bit5: 4E
Bit6: 7E, Bit 7:5D

Replace SED1320
(7C).
Replace gate array
GAH40D.
GOTO
Start.
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GOTO
Start.



Replace slave CPU
6303 (13D).

Was
trouble fixed?

Measure pins 1 and
15 voltage of connec-
tor CN3.

Are
both +5V?

Replace IC 13E.

——

Check transistors
Q27,Q11,and Q1 and
replace any defective
ones.

Was
troubie fixed?

GOTO
Start.

Replace IC 13E.
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5.4.2 Repairing The LCD Unit

Before repairing the LCD unit, check the following:

1) Check the LCD panel surface for damage.

2) Check for any shade on the LCD panel when power is off.
3) Check the LCD board for any damage.

If a defect is found during the above checks, the LCD unit cannot be repaired. Replace the unit.

* When replacing a flat-package IC, follow the procedure below.

(1) Remove the solder from the IC terminal leads with a Solderwick.

(2) Lightly push the IC up with a precision screw driver.
(Do not force the IC; otherwise, the printed circuit pattern may come off the
board and the repair may become impossible).

(3) Remove the IC and remove the reamining solder from the pattern with the solder-
wick.

(4) Bend the new IC terminal leads so that they fit to the pattern holes.
(The terminal leads are bent downward when the IC is mounted on the head of the
board and upward when mounted on the tail.)

(5) Resolder the new IC terminal leads.

(6) Remove the flux from the soldered area.
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LCD UNIT REPAIR ENTRY TABLE

=

Is
something displayed
on LCD panel?

Nothing is displayed.

Is any
row of dots
missing?

Is any
column of dots
missing?

Is any
character missing
or incorrectly
printed?

Is any
ghost observed?

Are
any light and shade
observed?

Is view angle
variable resistor

improperly
adjusted?

Visually check

computer. If any 480 dots
problem is found, take P A
proper ac_tion. If no - N -
problem is found, run 1 | 33]|65|97 [129[161[193|225/241|273|305(337(369/401{433|46
test program to find 1
any malfunction. S S S S S S S S S S S S S S S S
32| 64| 96128 [160[192|224[240|272|304{336 [368/400|432|464|48(4 r g:'t
S
64
x1 [ x2|x3|x4|x5|x6 |x7 [x8|x1|{x2|x3|x4|x5[(x6|x7|x8
l End 1 N J
SED 1130
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[P

Adjust view angle var-
iable resistor as view-
ing LCD panel.

Check continuity bet-
ween FPC cable end
and soldering.

>

Measure relative vol-
tages from +5V of
pins 66, 67, 68, 71,
and 72 of SED1130
(Y1).

Did
something appear?

Replace LCD panel.

Was

Was

that check found
good?

Are all
voltages different?

Measure maximum

voltage between pins
66 and 74 of
SED1320 as sliding
view angle variable re-
sistor VR1.

Measure resistances

Replace FPC cable. of resistors R1
through R3.
Are
GOTO those resistances
Start correct?
Possibly a short cir-
2.4 cuit within LCD driver

trouble fixed?

Replace SED1130in
faulty LCD unit.

GOTO
Start.

Is absolute
voltage approximately
20V?

X1toX8orY1.

Possibly no trouble in
LCD unit. Check con-
nectors for any imper-
fect contacts and then
replace LCD unit.

GOTO

2.1

Check variable resis-
tance range of varia-
ble resistor VR1.

Was
trouble fixed?

Can VR1
vary from 1 ohm to
5 kohms?

Replace VR1.
TO
Possibly a MAPLE GoTo GO
board problem. 2.1 23
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Disassemble LCD
panel. Examine as-
sembly of board, Ze-
bra, and panel for any
problem, and check
for dirt. Clean dirt
and/or readjust as-
sembly if necessary.

Was
trouble fixed?

Replace SED1130.

Was
trouble fixed?

Check continuity of
FPC cable signal lines
between cable end
and SED1130 pins.

Was
trouble fixed?

GOTO
Start.

Disassemble LCD
panel. Examine as-
sembly of board, Ze-
bra, and panel for any
problem, and check
for dirt. Clean dirt
and/or readjust as-
sembly if necessary.

Was
trouble fixed?

Examine positions
and number of rows
and columns which
are not displayed.

Are
32 or more columns
missing?

Check the output signal
line of SET 1120 which
has relation with illegal
display function.

Is there
pulsing output?

REV.-A

Replace SED1120s to
left of that for
missing column.

Was trouble fixed?

Replace SED1120s
(X1 to X8) for missing
columns.

Was
trouble fixed?

5-34
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Start
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Make sure that DIP
switch SW4 on MA-
PLE board is properly

set.

Is SW4
correctly set?

Check to see whether
trouble is caused by
row or column drop in
LCD.

Is
problem detected in
any row or column?

Reset SW4 and then
press INITIAL RESET
switch.

Type in all keys and
check for any char-
acter change or other
malfunctions.

GOTO

Are there
8 or more errors?

Check whether char-
acter always changes
at the same position.

Start.

GOTO
4.2

Replace keyboard.

Does
character change

always occur at the
same position?

|s problem
detected in any row?

GOTO

3.2

1

Check continuity of
FPC cable.

Are all
lines good?

Replace FPC cable.

Was
trouble fixed?

Replace LCD panel.

Was

trouble fixed?

Trouble is in key-
board; possibly a
short circuit on a KSC
or KRTN line or lines.
Refer to 5.4.3, “Re-
pairing The Key-
board”.

Replace SED1120 (X1
to X8) for column(s) of
trouble.
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Reset jumper J5 set-
ting on MAPLE board.

Was
trouble fixed?

Replace LCD panel.

5.2

Was
trouble fixed?

Are
any failures in
rows?

33

for rows of failures.

GOTO
25
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GOTO

Replace SED1130s \/
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5.4.3 Repairing The Keyboard

Before repairing the keyboard. perform the following checkes:

1) Visually check the keyboard circuit board for any damage.

2) Visually check the keyboard information cable connectors for any damage.

3) Visually check the keyboard’s internal components such as the circuit board, FPC pattern, and
switches, for any foreign matter such as water drops.

4) Visually check the circuit board for any FPC pattern separation.

If damaged components which cannot be repaired are found in steps 1 or 2, replace the keyboard.
If any foreign matter was found in check 3), clean and dry the components at
the normal temperature. After components are dry, test the keyboard functions again.

If a problem still exists, replace the keyboard.

(Even if the trouble disappears, it is possible that it may reoccur at another time due to oxidation
of the circuit board patterns. If this occurs the keyboard may have to be replaced.

Printed circuit pattern separations may be fixed by a combination of a hot press and adhesive. If
unrepairable, replace the unit.
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” KEYBOARD UNIT REPAIR ENTRY TABLE

Start

C )

Was
repeat key
pressed?

Type in all data keys
and examine dis-
played characters.

Are all

1.1

Does any
key catch or fail Y
to operate smoothly?

GOTO
N 2.1
Does Y
any key character
sometimes drop?
GOTO
N 3.1

display character
positions on LCD
panel filled
with data?

Do all
displayed characters
correctly match with
typed-in ones?

Y

Type in all function
and control keys and
check for proper func-
tions.

Did
all keys properly
function?

Is
there any LCD
problem?

Visually check key-
board. If any problem
is found, repairas re-

quired.

with test program to
evalvate all functions.

Test keyboard

END

O3 TeTsTel7le3])

J10Juf12]13
14 [as|ie [17]18 1920 {21 [22]23 24 ]25] 26 [ 2
28|29 3031 [32[33]34]35[36]37][3s[39[40] 4] a2
43 [ 44| 45| 6] 47] 48] 49] 50| 51[ 52] 53] 54] 55 |56

57 |58 |59 [e0 [e1 |62 ]63 64 65[67| 68 [ 69

I | 7 72

Upper Code
Byte
Lower Code
Byte

0 1 2 3 4 5 6 7 8 9 A B
o 2 1| 2o| 46| 2| 21| 37| sa| 12
1 3l 14| 30| a7 s3] 22| 38| ss| 13
2 al 15| 31| 48| ea|l 23] 39| 56 OFF43 | ON43 |
3 5| 16| 32| a9 24| 0] 71 OFF57 | ONS;
4 6| 17| 33| so| ee| 25| 41| 58 OFF 70 | ON7
5 7] 18| 34|l s1| e7] 26| 42| &9 OFE72 | ONT72
6 8| 19 52| 10| 27| a4a oFF 68 | ONeS |
7 9l 20| 36| s3] 11| 28] 45| &1 OFF 69 | ON 69 |
8
9
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Examine physical ap-
pearance and stroke
of all individual keys.

Does
any key stick?

Does any
key catch or fail
to operate smoothly?

Replace that key.

]

Was N

Resolder that key
switch.

problem resolved?

28 e hd e

Check all keybaord
functions with test
program.

Replace keyboard unit.

Was trouble fixed?

GO TO
34

Remove keytop of
that key and check in-
side for any foreign
matter.

Was
any foreign matter
found?

GO TO
3.1

Remove that foreign
matter.

Was
problem resolved?

5-39

Do you pass
this route for
second time?

GOTO
25
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Press that key and Possibly a short cir-
test continuity be- cuitin FPC cable or
tween key switch printed pattern on cir-
contacts. cuit board. Check in-
sulation between all

LED anodes and KSC
lines. 3.3

Is
resistance
0 ohm?

Was
any short circuit
found?

Test isolation be-
tween key switch N
contacts with that key
not depressed.

Inspect soldering of
that line and remove
short circuit.

Substitute a known
good key board and
retest.

Is
insulation resistance
inifinite?

Was trouble fixed?

GOTO
2.2 GOTO

25

Does new
keyboard properly
function?

Possibly a KRTN line
short circuit. Check
insulation between
connector pin 21 or
22 and KRTN lines O
through 7.

Is
insulation resistance
infinite?

Possibly a trouble on
MAPLE board. Follow
check-out procedures
again to isolate faulty
unit.
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All

keys

typed in.

cannot be

Can
some keys be
typed in?

Are there more
than one keys
that cannot be
typed in?

Check KSC and KRTN
lines for those keys
for discontinuity.

Do those keys
share any particular

Examine continuity of
FPC cable signal lines
‘including connector
contacts.

Was
any problem
found?

Examine DIP switch
SW4 setting.

Is
SW4 correctly
set?

KSC or KRTN line(s)? "
Y GOTO
3.1

Check continuity of
that line. Measure line Properly reset SW4.
resistance with diodes

in forward direction.

GOTO
Start

Is there continuity?

cuit.

Check the diodes on
that line for open cir-

Are

all diodes normal?

GOTO

]

Check KSC and KRTN
lines for that key for
any short circuit with
another signal.

Was
any problem
found?

Do you pass
this route for
second time?

GO TO [ Replace bad diode.

34

GOTO
Start.
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Press RESET switch
once.

GOTO
1.3

—~
Resolve as required.

GOTO

Start.

GOTO
33

GOTO
3.1




Turn power on and
press RESET switch.

Are all LEDs off?

GOTO
34

Press NUM key with
SHIFT key held down.

Does
only middle LED
come on?

Press NUM key once.

Does
only bottom LED
come on?

Press CAPS LOCK key
once.

Does
only top LED
come on?

32

GOTO

Press CAPS LOCK key
once.

Are all LEDs off?

Make sure that resis-
tance between key-
board connector pin
21 (GND) and each
LED cathode is ap-
proximately 1 kohms.
Also check that re-
spective resistances
between pins 18, 19,
and 20; and anodes of
three LEDs are O ohm.

Were
all tests
passed?

5-42

GOTO
1.3

GOTO
33
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5.4.4 Repairing The Microcassette Tape Drive Unit

Before repairing the microcassette tape drive unit, check the following:

1) Check the read/write and pinch roller for dirts.

2) Exchange the microcassette tape for known good one and test to make sure malfunction is not
due to a damaged tape.

3) Make sure that the lead wires from the mechanical section are perfectly soldered.

4) Examine the error message on the LCD panel to find whether the trouble is a directory-related
problem. Tapes written by other computers may contain no directory and cannot be read by
this computer.

Problems 1) and 2), above, are interrelated so that both the checks should be performed at the
same time.
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~ MICRO CASSETTE UNIT REPAIR ENTRY TABLE

D

Is problem
a reel rotation
failure?

Is problem
head load/unload
failure?

Is problem
areplay (read)
failure?

Is problem
a write
failure?

Is problem
an erase
failure?

Is problem
a tape count
failure?

|s problem
a cover eject
failure?

Is problem
an LED indication
failure?

GOTO
1.1

-

G G G RG] €

GOTO
21

G

GOTO

GOTO

5-44

Is any
abnormal sound
heard?

Is problem
a compatibility
problem?

Is problem
a speaker
output failure?

Cassette tape drive
unit has no trouble.
Test-read/write using
a work tape.

REV.-A

GOTO
4.4

GOTO
55

GO TO
52
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Remove tape and per- Perform play opera-

form fast forward and tion (SAVE or LOAD)
rewind operations

while visually check-
ing reel operation.

Is reel
always rotating?

while observing reel
motion.

Y
Does
reel
rotate?
Replace TC1 on MAP- N GO TO
MC board. Does not reel at all? 3.1

Check input voltage at Replace TC1
pin 14 of IC2.

Was
trouble

fixed? W
as N
inptlxst :/':)allttage trouble
ixed?
N 4.0V or above? fixed?
Check input voltage at
pin 9 of IC1.
Possibly a problem on
MAPLE board. Check
sty o PP
connector CN3 to ca- s that gt IC1 pins 3 throug
ble connector pins. If input voltage
no problem found, re- 4.0V or above?
place MAPLE board.
Are all
those voltages 1.5V
or above?
Check output level at ' ©
pin 6 of IC2.
Measure capstan re-
_~Is that level sistance.
low or are pulses of
approximately
0.1V observed?
\/
N Is capstan
resistance
Replace IC2. 0 ohm
Replace trnsistor Q1.
pr\cl)\éaI:m Replace capstan mo-
resolved? tor.
Was Y
trouble
GOTO fixed?
Start.
GOTO GOTO GOTO

\27 24 Start.
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Insert torque check
cassette tape and
check torque while
performing PLAY
operation.

Is torque
between 5gand 11g
inclusive?

I Replace driving belt. |

Was
problem
resolved?

Disassemble reel and
lubricate bearing.

Was
problem
resolved?

Replace microcassette
drive mechanism.

Does reel
rotate at different
speeds?

Possibly no reel rota-
tion failure.

GO TO
Start

Does reel
fail to stor
rotating?

PLAY drive while ob-
serving

Measure base voltage
of transistor Q2

Is Q2 base
voltage at low
level?

[ Replace Q2 I

]

Does
read/write head
move?

——

L Replacetransistoru(')& l

GOTO
3.3

Do C-shaft and
pinch roller remain
in contact.

Check reel for proper
rotation during PLAY
and rewind or fast for-
ward operation.

GOTO
3.2

Unload read/write
head by breaking or
power off.

retract? Can cassette
tape be smoothl
Nremoved?

Y

GOTO
35

Possibly no head
load/unload failure.

s can,
fotationally
‘positioned as shown

é}\\ HP Switch
N

at right (HP switch
contacts are

Read HP switch I

Disassemble and
check P-lever assem-
bly for foreign matter
in sliding area.

Do you pass
this route for
second time?

Y

GOTO
33

5-46

Was
solved?

problem  re-

GOTO
4.1

Y
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proper make and
break.

Does
HP switch operate
normally?

Are out

put levels opposite

(high/low or low/high)
?

Replace HP switch.

4.2
Drive HP motor and Check IC5,pins 5 and Replace IC5.
check HP switch for 6

Was problem resol-

ved?

Replace transistor Q3.

Was problem resol-
ved?

GOTO
Start.

Check zener diode
ZD1.

Does
ZD1 properly
work?

Replace ZD1

Was problem resol-
ved?

Measure resistance of
HP motor winding.

Is that
resistance approxima-
tely
7 ohms?

Replace HP motor.

Was problem resol-

ved?

Replace capstan mo-
tor.

Was ploblem resol-
ved?

Readjust engagement
between C shaft and
reel gear.

Was problem resol-

ved?

Possibly a reel failure.
Replace microcassette
tape drive mechanism.

5-47

Y
GOTO GOTO
Start. 35

GOTO
Start.




Check signals of IC5
pins 8 through 11.

Are signal
evels of pins 8 and

opposite those of
pins 10 and 112

REV.-A

Readjust azimuth.

Is
azimuth correctly
adjusted?

Replace P-lever as-
sembly.

Adjust tape feed
speed.

Is
signal output
atpin 1?

Measure resistance of
read/write head wind-
ing.

Is
read/write winding
open?

N
Are Y
pulses observed at
all pins? Replace IC5.
Do Y
AC pulses appear
atpin 11?
Replace IC4.
Check output of Ic3
pin 1.
Replace IC3.

Was trouble fixed?

Can
tape be normally
read?

Was problem resol-

ved?

GOTO
5.4

Possibly tape is bad or
MAPLE board has a
problem. Clean read/
write head and pinch

GO TO
54

GOTO
Stard

roller. Then, test
read/write again.

Y

Replace read/write
head.

Was trouble fixed?

GOTO
Start.

Replace capacitors C11
through C13 in order.

Was trouble fixed?
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5.2




REV.-A

6.2
Check signals of IC5 Check continuity of i
Check signals o diodo D2, Replace transistor Q4.
Are pulses observed
at those pins which Is \ Was
are D2 good? problem resolved?
opposite in phase?
N N
, Replace P - lever as-
Replace IC5. Replace D2. sembly.

Was

Was Was

problem resolved? problem resolved? problem resolved?
Y
Replace diode D6. GO TO GOTO
Start. Start.
Is LED
on only during
GOTO write?
6.2
N
Replace C shaft.
GO TO Is LEO
6.3 always on?
Replace LED.

Is that
trouble write
protect failure?

Was
problem resolved?

Adjust “PE” switch

Was trouble fixed?

GOTO
6.4
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PLAY drive and check
signals of IC5 pins 1
through 4.

Do
pulses appear at
pin 1?

Are pulses
observed at those
pins?

REV.-A

Check transistor Q6.

Check reflector plate
on reel shaft for any
abnormality.

Replace IC5.

Is
reflector plate
good?

Replace reflector plate
(microcassette tape
drive mechanism).

Replace tape and try
another test. If micro-
cassette tape drive
mechanism.

GOTO
Start.

Can EJECT
button switch be
moved up and
down?

Is N
Q6 good?
Y
Replace Q6.
Replace photo-
reflector FT1.
Was N

Was
problem resolved?

problem resolved?

Replace diode D7.

Replace microcassette
tape drive unit cover
plate.

Was
problem resolved?

Read/write head is
not unloaded. Press
INITIAL RESET
switch.

Was
problem resolved?

Possibly an EJECT
mecanism problem.

GOTO
7.4
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GOTO
Start.

Y
GOTO
7.2
GOTO
Start.
GOTO
33
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How to adjust the HP switch

[ Before mounted ] [ After mounted}

1. Nominal separation: approximately

twice the

fixed spring

plate thick- The fixed spring plate must
ness - 0.35 rest on the cam face.

+ 0.1(Unit: mm)

Movabile spring plate Fixed spring plate

K

1
0.45
m\‘\ 0.1

‘ (Unit: mm)

\

The separator must rest on
the protrusion face.

—

Must be rectangular.

How to adjust the PE switch
(1) Mounting position

—Separator

The separator must rest on the base plate.

A

When the separator is inclined, rest it flat on the base plate.

If the contact plate is bent, stretch it straight.




(2) Inspection

(@) When a MIN cassette tape is inserted.
(Unit: mm)

The separator must rest on the base plate and there
must be a separation of 0.2 or more between the G
0 12 | lever and the switch contact plate (approximately
: twice the switch contact plate thickness which is 0.12.)

0.2 lever

(b) When a rug-bent cassette tape is inserted.

(Unit: mm)

0.3~0.5 The separation between the separator and base plate
must be from 0.3 to 0.5 (approximately half or one

| third of the separator thickness.)

5-52
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6.2

6.3
6.4
6.5
6.6
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6.1 Repair

Before starting the repair

1. Static electricity

® A human being’s body is charged with the static electricity which is caused by the friction of his
clothes. If his charged fingers contact the elements of the circuit, the static electricity may da-
mage the elements. Therefore, before starting the repair work, touch the case cover with both
hands to discharge any static electicity.

® When using a measuring instrument, such as an oscilloscope, which needs to be grounded,
touch the conductive portion of the grounding terminal to the case of PX-8 and your fingers,
then connect it to the GND terminal on the board.

@ Before repairing the MAPLE board, remove the AC adaptor, the main and auxiliary batteries, and
wait for approximately 30 second before beginning repair. This will allow residual power to dis-
sipate. Handling before total power dissipation may result in damage to the board.

2. Circuit

@ After removing the circuit board from the case for repair, rest it on insulative material, to pre-
vent shortcircuits.

@ After turning off the power switch, the RAM and a part of IC are backed up by the battery.
Therefore it is necessary to observe the precautions listed above while replacing elements on
the control board.

® Before examining the circuit, check to see if the signal lines are backed up.

® Flexible printed cable (FPC) is used in the mark. If the FPC is bent or scratched, it may result in
circuit damage.

Therefore, handle it very carefully.

4. Connectors

@ All internal cable connectors in this device are of locking type. When disconnecting the cables,
unlock the connectors.

5. Soldering
® When repairing the boards, refer to the section on soldering.

6. Storing or transporting circuit boards on which batteries are mounted.

® When storing or transporting circuit boards on which batteries are mounted, protect them from
static hazards by using a static-proof insulator bag, etc. When storing them for a long time, re-
move the battery(s) to prevent battery deterioration or circuit damage due to possible battery
leakage.




6.2 Repair Tools and Equipment
Table 6-1 General Tools

REV.-A

Name Standard Q'ty Use ﬁ;’:‘gﬁ;‘;ﬁ; )
Oscilloscope 50 MHz dual-beam type 1 | Repair of control board Yes
Digital voltmeter 5 - 25V range 1 Measurement of circuit voltage Yes
DC regulator 0 - 20V, with current con- 1 Repair of control board Yes

troller
Multitester 1 -kQrange 1 | Continuity test Yes
Solderingiron A B778401501 1 R-920 3.2x1.25 Yes
Soldering iron B B778401601 1 | FP-NO2 28x25x15.5x125 No
Soldering ironC B778401701 1 FP-NO1 11x15.2 No
Soldering iron D B778401801 1 1006 23x20x17x14 No
Solder pump 1 Repair of control board Yes
Nippers Middy Sure 1178 made by 1 Repair of control board Yes
EPE Ltd.
Tweezers MM 125 mm 1 Repair of microcassette Yes
Phillips head screwdriver set 1 Repair of microcassette Yes
Flat blade screwdriver set 1 Repair of microcassette Yes
Pincette MM 125 mm 1 Repair of microcassette Yes
Phillips head screwdriver No. 100 mm 1 Disassembly and assembly Yes
2 of case
Blade screwdriver No. 2 100 mm 1 Disassembly and assembly Yes
of case
Frequency counter 4 digits, 50 khz or above 1 | Microcassette tape drive and in- Yes
ternal clock signal adjustment
Electronic thermometer Instantaneous tape 1 Control circuit board repair Yes
Ampere meter 1uA ~ BA 1 Control circuit board repair Yes
Table 6.2 Repair Equipment

Name Standard Q'ty Use ﬁsr:\::::s::-
Safety goggles 1 Soldering Yes
Gloves 1 | Soldering Yes
Solder 1 | Soldering Yes
Solder wick 1 | Soldering Yes
Drier 1 Circuit board repair Yes
Lead wires AWG # 30 or equivalent Circuit board repair and Yes

analyses
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Table 6-3 Special Jigs

Name Standard Q'ty Use Commfarmal-
ly available
*Extension cable (16-pin) B778400701 1 Between MAPLE board and LCD NO
unit
*Extension cable (20-pin) B778400601 1 Between MAPLE board and NO
microcassette
*Extension cable (11-pin) B778400801 1 Between MAPLE board and NO
microcassette
Azimuth tape Olympus OA-211 1 Adjustment and inspection of YES
B777600101 microcassette
P reel torque check cassette Sony TW-1112A 1 Adjustment and inspection of YES
B777600201 microcassette
RS-232C MINI WRAP B778401101 1 NO
Serial MINI WRAP B778401001 1 Adjustment of azimuth NO
External speaker connector B778400201 1 Adjustment of azimuth NO
Keytop puller B765000001 1 Keytop removal YES
Microcassette tape (EPSON Y202503000 1 Microcassette tape read/write YES
C-30) test
Test program ROM B778401201 1 Repair NO
Table 6-4 Oil, Grease, and Chemicals
Name Standard Q'ty Use Commgrcnal—
ly available
Flux remover  — 1 YES
Instantaneous cooling agent —_ 1 SOLDERING YES
Alcohol —_— YES

Silicon lock

6.3 Soldering

Inaduertant soldering of delicate component can cause component damage. Carefully read and
fllow the reccauting in Section 6.2.1 for component removal and soldering to safeguard the Maple

computer’s circuitry.

6.3.1 Removing and Installing Parts
(1) When removing parts such as IC’s, transistors, etc. from the board, cut the lead wires of the
parts with nippers and remove the solder. Melt the solder rapidly to prevent the parts from ab-

sorbing the heat.

(2) Solder each part quickly and use cooling agents to cool the part (to protect the parts and print-

ed circuit board).

(3) When removing parts, remove the solder from the holes using SOLDER REMOVER; pull out
the lead wires, which were cut in advance. This should be done without excessive use of force
in order to protect the land and print pattern from being removed.
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(4) When installing a part, be aware of the bending direction and length of the lead wires. Wire
should not contact other lands on the backside of the board, which could cause a short circuit.

(5) When installing a register etc. to the board, take care that the parts do not directly contact the
surface of the board (to protect the board from the heat of the parts).

(6) When using a wire to repair the board, keep its length to the necessary minimum.

However, if there is a lead wire across the shortest route, take another route.

@ If a longer wire must be used, fix it to the surface of the board with epoxy resin adhesive.
® To prevent noise, do not install a long wire in parallel with the print pattern.

® Wind the wires onto the lead wires of parts.

(7) When soldering or removing flat package IC’s , use a special soldering iron and rapidly carry
out the work. When installing an IC, place some solder on the pattern, then place the IC on the
pattern, taking care not to bend its lead pins. Quickly solder it with a soldering iron. When
placing the IC, it may be fixed with a little amount of thread tightener or adhesive.

(8) When removing a chip component such as a square resistor, capacitor, or transistor package,
from the MAPLE board, heat all its terminal one at a time with the soldering iron.

6.3.2 Soldering

(1) Soldering the through holes

(a) Solder each lead wire as shown in the center of Fig. 6-1. (The slope of the placed solder is 30°
-45°)

Lead wire of part

Board
Too much Proper Too little
Fig. 6-1
(b) Fill the through hole with the solder.

® Through hole is ® Proper ® Pin holes
not filled with (through) are not
solder. At least allowed.
3/4 of the hole

must be filled.

Fig. 6-2
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(c) Cut the lead wire to the proper length and do not short-circuit it to other lands.

X X X1l

J[C—JC—3|C

@ Lead wire must be @ Asarule, do not ® Lead wire must not
projected from the bend the lead wire. be too long.
through hole.

Fig. 6-3

6.3.3 Installing the Parts

L

frrmmy

® ®
Fig. 6-4
® Proper
@ Do not allow the part to contact the board.

@ Install the part in parallel with the surface of the board (The limit of slanting angle is 15°).
® Do not install the part too far from the surface of the board (to prevent it from short-circuiting other parts).
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6.3.4 Installing The Wires

—1+0° —319
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— 10 —=o

=

1] ||l

Fig. 6-5 Installing the Wire

® Wind the wire onto the lead wire (pin of IC) from 3/4 to 1 full turn.
® The wire must be covered to near the land. The bare portion of the wire must be less than 1/2

of the land.

® When the lead wire(s) has to be long, secure it on the board with an epoxy adhesive.

< Impossibility of repair >

If the problems listed below occur, the quali-

ty and durability of the parts cannot be gua-

ranteed. It is therefore recommended that the

board be replaced in the following instances.

® The copper foil in the through hole has
come off.

@ The land has come off.

® The print pattern has come off.

® The board has been burned.

England drawing

°9

< Treatment after the repair >

After repairing (soldering) the parts, treat them

according to the following procedure.

® Remove all the flux from the soldered por-
tion with a brush etc.

® Clean the patterns which you have touched.

® Clean the connectors, and apply contact re-
covery agent, if necessary.

® Dry the parts.

* If the parts are not treated as explained
above, the patterns will oxidize and corrode.

%,
/Terms / : 4 Land

Z4

Through hole

066 50d b
T

® The board is cracked.
f -
o o—
o

aj

Print pattern

The lead wires of parts are put into the through holes
shown in the figure at left.

Fig. 6-6 Surface of Board
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Print pattern

Land

Board 4———Through hole

Print pattern (Copper foil or copper foil plated with
solder)

Fig. 6-7 Section of Board

6.4 Component Locking

This computer is portable and may be often subjected to vibrations and shocks. Thus, measures
are required to prevent any failure due to possible loose screws, variable resistor adjustment de-
viations, poor contacts of cables and jumpers, etc. The following measures should be taken after
any circuit board or other component replacement or variable register readjustment, etc.

—

6.4.1 Variable Resistor Locking Movable screw head  gjjicon lock
After a variable resistor is readjusted, apply a
small amount of silicon lock on the variable re-
sistor as shown in Fig. 6-8. L__J
Care must be used to keep the driver groove

free from the lock agent. Driver groove

Fig. 6-8 Variable Resistor Locking

6.4.2 Screw Locking Screw lock agent
After any circuit board is replaced or any micro-
cassette tape drive azimuth adjustment is
made, apply a small amount of screw lock #— -
agent on the fixing screws or the azimuth ad-
justment screw as shown in Fig. 6-9.

Fig. 6-9 Screw Locking

6.4.3 Ensuring an FPC Cable Connection
Before disconnecting/connecting any FPC ca-

ble, unlock its connector. When connecting an

FPC cable, make sure that the cable end m _____
reaches the bottom of the connector before _"T]—‘

locking the connector. il

LI L L L L IIIIINIININNINNIIINIs
Locked Unlocked

S~

Fig. 6-10 FPC Cable Connection/
Disconnection
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6.5 Notes On Repairing/Replacing The MAPLE Board

Care must be used on the following points when repairing or replacing the MAPLE board.

6.5.1 Voltage/Current Checks
Non-reproducible program runaways or data changes which cannot be attributed either to sof-
tware (including the programming) or hardware may occasionally occry. Battery charging prob-
lems which are difficult to reproduce may also occasionally occur. In such instances, check the
following voltages and the charging current before repairing the board.
1) Setting-up test equipment
Connect a DC voltage regulator in place of the main battery, a voltmeter, and an ampere meter
as shown in Fig. 6-11.

Computer
DC voltage _o/, * |f an ampere meter is incorporated
. regulator [© 1 } CN1 battery connector in the DC voltage regulator, no addi-
! or ac adaptor connector tional ampere meter is required.
o
@ VB+ <€
GND <

Fig. 6-11 Setting-Up a Voltage and Current Measurement Device for Testing
the MAPLE Board

If the DC voltage regulator has a current limiting feature, adjust it so that it works above 500
mA. Adjust the voltage output to +5.0V and make sure that the computer is off before applying
the regulator output to the computer. If a higher voltage is inadvertently applied, circuit com-
ponents may be damaged.

@ Press the INITIAL RESET switch once and then set the computer POWER switch ON.

2)Voltages
(Low voltage detection level)
Lower the regulator output voltage while observing the VB+ voltage on the MAPLE board. Mea-
sure the voltage at the time the message, “CHARGE BATTERY", is diplayed on the LCD panel.
The measured voltage should be in the following range:
461V ~ 4.82V
Note) When the message appears, the VB+ voltage rises a little higher than the value mea-
sured immediately before ; this occurs because the BV+ line is backed up by the auxi-
liary battery.

(A-D converter voltage)
Adjust the VB+ voltage to 5.0V and then make sure that the voltage across the test terminals
VRF is 2.0V.

3) The VB+ line current varies depending on the line voltage and operation. Table 6.5 lists the
standard current requirement for the various components. The following current measure-
ments may also vary depending operation mode.

—
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Table 6-5
No. Computer State/Component Current Remarks
1 Operating MAPLE board 60 mA

Average including head load/unload —
2 | Operating microcassette tape drive 130 mA the actual current requirement varies

from approximately 90 mA to 160 mA.

3 | Operating RS-232C serial interface 110 mA

4 | Operating ROM capsule 90 mA With two 27128s.

5 | Operating speaker 35 mA At max. sound level

6 | Power off 45°C or above 1400 wA Varies depending on the temperature
7 | Power off 25°C ~ 45°C 600 uA detected by thermistor TH1.

8 | Power off below 25°C 300 uA

9 | Poweron idle 55 mA

6.5.2 Test Points

11 test points are provided on the MAPLE board which allow easy access to the VB supply line
and major signals for test.

GND MRQ 4.9M

CL2 GND

Fig. 6-12 MAPLE Board Test Points
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Table 6-6 MAPLE Board Test Points and Their Functions

Name Function Remarks
GND Signal ground
VB+ Battery voltage
VB Backup voltage Supply for 6kB V-RAM, 64kB

D-RAM, 7508 sub-CPU, and
A-D converter

+5 Logic circuit voltage supply — VB+ supply through
fuse F4 and transistor Q6
VRF A-D converter reference voltage Adjust to 2.0 V.
E 6303 slave CPU enabling signal
MC Microcassette tape read data signal
4.9M Clock signal halved from the primary frequency of

9.8304 MHz which is used as the control clock
signal for the LCD controller SED1320.

MRQ Issued from main CPU when D-RAM memory is
read/written or refreshed.
SP Microcassette tape read data used as an output to
the speaker.
CL2 Keyboard Scanning clock signal Adjust the pulse cycleto 11.5
to 12.5 ms.

6.5.3 Variable Resistor Adjustments
There are four variable resistors, three on the MAPLE board (see Fig. 6-13) and one in the LCD
unit.

GND MRQ 4.9M

VR1

o+ *® ®

MC 5V GND

Fig. 6-13 MAPLE Board Variable Resistors
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Table 6-7 Variable Resistors and Their Functions

Loca- .
tion Name Function
VR1 Speaker sound level adjustment
I\gﬁ:rlaE VR2 A-D converter reference voltage
VR3 7508 sub-CPU clock signal adjustment (for keyboard scanning)
LCD VR LCD view angle adjustment

VR2 and VR3, listed in the Table 6-7 need to be adjusted as follow:
(1) VR2

Adjust the voltage across the VRF terminals to 2.0V with VB+ at 5.0V.
(2) VR3

Adjust the cycle of the pulse signal at point

“CL2"” or Pin 21 of IC “2E” to 200 kHz

+4%.

6.5.4 Jumper and DIP Switch Settings
When a computer board is replaced, set the jumpers and/or DIP switches according to the follow-
ing;
(1) Jumpers
Set the jumpers by referring to the old board as well as the descriptions in 2.5, “Jumper and
Switch Setting” paying attention to the following:
J1: The J1 setting varies depending on the type of main CPU (uPD 70008). Examine the main
CPU chip (4A) on the new board before setting J1.
J5: Use the same setting as the old board, A or B. If a different terminal is wired, ghost dis-
plays may appear on the LCD panel.
J2 and J4: Use the same settings as on the old board. The user may use other than the stan-
dard setting.
J3: Always use the standard setting; open or OFF.
(2) DIP switch (SW4)
Set the individual switches of this DIP switch assembly according to the descriptions in 2.5
“Jumper and Switch Setting”.

6.6 Microcassette Tape Drive Adjustment

The microcassette tape drive requires two regular adjustments, reel torque and azimuth.

However, the test tapes have no directory area and cannot be read by the normal LOAD instruc-
tion, resulting in a message, “DEVICE UNAVAILABLE". Therefore the drive must be manually
operated as follows:




—

—

STEPS:

(1) Turn on the power.

(2) Press “CTRL" and “HELP”; the system display will appear.
(3) The screen shown in Fig. 6-14 should appear.

REV.-A

*#x SYSTEM DISPLAY *x% 84/05/01 (TUE) 11:21:19 <MENU >

<RAM DISt > 005 kb CAUTO START > B
CUSER RIOG> aoo 256 b “MCT MODE > stop, nonverify <COUNT: AOAAOA
<MENU DRIVE: TCBA <MENU  FILE:> 1 .COM 2. 3 . 4 .

- Seglect number or ESC to exit.
t=password 2=alarm/wake 3I=auto start 4=menu S=MCT
LA 2= /mount ¥ /dirinit —rx /erase aoo /

Fig. 6-14 * This screen is a little different
from the actual one.

(4) At this time, the operation shown in Table 6-8 can be carried out.
(5) Insert the test cassette tape in the drive and press “[PF2].”
The drive should be in the “PLAY" state and the tape should be loaded.
(Press PF3 and PF4 respectively when stopping and rewinding the tape.)
Table 6-8 Test Cassette Tape Routine

memory on the tape.

Key Name of operation Description
SHIFT] + [PF2 MOUNT Store the directory on the tape in the
memory.
SHIFT| + [PF1] REMOVE Write the directory stored in the

SHIFT] + [PF3] DIRINIT Initialize the directory on the tape.
PF4 REWIND Rewind the tape.
PLAY Monitor the contents for the tape
through the speaker.
FF Feed the tape at a high speed.
[SHIFT] + [PF4] ERASE Erase the contents of the tape.
STOP Stop the tape.
PF5 RESET Reset the tape counter to O.

6.6.1 Reel Torque

Mount the Torque check cassette on the microcassette drive, and run the LOAD command. The
tape starts. The torque can read directly from the indicator on the left hand reel of the cassette.
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Torque check cassette

The proper torque is 5.0- 11.0 g-cm.

Fig.6-15

6.6.2 Azimuth Adjustment

This is an important adjustment, required to maintain tape compatibility with other drives. When-
ever a read error frequently occurs or whenever the drive is repaired, the azimuth must be checked
and adjusted accordingly.

(1) Setting-up

1. Remove the cover of the azimuth hole of the
microcassette drive shown in Fig. 6-16.

2.Connect the jack connector to the external

speaker interface (SP OUT). Azimuth hole cover
(adjustment screw below)
Fig. 6-16
3. Connect the probe of the oscilloscope to the |
lead wire of the connector as shown in Fig. " Rmn s
6-17. nane
Fig.6-17

* |f the jack connector is not available, solder two lead wires from the MAP-MC board, CN1 con-
nector pins 3 and 5, as shown in Fig. 6-18.

Solder the lead wires to pins 3 and 5 as
shown in Fig. 6-18.

L

MAP-MC board

o
-

0000000000
00000000

RDSP GND

Fig. 6-18 Additional Lead Wires for Azimuth
Adjustment
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(2) Adjustment
Check the output signal from the test connector (or the RDSP signal of pin 5 on CN1) with an
oscilloscope. Turn the azimuth adjustment screw clockwise or counterclockwise until the
peak position of the wave is found, then adjust the azimuth according to the following proce-
dure. (For the location of the adjustment screw, see Fig. 6-20.)
1. Turn the adjustment screw slightly in a counterclockwise direction to deviate from the peak.
2. Slowly turn the adjustment screw clockwise to the peak position. (Be sure to adjust the screw
to the peak position turning it clockwise.)
3. Lock the adjustment screw.
Set the oscilloscope near the following range.
Sweep DIV. 200 uS

Reference: Output signal of pin 7 of IC4 on MAP-MC board.

The signal wave form should be about
200 mVP-P as shown in Fig. 6-19.

Fig. 6-19

6.6.3 Tape Speed (2.4 cm/s)

Make sure, by using the AZIMUTH test tape, that the output is within a range of 3 kHz + 15 Hz
(as directly measured with a frequency meter). Make sure that the signal at pin 3 of IC2 on the
MAP-MC board is in a frequency range within 400 Hz + 4 Hz (a pulse cycle range from 2.57 to
2.44 ms). If either deviates from the specified range, readjust the tape speed with variable resistor
VR1 on the board.

Location

Azimuth adjustment screw
(Located right beneath the azimuth

hole cover.)

Fig. 6-20
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6.7 Barcode Reader

Connect a low resolution barcode reader and make sure that the patterns shown in Fig. 6-21 can
be read with the BARCODE CHECK test program.

R A ®OEOmOE Mk
I T T heELED R

Fig. 6-21
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7.1 Main CPU (280)

The main CPU is a CMOS-based, 8-bit microprocessor that controls the whole system. It directly
controls DRAM, the RS-232C interface and the expansion interface (CN8), and sends and received
commands and data both to and-from sub-CPUs 7508 and 6303 through the gate arrays.

Part No. X400260000 is currently used for the main CPU; however, jumper J1 has been incorper-
ared on the MAPLE board so that in the future, other CPUs, which will expand the systems capabi-
lities, can also be used.

7.1.1 Operation
The main CPU operates at a clock rate of 2.45 MHz, making the instruction cycle approximately
1.6us.

1 state : 1/(2.45 x 108)=408us
1 cycle : 408 x 4(4 states) = Approx. 1.6us

Fig. 7-1 shows a block diagram of the main CPU. Registers consist of general-purpose registers,
accumulator registers, and flag registers.

Block diagram

>

-BIT
DATA BUS
DATA BUS Accumulator and Flag Registers
CONTROL
Interrupt Vector l Memory RefreshR |

1

=

Index Register IX

C:" INST (r INTERNAL DATABUS _ ) aLu ||!ndex Register IY

Stack Pointer SP
Program Counter PC

C——Hwsrauction
DECODE

k=

&
13
CcPU cPU
SPaW  |controL REGISTERS
CONTROL
CPU

SIGNALS :> CONTROL @

ADDRESS

CONTROL

16 BIT
_5V GND§ i} ADDRESS BUS

Fig. 7-1

7.1.2 Functions of Major Registers
1. Program counter (PC): 16 bits
Holds address of next instruction.
2. Stack pointer (SP): 16 bits
Holds address of the top of the stack memory in DRAM.
3. Index register (IX and 1Y): 16 bits
Used for index addressing.
4. Memory refresh register (R): 8 bits
Holds refresh address of DRAM. Lower seven bits are automatically incremented on execution
of op code fetch cycle.
5. Interrupt page address register {l): 8 bits

Holds high-order 8 bits of the indirect address used for interrupt mode 2.
7-1
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7.1.3 Timing
An instruction is normally executed in combination with one of the following three basic machine
cycles:
(1) Instruction op code fetch (Ml cycle)
(2) Memory read/write cycle
(3) Input/output cycle
* The relation between clock, state and machine cycle is as follows.
1 state=1 clock
1 machine cycle = 3 to 6 states
1 instruction cycle =2 to 6 machine cycles

7.1.4 Interrupt Function

The NMI (non maskable interrupt) line of the main CPU cannot be used because it is always pulled
up by resistor R94. Therefore, only the maskable interrupt INTR line is valid in this machine. The
interrupt function operates in one of the following three modes:

Mode O: Executes the instruction (normally RST or CALL) read in Ml (mode condition after reset).

Mode 1: Saves the content of the program counter and automatically causes a branch to OO38H.

Mode 2: Executes an indirect CALL instruction according to the content of the index registor and
the data which has been read.

* These interrupts may not be accepted when the BUAK signal is low. (I.C., that period when the

CPU is keeping the bus open).
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70008 Main CPU
1. Location: MAPLE board, 4A
2. Pin Assignments

All O=—
Al12 0=
A13 O ——
Al4 O=—
A15 OE——

40
33
38
37
36

——==0 A 10
——=>=0 A3
——>=0 A 8
——>=0 A 7
——>=0 A 6

+SV o-

INT 0—>»
NM] o——>
HALT oe—
MREQ oe——
IORG O=—

D4 o€ —>>
D3 o=—o>»

O 300N & wnNn -

o

n
—
o w

De Owe—>

O OO
o 9 N
et e bt
n b wN -~

D1 owe—>»

N = == = =
o woa0n

35}—>0As
34 —>0A 4
33pb—>0A3
32Fb—>=>0A2
31 }—=0A1
30pb——=0 A0
29F——oGND
28 ——=>0 RFSH
27 —=0 M1
26 je——oO RESET
25 j=——0 BUSRG
24 j=——o WAIT
23 }——=0 BUSAK
22 }——=0 WR
21 ——==0RD

Table 7-1 70008 MAIN CPU Pin Assignments

Pin No. Signal Name In/Out Function
-5 ABO-15 Tri-state output A 16-bit address bus which outputs a
30-40 |[(Address Bus) active high memory address or |/O device number. It
outputs the lower 7 bit D-RAM address for
memory refresh.
7-10 |DBO-15 Tri-state input An 8-bit data bus which is used for data
12-15 |(Data Bus) and output transfer between memory or an 1/0 device
active high and main CPU.
27 M1 Output A signal which indicates that the starting
(Machine active low machine cycle is the OP code fetch cycle.
Cycle one)
19 MRQ Tri-state output: A signal which indicates that the address
(Memory Request) |active low information required for the memory read/
write is output on the address bus. It is also
output during memory refresh for synchroni-
zation.
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Pin No.

Signal Name

in/Out

Function

20

IORQ
(Input/Output
Request)

Tri-state output:

active low

During Ml cycle
Occurs when the CPU acknowledges a mas-
kable interrupt, the external device to put
the interrupt response vector on the data
bus.

Other than during Ml cycle
Indicates that the 1/O device number
required for this I/O read/write is output on
the address bus.

21

RD
(Read)

Tri-state output:

active low

A signal which indicates that the data

bus is in the input state. Memory or I/0O
device puts data on the data bus in synchron-
ization with this signal.

22

WR
(Write)

Tri-state:
active low

This signal indicates that the data bus is in
the output state. The data to the /O device
or memory is put on the data bus in synch-
ronization with this signal.

28

RF
(Refresh)

Output:
active low

This signal indicates, during Ml cycle, that
the dynamic RAM refresh address is output
onto the lower seven bit lines of the address
bus. Dynamic RAM reads the refresh address
using the MREQ signal which is output toge-
ther with the RFSH signal.

18

HALT
(Halt State)

Output:
active low

This signal indicates that CPU has HALTed
as the result of a HALT instruction execution.
The INT, NMI, or RESET signal is required to
leave the HALT state.

CPU repeats dynamic RAM refresh by execu-
ting a NOP instruction, even while in the
HALTed state.

24

WAIT
(Wait)

Input:
active low

CPU remains in the WAIT state while this
signal is active. A low speed memory or I/O
device can be directly connected to CPU by
using this signal.

No memory refresh is performed during the
WAIT state.
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Pin No. Signal Name In/Out Function
16 INTR Input: An interrupt request signal. When this
(Interrupt Request) |active low signal becomes active, CPU enters the inter-
rupt processing program after the current
instruction has been executed.
17 NMI Input-negative: A non-maskable interrupt request signal.
(Non Maskable edge triggered When this signal becomes active, CPU
Interrupt) jumps to address 006616 after the current
instruction has been executed, regardless of
whether interrupt is enabled or not.
The NMI signal has a priority over the INT
signal.
26 RS Input: Resets CPU when active.
(Reset) active low
25 BURQ Input: When active, this signal causes CPU to force
(Bus Request) active low the address bus (Ao-15), data bus (Do-7), and tri-
state system control terminals (MREQ, IORQ,
ﬁ, and W) in the high impedance state,
freeing the external buses for another
device.
The BUSRQ signal has priority over the NMI
signal.
23 BUAK Output: When active, this signal indicates that CPU
(Bus active low has forced the address bus, data bus, and tri-
Acknowledge) state system control terminals in the high
impedance state.
6 CLK Input A 0/+5V single-phase clock signal
(Clock)
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7.2 Slave CPU 6303
6303 is a 6800-series, 8-bit, C-MOS CPU. It incorporates a 4kB masked ROM which contains
programs for controlling the microcassette tape drive, ROM capsule, V-RAM, LCD display unit,

serial interface, and speaker. A mode six (Multiplexer Partial/Decode) is selected for the control
operations. Stand-by and sleep modes, unique to 6303, are not used.

N

MODE - ]
P2X TIMER SCI P1X
) ] g
RES o ROM
IRQ /// // / /// 4K
— M liraz
NM | P
E — U /]
— %
EXTAL IRQT — 7 RAM
XTAL 128
/]
MPX 4
4
P3X P4 X
Fig. 7-2 6303 Slave CPU Functional Block Diagram
Table 7-2
This computer uses a crystal oscillator for a .
. Port Assignment
2.4576 MHz clock signal. The slave CPU oper-
ates with the 614.4 kHz system clock signal Port 1 Parallel I/0 terminal
hich is int Il tered f h i
which is internally quartered from the prlma!ry Port 2 Serial 1/0 terminal
frequency of 2.4576 MHz. The table opposite
shows the port assignment. Port 3 Address/data terminal
Port 4 Address terminal
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Slave CPU 6303
1. Location: MAPLE Board, 130
2. Pin Assignment

EXTAL 0—>»

Vss o
XTAL o—>»

NMI 0——>»
IRG1 0—>>
RES o——>»
STBY o—>»
P20 0—>~

P21o<——-7

P22 o——>+

P23 o—>»
P24 O=——]
P 10 o=—
P 11 o=e—
P12 o—>
P 13 0—>»
P14 O—>

P15 o=

P16 o=—

0 30 un H WN -

— b b b e e bt b e
W oowN0Nnul &« WN—=OoUW

N
o

P17 oe——

40
39
38
37
36
35S
34
33
32
31
30
23
28
27
26
25
24
23
22

——=>0 E

——>0 SC 1
——0 SC2
l=—>0 P 30
<—>0 P31
l=—2>0 P 32
l<—>0 P33
l=—>0 P 34
=—>0 P 35
l=—>0 P 36
< >0 P37
——==0 P 40
——>0 P 41
——0 P42
——=0 P 43
——=0 P 44
——=0 P4s
——=0 P 46
——==0 P 47

21

Vce

Table 7-3 6303 Slave CPU Pin Assignments

. Signal . . Signal .
Pin No. Name In/Out Function Pin No. Name In/Out Function
1 G - GND 14 P11 Out Microcassette tape erase
2 X In Unused - reserved for exter- (ERAH)
TAL nal clock signal input. 15 P12 In Microcassette tape write
3 EX In External clock signal input enable (WE)
TAL 2.4576 MHz 16 P13 In Microcassette tape head
4 NMI in Unused — reserved for non- load/unload switch
maskable interrupt input. 17 | P14 In | Serial interface PIN signal
5 INTR In Interrupt request 18 P15 Out | Serial interface POUT signal
6 RS In Reset signal 19 P16 Out | Speaker output
7 STB In Unused - reserved for Stand- 20 P16 Out Speaker power on/off
by signal input.
- 21 VvC In +5V (Circuit voltage)
8 P20 In Microcassette tape read data
(RDMC) 22 A15 Out | Address bus
9 P21 Out | Microcassette tape write 23 A4 Out | Address bus
data (WD) 24 | A13 | Out | Addressbus
10 P22 In Unused - reserved for opera-
tion mode setting. 25 A12 Out Address bus
11 P23 In Serial interface receive data 26 ATl Out Address bus
12 P24 Out Serial interface transmit data 27 A10 Out Address bus
13 P10 Out Microcassette head pinch 28 A9 Out | Address bus
motor ON/OFF (HMT) 29 A8 Out | Address bus
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Signal

Signal

Pin No. Name In/Out Function Pin No. Name In/Out Function
30 DA7 |0 Out| Data address bus 36 DAt |In Out| Data address bus
31 | pA6 |™ | Dataaddress bus 37 | pbA0 | .| Dataaddress bus
32 | pas |I" | Dataaddress bus 38 | R/W | Out | Read/Write
33 DA4 |In Out| Data address bus 39 AS Out | Address strobe
34 DA3 In Out Data address bus 40 E Out ENABLE
35 | pA2 [N | Dataaddress bus
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7.3 Sub-CPU 7508

This is a 4-bit, C-MOS CPU which incorporates a masked ROM, timer, and serial interface, etc.
This CPU is always backed up by the battery, regardless whether power is on or off, it provides the
following control functions:

1. Power on/off (POWER switch and an associated program)

2. Keyboard scanning and auto-repeat

3. RESET switch

4. Temperature and battery voltage sensing

5. D-RAM refresh

6. Clock (calendar and alarm services)

The sub-CPU exchanges data with the main CPU in a bit-serial fashion via the gate array
GAH40M. Fig. 7-3 is a functional block diagram of the sub-CPU. Table 7-4 lists the terminal sig-
nals and summarizes their functions.

SCR/PO1
SO/P02
)]: X2 INT1 INTO/POO SI/PO3
COUNT
cLock TIMER/EVENT INTERRUPT SERIAL
CLOCK a > > c—| ]
A, r CONTROL COUNTER CONTROL INTERFACE <:> PORT 0 <z> £00-P03
BUFFER
L PORT 1 P10-P13
) , BUFFER
L
PORT 2 P20-P23
PROGRAM COUNTER (11) (7507) LATCH PSTR/P20
c A(4) PTOUT/P21
(12) (7508) ALY BUFFER /
—
PORT 3
' GENERAL REGISTERS LATCH P30-P33
T BUFFER
D (4) | E (4)
] < > PORT 4
H (4) | L(4) LATCH 4 P40-P43
PROGRAM MEMORY BUFFER
2048 x 8 BITS (7507) STACK POINTER (8)
4096 x 8 BITS {7508) INSTRUCTION CORT S
DECODER i } <:> LATCH 4 )P50-P53
BUFFER :::
PORT 6
cL 9 DATA MEMORY LATCH 4 )P60-P63
A_A 128 x 4 BITS (7507) BUFFER
SYSTEM 224 x 4 BITS (7508)
Lock STANDBY
c CONTROL PORT 7
GENERATOR LATCH P70-P73
T T T T L_ BUFFER
cLt cL2 VDD Vss RESET
Fig. 7-3
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7508 (Sub-CPU)
1. Location: MAPLE Board, 2E
2. Pin Assignments

X20— 1 N~ 40 —>0 X1
P2yYPSTBo—> 2 39}F——>0 Vss
P20/PTOUT o—>» 3 38}——>0 P43
P2z2o—> 4 37j=—=>0 P42
P23o——> S 36j=—>0 P4
Piloo—>+ 6 3Sp=—=>0P40
Prno——» 7 34 f=—>0Ps3
Pizo——>{ 8 33pe—>0 Ps2
Pi1z3o=—— 9 32 F—)oPsx
P30 o——> 10 31 f&e—=>0 Pso
P31 0——>4 11 30 p=—>0 P63
P32 o=e— 12 29F—>o0Ps2
P33 oe=— 13 28 f—>>0 Pe1
P70 o=e—1 14 27 ——=0 Peo
P71 0—>f 15 26 }——>0 P03 /S]
P72 0——>{ 16 25}—s0Po02/S0
P73 0—> 17 24}——=-0 Po1 /SCK
RESET o=e— 18 23 Poo /INTO
CLi o=—— 19 22 E:INTI
Voo o=—— 20 21 je—oCL2

Table 7-4 7508 SUB-CPU Pin Assignments

REV.-A

Pin No. Signal Name In/Out Function
1 x 2 In Unused.
2 P20 Out GAH40M SIOR access control - H: 7508, L:
Main CPU
3 P21 Out A-D converter 7001 Chip Select - mode
switching between address data and A-D
conversion.
4 P22 Out Ready signal
5 P23 Out A-D converter 7001 power on/off
6 P10 In Key return O
7 P11 In Key return 1
8 P12 In Key return 2
9 P13 In Key return 3
10 P30 Out Key scan control
11 P31 Out Key scan control
12 P32 Out Key scan control
13 P33 Out Key scan control
14 P70 Out Power ON/OFF
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Pin No. Signal Name In/Out Function

15 P71 Out Data write — prevents FF latches in gate array
at power off.

16 P72 Out Data write — D-RAM refresh control signal
during power off.

17 P73 Out Data CAS

18 RS In Reset signal input

19 CL1 In Clock signal input

20 VC In +5V (Battery voltage: VB) terminal

22 CL2 In Clock signal input

23 POO/INTO In POWER switch

24 SCK Out Shift clock signal output — used for A-D con-
version data/main CPU command read.

25 SO Out Serial data output

26 Sl In Serial data output

27 P60 In RESET switch

28 P61 In Charge start detection

29 P62 In Analog interface trigger input

30 P63 In Test point

31 P50 In Key return 4

32 P51 In Key return 5

33 P52 In Key return 6

34 P53 In Key return 7

35 P40 Out Reset signal — initializes main CPU and slave
CPU, etc. via GAH40.

36 P41 Out Charge mode control — normal/trickle charge.

37 P42 Out Auxiliary battery backup enable/disable con-
trol.

38 P43 Out Interrupt to main CPU

39 G In Ground terminal

40 X1 In External clock signal input — 1 kHz

-




7.4 Gate Array GAH40D
GAH40D is the gate array for D-RAM control. It controls memory access and memory refresh. It
also incorporates a clock frequency divisor which divides 9.8 MHz input to 4.9 MHz, 2.45 MHz, 32
KHz and 1 KHz of clock frequency. Fig. 7-4 shows an internal block of diagram of the GAH40D.

AB15 |

—>] BANK *

CONTROL
BANK 0 p————>
RAS
== CAS
RD WE
Generating
MREQ 3 circuit
BK2 T
9.8MHz Frequency divisor

1/2 1/4

1/9800

Loy

>

49M 245M 1K DW DCAS

Fig. 7-4
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IPL ROM

D-RAM

The BANK 0/1 signal is provided from the gate array GAH40M. The main CPU sends this signal
by writing bit O to I/O address 00. (O: bank O, 1: bank 1)
BK2 signal is provided from the option unit.
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GAHA40D
1. Location: MAPLE Board, 6A
2. Pin Assignment

Table 7-5 GAH40D Pin Assignments

Pin No. Signal Name In/Out Function
1 N/C - Not used.
2 N/C - Not used.
3 AB12 In Address bus 12
4 N/C - Not used.
5 AB 6 In Address bus 6
6 AB 13 In Address bus 13
7 ABb5 In Address bus 5
8 RST In Reset input from sub-CPU 7508. Whole reset
signal RSQ is generated from this signal.

9 DRA 2 Out DRAM address 2 (10)

10 DRA 1 Out DRAM address 1 (9)

11 AB 14 In Address bus 14

12 G - Ground
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Pin No. Signal Name In/Out Function

13 AB 4 In Address bus 4

14 AB 15 In Address bus 15

15 AB 3 In Address bus 3

16 DRAO Out DRAM address 0(8)

17 RAS1 Out Low address stroke: RAS signal to RAS.

18 W1 Out Write enable: WE signal to DRAM.

19 AB 2 In Address bus 2

20 AB 1 In Address bus 1

21 ABO In Address bus O

22 N/C - Not used

23 N/C - Not used

24 N/C - Not used

25 RD In Read signal

26 CSROM Out IPL ROM chip select signal

27 MR Out Memory read signal

28 Z-INT Out Interrupt request signal to main CPU

29 Z-RF in Refresh signal from main CPU

30 vC - Circuit voltage (+5V)

31 HLTA In Halt signal

32 M1 In Indicates that main CPU is in machine cycle
1 (opcode fetch)

33 MRQ In Memory request signal

34 RSO Out System reset signal resets the whole ma-
chine.

35 DRA 3 Out DRAM address 3 (11)

36 N/C - Not used

37 N/C - Not used

38 DRA 7 Out DRAM address 7 (15)

39 N/C - Not used
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Pin No. Signal Name In/Out Function

40 RF Out Refresh signal for DRAM

41 DRA 4 Out DRAM address 4 (12)

42 DRA 5 Out DRAM address 5 (13)

43 DRA 6 Out DRAM address 6 (14)

44 CAS1 Out Column address strobe: CAS signal to DRAM

45 S-INT In Interrupt signal from gate array GAH40M.
Generates Z-INT signal and causes an inter-
rupt to main CPU.

46 BANK 1/0 In Bank O: Bank select signal from gate array
GAH40M. Bank O at low level and IPL ROM is
selected at AB15.

47 G - Ground

48 49 M Out Clock output gained by dividing 9.8 MHz
clock. Supplied to SED1320.

49 9.8 M In Clock input of 9.8404 MHz

50 245 M Out Clock output by dividing 9.8 MHz clock into
four. Clock for main CPU.

51 1KC Out Clock output by dividing 32 KHz clock to 32.
Clock for sub-CPU 7508.

52 TEST In Test terminal. Normally kept low.

53 OFF In Initializes signal for the whole internal cir-
cuit. At high level, initializes all FFs. Hold 4.9
M, 2.45 M, CS ROM, RD and Z-INT at high le-
vel and others inactive. Outputs RSO.

54 32K In Basic clock input of 32.768 KHz. Generates 1
KC (Clock).

55 DW In Data write signal. W1 (write enable) control
data supplied from sub-CPU 7508 when
main CPU is on standby.

56 DCAS In Data CAS. CAS 1 control data supplied from
sub-CPU 7508 when main CPU is standby.

57 N/C - Not used

58 N/C - Not used
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Pin No. Signal Name In/Out Function
59 N/C - Not used
60 N/C - Not used
61 N/C - Not used
62 N/C - Not used
63 N/C - Not used
64 BK2 In DRAM select signal from option unit.
65 VvC - Circuit voltage (+5V)
66 AB 10 In Address bus 10
67 AB9 In Address bus 9
68 AB 8 In Address bus 8
69 AB 11 In Address bus 11
70 AB7 In Address bus 7
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7.5 Gate Array GAH40M (EO1031AA)

This géte array incorporates the following functional blocks; the operation is controlled by the
Z80 main CPU.

82C51 1320 RS-232C 7508 7508 7508 7508
CS Ccs LED Si SO RDY ISIO
PN
Address bus <:j 3
Address Address 10R
RD, WR, IORQ decoder | 'OF || Sseriall/0
M1 < —> register r
Iow
Control
register
RDY SIO
> |nternal
register
> | selectline
Data bus c s
£ i i i i i i i i ll
_g) Interrupt - Input capture Control
a;; vectoring 5‘—;,; register register
o 3
E g5
8 £o
£8 —
§ RXC
04w Interrupt 04R N — (—6;
priority S Free running 3 TXC
counter
Interrupt Clock
signal - |NTO(7508)  614.4 KHz
INT1 (82C51)
INT2 (RS-232C: DCD)
INT2 (6303)
INT5 (EXT)

Fig. 7-5

As shown in Fig. 7-5, this gate array includes the address decoder, the 7508 interface, an inter-
rupt controller, a timer and baud rate generator, and I/O ports for the RS-232C and the LED dis-

play.
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Table 7-6
Write Read
00 CTLR1 00 ICLR - C
7 BRG 3 Baud rate generator select 3 timer 7 ICR7
6 BRG 2 Baud rate generator select 2 timer 6 ICR6
5 BRG 1 Baud rate generator select 1 timer 5 ICR5
4 BRG O Baud rate generator select O timer 4 ICR4
® | SWBCD Barcode reader switch timer 3 ICR3
2 BCD1 (up) Barcode mode select 1 timer 2 ICR2
1 BCKO (down) Barcode mode select O timer 1 ICR1
© | BANKO Bank switching 0 ICRO
01 CMDR 01 ICRH-C
7 7 ICR15
6 6 iICR14
5 5 ICR13
4 4 ICR12
3 3 ICR11
2 1: reset OVF(Pulse) timer 2 ICR10
1 1: reset RDYSIOFF(Pulse) SlQ 1 ICR9
0 1: set RDYSIOFF (Pulse) sla 0 ICR8
02 CTLR2 O2 ICRL-B
7 7 ICR7
6 6 ICR6
® | AUX External auxiliary output 5 ICRB
® | INHRS Inhibit RS-232C RS232 4 ICR4
® | SWRS RS-232C switch RS232 3 ICR3
® | LED2 LED 2 ICR2
® | LED1 LED 1 ICR1
© LEDO LED 0 ICRO
03 O3 ICRH - B
7 ICR15
6 ICR14
5 ICR13
4 ICR12
3 ICR11
2 ICR10
1 ICR9
0 |ICR8
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Write Read
04 IER 04 ISR
7 7 0]
6 6 0
5 IER5 (INTEXT enable) ® INT 5 (INTEXT) External interrupt
4 IER4 (INTOVF enable) 4 INT 4 (OVF) Overflow flag timer
3 IER3 (INTICF enable) 3 INT 3 (ICF) Input capture flag timer
2 IER2 (INT 6303 enable) @ INT 2 (INT 6303) 6303 interrupt
1| IER1 (INT 82C51 enable) @® | INT 1(INT 82C51) 82C51 interrupt
0 IERO (INT 7508 enable) © INTO (INT7508) 7508 interrupt
05 05 STR
7
6
5
4
3 RDYSIO SI0 ready SIO
® | RDY ready sio
O) BRDT Barcode reader data timer
0 | BANKO BANKO
06 SIOR 06 SIOR
7 Slo7 7 SI07
6 SI06 6 SIO 6
5 SI05 5 SI05
4 S0 4 4 Sl0 4
3 SI03 3 SI03
2 SIlo 2 2 Slo 2
1 SIo1 1 SIO 1
0 SI00 0 SI00
07 07 intorrupt
1
1
1
1
Vect 2
Interrupt vectoring Vect 1
Vect




(1) Address Decoder

REV.-A

The address decoder performs each register specification, chip select signal output control of
82C51 (2C) and SED1320 (7C), decoding of 1/0O read/write signals, etc.

5C > CS (82C51)
OF CS (SED1320)
AB 7 —— 0 O
o1 ],
Address decoder 02 }in?(ernal
AB 3 03 registers
AB 2 04
AB 1
ABO O S
06 |/
o S
—d ] - 1oR
= IOR
IORQ )
o—c_\ jl >o—$__‘ 10w
B |
WR 8_./ OW
‘ ) RSDLY
R_S_é
Fig. 7-6

As shown in Figure 7-6, the main CPU can directly select internal registers via four address lines.
The CS signals of the 82C51 and SED1320 are also controlled by the I/O address decoder via this

registers.
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(2) Interrupt Controller

Fig. 7-7 shows six kinds of interrupt input, two of which are used for internal timer interrupt.
Priority and vector addresses are assigned to each interrupt signal as shown in the table below.

Table 7-7 Priority and Vector Addresses

Address 04 (R)

register (ISR)

Interrupt service

Fig. 7-7

Vv

Prior- Signal L. Interrupt vector | Corresponding | Corresponding
ity | Name Description D76543210| maskIER(04) | status ISR (04)
Low | INTS5 |(INTEXT) External pin: requestfrom |[11111010 IERS ISR5
external expansion board
INT4 |(OVF) Inside: FRC overflow 11111000 IER4 ISR4
INT3 |(ICF) Inside: ICR bar code trigger 11110110 IER3 ISR3
INT2 |[(INT6303) External pin: requestfrom |11110100 IER2 ISR2
6303
INT1 [(INT82C51) External pin: request 11110010 IER1 1ISR1
from 82C51
High | INTO [(INT7508) External pin: request from |11110000 IERO ISRO
7508
Address 04 (W) AN
interrupt acknowledge <_
INT4 INT3 register (IER)
(OF) (ICF)
I
Interrupt priority 2=
INT i) encoder ig‘?é K
5 o

Data bus

This interrupt controller controls each interrupt acknowledge and mask operation at bit setting for
IER. When an interrupt occurs, a vector address is output on the data bus.
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(3) Timer and baud rate generator

An 2.4576 MHz clock supplied from the outside is divided into a basic clock of 614.4 KHz
(1.6276 usec) which operates the free running counter (FRC). FRC is a counter of 16 bits; the low-
order, 8 bit output of the FRC Cover is also used for the RS-232C transmit/ receive clock.

Data bus
L: O0O(R)
[H: 01(R)] ICR(H) ICR(L)
. > RXC
o
To ISR < OVF ‘g
# b—>TXC
FRC(H) ck FRC(L) ck 1
Clock
(614.4 kHz)
F—>> SWBCD
Data bus > control register
(selects baud rate)
00(W) Barcode data
Fig. 7-8

When reading the content of FRC, it is necessary to latch the content to ICR (Input Capture Regis-
ter) by reading address OOH. Because the counter consists of 16 bits, address OOH (low-order 8
bits) and OIH (high-order 8 bits) must be read separately.

Bits 1 and 2, set to the control register, combined with input data cause a trigger signal from
BRDT; this signal allows data going to ICR from FRC to be latched.
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(4) 7508 interface

The 7508 interface contains the circuitry for handshaking between the parallel-serial converting
register on the main CPU and 7508.

Main
CPU

Handshaking is performed in the internal flip-flop. When it is set, it means that the main CPU can
access SIOR. When it is reset, it means that an interrupt signal is sent to the 7508 and the com-
mand set at SIOR is read by the 7508. The internal flip-flop is controlled by bits O and 1 of ad-

S|

SD 7508

SIOR

SCK

NS

Parallel-
serial
register

L

Si

S0
}_]e—— RDYSIO
— °rFa

INTS

CKrsQ INT1

l RDY

P22

Fig. 7-9

dress OIH.
After the R/W operation to/from SIOR is completed, the set status must be changed by writing to
address OIH.
Table 7-8

Address OIH |Reset The main CPU sets a command to SIOR

Bit 1 RDYSIO and requests processing to 7508.

Address OIH |Set The power is turned on and access to

Bit O RDYSIO 7508 is completed.
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(5) 1/0 port
Power supply for the RS-232C, memory bank
switching, and LED display on keyboard are
controlled through the I/0 port.

(RS-232C) INHRS
Fig. 7-10 controls power increases

-8V
The bits 3 and 4 of I/0 address 02H. T

+ 8V output is controled by the INHRS signal,
and is performed in order to inhibit output

voltage on the line during saturation time. +8V _///f

+8V OUTPUT

Fig. 7-10

(Bank switch)
The address space of the main CPU can be changed using bit O of I/0 address OOH as shown be-
low.

OOH bit O = OFF (Bank 0) ROM RAM
OOO0OH 8000H FFFH
OOH bit 0 =ON (Bank 1) RAM RAM

Fig. 7-11
(LED display)

ON/OFF operation of shift mode LED on the keyboard is controlled using bits O to 2 of address
O2H. (Bit ON drives the corresponding LED.)
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GAH40M
1. Location: MAPLE Board, 4C
2. Pinassignments

Note: Pins 25 and 59 are cut.

Table 7-9 GAH40M Pin Assignments

Pin No. Signal Name In/Out Function
1 DB6 In/Out Data bus 6
2 DB1 In/Out Data bus 1
3 IR Out Indicates that data is being output according
to main CPU instruction (RS-232C — main
CPU).
4 DBO In/Out Data bus O
5 DB 2 In/Out Data bus 2
6 CSOE Out SED1320 chip select signal
7 RS In Reset input: Supplied from GAH40D.
8 W Out Indicates that data is being input according
to main CPU instruction (main CPU —
RS-232C).
9 N/C - Not used.
10 TXC Out Baud rate control clock (for RS-232C).
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Pin No. Signal Name In/Out Function

11 INTO In Sub-CPU 7508 interrupt signal

12 SWBCD Out Barcode power supply (+5V) switching sig-
nal

13 RXC Out Clock which controls receive character
synchronization (RS-232C).

14 BCD In Bar code read data

15 Csio In HIGH: Indicates that sub-CPU 7508 can ac-
cess SIOR.
LOW: Indicates that main CPU can read/
write.

16 Sl In Serial data input from sub-CPU 7508.

17 SO Out Serial data output to sub-CPU 7508.

18 S-INT Out Interrupt signal to main CPU. Gives an inter-
rupt via GAH40D (Z-INT signal).

19 DB 5 In/Out Data bus 5

20 DB 3 In/Out Data bus 3

21 N/C - Not used.

22 N/C - Not used.

23 N/C - Not used.

24 N/C - Not used.

25 N/C - Not used.

26 SWRS Out Switching signal for RS-232C power supply

27 INHRS Out Controls output voltage during power satura-
tion time of RS-232C.

28 OFF In Power off. To prevent latch-up by isolating
output in high impedance.

29 G - Ground

30 TEST In Test terminal. Normally kept low level.

31 N/C - Not used.

32 AUX Out RS-232C transmit/receive line control
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Pin No. Signal Name in/Out Function

33 INT 1 In Serial controller 82C51 interrupt signal

34 INT 5 In Interrupt signal from option unit

35 N/C - Not used.

36 |SCK In Data transmit/receive shift clock against

SIOR register. Provided from sub-CPU 7508.
37 INT 2 In RS-232C CD signal interrupt signal
38 |RD In Read signal: Synchronized to AND of IORQ.
Outputs data on data bus.
39 AB 1 In Address bus 1
40 |WR In Write signal: Synchronized to AND of IORQ.
Outputs data on data bus.
41 INTS Out Interrupt signal to sub-CPU 7508
42 ABO In Address bus O
43 RDY In Ready signal of sub-CPU
44 LED 2 Out Lamp control signal of LED on keyboard
(lowest of the three)

45 AB7 In Address bus 7

46 LED 1 Out Lamp control signal of LED on keyboard
(highest of the three)

47 LEDO Out Lamp control signal of LED on keyboard
(center of the three)

43 IORQ In Main CPU in Ml cycle: Request to output in-
terrupt response vec-
tor on data bus.

49 AB 2 In Address bus 2

50 |[CSOC Out Serial controller 82C51 chip select signal.

51 BANKO/1 Out Bank select signal

52 M1 In Main CPU in machine cycle 1:

Interrupt response vector is read to main
CPU by AND operation with IORQ.
53 N/C - Not used.
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Pin No. Signal Name In/Out Function
54 |N/C - Not used.
55 |N/C - Not used.
56 |DB4 In/Out Data bus 4
57 AB7 In Address bus 27
58 |DB7 In/Out Data bus.
59 |245 In 2.45 MHz clock on which timer and baud
rate generator are based.
60 VC - Circuit voltage (+5V)
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7.6 Gate Array GAH40S

Gate array GAH40S, which is controlled by the 6303 slave CPU, in turn controls the microcas-
sette tape drive, LCD controller, and ROM capsule. It consists of three segments: an address de-
coder, a microcassette tape drive interface, and a P-ROM interface. Figs. 7-12 through 7-14 are
functional block diagrams of these blocks.

(1) Address decoder block

L I PROM
interface
AB15, 14=—= A [PROM PROM
ress address register data buffer
ASRW, E =—— decoder Z
ADB7 ~0 - X
7
— Interrupt Command
t
IRQT mask Counter resister || MCT
GG | Counter interface
input sampler
| &4
CNTRMT

Fig. 7-12 Address decoder block diagram

(2) P-ROM interface block

+5V —={SW L

PROM# 1 _l_— PROM# 2
CS Address Data I— CS Address Data

I P

& I ] ﬂ

i =
% ‘% ‘% I — N\ 7/ Y I\
GAH40S
cmp 0 B B o | L
17 il iy
Data bus

Fig. 7-13 P-ROM Interface Block Diagram
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(3) Microcassette tape drive interface block

MCT
A
o N
C S R E R
N MW D HR H D
T ™ M W MAWS §
R CBAC ¢ D THEW P
— — g %% T
GAH40S Shaaker
ﬁgf S P13
— w P12
P P11
STOP CNT| R P10
7------ 0
CMD P21

/|\ P20
ﬁ RDP2 6303

L
E —>

CNTR

Sampler [

circuit

Sampling
clock signal

o |
Counter I
5 bit

Counter 8 bit

Fig. 7-14

Microcassette Tape Drive Interface Block Diagram
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GAH40S

1. Location: MAPLE Board, 13E
2. Pin assignments

-1

- s
-~
-
-
-
-

»
-

i
(f

< steendrppregeRg
NHHHHH%HH
]

B § ¥ . 4
’.«'."‘.i%\‘iﬁ"."‘_‘ ¥

Note: Pins 25, 27 are cut.

Table 7-10 GAH40S Pin Assignments

Pin No. Signal Name in/Out Function
1 PRA 12 Out PROM address 12
2 PRA 14 Out PROM address 14
3 PRA 7 Out PROM address 7
4 PRA 13 Out PROM address 13
5 PRA 6 Out PROM address 6
6 PRA 8 Out PROM address 8
7 PRA 11 Out PROM address 11
8 PRA 4 Out PROM address 4
9 PRA 9 Out PROM address 9

10 PRA 5 Out PROM address 5
11 PRA 10 Out PROM address 10
12 PRA 3 Out PROM address 3
13 PRA 2 Out PROM address 2
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Pin No. Signal Name In/Out Function

14 CSP 1 Out PROM chip select.

15 PRD O In PROM data O

16 CSPO Out Chip select

17 PRD 7 In PROM data 7

18 PRA 1 Out PROM address 1

19 PRA O Out PROM address O

20 PRD 6 In PROM data 6

21 PRD 1 In PROM data 1

22 PRD 4 In PROM data 4

23 PRD 3 in PROM data 3

24 PRD 2 In PROM data 2

25 PRD 5 In PRD data 5

26 MTDA Out Microcassette drive motor control signal A

27 MTDB Out Microcassette drive motor control signal B

28 MTDC Out Microcassette drive motor control signal C

29 G - Ground

30 N/C - Not used

31 SWMCT Out Microcassette power switch

32 CNTR In Counter signal from microcassette

33 RDMC In Microcassette read data

34 CSLV Out SED1320 VRAM chip select signal. Low le-
vel when addresses 8000 to BFFF are speci-
fied.

35 N/C - Not used.

36 CSLC Out SED1320 internal register select signal. Low
level when addresses 0024 to 0027 are spe-
cified.

37 AB15 In Slave CPU address 15

38 AB14 In Slave CPU address 15

39 N/C - Not used.
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Pin No. Signal Name In/Out Function

40 N/C - Not used.

41 DAO In/Out Slave CPU address data bus O

42 DA 4 In/Out Slave CPU address data bus 4

43 DAb In/Out Slave CPU address data bus 5

44 DA 6 In/Out Slave CPU address data bus 6

45 DA 1 In/Out Slave CPU address data bus 1

46 DA 7 In/Out Slave CPU address data bus 7

47 DA 3 In/Out Slave CPU address data bus 3

48 DA 2 In/Out Slave CPU address data bus 2

49 E In Enable signal from slave CPU 6303

50 N/C - Not used.

51 SWPR Out PROM power switch

52 TEST - Test terminal. Normally kept low.

53 R/W In Read/write signal from slave CPU 6303

54 SINT In Interrupt signal from SED 1320

55 AS Out Address strobe signal from slave CPU 6303

56 PRD Out AND output from RDMC input and SMMC.
Outputs RDMC input to terminal when
SWMC is high.

57 N/C - Not used.

58 RS In Reset signal

59 IRQO Out Interrupt request signal to slave CPU

60 VC - Circuit voltage (+5V)
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7.7 A-D Converter uPD7001
The uPD7001 is an 8-bit, C-MOS serial output, analog-to-digital converter which incorporates a
4-channel analog input multiplexer. In this computer, the reference voltage is set to +2.0V, pro-
viding an effective resolution of the upper six bits. The LSB corresponds to approximately 0.03V.
It employs a sequential comparison A-D conversion method, and requires a conversion time of
140us.
The computer assigns the analog input channels for battery voltage sensing, temperature sensing,
barcode data input, and external analog signal input. Fig. 7-15 is a functional block diagram and
Fig. 7-16 outlines the timing relationships among the operating signals.

Voo DL SI SCK SO EOC

| 717 T 1

input Py :

channels - *—R_]
0o 9-bit shift SQp

register
10— Analog Address latch

Iti-
20 plexer % =
30— CS END b 1 oGS

Sequential _oCLo
comparison <— s

:::‘e;szence register cgr?rr?)TI(: ocL1

%?1} §

8-bit D/A

Anal

Aeso

O Vss
Fig. 7-15 A-D Converter uPD7001 Block Diagram
Timing chart
@ —\\ —\‘ I;L
SO/EOC 7/ /
/ 7 \ 9 AwseY 2nd X3ra /) Yo Y 70 X 1s8 7
—k v,
SCR —FC_|
f— - aananannny h uuuny -
Sl //L Invalid A‘A’A‘A’A‘A’A’A’ n Wn ‘A’A’A’A’A Invalid
— 4

-

D1 Do
(D1, Do ) .
Sl terminal — shift register)
(D1, Do
shift register — address latch)

Fig. 7-16 A-D Converter Operation Timing Chart
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uPD7001

1. Location: MAPLE Board, 1D
2. Pin Assignments

EOC oe— 1 16 )—o0 Vop (+5V)
DLo—>» 2 1S p————o0 VReF
sl 3 14 ———o ANGND
SCKo—>1 4 13}——o A3
S0oe—— 5 12p——o0 A2
CSo—>{ 6 1np——-ona
Clo 7 10 —o Ao
CL, ::] 8 9fF——oVss
Table 7-11 4PD 7001 Pin Assignments
Pin No. Signal Name In/Out Function
1 End of Conversion Open drain - High impedance while CS is low, returns
(EOC) output low when A — D conversion ends.
2 Data Latch (DL) In Latches the multiplexer address in the shift
register at its falling edge.
3 Serial Input (Sl) In Terminal which provides multiplexer address
to be read to the shift register.
The serial input data is read at the rising edge
of the SCK signal.
4 Serial Clock (SCK) In Controls the shift operation of the 9-bit inter-
face shift register.
6 Chip Select (CS) In Controls uPD7001’s internal modes.
When CS is high: A-D conversion mode
When CS is low : Interface mode - DL, S,
SCK, and SO, etc. have been strobed with CS.
All the terminals are disabled while CS is high.
7 Clock (CLo) For connection of clock oscillation CR
8 Clock (CL1) For connection of clock oscillation CR
9 —(Vss) Externally connect to the GND and analogue GND terminals
10~ 13| Analogue input | Analogue input pin
(Ao ~ As)
14 Analogue (GND) | Ground pin for analogue input and reference input
15 Reference input | Used for full scale voltage setting.
(VRer) Supply voltage of about +2.5V.
16 Power supply (Vcc) | Power supply pin (+5V)
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~ 7.8 Serial Controller 82C51

The 82CbH1 controls serial data transfers between the RS-232C interface and the option
unit. Its operation modes vary speed of tronsfer, parity, and character length, etc., modes are con-
trolled by a control word which is written in the 82C51 by the main CPU. Data are transferred one
byte at a time. The transmit and receive clock signals are supplied from the gate array GAH40M.
Figure 7-17 is a block diagram illustrating 82C51 signal flow to and from external connectors.

r T - 1

1-byte transmit
buffer (with a _
Data bus C::D Data bus C > parallel to | I $§[D) (C')RStlgr? 2¢)
buffer serial conversion P
| feature) l
| |
| |
(GAH40D) RESET — T TXRDY
(2.45 MHz) CLK ———>{ Read/write < > Transmit —————> TXE } Not used
(ABO) /D ———L{ control R control TXC (GAH40M)
[RD —— > circuit <1
(GAH40M) {\LN_R |
CS 1-byte receive ™ ]
! T B buffyer (with a l
' V] i [&——— XD (rS-2020
(OSR featir : RXD (Option)
DTR €——
RS-232C)\~==
( H{gg——‘a MODEM < '
<——1} control
Receive RXRDY}
| control < RXC
| P SYNDET/BD (Not used)

Fig. 7-17 82C51 Serial Controller Block Diagram

The signals to the RS-232C interface are converted to the =8V (RS-232C) levels between 82C51
and the interface. The Carrier Detect (CD) signal, which is not included in the above block dia-
gram, is connected to the interrupt port of GAH40M to interrupt the main CPU.

The 82C51 itself can support both synchronous mode (BI-SYNC) and asynchronous mode (Start-
Stop system: includes start/stop bits); however, in this CPU, TXE and SYNDET/BD are not con-
nected for SYNC character control signals.

When an asynchronous system is used, processing on the SYNC character, etc. needs to be sup-
ported by the application software.

The 82C51 cannot simultaneously process transmit/receive data to and from the RS-232C inter-
face and option unit. Thus, the GAH40M AUX signal is provided to allow an external control for
enabling and disabling the RS-232C transmit/receive lines.
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82C51

1. Location: MAPLE Board, 13E
This is a serial interface, CPU-programmable, USART chip which can provide full-
duplex communications.

3. Pin Assignments

Dzoe—3+ | ~ 28 p=——>0 D1

D3oe=e—> 2 27 j&e—»0 Do

RXDo———> 3 26 )——o Vce

GNDo——— 4 25 p<—o RXC

Dsoe—>f S 24— >0 DTR

Ds oe—>{ 6 23p—>0RTS

De o=—>f 7 22 p<«—o0 DSR

D7o=—>4 8 2] j&e——0 RESET

TXCo—=q 39 20 le—o CLK

WR o—=q 10 19pb——=0 TxD

CS o—= 11 18 }—>0 TX EMPTY

C/Do—> 12 17 pbe—o CTS

RD o—>q 13 16 fe—>0 SYNDET/BD
RXRDY o=—— 14 15}——=0 TxRD

Table 7-12 82C51 Pin Assignments

Pin No. Signal Name Signal direction Meaning
1 D2 In/Out Data bus 2
2 D3 In/Out Data bus 3
3 RXD In Receive data (from RS-232C interface or op-
tionl unit)
4 GND - Circuit ground
5 D4 In/Out Data bus 4
6 D5 In/Out Data bus 5
7 D6 In/Out Data bus 6
8 D7 in/Out Data bus 7
9 TXC In/Out Data bus 7
10 WR In Transmitter clock
11 cs In Chip select
12 cD In Command/data )
13 RD In Read signal (from 82C51 to data bus)
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Pin No. Signal Name Signal Direction Meaning

14 RX RDY Out This is a CPU-programmable USART chip
which is a serial interface, capable of provid-
ing full-duplex communications.

15 N/C - Not used.

16 N/C - Not used.

17 CTS In Clear to send

18 N/C - Not used.

19 TXD Out Transmit data

20 CLK In 2.45M Hz clock

21 RS In Reset

22 DSR In Data set ready

23 RTS Out Request to send

24 DTR Out Data terminal ready

25 RXC In Receiver clock

26 VC In Circuit voltage (+bV)

27 DO Data O

28 D1 Data 1
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7.9 SED1120 (LCD Driver)

SED1120 is the X driver of the LCD. It converts serially transmitted data to parallel data in 4-bit
units and outputs drive signals to 64 segments. The internal diagram is shown in Fig. 7-18.

The drive level voltage may vary according to data received via DINs O to 3.

LCD DRIVER
VL5 <]
LEVEL SHIFT
VL3
EX-OR
VL2
LATCH

VLG

1

SHIFT REGISTER

vDD

DINO

DIN1

DIN2

DIN3

XSCL

INPUT BUFFER

I VOLTAGE CONTROL

ENABLE CONTROL

VOV VW

Fig. 7-18
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SED1120

1. Location: LCD Board, X1 - X8
2. Pin Assignments
3. Pin Assignments

Table 7-13 SED1120 Assignments

REV.-A

Pin No. Signal Name In/Out Function
1 S27 Out LCD drive segment output 27
2 S26 Out LCD drive segment output 26
3 S25 Out LCD drive segment output 25
4 S24 Out LCD drive segment output 24
5 S23 Out LCD drive segment output 23
6 S22 Out LCD drive segment output 22
7 S21 Out LCD drive segment output 21
8 S20 Out LCD drive segment output 20
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