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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 (30 mAH) for backup have been added to enhance reliability.

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

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

e Temperature

o 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 5.6 ~ 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 24 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

1-1
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e SERIAL:

® Speaker:
@ Analog input:
e Bar code:

(9) CPU and memory
e Main CPU:
e Slave CPU:
e Auxiliary CPU:
e Main RAM:
e Video RAM:
e ROM:

e ROM capsule:

1.1.1 Available modeils
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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 ASCIHl (U.S.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
H101ANA Norway HOOAAG: 220V 50 Hz

1-2
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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)
MULTIUNIT RAM + MODEM (for U.S.A. only)
EPSON PRINTER Verious models with RS-232C interface

1-3
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1.2 Names of Major Parts
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°

(Bottom view)
g 10

" (Right side view)

—15
(Rear side view)
Fig. 1-1
Table 1-3 Major Component
No. Name No. Name
1 VIEW ANGLE VOLUME (adjustable view 10 | Power switch
angle due to temperature complement
g'e au P r P ) 11 | Speaker output (for external speaker)
Microc tt ogram load/save and
2 crocasse e.(pr gram /save an Analog input interface (analog input/
sound generation) 12 ] . ]
joystick)
3 | LCD | unit )
atnlethale 13 | Bar code reader interface
4 | LCD ! itch
panel open swite 14 RS-232C interface (for connection to
5 | Keyboard unit acoustic coupler/printer, etc.)
6 | Battery cover (tq replace main battery) 15 High-speed serial interface (for connec-
tion to flo disk dri
5 ROM cartridge cover (for replacement of ron ppy @ rive)
ROM capsule, and INITIAL RESET) 16 Expansion interface (for connection to
i . . .
s | Reset switch optional unit/universal unit)
9 Speaker volume (internal/external
speaker volume adjustment)
1-4
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1.3 Major parts

The main unit consists of five parts and a case as shown in Fig. 1-2.
() 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 erhploying customized LSls and chips. Although both sides of the
boards are utilized, the back side mainly includes chips such as resistors and capacitors.

ROM capsule
Auxiliary battery

.
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External interfaces (shown in Table 1-4) and two ROM capsules on the board provide a system
éonﬁguration 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.

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

Analog input . .
(with trigger)

External speaker | O ~ 6V output 82 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
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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.

i Table 1-5 Interface Connectors
1 N Number Function

i ame | of pins un

- CN1 3 | AC adapter connection interface

i CN2 2 | Main battery connection interface

¥ CN3 20 | Incorporated microcassette interface

CN4 22 | Keyboard interface

CN5 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: CNS5 is integrated on the back of MAPLE board.

Table 1-6 CN1 (AC Adaptor) Pin Assignments

. . . a_l 5] 1
g; Pin No. |Signal name Definition TT’;] | @3
1 VCH Charging voltage
%é 2 —_ Undefined
3 GND | Ground

Table 1-7 CN2 (Battery Connection) Pin Assignments

Pin No. |Signal Name Definition =
a_n
i 1 VB Main battery voitage
L
2 GND Ground

1-8
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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. '

-iorn
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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

1-9
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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
i 4 KSC 3 Key scan signal
o 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
i 10 KRTN O Key return signal
11 KRTN 1 Key return signal
& 12 KRTN 2 Key return signal
- 13 KRTN 3 Key return signal
m 14 KRTN 4 Key return signal
. 15 KRTN 5 Key return signal
a 16 KRTN 6 Key return signal
T 17 KRTN 7 Key return signal
o 18 LED O |CAPSLOCKMODE
§£ 19 LED 1 | NUMERIC MODE
" 20 LED 2 INSERT MODE
L 21,22 GND Ground

%

o
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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
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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 CN8 (Expansion) Interface 4[9:::::::::::::::::::3;]
50 2
:‘: SN'S:,Zl Direction Definition :'c': il'gr:i Direction Definition
1 [AB12 0] Address bus 12 2 |AB11 0} Address bus 11
3 |AB14 0] Address bus 14 4 'AB13 0 Address bus 13
5 |AB 1 6] Address bus 1 6 |AB 2 0] Address bus 2
7 |AB15 0 Address bus 15 8 |AB O 0] Address bus O
9 |AB 4 0} Address bus 4 10 |AB 3 0] Addressbus 3
11 {AB 6 0] Address bus 1 12 |AB 5 0 Address bus 5
13 |AB10 0O Address bus 10 14 |AB 7 0] Address bus 7
15 |AB 8 (0] Address bus 8 16 |AB 9 o Address bus 9
17 |DB O /0 Data bus O 18 |DB 1 1/0 Data bus 1
19 |DB 2 1/0 Data bus 2 20 (DB 3 1710 Databus 3
21 {DB 4 I1/0 Data bus 4 22 |DB 5 1/0 Data bus 5
23 |DB 6 I1/0 Dat bus 6 24 DB 7 1/0 Data bus 7
25 |BURQ 0 Bus request 26 |BUAK o} Bus acknowledge
27 |M1 o} Machine cycle 1 28 |WAIT ] Wait
29 |VL 0] Circuit voltage: +5V 30 |HLTA (0] Halt acknowledge
31 |GND — Signal ground 32 {GND — Signal ground
33 [RS o} Reset 34 |SPI [ Speaker
35 |RD 0 Read 36 |MRQ 0 Memory request
37 |WR o Write 38 |CLK o] 2.45 MHz
39 |VCH o] Charging voltage 40 |IORQ o} 1/0 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 ] Serial received data 46 |TXD 0 Serial send data
47 |VB1 o} Battery voltage 48 |BK2 ! Bank exchange
49 (CG — Chassis ground 50 |CG — Chassis ground
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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

})}.u



REV.-A
1.6 Connection Cable (option) :

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

X-8
/ mﬂﬂ
Option unit

Serial |RS-232C

#723
#725

#723 m

#723
#725
#726

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

No. | Signal Name Color

1 | GND Black

2 | PTX Brown No. | Signal Name Color

3 | PRX Red 1 | PRX Red
! 4 | — S 2 | PIN Orange
; 5 | — —_ 3 | PTX Brown
D Orange 4 | pouT Blue
. 7 | POUT Blue 5 | GND Black
L s | — — 6 | — —
¥ 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
o line. Therefore, devices which can be connected via this cable are intelligent terminals only (that
is, dedicated floppy disk drives) that can be controlied by PIN, POUT.

(2) #724 cable

Usage : Connection to acoustic coupler
- Connector: Round-type miniature, DB25
&

(] [
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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

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

N -

D) »
& {1
ASY

)

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

i

No. | Signal Name Color
1 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
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

~_
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- (4) #726 cable
3 Usage : Connection between two units or more
Connector: Round-type miniature Round-type miniature

N = & & ) @
\ 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
i 6 | DSR Purple 6 | DSR Gray
i 7 | DTR Gray 7 | DTR Purple
8 |CD White 8 |CD Orange

E | CG Shield E | CG Shield
| Fig. 1-12 )

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
Usage : Connection to optional unit
Connector: ERC-AA50-30(S) . 2 48 S0

< Main unit side |/

) | L_IE‘"‘_‘_‘:_'::::: - :;é‘, DL| -

g Optional unit side Main unit's.ide IH h]h[ 39
d l 2 481|] 50
§ U]
A 1

See Page 1-13 CNS8 for signals.
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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) Powef 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.

~

S
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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 > | eN10 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 | ona 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 | sSw3 Auxiliary battery control
13 | Auxiliary battery 90 mAH backup battery switch
15 | CN2 Main battery connector 16 | cN1 AC adaptor input (charge in-
17 | sw2 Reset switch put) connector
19 | Gate array GAH40S package 18 | F1 Fuse 3A
21 | ROM capsule (32 kB x 2) 20 | Sub-CPU 6303 CPU package
23 | swa 8-position DIP switch 22 | SW5 Initial reset switch
25 | CNa Keyboard interface connec- 24 | D-RAM 64kBx8
tor 26 | 4-bit CPU 7508 CPU package
27 | el B S e
29 | Serial controller 82C51 package 30 | swi Power switch
31 | ROM 32kB ROM 32 | CN5 LCD interface

2-2
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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

Rl L ————

Keyboard MAP-MC board
MAPLE board LCD unit

Main LCD panel

battery K> |
S—— MAP-LD board

\ /
v
IPL ROM RAM
32K 64K
O i ot
AN crU 82C51/GAH40M‘— RS-232C
Z-80 —
{ } uPD 7001 | Barcode reader I
SED1320
Slave CPU SED1320/VRAM
6303 8K LCD
MASK 4K Microcassette
GAH 40S tape drive
GAH 40M ) A
GAH 40S ROM capsule
Speaker
(built-in/external)
Serial interface
Sub-CPU ’
7508

Analog device

Fig. 2-2 Computer Configuration

2-3
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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 ....cccoeeeevennreennne 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-

P 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.

gg ® 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

i

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. It 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
e operations. The voltages are generated from the battery voltage (VB) only when the RS-232C
or serial interface is used.

ey

® - 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.

L
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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 A
control RS-232C supply |—== ,8v
power voltage (= 10%)
_I regulator === -8V
F1 VB GAH40S
—O\O-¢ Logic circuit
. voltage supply
Main
battery 7508 (+5V)
N
Power control
-
ISIave CPU 6303 Speaker amp.
LCD power
— . Clock ————— voltage ——== -15V (= 10%)
Auxiliary generator | —e > regulator
battery
— A
"'ROM capsule |
power voltage|—=> +bV (= 5%)
GND regulator

Y/ = To0 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/0 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.

2-7

Sy



N

REV.-A

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
{7608 P70)
—c
20ms ) 45us
>
OFF {7508 P71)
(gate array OFF signal)
(.
/7
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 1/0 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 D1 6 respectively, turn-
ing them on. This causes the VB (+) voltage to be output at the collector of Q6, supplying the
operation voltage (Ioglc circuit voltage: VL) to the elements on the board. The transistor Q23
also supplies the VB(+) voitage 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.

fT)
o



REV.-A

® 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 1/O operation sequence, will be resumed without error when
power is restored. The sequence allows all necessary processes such as the reinitialization of
the 1/0 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™.

2-9
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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 30 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
2E Q33 Q30 Ri4

P44

7508

Main battery

vBi

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.

WhenJ2isopen......ccccoeeevevnnnnnnns 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.

2-11
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® When eight hours have elapsed after the ac adaptor is connected to the AC line, port 41 of the

e 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
P00 N Power switch Low Power switch “OFF” interruption (H - L: ~ ¢ )
interruption High Power switch “ON" interruption (L — H: _% )
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.
i P40 out Reset
High Inactive
Recharging mode Low Normal recharging mode
P41 Out
control High Trikle recharging mode
H P42 o Battery back-up Low Back-up with main battery
4 ut -
! control High Back-up with auxiliary battery
¥ Low Active source input of “P40” and “OFF”
i P60 In Reset switch
‘ High Inactive
v P | AC adapter (re- Low No AC adapter (non recharging condition)
n : .
L chqrglng opera High Recharging condition (AC adapter is plugged)
tion) detect
7 Recharging mode Low Normal recharging mode
| PB3 | Out | for auxiliary bat- . : :
High Trikle recharging mode
£ tery
L 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 —r L, l
3)
AC adaptor connection 11.0H I . 11.0H , l l 4.0H I.'r
Od ' A (& ! 1 !

Charge mode ‘_—'[( E L ,,,’ i, :1 —{ Normal charge
Fg"V q “Normal charge “Normal charge | |
chargedp~~---------- - |- === - — -~ -

g Trickle charge V
Battery Normal charge
- “voltage Trickle charge
variation 50VE--—=—=--<f e
Low ®
voltage| - @ Ly @ e @ 3¢ @ J.L @

Fig. 2-8 Main Battery Charging Operation

Note: Battery voltages and charging currents:

Voltages:
When fully charged:
Low voitage:
Charging currents:
Main battery
Normal charge:
Trickle charge:
Auxiliary battery

Approx. 5.4V
Approx. 4.5 to 4.8V

150 to 200 mA
40 mA

3
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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:

(D 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-

o
—0 3%
DR3.3M8
z07
47K ©
0
B709 -
Tso8
{P70)
MAIS|
wA
R2
Auxiliary g
battery SW3-
—0 )
4N100
- AAS - .
o1 —_— i
2 R 0 LCD power supply
7J7c74 * 1 op
C40 i +—9 I8V
Calo—| —¢ Ol
ri-=—-l
DLOBIS, e
| L .
, ! Main
TREY-DY— — -~ battery
é oH|ijo
G v G v
N c N e
D H ()
(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.

VCH O

Q9

Charge mode control O-—j[

Fig. 2-10 Battery Protection Circuit

}\N\' - 0O Toport 61 of
”_‘;—'\/v\r] 4-bit sub CPU 7508
R44 10K
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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 Voitage 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 4PD7001. 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 RE9 1
VB o—N\o - * AN {
R

yyv
HOOK 17.8K 10K | C43
o R57 uPD7001
(1D)
68K 3R89 16
RS Y VDD
—A ' Q24

vy
" 10K
120 100K SR112
6ls

7508 (2E) - vB

Fig. 2-11 Battery Voltage Detection Circuit

N
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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+)- R67 _VB-1 0000

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). DOH is
equivalent to a voltage of approximately 1.7V at the input terminal AN1, as shown below.

E=»2gx217 = 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:

VBpo= BEQERET) 2 217m 471 (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
2. 1D,pinb ‘ sV 5V imS
SO (Serial Output) : S
3. 2E,pin3  a—
1D CS control G
G
G
‘ |
5v

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 uPD7001 (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.

2-18
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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 voitage 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.

1
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2.2.4 Backup Circuit
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
~ 7D
4D RAM Main RAM (dynamic)
4E ~ 7E
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 Iinterrupt 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 ws
can be seen, the circuit is b o~~o>4
normally backed up from B970- IRS
the VB line via the transis-
tor Q23, regardless of
whether the computer is

O Backup line

Jree——

it

R

Ty

operating or not. It is
backed up from the auxi-
liary battery when low
voltage is detected.

For details of the circuit
operations, refer to the
descriptions on the power
on/off circuit. '

D16 |MA1SY
wK

VB

Fig. 2-13 Backup Circuit
2-20
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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/O 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) +5V regulator

Purpose: ROM capsule power source.
Control: Enabled when the ROM capsule is reread.
Output voltage: +5V
(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 ' ¥V

® The SWPR signal is low when power is off b ’%m
and is inverted high at pin 10 of the IC ‘°"is"z 3K nr2 ) -
12D. This signal maintains transistor Q28 Oscillator 'f:o
in conduction, holding the collector low. circuit -+ T

| Constant-voltage

Thus, the switching signal fed from pin 2 r circuit

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. B | ¥ %
® When power is off, transistor Q28 is cut

E*a

off by the high level of the SWPR signal,

and a clock signal of approximately 35 kHz e Egr;\?:ner

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 — _ .
tor Q5 on and off. ' GHo (\a-

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 +56V 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 L

Switching pulse

at 14D, pin 14

Q5 emitter l._
5V '\I\/\J\/\;-!\,\AJ\,\/\J\I\AJ\/\A, I\

Q4 collector

(before filtered)

G Zener breakdown

Fig. 2-15 +6V 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 20yS
(3) Bottom — Test point: Diode D1, cathode

5v SV

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

Details of the above waveforms are enlarged below for clarity.

5V 5V 50yS
_' N
G
I I
L

’ G
Voltage circuit= - -~ - -W 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
joad. '
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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-
proximately 35 kHz when the POWER switch is Oscillator circuit —{ €8K
turned on. This clock is fed to pin 7 of the IC Constant-voltage “:’1
14D through R55, C27, and R54. The inverted circuit on
output at pin 6 is input to the base of the tran- ‘ ‘ Fass |liaofRe
sistor Q29 through R20, switching it on and
off. '2?7 47K}
The emitter of Q29 is connected to the +5V lo- ‘:’: R
gic circuit power supply and the collector is o cas
connected to ground through inductance L3. e8| ||220°
As the transistor is switched on and off by the

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

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

tive voltage at the negative side of capacitor °"tp”t"°"age\—5-ﬂ

DC-DC
converter

_ o . 35 kHz clock A
C17. This output is used as the LCD drive output .

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 voitage 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.

?})
N
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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.

5 R6

3 4
670 A .B 9 ZD8 R48
2
Sub CPU 8 47K “ ,1,
7508 RZ2.4MB
P42 RO8 vB
10K

Return voltage
from LCD o-
regulator 12

k-

Auxiliary battery

Z019 R8s

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)

750_8' P42__ Le— Main battery — Auxiliary battery change — S
(Main/auxiliary
battery switching)

Feedbackvoltage" ” ” ” ” ” ” ” ” ” n n ﬂ ” n n n n n n
waveform as

observed

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

* waveforms.

v
=3

ﬁ‘mm

’i{wm»«ﬁuh

S——

(Top) Measured at IC 14D, pin7
(Center) Measured at IC 14D, pin 6
(Bottom) Measured at diode, anode

REV.-A

5v 10V >10yS

s ™ ™ ™

5V

Fig. 2-21 Major Voltage Waveforms of LCD

N

(o2}

Drive Power Regulator Circuit
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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

ﬂ I [\
UIv \

Dischz'a?ge from L3 (Osciﬁ;;tion)

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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REV.-A

SWRS —//—I ’
Switching puise | [1 MMM MUMLMUMLMUTUAULUAUULULUUL
(4545 Hz) :

Q7 collector ¢

| .
w— N
—8j Ve

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

The INHRS signali 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

14D, pin 11.

Sv - 10yS

] M [

pin 7.

L ™ ™ T

5v

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) Main CPU (Z280)....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)

(2) 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

(3) 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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2.3.1 Handshaking Between Main CPU and Sub-CPUs

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
s+ sub-CPUs as follow:

A I\ n j \
Main CPU \ Sﬁ;‘i
(280) Parallel transfer / Serial transfer Sub-CPU 7508
' / |cAH4om| \, y
\ \
, 38
: ® 2
© ©
‘ o = f
{ LCD controller Gate array
SED1320 GAH40D
s 38
: T @
L 56
[o Nghenr]
E5S
i Slave CPU 6303
i 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
f 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
g control on the serial/parallel conversion register in the gate array. Fig. 2-26 illustrates this control.
i
Main CPU Gate array (GAH40M) Sub CPU
T I'_—_
“ /N N | > *°1 7508
\r 8-bit data bus |/ SIO
% R CK 50 _s_r’
g Z-80 ' * A SCK
; < ]
H D 0 P20
% FMex @ | P2
& 170 resistor P21
75 o4 W
05 R
éﬁ( 06 W cs
s f 7001
g % L‘P Y
i@ SO
‘ ]
¥ Fig. 2-26 Main CPU and 7508 Handshaking Control
i
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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/O 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 SIO.
2. Main CPU reads or writes SIO (/O 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
* 5| 2 513 [l
Z80 data bus ] i |
Command Data Data Command Data

SIO FF resetting pulse 5‘ H rl ' |-|

SIO ready ‘L \b \b e

1

R w (R) W T R (W) T R(W) T
7508 data bus a— a El a 5[

Command Data DatarLl Command i Data |_|_l
Ready (7508) rLI . i J

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 : Z80 — -»GAH40M
7 When SIO READY is reset : 7508 « ->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 1/O address 01.
' SI0 READY is set by 7508 port 22.
i @ 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) Interrupt
L.
N
SI0 READY
SI0 READY
Y
Y
; Write command Read status and
and reset SIO FF. reset SIO FF.
> e
@:ﬁfﬂ SI0 READY N
3
Y Y
f ..
i Termination _ Read status.
8 SIO READY Do
Y
Y Keyboard
& -
N
Write or read
i command. :
v Check status Enter data from
(tO determine keyboal’d.
g : : interrupt type).
& |
Reset SIO FF. }
: |
I |
; |

Fig. 2-28 Main CPU and Sub-CPU Interfacing Operations
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(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 voitage 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
GAH40M 7508

| SO 28)

Main CPU 8-bit parallel SCK t= + Si :
Z-80 transfer S! e T
(4A)

SO SO
S 7001
(1D)
L
SI:  SERIAL IN SCK
SO: SERIAL OUT TR R
: |
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 1/0 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/O 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 1/0 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.

»
(8]
w
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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 1/0 address 06 to read in the 1-byte data.

2 3.1.2 Data/Command Exchange between Main CPU and Sub-CPU 6303 via SED1 320
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)
K | > PDOR < >
i . Write signal
OFH Read signal j * 26H: Data, or
27H: Command
- :‘ > PDIR K '
Data: OEH Write signal j A Read signal
CMD: OFH
Status registers
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.

Z80 SED 1320 6303
A A —
Status registers
FA | > FA4
_ ] it [ N N B s
OOOEH: Read o—1F IBF o~ - -1 |IBF R
000EH. \y o~ o 1 | sp==—=—=- et [ S O I
OOOFH* Al OBF - -1 OBF =
>—
L g

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 SED 1320, 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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2.3.1.3 Memory Space
There is a memory space on the MAPLE board which includes the following RAMs and ROMs:

Main CPU Z80

® IPL ROM
OO0OOH ~ 7FFFH
i Slave CPU 6303
4 kB mask ROM: FOOOH-FFFFH
- Internal RAM: 80H-FFH O-RAM
1/0 register: OOH-28H 5 -
0O000H ~ FFFFH
g
S10 82C51
I 1/0 OCH, ODH
’g’ : Option unit
i ROM
Baud rate generator
- ' GAH40M OOH ~ O7H
SED 132D
: 1/0 OEH, OFH
. °
i. 4-bit CPU 7508
4 kB mask ROM
LCD V-RAM (6 kB) 896-bit memory
8000H ~ 87FFH
-y Sub 1/0 control
. GAH40S
. ROM capsule ROM capsule
. {(Max. 32 kB) (Max. 32 kB)
,
- Fig. 2-32 Memory Space
%
I
1
&

iR,
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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 /0 addresses listed in table 2-4.
Table 2-4 1/0 Address

1/O adress Re:géz\s/: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 A
0004
W GAH40M Interrupt Enable register
0005 R GAH40M Status register
R GAH40M Serial I/0O register
0006
" Serial 1/0 register
0007
2 Unused -
0008
000C W 82C51 Command
000D R/W 82C51 Data
OO0O0E: R SED 1320 Status
SED 1320 Data
OOOF
b w Command register
0010
l 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 O000H (the
start address of the ROM located at 2A). The internal initialization sequence occurs as follows:

@ Resetting the Program Counter (PC) to 0000H

® Resetting the Interrupt Enable flipflop (IFF) to O

® Resetting the Index register (l) 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
T* The main CPU controls memory using 16 address lines, making it capable accessing a memory
i 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

i access this entire memory space which is greater than 64k bytes, bank switching signals are
&%
used.
7 Note: When a RAM disk is used as option unit, no memory back switching is made but the main
i CPU controls the external RAM as an 1/0 port.
1
"" o
T Address bus !
5 ¥ Y T
|
Bank O {
| GAHa0D| | BK2 |GAH4OM 32KB 64KB | OPTION
IMain cPU IPL ROM D-RAM i ROM
|
I A LA 4 |
|
H .
| >
¥ !
) Data bus 1
i 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
-
BK2 |
4/4.0
ad Address Y LI 0 1
£ FFFF D-RAM | D-RAM | OPTION | OPTION
S (H) (H) ROM (H) | ROM (H)
- 8000
7FFF | |IPLROM | D-RAM | IPLROM | OPTION
e :
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)
S-INT Sub-CPU 7508

S-INT p———0

__ — INT 4
NTR D ol ZINT e RXRDY (S0 82C52)
INT 1 CD (RS-232C interface)
INT2 p—
INT 5 TN EX (enti :
. . 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

Interrupt . Interrupt Interrupt . Interrupt
. Bit name ) . Bit name
control bit vector control bit vector
7 | Unused — 3 IER 3 (ICF) F6
6 Unused ' —_ 2 IER 2 (RS-232C) F4
5 IER 5 (Option unit) FA 1 IER 1 (SI0 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 (MREQ, 10RQ, 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

: Prilg:i‘i:lrz‘:;er Signal name Function ;;Zi:z;
Highest BURQ External bus request from option unit —

¥ * NMI Unused —

) INTR (INT 0) Alarm and low voltage detection from sub-CPU 7508 FO

g i 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
3 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 T1 T2 T™W T™W T3
N N e N e N N e N
g . .
i ZINT —— o e e e
B \ ’
R
M1 ——————
t \_
IORQ
L L /S
Input data
-~ (vector address)
L Data

&3

§; Address bus X )(v Memory refresh

Upper 7 bits of

'. input data
L 4
/ Interrupt routine
: 0 start address table L I
[ U I Interrupt service
'“_eﬁw?r address | Routine
| __ _bits | L -~ ]
Upper address
| _ _ _bits |
I Fig. 2-35 Interrupt Routine Call Control and Timing

L 2-40

MM



REV.-A

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
('Second from top) M1:
Measured at 4A, pin 27
(Second from bottom) MRQ
Measured at 4A, pin 19
(Bottom) RF:
Measured at 4A, pin 28

(Top) CLK:
Measured at 4A, pin 6
(Second from top) MRQ.
Measured at 4A, pin 19
(Second from bottom) RF:
Measured at 4A, pin 28
(Bottom) RD:
Measured at 4A, pin 21

5v 5V >500nS

5V 5V

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

5V ° >200nS

GFU'U—LHHF\F\['
T AR

A Wis
8 W i

5V 5V
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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

1[] MRS

5V 5V
Enlarged
S Vv 5 Vv >1uS
¢ | — [
4 > ) e re re
5V 5V

2-42

Fig. 2-38 W1, RAS1, CAS1, and RF
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Observed D-RAM Refresh Signal Waveforms

(Top) Z-RF:
Measurfx_i at 6A, pin 29 5y 205
(Bottom) FR:
Measured at 6A, pin 40

G
5V
Enlarged
5V toons
G
G LJ
5V

Fig. 2-39 Z-RF and RF
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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 (OO0O3H) — 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 0

Port 2 data register
address OOO3H

PC2 | PC1 | PCO |1/O4 %& /01 1/00
77

Mode setting port states
13E, pin 56 erreerereeeenenniiinins Low
CN3, pin 8 e, —— High
S - High

Fig. 2-40 Slave CPU Operation Mode Selection Example

Mode selection reults in the following memory mapping:

OOOOH O0O1FH O0080H OOFFH 8000H 9800H FOOOH FFFFH
Internal External Internal ' Internal
register memory RAM Not used Not used ROM

V-RAM Slave CPU operation ?c;rol
mask ROM

Fig. 2-41 Resultant Memory Mapping Example
2-44



REV.-A

Fig. 2-42 illustrates the vector address operation.

* \Vector address — program counter

6303

Vector Address

Memory

: >B><:><><J

¥

* 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 ¢
0000 | /Oport1 datadirection 1/O Control For Address 0002
register
0001 l/O.port 2 data direction 1/0 control for address 0003
reglster
6 Speaker | gpeaker | SERIAL | SERIAL | uMCT uMCT | uMCT
0002 1/0 port 1 port address s:‘\;g; output POUT PIN HSW HMCT WE} Lo HMT
3 0003 1/0 port 2 port address —_ — - s?‘ﬁ')_’:" s%m. — |uMCTWD| PRD
0004 i/ o.pon 3 data direction 1/0 control for address 0006
register .
0 0005 1/0 port 4 data direction 1/0 control for address 0007
register ’ _
0006 1/0 port 3 port address Address (lower 8 bits)/data bus
3 0007 1/O port 4 port address Address bus (upper 8 bits)
0008 T?mer control/status re-
gister :
0009 Counter (upper 8 bits) Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 Bit8
000A Counter {lower 8 bits) Bit7 Bit6 Bit5 Bit4 | Bit3 Bit 2 Bit 1 BitO
Output compare register . . . . . . . .
000B (upper 8 bits) Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 Bit8
000c | Output compare register Bit7 | Bit6 | Bits5 | Bit4 | Bit3 | Bit2 | Bit1 | BitO
{lower 8 bits)
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Read/ Bit
Address Function B
Write 7 6 5 4 3 2 1 0
C i - . . . . . . . .
000D | Inbid Lepiure register (up Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8
Input Capture register . R R . . . . .
000E (lower 8 bits) Bit 7 Bit 6 BitS Bit 4 Bit 3 Bit 2 Bit 1 BitO
IRQ
6 O0O0F Control/status register FLAG e:mae —_ 0ss Léﬁ.argll: —_ —_ —_
3 Baudrate/Mode Control Clock controf Baudrate control
0 0010 register - - - -
3| o171 | TXandRXcontrol/status RDRF | ORFE | TDRE | RIE | RE | TIE | TE | WU
register
0012 Receive data register MSB LSB
0013 Transmit data register MSB LSB
- AM
0014 RAM control register s::::,se?y ei able — —_ —_ — —_ —_
CNTR Microcassette tape drive counter data
Counter (upper byte) R | Count — — Bit12 | Bit11 | Bit10 | Bit9 Bit 8
0020 .
input
Counter reset w —_ — _ —_ — — — —_
G Counter (lower byte) R Microcassette tape counter data
A -ounter {lower byt Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | BitO
0021 STOP | ——m—
H Command register w | S\ FAST | — | mTc | mTB | MTA | ST |swPR
4 0022 P-ROM address (upper 8 W Upper P-ROM address bits
0 byte) Bit15 | Bit14 | Bit13 | Bit12 | Bit11 | Bit10 | Bit9 | Bit8
S 0023 P-ROM address (lower 8 W Upper P-ROM address bits
byte) Bit 7 Bit 6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 BitO
P-ROM read data R MSB LSB
0024 C_ontroller instruction re- W
S gister
E 0025 Controller data buffer R
D Controller data buffer w
Controller status register R
1 0026 Port data output register w
3 (data)
2 Port data input register R
0 0027 Port data output register w
(command) ED 1320
, 0028 Interrupt enable register w 6303
/
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 . GAH40S
Data N X _ .
Main cPU PDIR | |PDOR
780 29 _
| 4.9M I et .
| s e £ |weo
: PRD SINT 22 |iRao
PWR |CSR}----- M g8 |-
e g PCS =

S
EIE * PDIR: Parallel Data R
Input register é

GAH40M * PDOR: Parallel Data E AS R/W INTR
Output register

iR
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 mterrupted 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 >500nS
(Center) E: -

G ,

(Bottom) AS:

Measured at 13D, pin 39 | ' W
G
G M

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 voitage 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. '

@ Battery Voitage 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.
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Observed Shift Clock Wave Forms
SCK: v

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 xPD7001.
Note: Fig.2-46 and 2-47 are enlargements of
the signal shown in Fig. 2-45.

2-49

2V Sv 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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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

Oscillator Circuit

Primary Frequency

Output Frequency and
Signal Destination

circuit

Main oscillator circuit (CR1) | 9.8304 MHz 49 MHz - 7C
Clock oscillator circuit {CR2) | 32.768 kHz 1.0 kHz - 2E
Voltage regulator osciilator 35 kHz 35 kHz - RS-232C, (+=8V)

— 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) | Dl
| LT
4.9152 MHz RI37 Ri34
AAA AA
vy wy
1OM  1OM
2.4576 MHz —= +2 =2 6 5 \
L iop B 1 _1oP

Iczo Ica

Fig. 2-48 CR?1 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-
) : S P SV 200nS

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

ray GAH40M (4A), and serial con- 9.8M _lﬂﬂﬂﬂmmmnﬂﬂﬂﬂﬂﬂﬂﬂm'
G

troller (2C), and used as their basic

G
G

S5V 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 somv  100nS 5V 5V 500nS
6303 o
SR _ AN
4.9M ' G
6303
E
G —»
6303
| \ ®,_O T
6303
EXTAL _ G —f_w
G

2V ‘ 5V 500mV

Fig. 2-50 LCD Controller and Slave CPU Operation Clock Signal Waveforms
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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 1
A —AM—AW— CR2 C332.768
Q26 14 kHz
1 ] 1Vee
R126 _ 3E 3 }_'
1 _[_2 R122
c23
ZD3 C45 L
- C46
R113 7
32,768KHz 1 KC ——0 To sub-CPU
Q25 7508
> pin 40
ZR36 v8
R7O 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
(pin 51 of GAH40D) is available

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

20yS

s 1 [0

 ONOnnn

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. 2-63 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.

Q 26 :
VB To 3E, pin 14 (Vcc), 2

R126
ZD3

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 R0 (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
L WV 5D°4 3Dc2 HDOiZ W\
—— c26 220P

*To each circuit a though ¢
-discribed above

Fig. 2-565 Voltage Regulator Oscillator Circuit

3
i
i 5V ’ 10uS
¥ IC 14D
i Pin 11
| i [
. .
i ! IC 14D

: Pin7

s [N ™™ ™~ r

% 5V
‘b.v

! 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 2yS
pin19G

pin 21 G-

5V

Fig. 2-67 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 v o

1D

P8 NANNANSNNN
o NNONNN0N]

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.

9.8M

4.9M

2.45M

6303 pin 3
EXTAL

6303 pin 40
E

6303 pin 39
AS

2.45M

UUvuuurvuuuuduguud

about 100 nsec.
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L
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Fig. 2-59
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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 .
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 C-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 C-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 auxnllary battery.
1 - Used to keyboard models.
2 -
3 -
S
4 -
C-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 or Bis 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.).

s o

b
=
Fig. 2-61 MAPLE Board Jumpers and Switches
L. 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).
25.1.1 J
i 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-
5 minals, respectively, disable and enable the HLTA signal line, reconciling the difference in Line
i ,

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, HLTA, is disabled. (The ter-

minal is open; i.e., not connected to any other terminal.)

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

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

£ 251202

L This jumper is provided to allow for protection against main battery overcharge. When the ON

e and center terminals are jumpered, the control by the sub-CPU 7508 is disabled, forcing a normal

i (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.

e
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25.1.3 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

i
the standard setting. The ON setting disables the normai sub- | JI!UH H
CPU operation. /

2514 J4

Jumper J4 allows for puli-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.

25.15 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.

2523 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.

2-59



F e

d.s

S

REV.-A
2.5.2.4 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 0 0
French 0] 1 1 1 0] 1 0] (0]
German 1 o) 1 1 0 1 o 0}
English o o 1 1 0 1 0] o
Danish 1 1 o) 1 0 1 0] 0
Swedish o | 1 0 1 0 1 o | o
Norwegian 0] 1 1 0 .O 1 0 0
italy 1 0 0] 1 0 1 0 0
Spain 0 0 0] 1 0] 1 0 0]
HASCI o) 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

SWS5 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) 1 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 (1 D).‘ 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.

o
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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
\cswz SVEO/
o) o— VB
1 [
S RS SW—p65 =30 =S INITIAL
(ADSNS) (INiTO) | RESET SW
- Internal s
~ program @
(Interrupt) | S
e Sub-CPU
Z80-related £ 8 = 7;08 (2E)
Reset routine~wy| 2
~ [ Clears all registers <_ &
GAH40D | such as timer, etc.
(BA) 'paol- — — — — — — — — P71
¢ g 1’ AAA VB ™
RST Data lines
1 I Oto?
RSO L_ _J
o] OFF GAH40M
— Z-80
——danRS (4A)
System reset Gate array
signal < OFF GAH40D OFF signal
— 6303
T/ 9RS (13D)
L— = CN8
{Option unit interface)
_ GAH40M I
{(4C)
/
+————=>CN8 .
7B<} {Option unit interface) |
82C51
AN

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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- T~ ]
|
1 1e Sub-CPU Main CPU
; 7508 GAH40M 2-80
KSC 2E
| SET RESET
I SIO Hand
: READY shaking
' g1 DU I o=
| 1285 |serial” SIOR Parallel ¥
: @2 g | transfer transter
! R
| 1oL
: .-'.Jq>;§ o
TKRIN ]
|
'
(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 I_ B3U 66 40 I iABI 40
from 7508 e
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.

'REV.-A

VR
iAo

[t Jl2[3fa]s5Te[7[8 9] 10 |11 |12 |13
14 15 16 |17 | 18 19 |20 21 22123 | 24 | 25 26 27
281 29| 30| 31 32 |33|34(35(36|37|38 |39 |40 41 42
43 44 145 |1 46|47 (48149 | 50| 51 52 3 54 55 56
57 58 | 59|60 |61 |62 | 63 64| 65|66 | 67 .68 69
70 71 72
Table 2-13
Upper Code
Byte
Lower Cods 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
i N
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.)

o
\J

LK

i
N
N

u (l u

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.

/ / / / / / e Full break area

04
<<=—— Make and break area

11 ///////6- Full make area

1.5

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 b Kt
5 B o K
o c 1€ o KSCO ~ 8
' ]
8 D < TR <
(2E) ' ! KRTNO ~ 7
47K oy i
| !
L—'\/\N——é +5 1 i ~
3 T L
° ! NL
L‘\N\r-e+5 . -
t
47K o !
- ' . : ! NG
L—W\/—-> ! .
+5 o
47K -
MAPLE board /I 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.

r.°
N
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KSC:) l__] r

' T L

: LT

; | L

. r LT

. T LT

i J L

' I L]

o | L
S /[

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
vlnput (1E) Output

A|lB|Cc|D|O|1]2|3|4|5|6|7|8]°9
t{ct|{L|{L|{LI/H|H|H|/H|HI/HIH|HIH

! Hl{L|L|{L|H|L|{H|H|H|H|H|H|H]|H
L{H|{L|L|/H|H|L|H|/H|H|H|H|HIH
HIH|L|L|H|H|H|L|H|H|H|H|HI|H
L{L|H|L|/H|H|H|H|L|H|H|H|H]|H
HIL|H|L|H|{H|{H|H|H|L|H|H|H|H
LIH|{H|L|H|H|/H|H|H|H|L|H|HFH
H|{H|H|L|H|H|H|H|H|H|H]|L|H]|H
L{L|L|H|H|H|/H|H|H{H|H|H|L]|H
H{L|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.

2ms

5v Sv
« U UL T UUULL
. | P31 -ﬂ__ L—_-]_._]_
L [
P33

; 5V 5V

] Fig. 2-70

g+ < 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.

swa
y : :
——0 O+ KRTNO
—<+—+0 o KRTN1
b <} O KRTN2
1] ]
+—F—0 O KRTN3
+—K—0 O~ KRTN4
3
KSC8 —4——+0 O+ KRTNS
+—K—0 o~ KRTNG
—}—C O KRTN?
' '
[} ]

Fig. 2-71 SW4 Matrix
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2.7.3 Key Input Control

When two or more keys are simuitaneously 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
KRTNG6 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
KRTNSG 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
q L < ‘NV
ksco — > 7 [~ T; <Kf
L < [ L
Ksc1 —kt [~ 2 [~ '\(‘:’ v
Ksc2 —K— > e v A 2
ksca —kt ~ > S ~ T~
: S S S S
kscs —it [~

: Fig. 2-72
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2.7.4 Keyboard Circuit Element Layout
r 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.

3;5

.

: D2 D3 D21 D4

[+ Jl2[3aT5Te 78 [°] 10 | 11 [12 |13 |—D1,05,D10, D9

, 14 [15 |16 |17 |18 |19 |20} 21 ||22 |23/ |24 |25 | 26 |27 }—D6

28|29 (30|31 |32(33|34|35]|36]37]|[38||39|4a0]|41|42]—D13 D15 D17,D7
D12 —] 4344 | 45|46 a7 |4a8| 49|50 |51 |52 s3]|54] 55 |s6 L—D11,D8

D14 — 57 |58 |59 |60 |61 ]|62|63|64|65|66 67| 68 | 69

i 70 RS 72

H D16 D23 D19 D22 D20 D18 R1

{

i - -

i

: Fig. 2-73

’ 5 Note: The Auto Repeat feature is ineffective for the following keys. (See Fig. 2-73)

“ 2 ~ 9,43,57,68,69,70,and 72

F <

L

iy
o

.

iy
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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 < N
_ = Address/data bus
R/W /
AS (Address Strobe)
| / Clock signal

Character v/

generator |
LT_“ Address/data RAM
(6 kB)

Read/write
L_ _ control
(LINE, LDO)
23 T
S S ‘ 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 ail 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.

2-73



AT

promm——

W Ry

RanR,

Pr

P

REV.-A
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
[

bz A\ Lower glass plate

Lower polarizer plate

Reflector plate

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

Oscillation directions
of light

4 —

e O Light

Polarized by 90° (areas where no electric field is applied)

=

Liquid crystal molecule

Polarization direction

Dark
{areas where an electric field is applied)

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)

0.46
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. 2-76. i 8
[}
(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 compensatlon is no Ionger possnble

and the LCD panel may exhibit one of the following probiems: ‘

< Lower temperature >

) qumd 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

e N

1 1 | 33|65 |97 |{129(161]193|225|241|273|305 (337|369 (401 |433|465

AR R AR R AR AR R A R

——-—ﬁ 32 | 64 | 96 [128|160|192 224240272 (304|336 368|400 |432|464|480 >dots

L64 X1 | X2 | X3 [ X4 | X6 | X6 | X7 | X8 | X1 | X2 | X3 | X4 | X5 |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_EI |eo El
B ) ® EF ©Fr (X3~ X7) F/F

Fig. 2-78 SED1120 Data Transfer Scheme

'.°
~
[»2]
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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 selected (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 —I—L | n

XECL n ﬂ ,// ﬂ -

N 1/ A MnpAAL_annn
g___\/___/

16 pulses

SED1120 X1 X2 [xs/i x7 | X8 | | x1
Chip select L .

DINO n ﬂ /a ﬂ

60 56 " 0 |
DIN1 EL g 7/ ]:l v
DIN2 L_z[ ];1 Za El ‘.
DIN3} I;} v J;_// J;I

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

LP

XSCL

XECL

YSPU

YSCL

Approx. 285 usec

I1

TR | [

il

\ \71
Approx. 130 usec (3.25 usec x 40)
| Total 120 pulses
e ——

Approx. 3.25usec
JCorresponds to 15 XSCL pulses.

) O I |

1

1

Fig. 2-80
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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.

2-78
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Observed LCD X-Line Display Control Signal Waveforms

(Top) LP — measured at CN5, 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.

5V 5V 50ps

5v S5V

5v

A0 AN AN

5v. sV tys
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Fig. 2-81 LCD X-Line Display Control
Signal Waveforms
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(Top) XECL — measured at CN5, pin 8.
¥ (Bottom) XSCL — measured at CN5, pin 3. ' 2V 500mV  50uS

The XECL signal selects an X-drive IC
(SED1120) from X1 to X8 on the MAP-LD
board. 16 XSCL signal pulses correspond to G
F* each on XECL pulse, and four display data bits
i correspond to each on XSCL pulse. Thus, 64
data bits (display dots) are written to the select- G
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
i XECL pulses. 2v 500mV  5uS

e |

2V 500mVv 500nS

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 CN5, pin 7.

(Second from top) YSCL - measured at CN5,
pin 3.

(Second from bottom) YSDU - measured at
CN5, pin 4.

(Bottom) YSCL — measured at CNb, pin 9.

5V

o]
Z [

2-81

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.

64 1 =t
LP glA 160 6 5 J5 Jumper
U3 424
SED 20Af—3
1320 _#‘Vm 2GC :j
7 FR
;- G (to LCD unit)
63 2[12]

FR

~ 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 psec. :
» JL]Eh_ﬂJUU\_ﬂ_IUUULﬂ_ﬂ_ﬂ. I

9a Pin6 l
(1QD) | About 4.5 usec.

L
L L ]
]

|

10D
20A

2QC

e

2aPin 10

About 36.4 usec. —

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|164 2 4 6 8 |10} 1214 | 16

2 |17(19 |21 |23}25}|27 |29 |31 |18 |20 22|24 |26 |28 30|32

3 13335373941 (43|45 /147 (3436|3840 (42|44 | 46 | 48

4 149 |51 | 53|55 |57|59}61|63|50|52|54 ;56|58 |60, 62|64 64
dots

5 |65 |67 |69 |71 |73 |75177 |79 6668|7072 |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 :<19 \ < ==
' ' '

]

"

J5 = A s i

i ‘ i

i ]

J5=8B J y

] i ‘ 1

! ' _  30720-bit transfer time _ !

e | =

, 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 paneis.

e

N
)
0
w
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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) o

>5msS

H
x
¥
H l I

—

5V

Fig. 2-87 FR Signal Waveforms

i The proper FR signal should be selected by jumper J5, according to the nature of the liquid crystal
i_ display panel. If the jumper is improperly wired or not wired at all, vertical or horizontal ghost

linesmay appear on the screen.
b

i 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 St SCK SO cS
] ol o
0.1 ufF T R60
' VlV‘V
J;—-‘ L L t 10 KQ
L,
Temperature 6 2] 3| 4 5 T4
VD Y .
Battery voltage } E
x 0o-19 9-bit shift 1
1 register

4

3
(Analog input) 2012 _8’:% D
—/3_43 E—E cs enol e
External input signal @ ‘ Sequential - 25 7CLO RI2
i c 3 CLt
VRF ~registor—— | 3§ [ Fe7xe
Barcode input signal - %15 23 cas
i 47p
Reference input
(2 ov) 3BIt D/A
14
J
ig
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
o} 0 O (Temperature)
1 0 1 (Battery voitage)
o) 1 2 (External input)
1 1 3 (‘Barcode)

2-85
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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 resuit. 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 [ 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 (_S—EI—(’) 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...........cc.ccoone... 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
negligibie and the voltage at the AN1 terminal VaN1 is given as follows:

VB-R67

ANT="159 + 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
VBw=536

® 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.

10
MW K 47P
"’? R0 ‘RIZI C’IS;”
403 9 2 8
5 > S cL E )
CTeo§ o
{1D) UPD 7001
= A A
T N
< N
§Q s) R; K 499K
R3?72R33 1% [F86
o_onc:f_qo_lﬁﬁ:.
T3t
0 <
”’q‘“ :
ERTCO3R563a8
Fi

ve+

6
Sub-CPU

Fig. 2-90
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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:

Y _
T

41P
RGO A A AL {
RI2L c25m

L})B S 7 2
S S S C c D 1,6
ctl1 o L L Lv ‘ —.
0 ] A ol D10
(1D)uPD 700! T 390y
= A A A Y 2 "
C N ﬁ N N G%
S 3 2 10 G E |
10 14 154*\@"- 5
439K ) 12
21% (FB6 '
2 R |TL
b 76 [431 S 10K
THL <&f 50K 2
Cadl_ B\ 1002 7 TR2
>
O@TD il 394 OND
ERT CO3RS63AA

Fig. 2-91 Temperature Detector Circuit

R111-Vx
VRF="R76 +R111
vx— VRE(R76 +R111)
= R111
_ 2(34.8x103+100x103) _
Vx = 100 <103 =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
VTH= R86 + R (TH1)
where the thermister resistance R (TH1) has the following temperature characteristic:
R(TH1)=56 K exp 4.3 (————— - ——— [t: *C]
= P31 02732+t ~ 02982 ''"

As the temperature rises, the thermister resistance decreases, causing the voltage supply to the
ANO channel (VTH) to be lowered.

f.o
0
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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 Or @bOVe c.eeceeeeeeieee e 1400
25 0rabove ..c.oevenveeieieiieeeeeeane, 600
BeloW 25 e 300

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 A ' P62
oK T
Analog input interface | ANIN O : *S €33
R1O7 ;[;
GND 100K DA2
RM1-1 R33
J 4 Wy —W\— AN 2
('> /,O 10K 51K
ON ! / OFF DA1 A/D converter
R106 L 0371;
100K ¥ +5
D7
P R49 R56 R32
BRDT O AW ' A AN3
10K | 10K | 51K |(p)
uPD7001
. c32l C36];
22k¥
Barcode interface 2 1
110
+5 O g__Z_VB
@
c2 3
L G
B8CD
(4C) SwBCD
12 o<}5 P12
12D
Fig. 2-92 Barcode Control Circuit



REV.-A

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-compatibie, 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 1

+5 0
- SR
Go * +—T9 [—————- m=== o~
T T i _ —_—
BRDT © 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
RESET RESET
FRC (upper 8 bits) FRC (lower 8 bits)
Overflow
0003 Read 0002 Read
. Main CPU
ICR (upper 8 bits) ICR (lower 8 bits) (4A)
0000 Read
Data bus >
0001 Read
Trigger mode 0000 Write
A-D converter interrupt control
CTRL ICTP.L (IER) 0004 Write INT
re—e—"
1 |

ICF (Input Capture Flag) — GAH40D FInterrunt
|

| nterrupt
| SO p—— |
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 | Bit1 | BitO (polarity)
barcode pattern read (i.e., reader scanning).
The trigger may be generated at a different 0 O | Triggering is disabled
point or points on the pulse, depending on 0 1 —l_ 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 _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
TRIGC A ~ ooz
oK +5 c33..1_ (2E)
Analog interface| ANIN © ‘28
R107
100K
GNDoﬁ

Ja

WL- AN2

o
oNl /oFF
R106; <{
+5
100K
D7
o R49 RS6 R32
BRETO T Wy ’VWTWV— AN3
D;OK __L_ 10K 5.1K D)
cs2] c36| 4PD7001
R23 i
Barcode interface 2.2 i |
Q0
+5 0 N
+ L.L/—
c2 3
| Go——o

BCD
77%‘ (4C)
SWBCD

120
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.

IREEITRTN IRRITHI
ERARIAI INTATATRI
LTATRAT L
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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 < :
ROM #2
(OOOOH ~ 7FFFH)
o
@
= >
o &
~ 7]
10E < f’
ROM #1
- 6303
(8000H ~ FFFFH) N (13D)
NZ
c C
GAH40S S~
1 0
| / A AB14
o AB15
ROM capsule E
powr (+5V) supply AS
R/W
DAO ~ 7 ’\
V|
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 1/O 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.

ey
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ROM # 1 :] l
ROM select
OM selec ROM # 2 Data J> 6303

—|register

=

Address
0023H

Ve N Ve N

PROMaddress | 71 615 14(3(2[1(0] |7]6(5|4|3]2] 1|0 |aericon

MSB A A A T LSB
Address 0023H
Address 0022H
DAO ~ 7 6303

Fig. 2-99
ROM data is read by a read at 1/0 address 0023H from the 6303.

2.10.2 Power control

The +5V 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.

GAH40S
N ROM 1

ROM 2
Data - — — —
Slave '———"_1/
CPU T T
6303 ] i
Address 0021H 0021
_—— = +5V regulator
—_ SWPR ROM capsule
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

l
|
!
|
|

| I I
[ l l
! I |
l | I

| |
I |
Regulator output : |
I
50 ms 50
—i ] R e 2™ —

3 second .3 second 3 second

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. ’ §

1FFF
//
3FFF 3FFF 7FFF
40§)0 / OO§)O
7FFF 3FFF

N
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OO'OO 00.20

€ - -

MINI: 0040
M;?\X: O3FF

2764 : 1FFF
27128: 3FFF
27256: 7FFF

Header

One to three
directories

Data block

0 1 2 3 4 5 6 7 8 9 A B C D E
T T
E5H37H iCr:‘a';(agcnyChfck S?_'M System Name ROM Name
1
. w s | Version No. Date
RQM Name (continued) n A 00-99

M

M D D Y

@ “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

Number of directory entries plus 1

second ROM capsule can be used as a data block.

2-99
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2.11 RS-232C Interface

REV.-A

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
. .. . Start/Stop Bit in
|
Voltage Level Data Signal Timing Signa 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.

+5

10K
Input

(RS-232C levels)

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

GAH40M

TXD |To CN8
RXD option interface

an Il

210k

2ot INT2

AUX |To gate array
on SWRs |GAH4OM
MA — INHRS
1 SIwA{
ol
-8 2ju \
E""CJ 100y
5 5 3 ci?'d 3 %
38 98 . d
- 3
4 6, 14 SIK
B 12C 3
3 7 § RS | Toa 00
ook [Bk [ 8709
|
n Gt | oo
NS Sk | RS
o5 s o
A
| 6 2 L 390P | 390M Q7
ol 1L 12 08 j_cax 1= s
pPAGLH "L ;I; :'%',K 20K
AU 7K M "
10K & H 3 E Rs7 f N
Re38 13 2 e $RI2 | " \
Fim | LTV

GND VB
SO S A
§$%C?‘9°C
X N
DSRDsoﬁoo
\. d
3 S & 8 & 2 7 1 E
CN 7
RS232

Fig. 2-104 RS-232C Interface Circuit
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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/0 address 0O,

through a write from the main CPU:

Table 2-20 Baud rate Generator Settings

REV.-A

Bit 7
it6
Bit5
{ [‘Bit 4
B|B|B|B ‘ Baud 8251 Baud 8251
R|R | R|R T™>C RXC Rate x 1/16 Rate x 1/64
G| GG |G (8251 clock)
3210 TX RX TX RX
ojojo]o 1.74545K  |1.74545K| 110 110 — | —
00|01 2.4K 2.4K 150 150 _— —
ojloj1]o0 4.8K 4.8K 300 300 — | —
00| 1]1 9.6K 9.6K 600 600 150 150
of1(0]o0 19.2K 19.2K 1200 1200 300 300
o1 ]0]1 38.4K 384K | 2400 2400 600 600
o110 76.8K 768K | 4800 4800 1200 1200
01|11 1563.6K 153.6K | 9600 9600 2400 2400
1701010 19.2K 1.2K 1200 75 — | —
110]0 |1 1.2K 19.2K 75 1200 —_— | —
11010 307.2K 307.2K | 192K | 192K | 4800 4800
111]0|0 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 1/O address OC or OD from the main CPU causes the Chip Select (EJ—S_) signal and
the Read (ﬁﬁ) or Write (WR) signal to be issued from the address decoder circuit in GAH40H. An
I/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 0oC
(Address bus<: Databuffer K
Addressdecoder } | | | b — —|— — N\
Receive [Transmit
Main CPU
’ == IR A
RD R/W control
WR
____R W
= 'oRa Control register C}
ABO
Cc/D 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.

- 5 9 0 > 82C51
g | 3E 5 11 3laxp
RS-232C T
- (2€)
- 4 AUX ?.Lxg] Option unit
L 12D | S l— 13 D

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 —J e
+8V ——/ \__
DTR
P Transmitter ﬁ DSR
L
RTS
5 cTS’
Dat S '? S '?‘ S
ata
- (space/mag] L ‘T‘o|1|213|4]s|sl_7| b mo 12 3|4 5];7_ o HSSH
i" Receiver CD L
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
$7  arrival of the RTS signal or carrier (CD). In the following discussions, either RS-232C interface can
i 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 S ri1RDY Receive
. DSR 1 ! DSR_ | side
Transmit —_————
side
RTS TS
oscht- 5 | RTS
cTs | 1 3 | CTS |
Communications line B
| | £
TXD —Z = &Ik cD
] 44— | DU
N | RXT
A g
©
] 3 R\
1 <} 1
1 b= |
) 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]12¢ )3 + o RTS
C31
14 ;;
+8V
AUX—] ===
Txp—5112C - -+ o TXD
77
(INHRS)
+8V . — M- o DTR
—'—ﬁ % 8V ?
DTR - |
|
To RS-232C
interface
+5

A
4049 % 10K
4 . ; A —0

(Input)

GND|- = | 11
L

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 signais 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 0/+5V TTL le-
vels. The 100 kohm resistor pulls the limiter
output down to ensure that the inverter iIC9B
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 /0 address 0002. When
the bit is 0, 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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9B
100K

+5V ‘ I
T.%—{ﬁ(:imiter)

10K Current limiting

resistor
Fig. 2-110
82C51 (2A)
RXD TXD
11
——3T XD
Option
131 OK=Z R36 unit
12 : >RXD
10
3E
9 8 GAH40M
O AUX
5 4
12C
6
"RXD TXD
~ J
RS-232C:
interface
Fig. 2-111
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2.12 Serial Interface

This interface is provided by uéing 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
— 3 ;’:2 —- Slave CPU 6303
Tipia
Ldpos
P24
\
cG E
12__ GND 1
12 11 DTV 2
(INHRS) D PTX
Q18 Collector SERIAL
CN6
7
3
6

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

Bit1 | Bito |Division to the Operation Clock Signal) Transmission Rate
o 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 o 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.

+5
Slave CPU
‘ 9B
10K
100K
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 — — '1

—_—

PTX Transmitted data

PRX

e
"

Control

PRX Received data PTX circuit

o
o

Status (Ready) signal-

POUT — — -|

iz PIN

Wbt cisnantl

Fig. 2-114 Serial Interface Signals

[

mﬁtq'vm

oy

e

e

&
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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 speakei
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)

Exsp ) 2 SP OUT
EXSP]

U
40V

o 4{ cs 3
. RG8 Wiy 10K c73 Jcro Jes
Wy R ,_L . 33)“0\’/_;"5196

-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. 200mvV 200mvV  >50yS

* Adjusts the volume control variable resistor
VR1 at the middle when playing back AZI- J\/\_
MUTH tapes.

200mv 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

REV.-A

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.

Output O DO
buffer
Cell matrix
Input
buffer T

Timing pulse
generator

ﬁT circuit

Column decoder (128)

}

J\ )
A0 ~ 7 N
— 5 B
: [V
8
o
2
— S)
o
— Row timing puise
RAS O- generator circuit

Column timing puise

Refresh address counter

generator circuit

CAS

Refresh controller

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. 2-1 18.

16 address 8 address

Main
CPU

lines lines [
—'\ GAH40DF——N ‘;°
o 1 i
__/ 2 A7
laz | As

lns_|

-

A8 | ;,_5 _J

Address output | ] ©)

from main CPU

GAH40D 0
address decoder _)(

@2

RAS

Address decoder

CAS

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 line 0 ~ 7

DW (6A) . (7E) /\_] l—’\ (6D) /\—l |_'\ (6E) A—] :VN (7D)
> RF Bit6 | Bit4 }—| |— Bit2 — BitO
DCAS | GAH4OD }—>W
——3> RAS
Bank | }——Cas (5D) \‘/L_ (4F) ({L LD (5E) $ (4D)
control Bit 7 Bit 5 Bit 3 Bit 1
Databus O ~ 7
= Main CPU |
N GAH40M IPL ROM
a r
Bank O} L_ICTLRREG |4

Tl L_I Option unit (RAM disk) j

| S

Sub CPU 7508

Fig. 2-119 D-RAM Configuration
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
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 vaiu
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
mode temperature —— — —
range ("C) CAS WE DCAS DW
TH 45 ~ H o
™ 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 fm————— .
RAS and CAS signals ! >2v II 500nS
(Top) RAS signal — measured at IC 6A, pin ! :
(Bottom) CAS signal -~ measured at IC 6A, pin g : '
44 | :
| |
I |
) T
! i
1 25V I
b e J
N
\Enlarged
>2v 200nS
Gj_[ L
G
>5V
Fig. 2-120 RAS and CAS Signal Waveforms
Menu display
(Top) RF output — measured at IC 6A, pin ,
40

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

»
G

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

(Top)

(Bottom)
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40
Z-RF input — measured at IC 6A, pin
29
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B
I

I

I

I

|

I

.l

IO

Enlarged

>2V 2yS

>5Vv

Fig. 2-122 Z-RF and RF Signal Waveforms
During Read/Write
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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

!
cru KT GAHA0S K" MMCboard

6303
Power supply oj

4

A MAPLE BOARD

<:> Microcassette

mechanism

+—v——-~

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: v

HSW: Indicates the current position of the read/write head (LOAD/ UNLOAD).

WE: Indicates whether the microcassette is write-enabled.

3 (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

Preambie
Synchronization field Block identification field Data field Postamble
H e N — N . . — — N N
....... A series of Block number e 7
FF 80-bit zeros FF|AA | 2 %4 % 2 FF | AA FF
| |
] : Block identification number | L_Block check IBG
| | | character value by
! | ——"H": Header block | Cyclic Redundancy
1BG | : | Check (CRC)
| Block identifier | "D": Data block |
)
. I
: ! : e EOF block |
!
| ! ‘ !
'L“ 4 Processed by CRC feature .——1:
- | |
» |
i \e——————Block length ————— o=y
' !
| 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.
F
g Tape reel (volume) ]
Directory File O I File 1 }& File N
2 ) - -~ - _ l
3 ] _— - . S
§ ™ ! - - -
| First block Second block Third block — — — __
— -
& Tape and directory identification data [File control data (for up to 8 files)[File control data {for up to 4 files]
i \ ~ s
= These data are read
into memory by MOUNT.
o
Li
w ‘ Header block Data block 1 Data block 2 Data block n EQOF biock
Filen rFiIe structure dataJ File data File data l SS l File data ] File data I End of file]
i Fig. 3-3 Cassette Tape Reel Structure

3-2



REV.-A

3.1.4 Outline of Microcassette Mechanism

P-Q—Write enable (WE) switch
Microcassette tape ( )

o O

Capstan shaft w m

1
[}
'

x
®)
P 7N
X U j Read/write (R/W)
@

\ head | \_

—-———=rsn

Head pinch roller R/W winding Erase winding
Moved back and forth by the head
pinch motor. Side view

- :

Write inhibit tab (write-inhibited when
bent in)

A
-/ =

'/Cassette tape
Left reel\fN{’ I = i\h)”nght reel
A Lii s J Phototransistor
{ : - (

Reflection plate _

Light emission diode

HSW switch

Head pinch HSP switch

A

Tape is loaded when the switch breaks.

motor

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

Fig. 3-4

s
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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: 1IC1 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! %mlcz Pin 6

[ ZLDl J&oz
“—KM osj

MTA —‘)D:] '

MTB ] SR v N
7N 1,05 Q7

Q3 % 3 I

AAA
AAA
vy

Yy

AAA

(o] (0]
M+ M-
|
L

|
7 \\ ]
-

M

N

y; 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.

(.Ia.)
4
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Table 3-1 Cassette Tape Operation Truth Table

Operation MTC|MTB|MTA| Erase Head Position
READ (Replay) o o1 o Load
WRITE (REC) o 0 |1 1 Load
REWIND (FAST) 11110 o Unload
REWIND (SLOW) o| 110 o Unload
F.F. (FAST) 1101 ] o Unload
F.F. (SLOW) olo | 1] o 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, Q5 and QS6, 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
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HSW < I3'r
T e <G
t R: R% FG1
o0k ¥ F 100K FG2
L&
1 VBSW E§>ﬁ Qi R2 ] !
i ! LZSB s.ani R ZVRI
Cé 3
IR Ca st Sy cs Lo B, ds 4o 3
0T e T e AT "2 TRs 3 3Re
e i 6 H 150K K
MTa (> s i ‘ = e
: ns > Tz M54546L C'zz%’z M51370L
) 2 :s\tf 3 o
H 58 ray || o !
; H ot T b 4
® 2> 55 .
MAISIA Ri3
MTC |14 ' o) AW
H ERAH [T 120K
: HMT |3 7
enR <10 4 !
ICS 2/ 4069
g
; 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
i motor must revolve at 2,400 rpm.
1 Because no tape speed control is desired during fast forward feed or rewind, a function which can
H enable or disable the tape speed control is also required. Fig. 3-7 is a block diagram of the internal
circuit of IC2.
E
I - 7 - (B)— -
i Power
voltage Overshoot
i ! gﬁg:‘:“" suppression
) i T circuit
Single nte- Power A *
P Amp- 2bi- !
g 2 ifier Titze? rating Ampll- —é)
i.; circuit circuit fier
. Regu QOvershoot ‘
o \ated suppression
g power circuit )
£ Supply
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.

L
VRA1 RS |
Pin 1 o———Mf~ Wy BVDQDUD__
100K 150K l : {
I JUUUL
1 Oscillator Limiters
d I circuit
I
| Regulated

power

IN
supply

R ] ouT b—2 Ir?teglrating
I TRIG circuit
R6 / !
Pin 2 o AV‘VAf % Limiters —-I—IJ-LI——[-H—"_-
1K |

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.

[ [

= t
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.

L1 |
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3.1.5.3 Power Supply
Because |C 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 = T17RxC7 where N: rpm of capstan motor — 2,400 rpm
1 P: Number of tachogenerator poles — 10
2400-10=739R 001 Rx: Total resistance of VR1 and R5 (kohms)

04 x 105 C7: 0.01 uF (pF)

T17x001 Approximately 205 kQ

Rx =

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:

2 428 'BM 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.

GND o—

| R4
2 4.7K

Photo-reflector

Light emission
diode Phototransistor

2 1 '3 4

cNTR —<p-<H

IC5 2/6 4069

Y
[f~=—="77

Fig. 3-11 Tape Count Detector Circuit and Positional

Relationship between Elements

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 nacitinn Fin .12 chnwie tha rAantral firecnit
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O HSW1
~—0 HSW2
VBSW o o
LO E+ ORANGE
OE-
G2 2501280R E BLUE
' O HPM1 RED
$+——OHPM2 BLACK
05 RI2
2506018 2053 o
R9 i c8
1.5¢ 1{ R Q4
o o 201 ‘I' '2snsm
HzaLls
2R SRA R10 RIl cgme == g
ERAH o 1.0 1 . Jd
HMT © A
R12 1c5
1/6 4063 > oM+  RED
O 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.

)/ Leakage flux
{

A[A/\I‘
l

| Data are actually written on the tape at the

copre slit where leakage flux is generate.

Fig.3-13 Read/Write Head Structure

3-10
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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 C“a’gel g |Charge
theoretically looks as shown in Fig. 3-14. Magnetized o \
polarities N - S 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
R/W coil NNNNNNNNNN
1
2 AAAAA AAA
) NSNSSN S SNNS
seﬁ -
AR
§ \ _ N~ Y _
2 S NS NNS VVVY V V V ) NNSSN
1 §SS5SSS5S8SSSSS — |
L___<{ _____ ____T___ "ﬂ___i__
Newly written data RPF——“H.; —_ Erasedarea Previous data
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3.1.7.2 Circuit Operations Read signal O—| RPH + PINK
Fig. 3-16 illustrates the write circuit. To

write data, the direction of the write cur-

rent through the read/write head is alter- 12
. . . v
nated by repeating charging and dischar- Lsw 1ev+
ging the electolytic capacitor C12. ';_]32 Iz
7

RPH - WHITE

MAIS3
WD }
- D6 MAI151A Ics
/ +5 1/6 4069
/ e— MAPLE
/ board
/ SubCPU 6303 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 - Bit i Bit
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.

1KH2 2KHz
| 1000usec
l .
!
l
!

AITANITEIEAN

BYRYR \ /7 VT N A 1T~ 7
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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+5x1.0=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 D6,
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
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 IC5
limits the top and bottom of the signal by | | \ 4 I I
approximately 0.6V each as shown in Fig. l I
3-19. This serves to supply the optimum
current waveform to the write winding.

4.4V

0.6V
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.
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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
Nl

5.47K VLSW O—AWW AAY
Vx= gl 20V 33K 33K | 47K er .
Vx
{ IC3, pins 5, 3
IC4, pin 3
Pins 5 through 7 of IC3 form a negative feedback amplifier (G =- %).
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 =- g%% ).

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.

HSW O Hiw: BROWN
<ar [—O sz ow
w <& +—0 !
R RS T '} ORANGH
‘00K 00K CORANG:
i
vasw Ef} Lfl FT3 £ I ;
k 258 5.8 VA1
N Relce | 2 - RANGI
L odr G, alwio,de 1 | B
H BT T o WTRs RE | ML | A= = Fe
| - e W s | rED
T
RN 17> S ——— ,:‘I" e 5 — s L \ . =
1
cls
:
! N msasest 2 ]
8 [D>— i Ra MS1970L
.- % bt 7 S 1 3
. I’ r ) n:% [ L
5 o 0T
: i3
3 h
e [ prasa f3
coan [T I
- 4 1
CNTR

iC5 2/ 4068 )

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

(Top) Measured atIC3,pin 7 -5 mV/DIV

(Bottom) Measured at IC3, 200 AS/DIV
pin 1 -5 mV/DIV

Sweep: 0.1

G

A/\/\/\/

VV VY

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 ANEY AN AWEYAN
V V V V v
- I —
G
J
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 A
v vV vV vV ¥V

pr—

o 1A
Juuuut

Fig. 3-23

e
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Observed microcassette tape playback waveforms - AZIMUTH tape

(Top) Measured atIC3, pin .......ccceeeeeeenn. 5 mV/DIV
(Second from top) Measured at the
center of R26 and

REV.-A

2 07 R 20 mV/DIV
(Second from bottom) Measured at IC4,
PIN B oo, 50 mV/DIV 500 uS/DIV
(Bottom) Measured at IC4, pin 5. AC —r~—~———

MOdE ....oooviiiiiiiiiei 2V/DIV /\/\/

S\

Fig. 3-24

/A

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.

\/\/\_/
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Observed capstan motor control signal waveforms

(Top) Feedback signal from tacho gener-
ator — measured at IC2, pin 3.
(Bottom) 400 kHz basic clock signal
measured at IC2, pin. 2.

(Top) Capstan motor drive voltage input
— measured at IC, pin 2.

(Bottom) Voltage control signal —
measured at IC2, pin 6.

6 4 ~— A
7V Vv Vv

50mvV 100mV imS

|

v VvV VvV Vv

500mV

Fig. 3-26

2V 5 ms

G+

G  — SEeeesssassssesserocrasser—.
500 mV

Fig. 3-27

s50mvV  100mV  1mS

A A A A



[UT—

ey
i

e

REV.-A
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 built 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.

' '—“’TT '

1 5 3 4 i
] J 03 l ~ L—
~ w2 ‘/-6-7\:2 il
N
}. 04 Ln—!ﬁ——l \{/4 \{/.

ST

urpe263%8
, loe 118 128 138 148 138 168 1788

00000001

lns;: ° 2 7 1) [ 20 wrpezssxe _ 1
.1 . | - ) Tec T oA o 5C 16 w e
p ; Q U Ul N
| e | ] ) ) con3Te ' 10 4o 4. . ¢ (AN _"‘_”_
NERRDEY 4089 aomore :4:‘::.” ’ ':E_ﬂ? sawoz? 0N387  40n2ee :wn songoo  ‘OMOTe 4oWoTe
“2”0 E=0 MAP:":: BOARD UNIT Y204204 00000
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 Fhe da’fa and address 2 | Battery 4.8V, 480mAH
busses with Main Frame.

Write protect control alsw2 ) Connect/disconnect the built-in bat-

W 1
3|8 ON: Protect OFF: Unprotect tery — the line normally connected.

Define RAM capacity (60 K or 120
K.

5 | Jumper J1 6 | Jumper J2 Z-80 CPU selection.
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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 —V
2.45MHz Frequency
lelder RAM
| circuit l BANK 2
o E—
—1f[_s
-§ Interrupt S §'§
= gep DATA BUS
g > 8°
2 nge Sewn
N ¢ 3¢ clock
=——> INPUT OUTPUT  |&—— 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~ A7 RD WR DO~D7
N\ J
Y

~ARAa 20 LIPS

TO Main Frame

Fig. 3-30 RAM Disk Unit Block Diagram



3.2.3 Interface Signals
The RAM disk unit is connected to the Main Frame board via a cable assembly # 727. Table 3-3

REV.-A

lists the interface signals. 49 - /3 1
50 + . ir'—jz
: = —
Table 3-3. RAM Disk Unit Interface Signals
:;';‘ ﬁl':r':: Direction Definition Z';' i‘:;ae' 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 |AB5S Input Address bus line 5
13 - - Not used. 14 |AB7 Input Address bus line 7
15 - - Not used. 16 - - Not used.
17 |DBO (')"u'i:z/t Data bus line O 18 |DB1 (')"upt::]/t Data bus line 1
19 |DB2 (')'L‘:;;’t Data bus line 2 20 |DB3 c')r:]‘;‘;:/t Data bus line 3
21 |DB4 IOnuF‘)c:Z/t Data bus line 4 22 |pBS (')"u‘;:tl’t Data bus line 5
23 |DB6 (')”u‘i::/t Data bus line 6 24 |DB7 (')"u‘izz’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 |[I0RQ Input 1/0 Request
41 |DCAS Input  |[Cata CAS 42 |DW Input Data Write
5 43 - - Not used. 44 |OFF Input GAHA40D 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

(.IAJ
N
o
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3.2.4 Jumpers and Switches

The following jumpers and 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
i . 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
SwWi 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-8 charge/discharge.
OFF: Disables battery backup — battery
charge/discharge is inhibited.
JUMPERS
!
1
———————————————————— \l 1.. .._._....—____.6 ———-}————-_._________..___\12_____.__.
1
R2 !
Y R — W | o / c
\ e T B Jexxol
Q o
Q \\ e 110A 1A 12A '
Y \/ |
|
60K byte setting | Z-80
|
| / o (1A)
{ NEC
8 \\\\\ 3 |
< |
AN
"120K byte setting
SWITCHES
o)
WRITE PROTECT BACK UP )
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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
L& The battery is connected to the MAP-RF board via a connector CN 2. The switch (SW2) on the
3 board allows the user to connect or disconnect the battery to the MAP-RF board.

The circuit surrounding the battery is shown beiow.
Ni=CD 1 2v450mAR

’ 1) Battery backup switch SW2 __1 I
This switch should be reset OFF when stor- N2

7 ing this unit alone or when not using it for a o

; long period of time as attached to the Main \'rswz
Frame. With this switch reset OFF, the bat-

! tery is prevented from any discharge other S

) than the natural one so that the longest life 363V

N . > BACKUP
can be ensured. LINE

The backup line circuit operates irrespective
of the setting of this switch; when the switch
is reset OFF, the line is backed up from the
Main Frame battery and its working time
may be shortened.

2) Battery charging

The battery is always charged toward the full
via either of the following two charging

g

paths: _ CS

: When the Main Frame AC adaptor is con- o
nected to the AC power source. 22x | ROZ $RI0
Ve, — D2 - R1 > SW2 — CN2 — Battery R
When the AC adaptor is not used but the bat- i Bw:
tery voltage is lower than the VB1 supply vol .._Lm

tage from the Main Frame.
Vg —» D3 - R2 - SW2 - CN2 - Battery

1Y)

zocol

-@<O
—<

Fig. 3-32 Power Supply Circuit

fetany
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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 178 ~ 108 G-2~6 D-RAM
gate array 17A ~ 10A H-2~6 D-RAM
9A H-1 Gate " 3c F3 Gate
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: , ..
Vg, : 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 VBt > Vx Ve1 - D3 - R2 - Q1 -
Not connected VB1 < Vx Battery - CN2 - SW2 - Q1 -
Connected —_ VcH - D1 - R36 - Q2 —
ON Not connected . VB1 > Vx Vel - Q2 -
Not connected VB1 < Vx Battery - CN2 - SW2 - R3 -
D4 - Q2 -

The backup line ié powered either transistor Q1 or Q2 depending on whether Main Frame power
is on or off.

* \Whila Main Frame is off VL is low because the loaic circuit operating voltage is not supplied.
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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
the base input (VL) is low and the collector is
held low. This maintains Q2 and Q3 in conduc-
tion. Thus, the backup line is powered via Q2
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-
plied to the emitter (VB1 or V., through D1
and R34) is supplied to the circuit power
line. The supply circuit operates as descried
above.

3.2.6 Interface Circuit

1. Address decoder

The RAM disk is looked upon as an |/O de-
vice by the Main Frame CPU and two /0 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.
The output IC “6B” is low when the following
relation is satisfied among the input signals
to this IC and the preceding IC “7C"”; A1 - A6
AA7.J0RQ. This relation can be logically re-
presented as in Fig. 3-34; an address 80 (H)
or 81(H) is decoded to access the RAM disk
unit.

iw
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~ a8
WA

R2

x2]w

R3

103

D4

1552778~ 9
b

15597122

1552778

C945

R36

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. 8
9 )& 81H

& )2 80H

Fig. 3-34 RAM disk address decoder circuit
A7 A6 A5 A4 A3 A2 A1 A0
1 0] 0 0 0 0 o |1/0
N J
80 (H)
or
|81 (H)

3-24
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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 JET
I/O sin l 14l STANS REA
ADDRESS 2 o e
_80H IJE)“J —1 DATA_ WRITE
13 58
S 7 L J x’.'
-4 L '
2 e D 100 e
|l b}—— 12| 2 2f P 2P
' __,‘c’(;sc)og g_zgsc)oé LE‘LSC)Q'S' Zg‘,{m‘ 5! |
H% H7% H74 H%
R R R R
37 l? |3(f |
i
8
120/ “8 9110
4B/
am IMx2
= 8
4 2
R2I :E ‘;.%le
sp7
Rw
DR
CNI
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) —
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.
s oan U T TS TN - PO Pecad cimeml wmmrda shha DARNA ARl Ad+Adiin rA~nintar irracenantiva nf
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* CKinput: 1/O port 03 (H) read by RAM disk unit - FF output read.

* Rinput : PX-8 reset or I/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.

CpPU

D-RAM
sl L3
: YEEEEE | 03 READ
H3. {9B) ¢ i sl READ
9, 24.sl6rs
WRITE
OO(H) (DATA) Had & 81 (COMMAND) or
WRITE | 80 (DATA) WRITE -
- 80(H) (DATA) ¢ "““’i:i:i-i:i:i:i:i:
- READ — g:g H g‘;fl i
Z 12 286 “
< A5 & BS i >
N—shy ~ sfbwad g
- A2 B2 LAt
Al(BA) BI
DIR 33K x}

& REA i 178

.\ D 1%%‘36
k<
i’f

Fig. 3-36 Data Transfer Directions and Control

Py

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
P data is then transferred to the RAM disk CPU when it reads its I/O port 03 (H).
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3.2.7 1/0 Selector

The I/0 selector (IC “5C") is the RAM disk CPU |/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.

> L,
- ] FE2322TITEILILF TI0ONS IC “5C” Logic Table
:;‘. ”w“ ;l ; ( INPUTS OUTPUTS { INPUTS OQUTPUTS
:‘ SBELECIST?‘GJGE D:;A 1Y0 1Y1 1Y2 1Y3 SEELEC:'ST:(G)G D:ZA 2Y0 2Y1 2Y2 2Y3
13 X x| H X H H H H X X| H X H H H H
i Lo oL H L oW MM Lol L L H H H
L H L H H L H H L H L L H L H H
9 H H
3 W I I VR SV Y B B IR
g X X x L H H H H X X X H H H H H
]
(1A) (IJ
Z-80(CMOS) ’ —_— ————
AO A1 RD Wil? I0RQ
A B 1 2 1 2
ol ) C C GG
: 1Y (5C) 2
2 A\ AN
S r N \
3 o O 1 2 3 01 2 3
6C 1313 usA)‘t&g O O
i R 6
(X-] 'HV 2
‘o’T&f’ B.‘:,r“% L O1R) O3(R) OOW)| O2W)
ouw) 03(w)
Fig. 3-37 1/0 Selector Circuit
IC “5C" has six outputs whose functions are listed in table 3-8.
Table 3-81/0 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, 88 Write data to output register.
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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
N o4 nu:ﬂ—-—
i3 3
A15 i 2
n :2'
0 1
: (1 C) Blg -
7 o
T : Iﬂn
. lcn
20 : ; Ry
pas [P wips
B ALY L m"B“j
[ w3 " oL
6: 100K Tosni8A EQIO30EA e
: ’_‘iecb_‘ (GAHLOD)
Q1 om
g -
7 m'%l,
o
Fuad
64 50
N
|E g
46 ~
pasa Py G R
L
9]
S 9] 8
BANK T T
e bt
LATCH—]
s
03(wW)

=l ~qWRITE
1 PROTECT

|
o]l

02(w) }
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
BK
Address ~9/1 0 1 0 1

FFFF




REV.-A

Gate GAH40D is initialized as follows when Main Frame Power is turned on:

Bank 2=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 (ﬁ) 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 0/1 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 0000; i.e., the IPL ROM
area.

2. Bank selection

Bank selection is accomplished by the program in IPL ROM which accesses 1/0 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 FCOO
to FFFF, and a common DRAM 2 area of the highest 64 bytes is always selected independently
by gate array GAH40D regardless of bank (0/1 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)
_ 5 6C 48
= —J D
I0RQ
2 1 10
19
—— 1
INTR Z—INT . A-::mmwz‘j
fhas 13pd
(10) Tere  2vpd
- 72 e T valz DO~ D7
S-INT éo@g s © an 2
3 vl z:f 5
™

L DATA READ(8OR)

COMMAND WRITE(81W)

DATE WRITE(80W)
Fig. 3-39 RAM Disk Interrupt Circuit
3-29
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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.

INTACK (MT, IORQ) Interruption

STANS REA

———

The vector address is output and the D-type -
command buffer FF is reset by the same signal DA s
INTACK. However, the FF is reset at the rising | - i !

DATA
COMMAND wRITE
.| _DATA WRITE

edge to ensure the interrupt vec.tor. to be com- o 3 —1 St
pletely fed to the CPU as shown in fig. 3-41. E.“u:ooJ Aosccrals 'ﬁn(,szm_ﬂ é"u:cn 5| |
r CK CK <3 Ck
H% M7 H74 H%
R R R
13 | 5y '
i

Fig. 3-40

D-F F'(Q)‘—-l

I NTACK
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3.2.10 Clock Signals

Two clock signals of 9.8 MHz and 32.768 kHz . =
are generated in the RAM disk unit. 9.8 MHz A
clock signal is divided in gate array GAH40D to 2 —
2.45 MHz and fed to the CPU. The 32.768 kHz 0 LT
clock signal is also divided in the gate array and D samee %‘Z_‘,
used as the DRAM refreshing signal. Fig. 3-42 = op Fiop
shows the clock signal oscillator circuits. — "n,.co‘ cs
¢R2 32 768K
E—E
Ry M3
20k ] 2
hed 1om =i
R43
Fig. 3-42
3.2.11 DRAM Banks —
The DRAM circuit is organized as ' =
shown in fig. 3-43 and controlled :
by gate array GAH40D. i —
It is read/written and refreshed I | | h
(also while Main Frame power is : i e f
off) in the same way as Main Frame SET B T %‘! ig=)
RAM. This unit has two DRAM ? . T S | s {1l BT
banks of 64 K bytes each and can s =2 : :
provide a capacity of 64 Kor 128 K ™ P :“’ s | s 2 ] BIT 6
bytes. Two signals DCAS and DW, s T mir.
‘which determine a refresh mode e o i e SHE |
while power is off, are applied from m* ? i : ' BITS
Main Frame. o
® IC “9C” is provided to ensure the » Al ’:‘6 Hil BIT 4
address output that can drive = S
128 K bytes of RAM. i i
o T BIT3
G % Tk e < i —




[—

,,.M.-M,,.
i .

REV.-A
3.2.12 Jumpers and Switch
The combination of jumper J1 and switch SW1
allows the IPL program to be read via 1/O port
address O1. Jumper J2 selects a CPU model.

D1
DO
B
1 |78 4
D1R G2 w3g?
A §A
2] Backup line
T} -4 WRITE Res - 12
PROTECT
1) :sw 100K TOSHIBA
JUMPER M

-9.J E8S8O GAH40P

f Rp—

Yeo

T | swi NEC
P4

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 "1 2C” indicates whether a data is
latched (buffered) to be sent to Main Frame or not.

o S |
data set ”E. o ab!
(00 W) - option 6 U0

H |

status read
(81R)....Main frame

DATA/CMD GATE

[
W
3}
[¥3
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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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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 maifunction.
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 suitabie for an aging test after repair or a test on a probiem of very low reproducibility.
5-1

4 :
Nowmmr!
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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 shdﬁcircuits.

® 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.

[+]
[
-
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7.2 Slave CPU 6303

REV.-A

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 disblay 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' j
P2X TIMER SClI P1X
J{ 1Y
_ 5 /|
RES !
) ////// IS v RN
— M \iraz |/
NMI P % %
E — U /] %
EXTAL ROt f — RAM
XTAL g / 128
MPX 4
1
P3X P4 X

Fig. 7-2 6303 Slave CPU Functional Block Diagram

This computer uses a crystal oscillator for a
2.4576 MHz clock signal. The slave CPU oper-

ates with the 614.4 kHz system clock signal

which is internally quartered from the primary
frequency of 2.4576 MHz. The table opposite

shows the port assignment.

Table 7-2
Port Assignment
Port 1 Parallel 1/0 terminal
Port 2 Serial I/0 terminal
Port 3 Address/data terminal
Port4 | Address terminal
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Slave CPU 6303
1. Location: MAPLE Board, 130
2. Pin Assignment

Vss o—
XTAL o——>m
EXTAL 0——>»
NM] o—>»
IRQ1 0——>»4
RES O3
STBY o—»
P20 O3
P 21 o=—H
P22 o>
P23 o—>
P24 oe—]
P10 o=——H
P 11 Oe—roi
P12 034
P 13 O——3nf
P14 0—>»
P 15 oe—
P 16 oe—
P17 oe—4

0o 3o0un 0N -

R o L
gwmqmmbumwow

40
39
38
37
36
35S
34
33
32
31
30
23
28
27
26
25
24
23
22
21

—>0 E

——30 SC1
—»0 SC2
s—>0 P 30
pc—>0 P 31
ps—3>0 P32
ps—>>0 P 33
c—>»0 P34
p——»0 P 35
lc=—>»0 P 36
s—»0 P37
————>0 P 40
—>>0 P41
—>0 P42
>0 P 43
——>0P44
——»0 P 45
——>>=0 P46
——>=0 P 47
ps—0 Ve

Table 7-3 6303 Slave CPU Pin Assignments

. Signal . . Signal .
Pin No. Name In/Out Function Pin No. Name In/Qut 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 voitage)
8 P20 In Microcassette tape read data
(RDMC) 22 A15 Qut Address bus
9 P21 Out | Microcassette tape write 23 Al4 Out | Address bus
data (WD) 24 | A13 | Out | Addressbus
10 P22 In Unused - reserved for opera-
tion mode setting. 25 A12 Out Address bus
1 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

7-7
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Pin No. | 2972 | in/Out Function Pin No. | 319720 | 1n/0ut Function
30 pa7 |In Out| Data address bus 36 DA1 |In Out| Data address bus
31 pAs |In Out| Data address bus 37 pAo | Out| Data address bus
32 DA5 |In Out| Data address bus 38 R/W Out | Read/Write
33 DA4 |In Out| Data address bus 39 AS Out | Address strobe
34 | pA3 |I" | Dataaddress bus 40 | E | Out | ENABLE
35 | DA2 |'™ .| Dataaddress bus

7-8
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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.

Fig. 7-3

SCR/PO1
S0/P02
)I X2 INT1  INTO/POO SI/PO3
E‘L’g’g{ | 5§ CLOCK 5] TIMER/EVENT| o}  INTERRUPT SERIAL —
CONTROL
GENERATOR r COUNTER CONTROL INTERFACE <:——_> PORT 0 <:4 > P00.PO3
BUFFER
L PORT 1 4 )P10-P13
BUFFER
@ @ PORT 2 P20-P23
! H PSTR/P20
PROGRAM COUNTER (11) (7507) C Ald) LATC PTOUT/P21
(12) (7scl>a) ALY BUFFER ouT/
PORT 3
GENERAL REGISTERS LATCH 4 ) P30-P33
T BUFFER
D(4) | E (4)
] PORT 4
: H(4) i L4 LATCH P40-P43
PROGRAM MEMORY BUFFER
2048 x 8 BITS (7507) STACK POINTER (8)
4096 x 8 BITS {7508) INSTRUCTION PORT 5
DECODER U LATCH 4 )PS50-P53
BUFFER @
CL ® PORT 6
DATA MEMORY LATCH 4 )P60-P63
A A 128 x 4 BITS {7507) BUFFER
SYSTEM 224 x 4 BITS (7508)
CLOCK STANDBY
CONTROL PORT 7
GENERATOR LATCH 4 )P70-P73
‘I\ T BUFFER
cL1 cL2 VDD VSS RESET
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7508 (Sub-CPU)
1. Location: MAPLE Board, 2E
2. Pin Assignments
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X 20

P2/ PSTB o—>x
P20/PTOUT o—5»
P 22 0——>»

P 23 0——»

P10 o—>»

P 11 O~——3»

P 12 O——»4

P 13 O

P 30 O———3»4

P a1 o—>

P 32 0€—

P 33 Ol

P 70 O=e—o

P 71 00—

P 72 0——>

P73 0——>»f
RESET owe——
CL1 oe—

Vop oe—{

[+ JES I« A V2 B PO AN g

. e e e e b e s e
WMVl &WN~— 0w

N
o

40 p——3»0 X1
39}——>0 Vss
38}F——>0 P43

37 p=—>0 P42

36 f=—>0 P41

3S pe—>0 P 40
34f=—>0 Ps3

33 j=—>0 Ps2

32 j«—>0Ps1

31 j=—>0 Pso

30 p=—>0 P63

29 pb——>0 P62
28F—>0Ps1

27 }—>0 Pso

26 f——3>0 P03 /SI
25 p—>0 P02/S0
24 }——>0 Po1 /SCK
23}——>=0 Poo /INTO
22} ——>0 INT)

21 p&———o CL2

Table 7-4 7508 SUB-CPU Pin Assignments

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 QOut 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 cu In Clock signal input

20 VvVC 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 Si 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 — normai/trickle charge.

37 P42 Out Auxiliary battery backup enable/disable con-
trol.

38 P43 Out Interrupt to main CPU

39 G In Ground terminal

401 X1 In External clock signal input — 1 kHz

7-11
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7.4 Gate Array GAH40D

REV.-A

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 O

MREQ

BK2

9.8MHz

Fig. 7-4

1 BANK $ IPL ROM
CONTROL |
B

RAS
CAS
WE D-RAM
Generating
3 circuit

Frequency divisor

1/2 1/4 |1/9800

49M 245M 1K DW DCAS

The BANK 0/1 signal is provided from the gate array GAH40M. The main CPU sends this signal
by writing bit O to 1/0 address 00. (O: bank O, 1: bank 1)
BK2 signal is provided from the option unit.

7-12
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GAH40D

1. Location: MAPLE Board, 6A
2. Pin Assignment

Table 7-5 GAH40D Pin Assignments

Pin No. Signal Name In/Qut 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 Addresé 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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re Pin No. Signal Name In/Out Function
13 AB 4 In Address bus 4
14 AB 15 In Address bus 15
15 AB3 In Address bus 3
F 16 DRA O Qut DRAM address 0(8)
17 RAS1T 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 0
22 N/C - Not used
- 23 N/C - Not used
g 24 N/C - Not used
N 25 RD In Read signal
I‘ 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 VvC - Circuit voltage (+5V)
31 HLTA In Halt signal
32 M1 In Indicates that main CPU is in machine cycle

1 (opcode fetch)

e 33 MRQ I} ‘ Memory request signal
a 34 RSO Out System reset signal resets the whole ma-
chine.
s 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 S 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 49M 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. OQutputs 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




REV.-A

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

7-18
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7.5 Gate Array GAH40M (EO1031AA)

This gate array incorporates the following functional blocks; the operation is controlled by the

Z80 main CPU.

82C51 1320 RS-232C 7508 7508 7508 7508
CS cs LED RDY ISIO
PN
Address bus Q :
ot Address AR
RD, WR, IORQ decoder | 'OF Serial I/0
M1 < —> register
Iow
Control
register
RDY SI
> Internal °
=> > register
b——>| select line
Data bus .
~ i i i i i i i i ll
3 Interrupt - input capture Control
g2 vectoring S4 register register
53 5 2
g 3
£3 =
S
Interrupt 04R - §
priority Free running 3
counter
interrupt Clock
signal - |NTO(7508) 614.4 KHz
INT1 (82C51)
INT2 (RS-232C: DCD)
INT2 (6303)
INTS (EXT)
Fig. 7-5

RXC

TXC

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 1/0 ports for the RS-232C and the LED dis-

play.
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Table 7-6
Write Read
00 CTLR1 OO0 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 ICR14
5 5 ICR13
4 4 ICR12
3 3 ICR11
2 1: reset OVF(Puise) timer 2 ICR10
1 1: reset RDYSIOFF(Pulse) . Sl 1 ICRS
0 1: set RDYSIOFF (Pulse) siQ 0 ICR8
02 CTLR2 02 ICRL-B
7 7 ICR7
6 6 ICR6
® AUX External auxiliary output 5 ICR5
® INHRS Inhibit RS-232C RS232 4 ICR4
® | SWRS RS-232C switch RS232 3 ICR3
@ |Lep2 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 ICRS
0 ICR8
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Write Read
04 IER 04 ISR
7 7 0
6 6 o
5 IERS (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 SI0
® | RDY ready sio
©O) BRDT Barcode reader data timer
0 | BANKO BANKO
06 SIOR 06 SIOR
7 SI07 7 Sio7
6 Si06 6 SI06
5 SIo5 5 SIO5
4 S04 4 Slo 4
3 Sio3 3 SI03
2 Sl02 2 SI0 2
1 SI01 1 SO 1
0 S0 0 0 SI00
07 07 intorropt
1
1
1
1
Vect 2
Interrupt vectoring Vect 1
Vect
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(1) Address Decoder
The address decoder performs each register specification, chip select signal output control of
82C51 (2C) and SED1320 (7C), decoding of |/O read/write signals, etc.

/Z CS(82C51)

0oC
OE CS (SED1320)
AB7 00 '
01 T
Address decoder | (O 2 1o
AB 3 }lnt_ernal
03 registers
AB 22— 04
AB 1— :
ABO— 05
06 |
RD——d 1\ ’?
_C AR
- ) [>o- > IOR
10RQ |
74 - — l
WR q Do v ow
@% Y :
- RSDLY
3 R_j
2 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 /O address decoder via this
registers.
i
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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

Prior- | Signal . Interrupt vector | Corresponding | Corresponding
ity | Name Description D76543210| maskIER(04) | status ISR (04)
Low | INT5 [{INTEXT) External pin: requestfrom (11111010 IERDS 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 ISR1
from 82C51
High | INTO |[(INT7508) External pin: request from |11110000 IERO ISRO
7508
Address 04 (W) {\
Interrupt acknowledge <
INT4 INT3 register (IER)
(OF) (ICF)
o B
INT O Interrupt priority g 5
; encoder §§ K ‘
5

Address 04 (R)

Interrupt service <
register (ISR)

$

Data bus
Fig. 7-7

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.

L: OO(R)
[H: 01(R)]

To ISR

Clock
(614.4 kHz)

Data bus

REV.-A

Data bus
~. 7 ~
ICR(H) ICR(L)
- > RXC
]
OVF 3
& ——>TxC
FRC(H) ck FRCIL) ck ‘l ﬂ
——>> SWBCD
> control register
{selects baud rate)
oow) 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.

7-22



REV.-A
(4) 7508 interface

The 7508 interface contains the circuitry for handshaking between the parallel-serial converting
register on the main CPU and 7508.

SD 7508

SIOR
SCK

NS

Parallel-
Main serial
CPU register

[ so

__{ P— _lé——RDYSIO

INTS
CKrsQ INT1

Si

I RDY

P22

Fig. 7-9

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-
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
BitO 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/O port.

(RS-232C) INHRS

Fig. 7-10 controls power increases

The bits 3 and 4 of 1/0 address 02H.

+ 8V output is controled by the INHRS signal,
and is performed in order to inhibit output

-8V

voltage on the line during saturation time. +8V

+8V OUTPUT

(Bank switch)

REV.-A

Fig. 7-10

The address space of the main CPU can be changed using bit O of /O address OOH as shown be-

low.

OOH bit O = OFF (Bank 0)

OOH bit 0=0ON (Bank 1)

(LED display)

ROM

RAM

0OO0O0O0H

8000H

FFFH

RAM

RAM

Fig. 7-11

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. Pin assignments

e

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 Databus O
5 DB2 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 Cut 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 DB5 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 QOut 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 INTH 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 |AB1 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 AB 7 In Address bus 7

46 LED 1 Out Lamp control signal of LED on keyboard
(highest of the three)

47 LED O Out Lamp control signal of LED on keyboard
(center of the three)

48 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 DB 4 In/Out Data bus 4
57 |AB7 In Address bus 27
58 DB 7 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

ﬂ ﬂ PROM
AB15, 14—}

interface
Ad lPROM PROM
ress address register data buffer,
ASRW, E ==} decoder i z
ADB7 ~0¢ 7oy Y
<
- Interrupt Command
IRQ1 mask Counter resister MCT
RO | Counter interface
input sampler
.
CNTR MT

Fig. 7-12 Address decoder block diagram

(2) P-ROM interface block

L PROM# 1 _l.‘ PROM# 2

I CS Address Data I CS Address Data

c
=
7 e '
A
\
GAH40S
o U 7- - - - - - ol [7------ ol [7 ------ 0
PRAH PRAL PRD

Data bus : T T TT U

Fig. 7-13 P-ROM Interface Block Diagram
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(3) Microcassette tape drive interface block

R

EV.-A

MCT
A
e N\
C S R E R
: N MW D HR H D
T ™ M W MAWS S
R CBAC g D THEW P
e — —_— o
X RR ‘[
GAH40S Speaker
FAST S P13
W P12
i [SToPcnT | F P11
; L 1 R P10
CMD P21
/I\ P20
: RDP2 6303
CNTH ﬁ CNTL ﬂ
o -\ A
— Sampler [
E ——>| circuit $ $
4
Sampling
) clock signal Counter
5 bit Counter 8 bit

2

b

Ifig. 7-14 Microcassette Tape Drive Interface Block Diagram
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GAHA40S

1. Location: MAPLE Board, 13E
2. Pin assignments

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 E’ROM 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 CSP1 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 PRAO 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 DAS In/Out Slave CPU address data bus 5
44 DA 6 In/Out Slave CPU address data bus 6
45 DA1 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 QOut 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 (+bV)
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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

177 T 1

Analog
input
channels 4 g
0o 9-bit shift P
1 register
10- Analog Address latch ¢ '
muiti- <‘,=H

20- plexer —

30— S EnDL | ==
Sequential 0CLO
comparison < —

Reference ‘ register Sequence
input controller O CL1
H—FQ—‘ 4
8-bit D/A
Analog
GND °

O Vss

Fig. 7-15 A-D Converter uPD7001 Block Diagram

Timing chart
cs \ 7
SO/EOC /- /
’ Y g AvseY 2nd Xard / Yom Y7 X tse 7
—— R L
SCK /s EoC_ |
Sl //’1 ' 'd /VY'VVVV k VVV\\/ .
/ nvali A’A’A’A’A‘A’A‘A’ WY Invalid
Ds 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

. CLy o=

EOC owe—
DL o——
SI o——>»

SCK o——>
SO o€—i
€S o—>>

CLo o—

o N0nun e wunN -

¢

16
15
14

——o0 Voo (+5V)
————O VREF
—————o0 ANGND
13}——o0 A3
12}b—o0 A2

11 O Al

10 }——o0 Ao

9}——o0 Vss

Table 7-11 uPD 7001 Pin Assignments
Pin No. Signal Name In/Out Function
1 End of Conversion Open drain - High impedance while CS is low, returns
(EQOC) 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 (Si) 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| Analogueinput | 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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