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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 cemputer. The microcassette drive and option units are described in Chaptar 3.
The MAPLE board uses a diversity of fully customized ICs (referred to as gate arrays throughout
this manuall, masked ROMs, and other chip slaments (resistor, capacitor. transistor, and diode
chips) which simplify component mounting. As many CMOS elements as possible have been
used in order 10 lowsr power consumption. In addition, the computer provides the foflowing fea-
tures in order to control functions specific tc battery powering:
{1) Battary backup;

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

Ensures a more refiable battery backup.
{3} Charge control:

Prevents excess Ni-Cd battery charging.
{4} Power distribution:

Cutputs the supply voitages anly while the cormputer is in operation in order to minimize bat-

ety consumpticn.
(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 faature which prevents
the battery fraom 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. ara mountad on one side, while elemants such as connectors, switches, and
LSl chips, etc. are mounted on the opposite side as shown in Fig. 2-1. Table 2-1 lists major
board elements tegether with a summary of their function.
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25 24 23 21 20 19 18
Fig. 2-1 MAPLE Board Element Layout
Table 2-1 MAPLE Board Major Components
No. Mame Function No, Name 'r Function
1 | CN11 External speaker connector 5 | ento Analog signal input conne-
3 | CN2 Barcode reader connector ial
5 | Main CPU Z80 CPU package _ ] il GAHMM PaERADe
] [ — G AH;DD éackaée - 6 | LCD controller SED 1 3_.21.'1 _[:_p_ackﬂaa
9 | cn7 RS-232C intarface connec- el i ._E%Fiansllm ikt co R
tor 10 | CNB Serial interface connector
1 | eNa Microcassette interface con- 12 | V-RAM - 6kB LCD RAM
dichiod i 14 | sw3 Auxiliary battery control
13 | Auxiliary battery 90 mAH backup battery switch
16 | CN2 Main battery u:_:-nnactor 16 | en AC adaptor input (charge in-
17 _ SW2 . Reset switch ! PUK CONRACIOr
19 | Gate array GAH40S package Ll 2, Fse 3A
21 | ROM capsule (32kBx2) axhfsl o 0303 CRL package
23 | swa 8-position DIP switch il 22 | SW5 Initial reset switch
e = e — 24 | D-RAM G64kBx 8
25 | cna Keyboard interface connec : iy
tor 26 | 4-bit CPU 7508 CPU package
i sonsngy e |28 | e eimmdiniich g
29 | Serial controller B2C51 package 30 | 5w Power switch
31 | ROM 32kB ROM 32 | CNS LCD interface
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2.1.2 System Configuration
PX-8's main components include a main battery; the MAPLE {main) board, which along with con-
troi circuitry also contains an auxiliary battery; the LCD unit; the kevhoard; and the microcas-
sette drive assambly. The following block diagram demanstrates component configuration.

Microoassetie driva

Orive martanismn

Kevboard MAP-MC hoard
-« BIAPLE posrd LED unit
Main
N — - LED panel
battary [ | Auxitiary satary ——
E—— MAP-LD board
5 —
v
IFL, ROM R4
azk BAK
MAIN CPU 82CE1 xGAHmﬂ_-— RS-2320
Z-80 =
{ } 280 7001 —Lﬂamoda reader
SED13220
7508 ——i Tirner ]
Slave CPU SEDT320/VRAM
6303 5K LCD
*
MASK 4K Micracassetis
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GAH 405 ROM capsule
5e{ Speakar
tbuill-infextarnal]
Serial interface
w.»-—l Keybaard ,
Sub-CPU
7508
Analog davice

Fig. 2-2 Computer Configuration
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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 powear consumption and controlling battery charge. The power supply is summarized in
the foliowing:

® Batteries: Two batteries; main and auxiliary. are used.
Main battery...................... Supplies a DC voltage of 4.8Y and has a capacity of 1100 maAH. It
can power all the computer circuits; backing up the commercial as
AC power when not used or unavailable. |t alspo supplies power to

the attached option units.

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

& Charging circuit: Supplies charging current to the main and auxiliary battery when an AC adap-
tor is connected. This circuit, which operates in eithar of two modes; normal and tricle {low
current) charges, under the control of a sub-CPU 2508, controls the charging current.

® Yoltage detection circuit: Monitors the voltage of 1the main battery using an internal AD con-
verter. The result is processed by the sub-CPU 7508 to cause the circuit 1o provide two func-
tions. One is low voltage delection which allows the computer, if it is operating, to display a
warning message "CHARGE BATTERY” on the LCD screen, when the battery power [i.e., vol-
tage} falls below a certain level. In addition, this function causes the computer to stop at an ap-
propriate point in the operation in progress. The other function determines the normal ¢charge
rastart timing; causing a switch from tricle to normal charge when AC adapter is connecred.

® Backup cireuit: Supplies the power required to maintain data in the RAMs when the power
swich 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
operations. The voltages are generated from the battery voltage (VB} only when the RS-232C
or serial interface is used,

® 15V requlator: Supplies a -15Y DO voltags used for LCD display control. This veltage is gen-
grated from the battery voltage (VB) as long as power is on.

& 5V regulator: Supplies a +6Y 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 t¢ prevent a transient due 1o PROM access from directly affecting the VB line.
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Other power circuits such as a switching circuit, which supplies the logic circuit power, are locat-
ad on the MAPLE board, in addition to the above. Fig. 2-3 is & block diagram which summarizes
the powsr supply circuits on the MAPLE board.

AC adaptor
? 7508 ? 001 ASD convertar To backup circuit
Charge 1«
control RS-232C supply |z v
powsar voltage {+ 10%)
_I S regulator —2- BV
GAHA0S o2
F1 VA
Logic circuit
. woltaga supply
Mair
5
battery 7508 +S¥)
j Power comtrol
ISIE"‘"B CPU 6303 Speaker amp.
LCD powar
1 . Clock $—————— voltage = 1BV 10%)
AU)ﬂ“aW ganarator I E— e end rEgU'EtDr
battery
] T
FOM capsule
s noyver voltage—m 5V £ 5%
GND regulator
N/ = To mucrocassatie
GAH40S5

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

The power circuits are contrelled 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 pewer exhaus-
tion for example}, therefors, the power supplies are completely out of control. |f 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 QN
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 powsr an
Power 15 automatically turned on regardless of the POWER switch setting when the time spe-
cified softwarewise with a "WAKE"” command coincides with that of tha 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 causas pin 23 of the 7508 CPU (INTO] to go low {see Fig.
2-4), interrupting the contral 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 7608 CPU then automatically turns
power off if the POWER switch 15 at the ON position.

(3) Automatic {programmed) power off
The computer can be turned off by a sofiware automatic power-off feature which uses the
7508 CPU's built in clock. This feature automatically turns power off when no 1/0 unit is used
for a certain period of time even though ihe computer is In the kay entry mode. Power off tim-
ing as follows:
& Default: 10 minutes
® Specified: 1 to 255 minutes (specified by using the CONFIG command)

2-6
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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
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2.2.1.3 Power On/OFf Timing
Power on/off has tc 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

P
7))
POWER Sw
(7508 PODY
POWER ON
17508 P70
L
" <0ms ) A55s|
OFF (7508 P71}
{gate array OFF signal)
p
A
10-.70ms o, 110ms
= AL
| B
RESET ' t: May vary depending on

Dperation in prograss
whan the POWER switch
is rasat OFF,

Fig. 2-5 Power On/OHf Control Circuit

The time delay sequence illustrated in Fig. 2-5 above is only a sample time seguence. The
power onfoff operation permits any operaticn sequence in process, including the mechanical
pperation of an |/Q unit {2.g., the microcassette) currently in progress, to be complated 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 BESET off, or an automatic

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

as an interrupt using port 70 as follows:

® Power on: F70 of the sub-CPU 7508 going low causes the anode of 015 to go low, turning pin
4 of |C "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 QB and Q23 through resistars R29 and D186 respectivaly, turn-
ing them on. This causes the VB {+] voltage to be output at the collector of 6, supplying the
operation voltage {logic circuit voltags: VL] to the elements on the board. The transistor 023
also supplies the VB{+) voltage to the battery-backed-up elerments on the board. Thus, the
board is ready to operate. Fort 42 of the 7508 sub-CPU controls the backup for the auxiliary
battery and can enable or disable conduction through transisior Q20. When port 42 output is
high, the low level at pin 11 of IC 30D breaks down zener diode ZD3, 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 voltags falls to or below the low valtage limit.
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Fig. 2-6

Note:
High turns power off, and
Low turns power on,
P42: Main — auxiliary battery switching signal
High selects auxiliary battery, and
Low select main battary,
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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 protaction circuit which pro-
tects the battery from overcharge by automatically discontinuing charge. The auxiliary battary,
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 R77 Q33 Q30 m
="1] l J2 68

R39 OF o

10K
708

Main battery
L' I

Fig. 2-7 Main Battery Charging Circuit

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

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

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

tion. This effectively bypasses rasistors R3 and R5, insertad in the charging circuit in series, and

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

resistor RY, and reverse-current praventing dicde D4. This setting acuses the battery to be con-

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

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

WhenJZisopen....................... Shipment Satting

& When J2 is open, the charge current bypassing transistor (39 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 part 41 held low, tran-
sistor (233 is cut off, leaving its collector at the high level (The collactor is pulled up to the ac
adaptor output through the resistor R32.}) 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 tha
4-bit sub-CPU goes high, cutting off transistor 08, This puts the circuit in the trickle charging
state by inserting the resistors R3 and RE {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 Opearation

Port |Direction Meanring E:Lfﬁ" Function
POO N Power switch | low Power switch "OFF" interruption{H - L: ~ } }
interruption I High Power switch "ON"" interruption {L. — H: _}
Main battery . Low Inactive
P23 Qut -
| voltage detection High Active ® Supply main battery voltage to A/D
’ converter
; ® Supply operational valtage ta A/
i l converter
- : Low Reset main CPU, slave CPU, etc.
P4 out Reset '
High Inactive
Recharging mode Low Normal recharging maode
control High Trikle recharging mode
I Battery back-up Low Back-up with main battery
Fa2 Qut i =
cantrol High Back-up with auxiliary battery
Low Activa source input of "P40" and "OFF”
PO ; In Reset switch -
' High Inactive
AC adapter (re- Loy Na AC adapter inon recharging condition]
P& In charging opera- : - - . e erem e mreet rmreee et e —
tion} detect High Recharging condition {AC adapter is plugged]
Hecharging mode Low Mormal recharging mode
PE3 Out | for auxitiary bat- |00 o _
High Trikle recharging mode
tery
Low Powar ON
P70 Out Fowr ON
High Power OFF
“QFF” signal for Low Active {Initialize the "4C" "6A")
P?‘ 1 Dut s s e e ] i R e e e e e e o e e e S
gjate array {6A, 4C) High Inactive
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2.2.2.2 Main Battery Charging
In the fallowing text, the functicns of jumper J2 are summarized. Then, the actual main battery
charging operations are described based in Fig. 2-8.
{11 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 connacted.
When aopen:  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 sight hours. However, the circuit
automatically returns te the normal charge mode whenever the battery vol-
tagea falls below 5.

{2) Charging Operations
® Fig. 2-8 is a timing diagram which illustrates the main battery charging operation when the
charga contral is in effect.

FOWER switch setting -—l e I
+r
AC adaptor cannsction 1.0H . 11,0H . L—I 4.0H u
e I o B v
e oo
Fully “Normal charge "' “Mormal chargs | | !
chargedf - - = v v s me e e e e w
Trickle charge U |
Eattory Normal charge
voltage Trickla charge
variation 5 v

| vatagels ® . @ 0 ® 5 ®

Fig. 2-8 Main Battery Charging Operation

MNote: Battery voltages and charging currents;

Voltages:
When fully charged: Approx. 5.4Y
Low voltage: Approx. 4.5 to 4.8V
Charging currents:
Main battery
Moermal chargae: 150 10 200 mA
Trickle charge: 40 mA
Auxiliary battery
Mormal charge: 10 ma
Trickle charge: 1 ma

-
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Fig. 2-8 illustrates the main kattery charging operation from a low voltage. The individual steps of

the aperation (1} through () are explained in detail in the following:

(D) Situation — Low voltage is detected while the computer is used with the AC adaptor cannect-
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 an the
particular use of the computer, After 11 hours, the charge made changes to trickle charge in
which the battery is charged at a current of approximataly 40 mA. The figure shows a charg-
ing current of mora than 40 mA, indicating that the battery is being discharged.

(Z) 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-CPL 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 () above. The
almost linear changes during the normal and trickle charges indicate that the charge and dis-
charge currents ramain almost constant during these durations.

(3) 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 decresases for backing up the internal circuits.

&) Situation = The AC adaptor is connected while the power rernains 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 regardiess of the battery power.

(8 Situation — The normal charge is interrupted by replacing the adaptor connection to ancther

AC line outlet.

(8} Situation - The adaptor is reconnected and the normal charge is resumed,

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

MNote 1: The main battery charging is contralled by detecting connection of the AC adaptor, re-
gardless of the current resmidual battery power ot the past charging operations, The 8- or
11-hour normal chargs staris depending on whethar power has been turned on or off
when the adaptor is connected.

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

When charging control is disabled

When tha charging contral feature is disabled, the battery is charged at the narmal charge current
as long as the AC adaptor is connectad. Leaving the adaptor connected for & long time (over-
charging the battery} may affect the life of the battery,
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2.22.3 Auxiliary Battery Charging Circuit
As shown in Fig. 2-9, this circuit allows the
user to select, via switch 5W3, whether or
not to enakle charging and discharging (i.e.,
backup by the auxiliary battery). (W3 is nor-
matly jurnpersd.)

When SW3 is jumperad, the battery is
charged by one of the following three modes:
® When the AC adaptor is connacted;
{1) The auxiliary battery is charged from
VCH through R18.
{2) The auxiliary battery is charged from
VCH through 013,

® When the computar is turned on:

{3} The auxiliary battery is charged from
the LCD power supply.

& Mode {1} is a trickle llow 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 voliage is de-
tected, PE3 of the sub-CPU 7508 is held
low for 8.0 hours, forcing the normal (high
current) charge.

The low level at PE3 causas a patential dif-

DR3.2MB
D7

4T
RTT

Auxiliary

battery J oW
AN D0 \

-AAE
1208

I

[from AC adaptor]

Main
Lattery

éﬁ-||||||||-c:

o B

0 LCD power supply

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 lowsrs the base veltage of tran-
sistar Q13 below the collactor voltage, putting the transistor in conduction, and providing the
normal charging path from the VYCH line through Q13, D12, and R2.
® Mode (3) constantly maintains the auxiliary battery in a fully charged state for smargency (the
backup operaticn 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 Regulater for

details,

2.2.2.4 Charging Timing Detsction

The sub-CPU pragram 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 connectsd 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 pravided in order to
protect the batteries and their charging circuits when any abnormal voltage accurs on the cutput
of the ac adaptor; i.e., the charging voltage. The opsrations of the circuits are described in the fol-
lowing:
{1} Protection against low voltage
The dicde inserted in the charging circuit in series prevents reverse current if the charging vol-
tage falls below the battery voliage.
{2} Protection against overvoitage
If the valtage at the cathode of the zener diode (VCH) rises to +7.56Y or above, the zener diods
breaks down, and protect the cvervaltage condition for VB+ line.

RS 82

WCH O
R1T 1K

R} &2
a9
I W o To port 61 of
Charge mode contral ”rm_f 4-bit sub CPU /508
R4 40K

Fig. 2-10 Battery Protection Circuit
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223 Low Voltaga Detection
The 4-bit sub-CPU always monitors the battery veltage through an AD converter {xPD7001}

When the battery voltage falls to +4.7V or below, the main battery is switched to the auxiliary bat-
tery.

T

2.2.3.1 Battery Voltage Detection Circuit

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

# The built-in program of the 4-bit sub-CPL) 7508 holds port 23 pin ) high. This causes IC 12D
to hold its pin 11 low, putting transistors 024 and 032 in conduction. (024 feeds the battary
voltage (VB to pin 16 of IC 1D (power terminal pin) to enable the AD converter 4PD7001. Q32
feeds VB to the voltage divider fresisters RB9 and R&7). The divided valtage across RB7 is fed
to the AN 1 channel input of the AD converter which converts the input voltage to a 6-bit digi-
tal value rapresanting a voltage value from OV to 2.0V in 8 minimum increment of approximate-
Iy 32 mV. Whean the digital value falls to D9H {approx. 1.7V} or below, the sub-CPU detects a
low valtage condition.

VB O— 0 g ANy 5 11 AN
1T BK £E1DK ca3

RS7 PD7001
R105 .,_-I- H 10}

™+
16 lvbg -

F508 (2E) VB

Fig. 2-11 Battery Voltage Detection Circuit
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The voltage supplied to the voltage divider circuit may be considersd to be the same as the VB
voltage. The current flowing through @32 is so small that the voitage drop across the transis-
tor is negligible. Thus, the divided voltage fed 1o the AD converter can be represented by the
following expression:

Vour— VB[V)-R57 _ VB-10000
oT=REY+R57 =27800

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 {DSH). D9H is
equivalent to a voltage of approximately 1.7V at the input terminal AN1, as shown below.

E=,85x217 = 1.695 (V)

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

VB = PBERERRTL, 2k 17mmn 471 (V)

Note: The above expressions do not take into account any errors such as the divider resistance
arrors, etc., and they actually include a total error factor of = 01V,

The abave iow 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 pawer consumption. While power is off, the voltage is monitored evary 10 seconds.

2.2.3.2 Voltage Sampling During Power Off

1. 12D, pin 11
1D power supply control [T
2. 1D, pin % LAY 5v 1ms
S0 (Serial Qutput)
3. 2E.pin3
10 CS control 6

] 1

=R

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 ia off, it is held low for 8 ms every 10 seconds to power the IC xPD7001 (1D). Approxi-
mataly 4 ms after the power supply to the IC, the cS signal is input to it for channel salaction.
{Once a channsl is selected, the digital data of that channel is cutput to 1D, pin 5.
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2.2.3.3 Circuit Operation Aftar Low Voltage Detection
The 4-bit sub-CPU raises its part 42 {pin 37} high and controls the battery switching from main to
auxiliary battery power as follows:

When power is on

@ Since part 70 (POW GN) 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 invartad 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 guxiliary battery.

Mormally, the auxiliary battery is fully charged, since it is always charged in the trickle charge
mode, end has an output voltage of 4V or above, Thus, the zener diode intermitiently breaks
down. This in turn causes the transistors 15 and Q3 to alternate conduction and cut-off. This
cperaticn intarmittently continuas until the avxiliary batteary voltage reaches 4V {discharge final
voltage). When (3 starts conduction after the discharge final voltage is reached, a current
flows from the auxiliary battery, which is cennected to tha emittar of 03, to tha collactor; i.e, to
the VB ling, supplementing its power which is being supplied from the main battery. This oper-
ation ensures that the computer oparation, such as microcassatte rewind, etc., which is in pro-
grass when low voltage is detectad, is normally completed.

® The high cutput 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 veltage supply
ansures that the computer wiill continue to operate until an opearation tarmination sequence is
axecuted and the low voltage condition is detected. Subsequently, the "CHARGE BATTERY"
message is displayed on the LCD panet.

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 tha IC 3E low, disabling the AND logic consisting of pins 8, 9, and 10 of the IC 3D and hold-
ing the cutput at pin 10 high. This disables the power supply from the auxiliary battery to the
VB line. However, the power supply to tha backup line through the transistor Q23 is enabled.
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2.2.4 Backup Circuit
- The follewing 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 features, atc.
Table 2-3 Battery Protected Component

Location I! Element name Function

:E : :E RAM Main RAM {dynamic)
H‘: hhhhhh VHAM ...................... . TV i
2E -------------------- * 4b|t sub-CPU Power control, keyboard scanning

3D Gate o Hg;ckup lina controf
q3E Gate Power-on si;;;]“;;te
4CEA Gate array Interrupt and clock contral, etc.

*D B-bit AD convartsr 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 s
shown in Fig. 2-13. As
can ba seen, the circuit is
normally backed up from
the VR line via the transis-
tor (23, regardless of
whether the computer is
operating or not. M s
backed up from the auxi-
liary battery when low
voltage is detectad.
For details of the circuit
cperations, refer to the
descriptions on the power
on/off circuit.

3 Backup line

H#li'l

70508
P42

Ve

7508
PFO
Fig. 2-13 Backup Circuit
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2.2.5 DC Voltage Regulators

The MAPLE board is powered by the main or auxiliary +5V Ni-Cd battery. For circuits such as an
I7/0 control section which requiras different aperating voltages and any special section which re-
quires a larger current, howevar, voltage regulators are used to convert the battery voltage to the
reguired 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

Furposa: ROM capsule power source,
Control: £nabled when the ROM capsule is reread.
Qutput vaoltages: +5v
{2) LCD drive sourca regulator
Furpose: LCD drive power source.
Control; Always enabled.
Output voltage: =18V {The LCD is actually driven by a voltage of 20V obtainad using

tha potential difference from the +5V supply )
{3] RS-232C level source regulator

Purposa: Sources for the RS-232C levals of = 8V,
Control: Enabled anly when the RS-232C or serial interface is operated.
Output voltage: + BV

The individual regulators are detailed in the following:

2.2.5.1 +5V Ragulator
This regulator supplies power to the ROM capsule. When accessed, the ROM generatas such a
iarge 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 powsr line, preciuding 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 By
@ The SWPR signal is low whan power is off * %}m

and is inverted high at pin 10 of the IC “"‘;5

12D. This signal maintains transistor Q28 Oscillator

in conduction, holding the collector low. vircuit

Thus, the switching signal fed from pin 2

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

minal of the capacitor C28 {collactar of

Q28) and the transistor Q19 is cut off,

generating no cutput voltage. ue
& When power is off, transistor Q28 is cut

off by the high level of the SWPR signal,

and a cleck signal of approximatsly 35 kHz

is fed to pin 14 of IC 24D, This causes a

pulse signal at the collactor of the transis-

.}

. Conatant-voltage
circuit

H
L.t}
-1

_DeC-De
converter

tor 019, which repeats, switching transis- 35 kHz clock  —
tar Q5 on and off.
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The collestar of Q5 is connected to the VB ling (+5Y) through inductance L1 and the amitter is
grounded. When the transistor repeats switching on and off, therefore, a voltage as shown in
Fig. 2-15 appears at the collector. This voitage is filtered by the electrolytic capacitor, C3,
through the diede D1 to a voltage that exceeds VB. This results in a potential difference across
the emitter, and base of the transistar 84, which causes the transistor to conduct, outputting a
DC voltags of approximately 7V at its collactor.

Barause this output is connacted to the constant-voltage circuit, consisting of the resistors R13
and R2%, and the zener digde ZD5, the actual ocutput voltage is fixed at +5V by the bY break-
down voltage of the zener diode. When the 4 output voltage rises above +5Y, ZD5 breaks
down at +5VY, putting transistor Q22 in conduction, which forces the switching signal 1o ground
level. The output voltage is always maintained at +5V by disabling the switching of Q5. Varia-
tion of toad is handled by the relatively large capacitance of capaciter C8 (220 uF), connectad
at the collector of Q4.

Clock 36 kH2 | || | |
Switching puise I
at 140, pin 14
Q5 emitter -
By
4 collector v
(bafore filtered)
G Zener breakdown

Fig. 2-15 +5V Regulator Voltages
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Majocr actual voltage wavaforms are shown below.

{1) Top - Test point: IC 14D, pin 14 1 e e/ '—l
{2] Ceanter - Tast point: IC 14D, pin 15 ! 2v By 205 L
{3) Bottorn — Test point: Diode D1, cathode ; ;
G ; . o~ - . :
[ J—
G . S
1" En
Fig. 2-16 Major Voltage Waveforms In 46V
Regulator Circuit
Details of the above waveforms are enlarged below for clarity.

Valtage gircuit- — - - -

Fig. 2-17 Major Valtage Waveforms Enlarged

Though it looks as if Q5 continued to oscillate due to false images in the above photograph, it ac-
tuglly switches once almost every several switching clock pulses. This ratio varies depending on
load.
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2252 LCD Drive Source Regulator

Two voltage supplies are required 1o drive the LCD display;

+5VY 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 regulater from the +5V
of the logic circuit power supply. Fig. 2-18 shows the regutator circuit.

Circuit Operation

The oscillator circuit generates a clock of ap- v
proximately 35 kHz when the POWER switch is Oscillatar circuit —nd 88K £
turned on. This clock is fed to pin 7 of the IC Constant-valtage 14:
14D through RE5, C27, and R64. The inverted circuit .
output &t pin B is input to the base of the tran- J‘ #3540
sistor 029 through R20, switching it on and oy i’?f *
off. ;T i | Bl M G A
The emitter of Q29 is connacted to the 45V lo- Py L o
gic circuit power supply and the collsctar is T | 5 s
connected to greund through inductance L3. 53540 | |[22e-
As the transistor is switched on and off by the aza ¥

clock signal, a voltage, as shown in Fig. 2-20G,

which is the countar electramotive force across it _ "S:';Eiﬂr
L3, appears at the collector of Q2% While the ;:, m:. ;_
collector voltage swings negative, a current 1'“ “ My
flows in through dipde D8, generating a nega- LCO regulator 3 e Sl

tive voltage at the negative side of capacitor °';t:'::;°:::2i-\j;: o arse¥t |

Ct7. This output is used as the LCD drive suLput [Foa

source voltage. It is also fed to the constant Return voltage =

voltage circuit which connacts the LCD drive GND

voltage to the +5V logic circuit line through the

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

Thus, when tha output voltags rises to -1BV or

above, the zener diode breaks down, raising the base of the transistor 34 to the high level of
+BY. This puts the transistor in coenduction and its collector is driven negative, disabling the clock
signal to 29, This stops switching of Q29 and theraby lowers tha output voltage. This state is
maintained until the zener breakdown comas to an end. At that time, 022 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 £35.
The nagative componeant of the signal is ramoved by a current supply from ground through diode
D14, while the positive voltage is fed back to the auxiliary battery through D14,
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The diode, inserted across the signal line and ground, clamps the signal to the ground level, eli-

minating the negative component. While the positive camponent is fed back to the auxiliary bat-
tary via the other diade 14,

R&
C 4 | o ZDBe R4B
FTo & [
Sub CPU

B
7508 {_4
P42

Return woltage
from LCD o
regulator

e

Suxdiary battery

2019 RBB

Ve
RZZ 4WB 20X

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.

Powar off
FEO8 PO

"o,
(Fower cantrol)

7o(a P42

{Mainsauxiliary
hattery switching)
Feedback voltage

foner e ANNNNNNANNANNANNNANNNNN

obsarverd

e M13IN battery —a-f

Auxiliary battery change

¥

Fig. 2-20 Major Voltages of LCD Drive Power Regulator Circuit
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Fig. 2-21 is a photegraph of the majar voltage
wavafarms.

{Topl Measured at IC 14D, pin 7
{Canter) Mseasurad at 1C 140, pin 6
{Bottom) Maasured at diode, anode

REV.-A

By 10V M0YS

Fig. 2-21 Major Voltage Waveforms of LCD
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L 3

The detailed voltage waveform at the anode of DB, shown below, illustrates an oscillation
which accurs during charge/discharge from/to the inductance L3.

B Charge o

Fig. 2-22 Datails of L3 Discharge and Charga Cycle

2.2.5.3 RS-232C Regulator

This ragulator is also a DC-DC converter, which is enabled only whan tha RS-232C or the serial
interface is usad. The circuit includes a control feature which prevents itz output valtage
from being used for data transmission during a certain period of the rising time until the voltage iy
sufficiently stable to be used for the RS-232C levels. IC 4C perfarms this contral function.

L

Circuit Oparation

IC 4C initially outputs a high signai at pin 26 {(SWRS) and a low signal at pin 27 {INHRS).
The SWAS signal is inverted hy 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 collectar of the transistor. The
INHRS signal is inverted high by 120 and then input to the base transistor Q18, cutting the
transistor off. Q17 is also cut off, leaving the transmission line {TXDj floating.

A pulse signal of approximately 35 kHz, generated by a CR oscillater circuit, is supplied to pin 9
of IC 140 through R4%5, €29, 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
13 to produce a DC voltage of +8Y. -8V is generated at the negative pole of capacitor
14 by the nagative component charge to capacitor C15 and a negative vaoltage swing at
the anode of diode D3 due 1o the charge.

Fig. 2-23 shows the timing relationship among the voltages discussed abave.
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SWHS --"f!'-]

switching puise | 1] TMLMLMLTLALTLILALALALALLTLUUTLL
(4545 Hz) '
+h

07 collector =

+8 ——/ ¥
RN yan

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

The INHAS signal controls the pull-up cperation {-8Y) 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 130 ms, praventing 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 arder to prevent a pull-up to unstable
voltages.

® Voltage Stabilizer Circuit

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

When the -8V ling voltage is lower, no potential differenca is generated across the base
{ground) and emitter of the transistar Q21; it is maintained in the off state because the zener
diode ZD2 doas nat break down, and the switching circuit is not affected. When valtage rises
te 7V or above, however, ZD2 breaks down at its zenar voltage, generating a potential differ-
ance across the base and gimitter of 21, 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 potantial. This causes the breakdown of ZD2 and altows the switching to
be resumed. The sequence of these circuit operations is repeated to provide two stable voltage
levels of £ 8Y.

The R5-232C power regulator switching signal is shown in Fig. 2-24,
{1) Top: Original clock signal — Measured at IC

14D, pin 11, e ————
{2] Bottom: Input to RS - Measured at IC 14D,
gin 7 » t0us
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2.3 CPU Qperations

Control of memeory, 1/0, and varicus other functions is distributed among the three COMS CPUs
on the MAPLE board.
{1} Main CPU (Z80).._2.45 MH2

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

® Expand intarface (CN8} control

® R5-232C intarface operation control via 8 serial controller

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

® RS5-232C interface control via a serial controller (82051}

® R5-232C clock supply via a baud rate generatar (GAH40M)

{2) Sub-CPU {7508}....200 kHz

i3

e

The sub-CPU provides the following circuit aperation control functicns 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 {nermal or trickle) control

® Keyboard data entry check

® DIP switch satting read

& A-D convarter enabling/disabling cantrol

Slave CPU (B303)...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 controlier {SED1320)

® Microcassetts cantrol via a gate array (GAH405)

® High speed serial interface control

® Speaker output control

® LCD display controt via the LCD contraller {SED1320)

& ROM capsule read control via a gate array {3AH408S5)

2-29

—




2.3.1 Handshaking Between Main CPU and Sub-CPUs
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The three CPlUs operate using a ciock supplied from a gate array (GAH40D}, which has a built-in
freguency divider circuit. Data and commands are exchanged between the main CPU and the two

sub-CPUs as follow:

A

Main CPU
(£80) Parallel tranafer

Gata
array

L

K
\
/ GAH4OM

. ]

Serial transfar >Sub-CPU 7508

-

3.8
TE
7 N
oS |
LCD controller | Gate array
SED13Z0 GAHA0D pE——

Parallel
transfer

Slave CPU 6303

Drata exchange batween Z80 and 6303: Handshaking ia accomplished via the LCD controllar,
Drata exchangs batwesn 280 and 7H08: Handshaking is accomplished via tha gate array GAHS0M,

Fig. 2-25 Data/Command Exchangs Betwaan Main CPU and Sub-CPUs

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

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

£-80
-

Main CPU Gate array {(GAH40M| Sub CPU
N T s + 7508
B-bat data bus / 510
R &K 50 ﬂ““EL
*‘ 14 4
Hp @ pad
——{x G ] F=
I/} ragiztor Py
L1
| ER. N
| 80 K |
o8 w cs
C LA
70N
—E
%0
I

Fig. 2-26 Main CPU and 7508 Handshaking Control
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Handshaking is accomplished using a flipflop (FF) within the gate array. The FF signals, when it is
set, that the main CPL) may access the serial I/O (510} 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 SO from the main
CPU, and is available for access by the sub-CPU.

® Cperation sequence between main CPU and gate array.
1. Main CPU reads the I/O address 05H (status register} and checks the state of bit 2 {the FF).
The bit indicates, when it is on, that the main CPU may access S10.
2. Main CPU reads or writes SIQ {1/0 address C6H}.
3. Main CPL) writes bit 1 of the command register |{/Q address 01H) and sats FF.

#® Operation sequence between the sub-CPU and gate array .
1. Sub-CPU waits until its port 22 goss high ithis occurs when FF is reset by the main CPU), in-
dicating that main CPU has starsd a command in SIC.
2. 3ub-CPU issues the shift clock {SCK) and reads in the command from SI10 ana bit at 2 time
and performs the specified processing.
3. Sub-CPU activates its port 22 to set the FF-setting. The FF infarms the main CPU that the
command has been received and the S|0 is now available for access by the main CPU.

® Fig. 2-27 illustrates the interfacing operation between the main CFU and sub-CPU 7508 via the

gate array.
iR} W R oiw) R W (R} W
ZR0 data bus H H H.E H
Cammand Data Cata Cormmand Data

BIC FF ragatting pulse rl I_I I_I rl
¥ v { v

510 ready e

ZEE 1 1

7508 daeta b )
ata hus Command Dataiil DataILI Command Data

Ready {7508}

Fig. 2-27 Main CPU and Sub-CPU Intarfacing Signal Timing
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As can be lsarned from the figure, the handshake is accomplished via the SKJ READY signal as
follows:
{ When SI0 READY is set : 280 - = GAHA0M
When SI0 READY is reset : 7508 «~ +GAH40M

The SI0 READY signal is set and resst by tha following signals:
S10 READY is raset when READY FF is resat by bit 0 of Z80 1/0 address O1.
S10 READY is set by 7508 port 22,

® The S0 READY signal is set and reset either by & command (data) or interrupt. Tha operations
ara illustrated by Fig. 2-28

Command {data) Imterrupt

510 READY

S0 READY

Write command Read status and
and reset S0 FF, reset SI0 FF.
— -~
ig thers any
énmr? SI0 READY

Termination . Read status.
M
SIC READY
Al
y Keyboard p
N
Writa or raad
command.
Check stat_us Entar data from
1o determing keryboard.
intarrupt type).
|
Resat SIC FF. :
1
|
I

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




REV -4

{Serial Data/Command Transfer)
Data such as A-D conversion data which are exchanged between the following companants ars
serially transferrad:
(1) Betwean sub-CPU 7508 (2E) and A-D converter 7001 (1D}
® ANO channel selection and temperature data transfer
® AN1 channel selecticn and hattery voltage data transfer
® ANZ channel selecticn and external analag input data transfer
® AN3 channel selection and barcode data transfer

{2} Between sub-CPU 7508 {2E) and gate array GAH40M {4C)
& Channel selecticns listad in (1) above and data transfer
® Keyboard and DIP switch data transfer
Fig. 2-23 shows the transfer paths of the above serial data.

G SeK 7508
AHAOM
. S0 (2E)
Main CPU & it parallsl SCK |et » 8l
Z-B0 transfar <1 b <
44
o o) . S0
s 7001
(10}
Sl SERIALIN — r
$0: SERIAL OUT # ? 3
 SHI K
SCK: SHIET CLOC NI

Analog channals

Fig. 2-29 Serial Data Transtfer

The operations listed in (1) and (2) above are controlled by the appropriate commands of the main
CPU and the sub-CPLU 7508. The operation sequence executad 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 whethar bit is on {high) — examines whether a
analog data read command may be issuad by checking the state of the handshaking FF in the
gate array GAH40M (bit G of /0 address 08). If the previcus command has been processed,
bit 0 is en, indicating that the command may be issued {as signalled by RDY SI0).

{2] Main CPL) writes the 1-byte command at |70 address 06 (SIOR resistor) — stores the command
in the SI0R register in the gata array GAH40M.

{3} Main CPU writes bit 1 of 1/0 address 01" — this causes an intarrupt to sub-CPU which informs
it that the command has been stored in the SIOR ragister (RDY 510 is resat).

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

{5) According tc the received command, sub-CPU activates (lowers) tha CS signal to the A-D con-
verter to select it and then issues the channel selection data in synchronization with the shift
clock.
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{6) Sub-CPU deactivates {raises}) the C5 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 convertad data, in synchronizaticn with the shift clock pulses, 1o the
SI0R register in the gate array GAH40M.

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

2.3.1.2 Data/Command Exchange between Main CPU and Sub-CPU 6303 via SED1320
Data/Commands are transferred in an B-bit paraile! format betwsen 80, the main CPU, and the
sub-CPU 6303 via two registers in the gate array SED1320. Fig. 2-30 illustrates the control flow.

TTz-e0) | (6303)
< > PDOR < >
. Write signal
OFH Read signal t 26H: Data, o
27H: Command
/l___..-.-.-.—.
3 PR .
Data; DEH Write signal 1‘ * Read signal
ChMO: OFH
Status registars
T [ T
Read signal Read signal
GEH ¢ o ol 2BH

Fig. 2-30 Control Flow for Data/Command Transfer between Z80 and 6303

2-34




REV.-A

Handshaking between the ZBC 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 {|BF}, 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.

280 SED 1320 6303
.- " »
Status registers
F4 > F4
sfm—— e
OOOEH: Read o B 1BF -1 1BF |r
OOOEH, \Write —g gf e —— _r_,..---""l'ﬂ"'--h_‘_ R —————— ¢
Q0arH q_OBF | “lLLoBF &
L, ERE
4
...... '

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

Qutput

When either the ZB0 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 ather CPLU that the 1-byte data has been
stored in the gate array SEB 1320, ready to be read.

Input

When the CPU reads the data from SED1320, the IBF bit of its status registar and the QBF bit of

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

Slave CPU 6303

4 kB mask ROM: FOGOH-FFFFH
Internal ARAM: 80H-FFH

/0 ragister: DOH-28H

T

LCD V-RAM (G kB)
8000H - 97FFH

Main CPU Z80
IPL RO
'y QQ0H - FFFFH
D-RAM
0000H -~ FFFFH
'y SI0g2C5H1
10 0CH, 0DH
Option unit |—— &
ROM
* Baud rate generator
GAH40M  00H ~ OFH
SER 132D
/O OEH, OFH
4-bit CPL 7508
4 kB mask ROM
BEE-bit memory
Sub 1/Q control I
GAH405
ROM capsule ROM capsule
{Max, 32 kB} (Max. 32 kB)

Fig. 2-32 Memory Space
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2.3.2 Operations of Main CPU (70008)
The Main CPU Z80 operates using control praograms contained in the 32kB ROM (2A) to control
the slave CPU 6303, sub-CPU 7508, gate arrays, B-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 |/O addresses listed in table 2-4.

Table 2-4 1/0 Address

I/0 adress Hezggéite Circuit cumpunent Functiun
0000 R GAH4DM Input Capture regmtar iL} cummand trlgger
W GAH40OM Cuntrol reglster
0001 R GAH40M Input Capture reglster IH] commangd trlggar
W GAH40M Cnrnmand reglster
0002 R GAH4{JM Input L‘.anture reglster{L] barcode trigoer
W GAH40M C-::lntrul register
0003 A GAH4DM Input Capture r&glster {HI barcude trlgger
R GAH40M Interrupt Status reglstar
9004 xxxxxxx . -
W GAH4DM Interrupt Enable reglster
Q005 . R GAH4DM Status register
R GAH4DM Serlal IKD reglster
UDOB ..... — " e
W Serlal /O registar
Q007
¢ Unused
w8998 e
000C W BZCEI Command
QcaD R/W 82C5 1 Data
OCQOE R SED 1320 Status
' R SED 1320 Data
Q00F foemeem s mernt ot snteneennes et e e e
W Cummand raglster
0010
i Unused
QOFF
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 resst condition 1o ba ramaved. When
the reset signal is discontinued, the CPU begins executing its program from address QO00H (the
start address of the ROM iocated at 2A). The internal initialization sequence occurs as follows:

® Rasetting the Program Counter (PC) to 0Q00H

@& Resetting the Intarrupt Enable flipflop (IFF} to O

@ Resetting the Index register {1} and the memory Refresh registsr (R) to 00
#® Resetting the interrupt mode to 0

@ Forcing all address/data bus lines in the high impedancs state

@ Diactivating all control signals
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2.3.2.2 Memory Bank Switching
The main CPU controls memory using 18 address limes, making it capable accessing a memary
space of 64k bytes from address 0000 to FFFF. However, the CPU memory space includes a 32%
byte ROM and an option unit ROM, in additicn to the 64k byte dynamic RAM. To allow the CPU 1o
access this entire memaory space which is greater than B4k bytes, bank switching signals are

used.

REV.-A

Note: When a RAM disk is used as option unit, ne mamory back switching is made but the main
CPU controls tha external RAM as an 1/0 port.

vlain CPL

Addrass bus

Qption unit

Vi

32KB
IPL ROM

84KB

|
I
|
|
|
D-RAM 1|
|
|
b
I
1

LT

Y

QOPTION
RO

Data bus

Fig. 2-32 Memaory Configuration

The entire mernory space is divided into the four banks {listed in Table 2.5]), which are se-
lected by a combination of the BANK 0 and BK 2 signals shown in Fig. 2-32.
Table 2-5 Memory Bank Selection

~— BK2
& T
44,‘1__

Addrass °

1 1 O O

0 1 Q 1
D-RAM O-RAM OFTION OPTION
{H) {H} ROM (H} ROM {H)
IPL ROM ]' D-RAM IPL ROM OPTION
‘ (L ROM (L)

As shown in Fig. 2-33, two band control signals, BANK O and BK 2, are ussd, both are fad to the
gate array GAH40D. Because BK 2 is pulled up on the MAPLE beard, only ths left two D-RAMs
and |[FL. ROM are addressed when no option unit {with ROM) is available.
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2323 Interrupt

Thare are only two external interrupt signals to the main CPU; INTR and BURQ. The NM) signal is

not used. The main CPL) interrupts are discussed in the following.

1. INTR interrupts
The INTR interrupts includa the interrupts INTC through INT5S from the sub-CPU 7508, the ser-
ial controller 82051, the R5-232C interface, the gate array GAH40M, and the aption unit.
These interrupts multiplexed by GAH40M and fed to the main CPL as single interrupt reguest
via the gate array GAH40D (Fig. 2-34).

Mair GAHA0D GAHA0D
cpPu 1GA) (&C}
a4

5-INT Sub-CPU 7508
INT 3
INT &
INT O

INT 1_ ------ e G [RS-232C intarface)
INTE |y
INT & — INT EX {option unit)

S5-INT ———]

R FINT RXRDY (510 82C5H2)

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 contro! bits at 1/0 address 0004 histed in Table 2-8

Table 2-6 Intarrupt Control Bits

I
vt | e | | | s |
]  Unused — 3 eranen . —
° Unused — T2 ER 2 IRS-232C) “Fa
b IERE !UDti;:l“l:;it} FA : A:IW- IER 1 {SI0 82C5H1) -
TR N O N T TR B

When the INTR signal is generated with the interrupt enabled {i.a., the corresponding IER bit

ON}, the main CPU enters the interrupt processing program after the current instruction has
bean exscuted.

2. BURQ interrupt
This interrupt reguest singal is fed from the opticn unit o the main CPU. When it goes low, the
main CPU forces the address bus, daga bus, and system control terminals {MREQ, IORQ, RD,
and WD} in to a high impedance state, making the buses available for use by the option unit
after the current instruction has been exacuted.
*The interrupt request signals and their function summaries are listad in Table 2-7 in priority
arder.
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Table 2-7 Intarrupt Request Signal and Thair Priority

o .Int?rmpt Signal name Function Vector
Prionty order addrass
i _-I-I_ighest BURGD Extarnaibus request from option unit —
N unesed T i —
_INTHUNTDJ ................ Alannan:d Iow voltage detection from sub-CPL 7508 o FO
INTRINT 1) 1-byte receivad f;om serial controtler 82C51 F2
INTR {INT 2} CD =signal frumHSEé?E intarface F4
INTR {INT 3} Barcode tri;;;; within gate array GAHAOM ) F&
-Iﬁf:ljrﬂ;i {NT 4} | Free running::;l..lur\t;;fc;;:r’fhi:)w within gate arrsy GAH40M led:Eﬁm\_d
Lowest INTR Hﬁ?uﬁl l Interrupt from option unit T FA ]

3. Intrerrupt vectors
When accepting an enabled interrupt requast via the Z-INT terminal of GAH40D, the main CPU
makes an indirect call to the interrupt processing routine using the centents of the | register and
the read vecter address - this ¢all is called madkabla intaerrupt mode 2 operation.

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

—
Latest state T TZ ™ ™ T3
T —— e e o e e e

2
|
J

bnput data
{vector addrass)
Data
Address bus S X ....................... i tresh
Upper 7 its of
input data
oA
,-"'f 't Intarrupt routing o
start address table T -
1 i . h Interrupt service
1._ ________ -] Lower addrass | Routing
Mpper addiose e
— pper address
A . bits

Fig. 2-35 Interrupt Routine Call Contrel and Timing
240

aaaaaaaaa e i A by
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When the Z-INT signal is activated, the main CPU samples the signal at the rising edge of the
¢lock 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 vectar address) from GAH4CM at the
rising edge of T3 in the M1 cycle and begins the interrupt processing.

Observed Memory Control Signal Waveforms
{Top) CLK: '
Measured at 44, pin B

{Sacond from top) M1 :
Maeasured at 4A, pin 27
{Sacond from bottom) MRQ
Measured at 4A, pin 18

{Bottom) RF:
Meaasured at 44, pin 28

o =3 2500nS

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

{Top) CLK:
Measured at 4A, pin 6 5Y oy >200n3 —_
(Second from top) MRQ:
Measured at 44 pin 19
{Second from bottom) RF:
Measured at 44, pin 28
{Battom) RD:
Measured at 4A, pin 21

Fig. 2-37 CLK, MRQ, RF, and RD
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Observed D-RAM Control Signal Waveforms

_ {Topl W1:
Measured at BA, pin 18 5V 5y aZus
{Second form top) RAST: .
Measured at B4, pin 17 G B | L ! ________ I_r _____

{Second from bottom} CAS1: ] -U_‘L i mmﬂ]ﬂl

Measured at 84, pin 44

o i |
(Bottom) RF: . u ,, i |
Measured at 6A, pin 40 :

L .

Enlarged
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Observed D-RAM Refresh Signal Waveforms
TOPI ZERF: s
Measured at BA, pin 29
{Bottom) FR:
Measured at 84, pin 40

5v 215

a ]

ay 100n S

&

Sy

Fig. 2-39 Z-RF and AF
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2.3.3 Operations of Slave CPU 6303
The slave CPU 8303 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 made of the 6303 slave CPU is determined by the state of three ports, P20, P21,
and P22 Performance of mode setting is a hardware hased function, occurring immediately after
power up or whensver the reset switch is pressed. Whan the reset signal goes high, the CPUJ
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 |atched.

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 Pregram Control Ragistar.

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

& Sets the intaerrupt 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 {0003H) - 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 & [multiplexed/partial decode),
from the shown combination of port states.

Slave CPU 6303 {130y

o ' T ) Port 2 data register |
PC2 | PC1 | PCO : 1O 4 g /o1 | 1I/00
Lh’, na \ ; / /0 address Q003H i
; Moda setting port states
e 1 3E, pin 1 < O Low
l S CN3, pin 8 - High
............ " e H|gh

Fig. 2-40 Slave CPL Qperation Mode Selection Example

Moda selection reults in the following memory mapping:

QDCOH CO1FH DDEGH DDEFH 8000H BBQDH FOOOH FFFFH
Internal - Extarnmal  Internal ' : Intarnal
register i memory | RAM | Not used 5 ; Not used ROM

V-RAM Slave CPL opearation ?untrul
mask ROM
Fig. 2-47 Resultant Memory Mapping Example
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Fig. 2-42 illustrates the vactor address aperation,

* Yactor address -

program counter

6303

Vector Address

Mamory

L <]

I

¥

*The CPU stores the contants of tha iocaton addrassed
by the vectar 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 mamory locations whitch are used as various
cantrol addresses.

Table 2-8 Internal Registers and External Momaory Locations

Raad, Bit
Addrass Function - Nm————— [
Writs 7 [ Y 4 3 2 1 O
? T — . S R
: Qoo register /0 Control For Address Q002
; I/O port 2 data dwection | | ... ., -
0Do ragister /O contral for address QD03
6| .. | Sosoker | sounier | SERIAL | SERIAL | séCT [ et |
. WCT HMCT
HHI2 IF/3 port 1 port addrass 2:::::; ot | POUT iy ew  |[PMETWE| Lo | T
SERIAL semal | | ““
3| | ooo \ 3 ! IfO port 2 port addrass 1L — — T e — [T wD PAD
. 1F0 port 3 data dirac tion
000 " register 1/0 control for address QD06
0 O00E . 110D port 4 data drection 1/0 control for addrass 0007
regislar
______ GER E 10 port 3 port address N Address {lower & bits)fdata bus B
3 QoG7 110 porl 4 port addrass Address bus {upper 8 bits}
o008 T_irner contralstatesre- | (. | |1 T T 17T
gistar
0009 | Gounter (upper 8 bits) [Bras eie14 |Be13 | Bi12 | Bit11 [Bic10 | Bit9 | Bitg |
0004, Counter [lower 8 bils) Bit 7 Bit 6 Bit S Bit 4 Bit 3 Bit 2 Bit 1 Bit O
Outgur iat . . ] . - . . \ )
oooR m::; ;‘;T:;m register Bit 15 | Bit 14  Bit13 | Bit12 | Bit17 | Bit10 | Bit9 | Bit&
Qutput compare register . o . . . R
QaC jlower 8 bits} Bit 7 Bit 5§ Bits Bit 4 Bit 3 Bit 2 Bit 1 Bit O

Z-45
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iRead Bit
Address Fungtign : al / Sapessessssssa e
Writa 7 -] - 4 3 2 1 O
Input Capt ister jup- -
000D | B herereatsteriup Bit12 | Bit11 | Bit10 | Bt | B8
Input Capturs registe
000E | jomerBping - Bit4 | Bit3 | Bit2 | Bit1 | BitD
& OO0F Controffstatus reqgistar FLAG BLI:S& - 055 | tﬁ:ﬁg — — _—
3 uum | eaudratesmode Control Clock contral | Baudrats contral
0 register I e s — -
TX and RX control :
31 o011 T and RX contrel/status RORF | ORFE | TDRE | RIE - RE | TIE | TE | wu
Qister : ,
a1z Receive dalaregister Lo . _,,MSB LSR
xxxxx Q013 .| Transmit data register MSE LS8
0o14 RAM control register sm&* :_I:':IL — _ —_ — — _
CNTR Microcassetie tape drive counter data
00320 Counter upper byta) R | Count — — Bit12 | Bit11 ! Bit10 | Bit© Ritd
input
G uuuuuuuuuuuuuuuuuuuu ._coun ter WSEI w o . — cedimmaa o _— - - —_
Microcassette tape counter data
A Countar {lower byte) R | gt7 | Bn6 | Bit5 | Bit4 | B3 | Bit2 | Bit1 | BitQ
002+ T S L.
H ) STOP | === _ SwW
Command register W CNT "FAST = I"iTC MTE | WMTA MCT SW FR
4 0027 P-ROM address jupper 8 | W Upper P-AOM address bits
0 byte) L7 | mt15 | Bitt4 | Bit13 | Bit12 | Bit11 |Bit10 | Bit8 | Bit8
g ansa P-ROM actdrass (lowar 8 W Upper P-ROM addrass bits
| byt . Bit 7 Bit G Bit b Bit 4 Bit 3 Bit 2 Bit 1 Bit 2
. P-ROM read date R MEE L58
0034 antmller INEtruction ra- W
5 Qistar S N - S I ———
E 0025 Controller date buffer A
D Controller data buffar _ W ) -
1 Controller status ragistar R ;
0026 Port date putput register - W '
< o e ,
2 Port datainputregister ¢ A | |l .
0 Q027 Part data autput register :
) w
[comman N . . SED 1320
. noz28 tntermugt enable register | W , 6303
GAH
4015
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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 contral
As shown in Fig. 2-43, tha interrupt request signal is generated in SED1320 and fed to the slave
CPLU 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.

SED1 32D
. -\ GAH40S
Data N ¥ . '
ﬂ - ? P =
. 2~ POIR | {PDOR
Main P AD
Z80 -
4.9M T heaees Aolm
P s |~ |swr| 7% |
Lilil*} INT SINT| E & |IRQD
PWR  [CSRE----- > - ZE -
gl ‘g PCS =
||| I€ A % «PDIR: Paralle Data @
Input register :
= ]
GAH40M * FDO#A: Farallel Data E AS RIW INTR
_ Qutput register
1R 6303
Wl * CSR: Control Status
TE0E ragister

Fig. 2-43 Slave CPU Interrupt Control Block Diagram

The INTR signal is generated in SED1.320 when the main CPU initiates a command, which ig in
turn fed to GAH40S5. The signal then intarrupts the slave CPU under an interrupt mask control by
the slave CPU {the interrupt is disabied by bit O of 6303 address 0028 - enabled when the bit is
1}. When interrupted, the slave CPU fetches the command by reading address 0027.

Slave CPU 6303 basic clock signal waveforms
Top) EXTAL:  pe— .

Maeasured at 13D, pin 3 5Y 5V >500n%
{Center) E:

Measured at 13D, pin 40
{Bottom) AS:

Measured at 130, pin 39
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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 7608 sub-CPU performs two impertant functions; it menitors pin 23 at port

00, checking for a change of state indicating the power switch has heen turned on; it 2lso moni-

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

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

& Battery voltage monitoring
The sub-CPU 7508 enables port 23 {pin 5} every 10 seconds for a period of approximately 7.5
ms in arder to supply the Ve sourcs 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 puises over the Sl and SO signal lines respectively to select the A-D con-
vartar channel for battery voltage check {AN1}. After channel selection data is issued, the 7508
returns port 21 from low to higb to change the A-D convearter mode from interface to A-D con-
version, This causes the converter to initiate an A-D conversian through the specified cnannel.
The converted result is stared in the shift register in the converter. After returning port 21 low
{the interface made|, the 7508 issues shift clock pulses to read in the digital data, bit by bit.
This data is examined to determine tha main batiery voliage. i the voltage is found to be below
a certain level, the kattery voltage line is backed up from the auxiliary battery by using a port 42.

2.3.4.2 Operation While Power Iz On

While power is on, the 7608 sub-CPU performs the following functions:

® Keyboard Control — Contrals the keyboard matrix using key scan signals |KSCO-8} and key re-

turn signals {(KRTNO-7)

® DIF Switch {SW1) Monitoring — Checks DIP switch 1 during initialization using signals KSC9

and KRTN1-7.

@ Battery Voltage Menitoring Support Functions — Includes such operations as main CPU inter-
rupt via gate array GAH40M (Low voltage in-
tarrupt} and back-up power provision via ths
auxially battery.

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

contral the A-D converter and read analog input data.
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Observed Shift Clock Wave Forms
SCK:

Measurad at 10D, 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 anlargement of the singla negative going
puise 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 7908 to perfarm the following opera-
tions, in order from left ta right:
1}Fetch the command stored in the gate array
GAH40M to 7508.
2} Select the xPO7008 channel.
3) Read the A-D converted data from 4PD7001.
Note: Fig. 2-46 and 2-47 are enfargements of
the signal shown in Fig. 2-45,

Zv 5 W0ms

e A

Fig. 2-45 SCK Signal Waveform {Serial
Data Trans for} Enlargement

R A e e b ety

2 =1 Z00us

Fig. 2-46 SCK Waveform Pulse Enlarge-
ment 2 {Sarial Data Transfer)

105

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

- Thare are three clock oscillator circuits listed in Table 2-9 on the MAPLE board. Two clock pulse
signals of these three are fad ta 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 cenverters which generate spacial voltages.

Table 2-9 Clock Oscillator Circuits

tput Fra e d
Oscillator Circuit Primary Freguency Ou Lpu r qu? \:ran
Signal Destination
Main oscillator circuit (CR1) | 98304 MH2 49 MHz - 7C
Clock oscillator circuit (CR2) . 32.768 kHz 10kHz - 2E
Voltage requlator ascillator 35 kHz 356 kHz — RS-232C, {+ 8Y)
circuit — LCD ragulator (-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 fad te 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.B304 MHz

64 {GAHA0D) _ ”:”
49152 MHz ~ 1 RI137  Ri34
' oM 10M .
24576 MHz = 22 =2 EQQL.
— L wop 78 - 1P
Iczo Icm

Fig. 2-48 CR1 Oscillator Circuit
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The primary and divided frequency
output signal waveforms are as
shown in Fig. 2-49.

The 2.45 MHz clock signal is sup-
plied to the main CPU [4A), gate ar-
ray GAH40OM {4A], and senial con-
traller {2C), and used as their basic
clocks.

2V

Fig. 2-49 CR1 Clock Signal Waveforms

The 4.9 MHz cleck 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 contreller. The output clock signal
of 245 MHz is fed to the external clock signal input terminal (EXTAL) of the 6303 slave CPU.
Thus, the signal is quartared within the slave CPU to a clock signal of 614 kHz and used as its

operation clock signal.

2v S0my 154005

4.9M

5

S00n 5

500mY

Fig. 2-50 LCD Controller and Slave CPU Operation Clock Signal Waveforms
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2.4.2 CR2 Oscillator Circuit
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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 suppiied to IC 6A

{GAH40D}, regardtess whather power is on or off.
Fig. 2-51 is a circuit diagram of the CR2 oscillator ¢ircuit.

GAH-40D (6A)

1 KC —C To sub-CPU

7508
pin 49

WA
1&
Q26
RI1Z6
L
o3
R112
@25
>
= R3G
RTO Pull up for RXD signal lina on the expansion
interface.

e |2 120 pin 14 {Powar ON/OFF control)
Fig. 2-51 CR2 Oscillator Circuit

The signal waveforms at various
points should be observad as
shown inFig. 2-52.

* The 1 kHz output to the 7508 5y y
ipin B1 of GAH40D) is available
while powar is off.
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Circuit operations

< While power is on =

While power is on, port 70 of the 4-bit sub-CFU 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 Ve to be suppiied to IC 3E, anabling it to oscillate.

To 3E, pin 14 {Veg), 2

7508 {ZE|

P70

Fig. 2-53 CR2 Dscillation Control

< While power is off »

Whila power is off, the backup voltage VB is supplied to the collector of the transistor 0286, as
wall as to the base through the resistor R126. A zener diode, ZD3, is insertad across the base of
Q26 and ground. ZD3 has a zener breakdown valtage of 4V and breaks down when the base
potential rises towards the VB (+bV) voltage beyond 4V. The zener breakdown is removed
when the basa 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 amitter. This out-
put is connected to the sams line as the collector of transistor Q25 and causes Vec to be sup-
plied te IC 3E, ansuring the same oscillation as when power is on.

Q2z2G
Ve To 3E, pin 14 {Vcg), 2

Ri26
ZD3

Fig. 2-54
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2.4.3 Voltage Regulator Oscillator Circuit

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

a. AS-232C DC-DC converter circuit
b. LCQ DC-DC convartar circuit
¢. ROM capsule biasing circuit

R21 1K 14D 14D 14D R3O GHK

' i 5|>°4 ngz 11[>°12""' W

- C2% 2z0P

= Toaach circuit a though
discribad abova

Fig. 2-55 Voltage Regulator Oscillator Circuit

sy 1048 :
IC 14D
Pin 11 )
. [
IC 140
Fin 7
5 T~ I~ T

5Y

1L
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.
S5ub-CPU clock is adjustable with VR3,

2-94
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2.4.4.1 S5ub-CPLU 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.

Sy By 2us
| 7508 W\
‘pin 189G .
7508
pin 21 G

oy

Fig. 2-67 7508 Clock Signal Oscillator Circuit Output

Signal Waveforms

2.4.4.2 A-D Convertar Clock Signal Oscillator.

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

5y By 2y

Sy

Fig. 2-58 A-D Converter Clock Signal Oscillator Waveforms
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< Figures 2-59 and 2-50 show the timing relationship among major clock signals,

9.EM

4.5M

2.456M

6203 pin 3
EXTAL

6303 pin 40
E

6303 pin 39
AS

245M

about 100 nsec,
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Fig. 2-59

L1

Fig. 2-60
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2.5 Jumper and Switch Setting

All the jumpsrs 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
Nama Setti Drawing Associated Signal/Function
gtting . ;
Coordination
M T/N A-2 HLTA: Open - Specifies Toshiba unit.
{losed — Specifies NEC unit.
J2 OFF A-B OVERCHARGE: Open - Contrals overcharge
protection.
J3 OFF C-7 TEST: Closed — QOparates sub-CPU 7608 in
test mode.
J4 ON -7 Anzalog Input puli-up:
Closed - pulls up ANIN input line to VB through
a 100 kohm rasistor.

J5 **A/B E-&6/7 LP pulse hold:
A — Helds 8 P pulses.
B — Provides no LP pulse holding.

SW1 OFF c-7 Power switch
sSw2 *N/O c-7 Reaset switch {main frame systam rest)
SW3 DN A-7 Auxiliary battery switch:
ON — Enables backup fram auxiliary battery.
1 - Used to keyboard models,
) —
3 -
S
4 —
W e e e e e C-7
5 -
4 xxxxxxxxxxxxxxxxxxxxxx
6 -
7 -
8 —
_ir A "N/ A-445 Ensures initialization during backed-up operation.
5 B *N/O -6 Initial reset; Sub-CPU 7508 raset
MNotes:

* A push switch containing two sets of contacts.
** Aor 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.).

20N
BpT

Fig. 2-61 MAPLE Board Jumpers and Switches

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

25.1.1 J1

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

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

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

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

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

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

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

25.1.2 J2

This jumper is provided to allow for protection against main battery overcharge. When the ON
and center terminals are jumpered, the control by the sub-CPU 7508 is disabled, forcing a normal
(high current) charge to be maintained as long as the ac adaptor is connected. This setting
may result in an overcharge condition of the main battery, which may shorten its life.
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2513 43

J3 is a maintenance purpose jumper used for testing the sub-
CPU 7508, To open (set off) this jumper, put the jumper biock
as shown in Fig. 2-62; leaving one terminal pin open. OFF is
the standard setting. The ON setting disables the normal sub-
CPU gperaticn.

251.4 J4

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

2515 Jb

Jumper J& 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
precisel. J5 may need to he reset when the LCD unit is replacaed so that ghosts, if observed,
are eliminatad.

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

2521 5w1

. 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 bacausa
the computer can, through a programming srror, got into a software loop.

2522 SW2

This is the RESET switch which is accessible at the teft 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 ineffactive when the sub-CPU is not operating normally.

2523 5wW3

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

e Setting SW4
Character set B ) 1 | 2 3 4 S 6 7 r 8
ASC" , 1 ............... 1 ............ 1 - 1 ; ;
T : ; ....1 _— T ; S .
German B 1 0 1 1 0 1 ; “““““““““ D ......
.mEr:ig”Sh D ............. G ; ; ; 1 : -
Danish - 1 1 0 “;* 0 1 G 0
Swedish 0 1 0 1 --------- D 1 0 0
. Norwegian 0 1 1 4] o | w1 0 0
_F.!.talyf NNNNNN 1 0 0 1 0 1 0 T EI EEEEE
| o D ........ . . : : , - N aw,.
e S - - .. . “0 : ; ; S
Japanesa {Japanese] h 1 o ! 0 0 0 - ‘I fffffff D 0
Japanese (JIS} 0 0 0 0 o | c 0 0
..... j;;;-ase {touch 18) 1 ) MHD 0 0 0 0 0 0

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

® 5W4a-5 is used to chack whathar the RAM disk contents of the RAM unit are cotrect:
ON: The check is made when power is turned ON in the Restart mode.

OFF. Macheack is made.

® SW4-6 is used to sslect the charactor generator set for screen dump.

@ A system initialization can be accomplished in aither of the following two ways:
1. Aemava 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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25.3.2 MAP-LD Board Variable Resistor
This is the variable resistor VR1, found at coardination C6/7 on tha circuit diagram, which allows
the user to adjust the voltage supplied to the LED drivers for tha 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 microcasseite tape speed. An incorrect adjustment of this variable resistor
causes the intervals betwean tape read and write data pulses to deviate from the nominal va-
lue, resulting in loss of compatibility with other microcassetts tape drives.
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2.6 Reset
The reset signal initializes the computer circuit and is used to prevent any abnormal operation at -
power on {during the logic circult power voltage rise time), after smargency shut-dewn due to
any computer abnormality, and before subsequent restart. The resetting operation of this com-
puter is accomplishad indirectly by softwara. The sub-CPLU intarnal program differs from other
computars, which ara reset directly by a switch operation.
Fig. 2-63 outlinas the RESET signal circuits.
Sl
—= /8 o—=VB
FOWER 5w
Sw2 § SW5h
— [ o—> VB
RS Sw BED [JaTs] RS INITiAL
{ADSNS! (INTO] . RESET SW
- Internal
- program 2
fIntersupth @ §
Sub-CPU
280-related E - e ?;GS (ZE}
Reseat routine wy | z
[~ Claars all renistsrs w«_ &
GAHADD 1 such as umar, et;.
A R S—— iy
A $ "
_'-I= v g A se—Zm R
RST Data linas o
T Qte?
RSO L _|
b OFF GAH40M
. Z-80 |
+—JdRs {44}
r
Systam reset g Gats array
__ 6303 }
' 9RS (13
L ——= CNB
t0ption unit interface)
l‘ GAH4OM
{4C
r
-r—-~—-3-CNB_ o
78 {} 10ption unit interfagal |
—_— B2CE1
AN
—

Fig. 2-63 Reset Signal Circuit 8lock Diagram
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2.6.1 Reseatting By SW1 (POWER} and SW2 {RESET)

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

2.6.2 Resetting By SW5 {INITIAL RESET)

Switch SWh allows the sub-CPU itself to be reset. It initializes the sub-CPU's internal
settings, including the built-in calendar clock setting, etc. This is the only difference betwsaen tha
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-
wences such as latch of flipflops in the gate arrays, etc. It provides the gate arrays with the follow-
ing functions:
< GAH400D >

Supplles the raset signal to Z80 and 6303, atc.

Disables the Chip Salact signal to the IPL ROM.

Disableg the Z80 read signal line.

Disables the interrupt signal line to Z80.

Rasets al! FFs.

Cisablaes all cutputs other than the above.
< GAH40M =

Prevents |atching of the gate array FFs by farcing the outputs in tha high impedance state.

2.7 Keyboard

The keyboard has 72 keys {including function key switches), three light emitting diodes (LEDs), 23
diodes, and three resistars for the LEDs mounted on it. The keybeard is structured in a matrix
which is scanned by the sub-CPU 7508. Keyed in data are sent to the main CPU ZB0 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 keyhoard input operation.
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i = : —
R 'y TS ] Sub-CPL) GAHAOM Main CPU
KSC < = T ?ZEEB 2-80
o i ] | SET L. —— | RESET |
- I . 1 S0 Hand
S - “II READY shaking

H
i B
o=
.
[
I

_'—;; %E.—T - - 1. - — T
J' 288 |seria” | |SIOR Paraflgl ¥
L ........................ erta s ....mE‘E"I Trﬂﬁsfer - .- trﬂnsfﬂr
e e e v-gu..-.:.}'u' om
: P imis
S SEES
| P P VT
i LED (o : -
5 ;

{Keyboard) e

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

{1} Key switch (CTRL, SHIFT{R], SHIFTIL), CAPS LOCK, NUM GRPH, and CTRL (right of the spaca- —
bar) output control

When any of these keys is pressed for the first time {ie, it is stet), the sub-CPU issues a
MAKE code. When it is pressed for the secend time (e, it is released), the sub-CPU issues a
BREAK code. This is required for the correct keyboard data input, because the keybaard 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 sequencea of key strokes, which includes shift
operations in the alphanumeric mods: The sub-CPU issues the MAKE and BREAK codes for
the left SHFT key when it is locked and released respactively. The main CPU can display the
intended upper case and lowaer case alphabets as shown below.

ra A A B B
Character data kays
Function key
{laft SHIFT)
Key codas output 74 6o L B3 J 66 40 I_ﬁk3| 40
from 7508 —

R

Characters dizsplayad 4 A a b B

by main CPU
Fig. 2-65 Keyboard Data Input And Mode Control Sample
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{2} Data keys (othar than the function keys)
Each data key issues the corresponding KEY code shown in Table 2-13 cnly once, when it is
pressed. When any key other than a function key deprassed, its character code is rapeatedly
generated by the sub-CPU provided that a feature called Auto Repeat is enabled. This feature
i5 snabled or disabled and the frequency of repetition is selected by software.

14 (185 116 |17 |18 |19 | 20|2¢ |22 |23 |24 |25 26 27

a3 44 |45 |46 (47 |44 |49 | 50 | 51 | 52| 53 | B4 | 55 56
T 580 (59 |60 |61 (62| B3 | 64| 65 | 66 | 67 68 &3

70 71 72
Table 2-13
Upgear Coda | | r
Lomcot | O 1 2 3 4 5 6 7 8 9 | A B
BtE s i - R I
0 2 1] 2 46 82 21 | a7 54 12 ~
! 3) wj . s0) 47| 88 @ W] W i _
2 ________________ 4 15 1 48 B4 23 39 56 OFF 43 ON 43|
3 5 18 3z as | 65| 24 40 71 OFF 57 | DN &7
4 B 17 33 50 86 25 41 58 QFF 70| ON 70
& 7 18| 38| 8 &7 8 42 59 OFF 72| ON 72
| 8 s| 3] s| s 0| @ Lal® OFF 66 ON S8
7 9 20 36 53 | 11 28 45 81 OFF 69 | ON 69
8
T R R ) N
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2.7.1 Key Switch Structure
A key switch made up of a key 10p and a switch as shown in Fig. 2-66. (A dust-proaf switch cover
is inserted hetween the key top and switch of a functicn key.)

" ——==}
By
Fq :
il E
| a
1
" v Inside of the switeh section Ve
Function kay Normal key

.

Fig. 2-66 Key Switch Structure

The.switch uses a pair of mechanical contacts. The spring contact movas left and right to make
and break contact accarding to the vertical stroke of the key stem. Fig. 2-67 illustrates the rela-
ticnship 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.

: f////// L — Full break area

04

(=——— Make and break area

1 ////// A= Full make ares

15

Fig. 2-87 Key Stroke And Switch Action
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2.1.2 Key Signal Input

The keyboard has a 9 = 8 matrix structure which uses nine keyboard scan {KSC} signals and eight
kayboard raturn (KRTN) signals. The scan signals are used as a referance and a prassed key is
idantified by axamining the corresponding return signal lines for make.

Key input is contratled by the 4-hit sub CPL) 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 tha SW2 setting are bit-serially transferred to the IC 4C [GAH40M), whera the data are
convartad frem sarial to parallel, and further transferred to the main CPU. Fig. 2-68 is a block dia-
gram of the keyboard matrix.

="
5 B e F e & 2
o > - Exsc 0~ 8
1 1 ;
8 i o R i
| —
(26} ) ,...KRINO -7
47K |
E—r‘uw—ir +a ! : nd
| T Sl
~ 4 ! e |
'| 5 . I ] =T
+ |
47K o
! ! r]
mmwa—“M—’- +5 L .
47K e
I MAPLE board - 1 - Keyboard -
CN4

Fig. 2-68 Keyboard Matrix

Mormally, IC 1E maintains all the KSC signal lines at tha low level. Pressing a key causes a current
to flow from the corresponding KRTN signal line on the MAPLE board te the IC through the
diodes. pulling the KRTN signal line low. 7508 can detect that a key is pressad fram the level
change of the KATHN signal line. However, it cannat identify the prassed key which turnad tha lina
low. To accomplish this identification, the 7608 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 puise is ¢urrently ocutput, the
7508 is able to identify which key has been depressed.
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s |

2 L)

3 I I—,

4 | .|

5 | L |

5 [ | |

? I L |

g f L

5 | | |
KR 1110000l

Fig. 2-69 KSC Line Pulse Signals

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

Table 2-14
Input (1E) Output
N S e o e B R e s e
vl ofe cluln|w|nwlalu W~
MLl ol nlulm s H|H|H H|H]|H
O R R o i B R |-||-| ......... .
HlH|{L|L BlAlR|L|H|H|H RH|H|H
L HlAlRr|A|L|AlH B]H]|H
WlL L. mlu|n|u|nlL]w Bla]|H
LiH H|L "HlalH|H]|H]H LH H | H
HIHiH|LIH|[A|H|H|H|H]|H L]|H]|H
LLIL HiHHHHHHH!H L H
Wle-clw nlnlnlalwloln(slw o]
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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

KSCB according to Table 2-14. 5v 5y 2ms

v 5v

Fig. 2-70

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

Swa

] H
EE—::::’E . KRTNO
0 KRTN1
$—K}—C" O KRTNZ
$—K——0"O- KRTN3
+—K—0 0 KRTN4
KSCE —p—}——0" 0 KRTNS
—K—-c"0 KRTNG
——k}—C O KRTN?

Fig. 2-71 SW4d4 Matrix
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2.7.3 Kay Input Control

When two or more keys are simultaneously pressed, keyboards which use a matrix structure such
as described above may not be able to identify any of the pressed keys. To ramave this incenven-
ience, the 7608 is programmed such that, when two or more keys ara simultaneousiy pressed
during one scan cycle (approximataly 10 ms), the key operation is determined to be an errar 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 simultanecusly pressed. The KSC1 signal will pull both the KRTN1 and
KRTNG lines low it and wili not be able to be determined which is pressed. The KRTN1 line goes
low when the K5C1 line is activated (low) because the two lines are connected via the A con-
tacts. The KRTNG line is pulled low during the KEC1 time because the pulse signal is routed ta the
KRTNE line through A contacts, KRTN1 line, B contacts, KSC2 line, and C contacts.

KRTN KRTHN KATN KATH KRTN

) 1 2 5] 7 kery-
switch

L L 4 ""‘P‘ L
ksco —Hd B L:' ™ h‘; {Z—f
ksc1 —¥i . FJB’ > :‘:’ ...
kscz —K] ML . v >

L N L L [
Kses —fit M e T e ey

: IP--..v """-‘, n..._‘n‘: 1;.__“_

ksca —¥F i

Fig. 2-72
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2.7.4 Keyboard Circujt Element Layout

23 diodes and 3 resistors are placed on the keyboard, in addition to the key switches and LEDs.
The diodes are put in the switch section of the keys indicated in Fig. 2-73. Thaeir locations and
names are printed on the back side of the keyboard board. The resistors are located as shown in

Fig. 2-73.
D2 D2 021 D4
T[22 [ 3Ta]s e [7]s [le] 16 [ 11 |42 }13 — p1.05. 010, D9
14 |15 [16 |17 |18 |19 |20] 21 |22 23.| 24 |25 | 26 |27 |—oDs6
28|29 |30 (31 |32 ]33[34 |35 [36] 27|38 |[30 |ac |41 {42 |—D13. D16 D177
012 — 43| 44 | a5 | 46| a7 as]ae|so|m |52 63 |sa]| 55 {56 |—nD11.08
D14 — 57 |smls5s|eoler |ez|e3leales|eslar| 68 | s9 |
70 R / 72

; > |

D16 D23 D19 D22 D20 D18 R1

A3 R2

T -

Fig. 2-73

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

The LCD unit consists of a driver board {MAP-LD) and a liguid crystal display panel, and provides a
dispiay area of 480 x 84 dots. The display panel is provided with a ratchet which allows adjust-
ment for the optimum view angle. Fig. 2-74 is a contral block diagram.

SED 1320 /l > SI;?Q%FU
P Addresa/data bus
:/ e R/W
J' s e AS [Addregs Strobe)
I / Clock signal
!

Character P
e nerator

L f
I— —-— =t Aeldrezs/data RAM
i L 15 kB)

L Read/write

coantrol
W
{LINE, LDX)
T
ki Y-drive control
Y

Supply voltagef | ™~ 480 dOts oo —

ceontrol

64 dots

. ) L‘CD Unlt] \__4
/

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. |n the
character mode, the character generator in SED1320 is used for display. In the graphic mode, how-
ever, the data from the 6kB RAM are displayed with all the data bits corresponding to the 480 x
64 display dots {or segments), one to one. In either mode, data are output bit-serially from
SED1320 in synchronization with the X-Y drive line signals.

2-73
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2.8.1 Liquid Crystal Display Panel Structure

The Liquid Crystal Display (LCD} display panel is a 480 x 64 dot matrix display panel which uses a
twisted nematic {TNM| affect type liguid crystal - ane of the voltage effect typaes. It is struc-
turad as shown in Fig. 2-75,

i
Upper polarizerplate, j

- Upper glass plate
F' S&ailng material / /
' " L|-::|uu;! crystal
Luwer giass plat&-—-.__...h

aner polarizer plate '
Reflector plate -/

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

Qscillation directions
of light [
Yy
'E‘ — L D ot i Light
Folarizad by 90, | [araas where no slectrc field 1= applied)
"'IH 1
Paolarizer plate L
\ P ] Polarization direction
‘Iy — : :)F_"'?  — - Dark
|| tarsas where an electric figld is applied)

|
Ligguid crystal molecule j

Upper polarizar plate Lower glass plata |

Upper glass plata Lower polarizer plate

Fig. 2-75

2.8.2 Theory of Oparation

The liquid crystal is confined between the upper and lower glass plates. The upper glass plate has
many of electrodes ragularly 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
girection 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 pane! by applying a vol-
tage across the liquid crystal. To maintain this contrast, however, a refresh aperaticn {a repeatad
appiication of voltage) is required simalar to the refrash system used for the dynamic RAM.
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Optical contrast of the liguid crystal is produced in the mechanism as follows:. First, enly the
light elements which oscillate in a specific direction are transmitted through the upper polarizer
plate onto the liquid crystal. The ilight, arriving on the liquid crystal, is affected, depe'nding an
whather an electric field is applied or not:

< When no electric field is appiied -

The penatrating light is polarized by 90°. This causes tha oscillation directian of the light to coin-
cide with tha pelarization direction of the polalrilzer plate and the fight is transmitted through it.
Then, the light strikes the bottem reflector plate and is reflacted, so that the panel locks 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 penstrating 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 pansl looks dark (black).

Tha 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,

® Qisplay dot (segment;

046
Each display dot has an ares of Q.45 thigh) x 0.41 -
0.41 {wide} mm2. These dots are laid out at a —
vertical pitch of 0.5 mm and at a horizontal JK)
pitch of 0.46 mm as shown in Fig. 2-76. i &
n
(LIt mmyp

Fig. 2-76 Display Dot Dimensions And
Layout

Notes:

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

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

temperature range. I the range is exceeded, however, this compsensation is no longer possible,

and the L.CD panel may exhibit one of the following problams:

< Lower temperatura =

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

@ When the temperature further falls, nc salected 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 panal 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 onginal property by itself if it is left at the normal temperature for 8 while. If the panel is laft
i &h abnormal temperature range bayond a certain limit of time, however, the liquid crystal may
ba parmanantly affected and the panel may not return to its ariginal operating candition.

283 Cireuit Operations

The LCD panel is structured as a 480 (horizontal) x 64 {vertical) dot matrix and dirvean with eight
SEM120 X-direction (vertical] drivers and one SED1120 Y-direction (horizontal] driver. The
SEC1120 drivers, each of which can drive 64 dots, are assigned to eight X drive lines
X1 through XB, as shown in Fig. 2-77.

480 dots
. T e e e e e, - -
1 11 |33|65|97|129)|161|193 226|241 | 273|305 | 337|369 |401 1433 465 |
] | \ : |; P i i ! i ; { ( {
p H ! . . ,l 1 : 1 :' ] "l t :l ; : ; (7
—{ 32 | 64 98 (1280160192224 1240 (2721304 | 236 | 36R | 400 (432464 (480 ?durs
|
kB-’-'I- X1 | X2 | X3 | X4 " X5 | X6 | X7 | X8 | X1 P X2 [ X3 [ X4 [ XH | X6 | X7 | XB
"_‘|
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 transfarred to

one of these eight driver chips, ong at a time, by means of a chip-anabling method designed to
minimize power consumpticn.

X1 X2 X8
_El EO _El EO El
LP—1o® re ° Fr (X3~ X7} ® F
mij il
XEGL F

Fig. 2-78 SED1120 Data Transfer Schame
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In the above circuit, the Latch Pulse {LP) signal iz supplied to the Enable Input (El) terminal of the
first li.e., X1} SED1120 driver. Once the X1 driver is enabled {the internal flipflop is set ON) with a
single LP signal pulse, the subsequant drivers X2 through X8 can be sequentally selected {or ena-
hled} by tha XECL signal.

28.3.2 Data Transfer

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

iy I
KECL rl rl

) L4

1l

18 pulsas

sep1120 | | X1 X2 [xa//” x7 | X8 [ x
Chip selact "

XSCL j_““ml—-—— _!;/_J——|_
LN 1 |

80 56 o
DINT !;]— [5-;! e [:I
DINZ L_zl IE_E! - I;l
DIN3 1[3-:1 gg /e D

Fig. 2-79 LCD Operation Signal Timing

16 pulses of the data strobing signal XSCL are supplied to sach SED1120 driver. During each of
thase pulsas, data bits 3INQ through DIN3 are strobed. These data bits correspond to particutar
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 repeatad on all the SED1 120 drives, X1 through X8, to display a single horizontal dot

lina. The series of operations needs to be repeated 64 times to display all dotens the entire LCD
panel.
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2.8.3 X-¥Y Display Control Timing

o Approx. 285 psec

—l

AR iy

|-.=|L..-w- ....... A i o \
Approx, 130 pmec (3.25 ysac x 40)
| Total 124 pulses

............ S—

Approx. 3.25usen
I S Corresponds to 15 XSCL pulses.

e L LU LT |

YSPU LJ_] 1
YECL -—“ "

Fig. 2-80

Four displayed dots (or four data bits), arse transfarred by a single XSCL pulse. {480 dots =4 x 120
» SCL pulzes). The data bits faor one entire dot line in the ¥ direction, are transferred in a duration
af 130 us.

A pulse signal LP is generated at the came frequency as the XSCL puise signal. This signal out-
puts the Y-lina data cutput signal YDOC when it is activated. This causes the Y-fine drive position
to ba advanced by cne dot te designate tha next dot line.
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Observed LCD X-Line Display Control Signal Waveforms
(Top) LP - measured at CN5, pin 7. [ s

(Second from top) XSCL - measured at CNB, Sy LYY 50 s
pin 9.
iSecond from bottom) XECL — measured at G n ﬂ
CN5, pin 8. [“"‘*"'_ ||_|
{Bottom) XDO - maasured at CN5, pin 10. G
o LU0 L ANAANE -
o il

L3 =L LI

Fig. 2-81 LCD X-Line Display Control
Signal Waveforms
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{Top) XECL - measured at CNB, pin 8.
{Battam) XSCL — measured at CNS, pin 3.

The XECL signal selegcts an  X-drive IC
{SED1120) from X1 to X8 on the MAP-LD
board. 16 XSCL signal pulses correspond to
aach on XECL pulse, and four display data bits
correspond to each on XSCL pulse. Thus, 64
data bits (display deis) are written to the sslact-
ed X-drive IC in succession, Fig. 2-81 shows
waveforms of the XECL and XSCL signals on
different time base. 1% XSCL pulsas corre-
spond to the first XECL pulse and 16 XSCL
pulses corrgspond to each of the subsequent
XECL pulses.
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2y S00my aus
] M
||
2y
)
I|I IIII
%v ,,,,,,,,,,,,,,,,,,,
2V KOO mY 50005
'| |'-||| ﬂ i lrﬂll M
________ | L_IL..JL_JL..JL._JL
S
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Fig. 2-81 LCD X-LINE Display Cantrol
Signal Waveforms
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Observed LCD Y-Line Display Control Signal Waveforms

{Top) LP — measured at CNG, pin 7.

{Second from top} ¥YSCL — measured at CNG, 5y sy _;50_5.5'_"
pin 3. : 1
{Second from bottom) ¥SDU - measured at ! e n— ' ﬂ !
CNB, pin 4. . |'| : ﬂ i
iBottom} YSCL - measurad at CN5, pin 9. ' G } :
P _ﬂ | ﬂ |
T | :
G—w H I I
5V | By |
L e = — |
5y 5V > EOpS
&
-
G |
| — -
]
.- AT
By 5y

Fig. 2-83 LCD Y-Lina 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) frequencics. It switches the FR signal

to change the pane! display mode. Jumper terminal A [se& Fig. 2-84) is wired when the computer
is shipped. Fig. 2-84 shows the FR signal generator circuit which includes the jumper Fig. 2-851)-
lustrates the timing relationships among various circuit signals.

94
64 ld
1A JEJ
LP 3 101 (= 5 urnpar
=12 A
1320 Ay, 2ec m—::)
7 . FR

;t;— G fte LCD unit)

EJ 2

T2

F !
R T

Fig. 2-84 FR Signal Ganerator Circuit

The LP signal is fed to the first stage of the dual 4-bit binary counter, IC 3a. The signal frequency
is divided down toc one sixteenth {286 ysec x 16 — 4.5 msec) and is furthar fed to the second bin-
ary counter. Two outputs are provided from pins 11 (204} and 9 (2QC} of the second counter,
which respectively have one 32nd and one 128th of the originai LP signal frequency.

About 285 wsec.

e JLHLIULH_IULULM_IUI_H_HJI_H_ILH_H_H_

QaPin g
{100 | Apout 4.6 y=ec.
|

10D —
204 ™

208 —|

2aPin 10—

A

About 364 ysec. =

FR]

Fig. 2-85 Timing Relationship Among RF Signal Generator Circuit Signals
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Fig. 2-87 shows actual waveforms of the two FR signals.
ToplJB,A(C 2aPin 10) [ \
iBottom) 5, B{IC 7¢ Pin 63) 5y »5ms

av

Fig. 2-87 FR Signal Waveforms

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

Salact eithar signal A or B, chserving which gives less ghost and better display quality.

284
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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 voitage of +2V is supplied to the converter, and is used to compare the
varicus analeg input voftages for conversion as shown in Fig. 2-88

-5y 51 SCK 30 s

0.1 uFr R&0

[ R NP [T T S, TP Y— —a
F i 10 Wil
¥

Temperature ﬁ

L
Battary uoltage—n-----------..xﬁ \ E
e S-bit shift P
I | rggister
{Analog ihput) 2o 18
T 301 ¢s eno|l g
External input signal -« /,f"f Sequential - L E 7OLD RIZ
s VRF |_Comparison g T Lk [N —
o | regisier =
Barcods input signal - - S U Jﬁ’ g 1:35
Refarsence input 2811 D/ A atp
2.0V _
14
it

Fig. 2-88

2.9.1 Operation Caontrol

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

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

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

1. Channel Selection
Aftar activating a low cs signal , the first channel selection address bit is supplied via the 51
signal line, together with one shift clock pulse from the SCK signa line. Repeating this opera-
tion eight times, with the adress bit changed each time in sequence, causes the complete de-
sired channe| address to be set te the shift register in the converter. This then goes high. This
causes the least significant bits of the shift register to be set to the address latch decoder and
the channel is selected according to the two bits as shown in Table 2-16.

Table 2-16 Channel Selection

Bit O Bit 1 ] Analog channel
0 ¥ - 0 {Temperature) ”
1 0 1 {Battery voltage;
[ o 1| 2 External input o
1 1 3 U —
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2.9.1.1 A-D Canversion

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 ragister. An analog
voltage eguivalent to the value of the bits set in the sequential comparison register is generated
by the converter and compared with the input analeg voltage by a built-in comparatar. It is then
determined whether or not to reset any of the virtual bits, depending on the compared result. This
aperation is repeated until the exact combination of bits, which is saquivalent to the input analog
voltage, is finally set in the sequantal comparison register. This sagquence of operations requires a
minimum of 56 clock pulses, and the entire sequence is repeated until the cs signal is turnad low.
Thusg, the sequential comparison register is refreshed approximately 14 every us (2.5 43 x b6 =
140 us) becausa the clock cycle is approximataly 400 kHz.

2.91.2 Converted Digital Data Read

Turning the CS low causes the sequence controller to stop operating, terminating the conversion.
Approximately 12.% us (a duration of b clock pulses) after this, the internal o] signal, which is
used in the sequence controlier, goes low, allowing the converter to be interfaced with the axter-
nal circuit via signal terminals such as SO and SCK, stc. The contants of the sequential compari-
son register have been set to the shift register by this time. Thus, when the shift clock {SCK) pulse
is supplied, the digital data is output over tha S0 line one bit at a time &t 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. |t internally converts an input analog voltage to & digital
value of eight bits. Howewer, the total error at a reference voitage of 2.0V is squivalant to the two
least significant bits. Thus, only the six most significant bits are effactive.

2.9.1.4 Timing

Fig. 2-89 shows a conceptual basic oparation timing of the converter. The minimum conversion
time corresponds to a duratien of 56 clock pulsses, 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 vaoltage {approximataly

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

When thase voltage are sensed, following sequence is initialed.

@ Lowwveoltage........................ approximately +4.7V
When this voltage is detected, the 7508 forces the current computer aparation to an end at an
appropriate point {a point at which the terminated operation can be properly resurmed) and
switch the main battery to the auxiliary battery.

@ Becharge start voltage............ approximately +5Y
When this veltage is detacted 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 voitage detector circuit. The battery voltags VB is fed to Ithe divider
circuit, which congists of RB9 and R57. through the fuse F1,and the transistor 037, The divided
voltage is suppled to channel AN1 of the A-D canverter. The voltage drop across F1 and Q32 is
negligible and the voltage at the AN1 terminal Van is given as follows:

AN1= s T ~~AN1 = 0.36-VB

@ Low voltage: The converted digital value, which is equivalent to the low valtage of +4.7V, is
D3(H) at a reference voltage of + 2.0V (the digital equivalent is FR{H}). This value is approxamate-
ly equivalent to 1.69V. Thus, the VB voltags of 4.7V should generate a potential of 1.75V at
terminal AN1 as detsrmirned by the following expression:

1.69

VB[:] = b 36

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

I

fh'i' k i
— e R czah
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2.9.3 Tempetrature Detactor Circuit

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

2.9.3.1 Circuit Operations

Fig. 2-91 shows the tamperature detector circuit, inctuding the sensing section. The reference
voltags (VRF] is adjusted to +2.0V by VRZ2. Thus, the potential at point (A} is given as follows, ba-
cause of the voltage divider circuit consisting of R76 and R111;

U H

47P
R &0 I_rl
RIZLIC2%
) 7 A

%33 2z
55 ¢ 3
6] _
o 5 :E e 1 Syl
{10 JFD 7000 - 7o PMa
RI1 151
T & A8 N % 5
5 3 |

sok 3 10K
YR

I
F T

ERT L0AR562A8

Fig. 2-91 Temperature Detector Circuit

R111Vx
VRF = R76+R111
_.VRE(R7B+RI111}
Vx= R111
2348 x102+100x107)
V= 160 1 165 =2.696 {V)

Potentizl at point {A)

The potential |A) is elso applisd to tha voltage divider circuit consisting of REBS and the thermistor
TH1, which is the ternpsarature sensor. The potential at the junction of R86 and TH1, VTH, which
is supplied to channgl ANQ, is therefore represented by the following expression:

RITH1)- 2.696
RBEG + R {TH1}

where the thermister resistance R [TH1) has the following temperature charactenistic:

YIH=

1 . —— 1 N L
02732+t ~ 02982 (¢
As the temperature rises, the thermister resistance decreases, causing the voltage supply to the

AMO chanmrel (VTH) to be lowered.

RiTH1} =55 K exp 4.3 |
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2.9.3.2 Processing By Sub-CPL 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 peints that carrespond 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 currant (pA) >
A5 orabove ... 1400
2borabove ... BOO
Below 25 .o 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 aof the A-D cenverter, provides a universat A-D conversion capability which can convert any
analog voltage signal from OV to +2V to digital data from 0Q (H) to FF (H). A triggering output
{TRIG}) terminal is provided in this interface so that a wide variaticn of analog devices from a sim-
ple one such as a joystick to 8 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 +5% by voltage limiter diodes, and high freguency noises on
the signal line are removed by a filter circuit, including the capacitor C37, before baing connected
to the A-D converler. Fig. 2-92 shows the barcods control circuit.

. R52
TRIG Gy "Wy t R 12 =4
{ 10K 1
Analog input intarface | ANIN O - 0 *3 C33;
RoT
100K DAZ
- GNP RMM  R33
K K
oN ! L OFF DAT A/D converter
R106 o ca'.j;
100K +3
R32
[BROT Qe b AN v7s AN
- 10K 5K o
c36 wFO7001
H23§
2.2K
Barcoda interface
+5 O ¥
c2zz
GoO——
77 °eP tc SWBCD
12 0<I. 5 MJHE
120

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

The barcode input (BRDT) terminal is connected to the AN3 terminal of the A-D convearter,
through veltage 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 saction, "Barcods Intarface”. The AN3 channai
pravides a rcute to a special check function for any unacceptable deviation fram 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 ars numerous modals of barcade readers whaose hardware characteris-
tics (which require different barcode color pattern specifications, scanning angles, end/or reading
heights, etc). This computer incorporates an interface for TTL-compatible, hand-held barcode
readers which are discussed in dstail in the foilowing:

This interface has a +5Y line terminal that can be used to supply the operating power to the con-
nectad barcode reader. The suppiy is controlted by the barcode reader powsr anjoH (SWBCD)
signal fed from port 12 of the gate array GAH40M which can be directly contralied by hit 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
{BCDy after being inverted by the IC 3D as described above. Thers the signal is examined whether
it is active {ON or MARK) or inactive {OFF or SPACE), and each active {MARK} duration lie. the
pulse width} is measured under the control of the main CPU. Before proceading to the discussions
on the barcode interface circuit operations, basic functional theories of a barcade reader and a
sample wavsferm which it generates from a given barcode pattern are discussed hera.

Barcode Reader

Barcode marks printed
on label shaet

Barcode sensor Lens o

+5 O - LED N
R PN I S R T EInal
T T Photo '_._. -
BRDT © Dhgitizer Amplifier transistor
cwcuit Reflected light

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

Scanning spead 1

Scanning speed 2

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

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

Barcode Data Processing

Read barcode patiern data are detectsd and processed under the control of the main CPL. A trig-
ger pulse, which is generated by the leading and/or trailing edge of each arriving barcode data
pulse and a fres-running counter (an endfess counter which repeats counting from 0000 (H) to
FFFF {H) are used to detect the puises; a data pulse is detected by comparing the counter value at
tha time a trigger pulse is generated and at the time the next trigger pulse is genarated.

Fig. 2-96 illustrates the operation.
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J/—-'Cluck

\PHESET W RESET
FRC jupper & bits]  ju=— FRC {lower B bits)
Overflow
0003 Read 0002 Read
) Main CPU
ICR lupper 8 bits) ICR {lower 8B bits} (48
Q000 Read
..... Ny
[ata bus V]
0001 Read
“““““““““““““““ T Trggermode  [UUH(E5H Write
A-T converler Interrupt control
CTRL CTRL {ER) 0004 Wite INT
o ———
| t
ICF {Input Capture Flag) —1 GAH40D t—ﬁlﬁrﬁérrubt
| |

L = = = d

Fig. 2-95 Barcode Data Read Circuit Block Diagram
Table 2-17 BRDT Triggering Modes

Thea barcode data read control is initiated by
an interrupt issued from the gate array
GAH400 to the main CPU.
the input capture flag {ICF} is turned ON by a
harcode pattern read {i.e., reader scanning).
The trigger may be generated at a different
point ¢r points on the puise, depending on
the BRDT triggering made selected by the
user. [See Table 2-17)

When interrupted, the main CPU first reads
address 0002 to store the lower eight FRC
bits in the corresponding lower half of ICR,
then it reads address D003 to store the upper

It occurs when

Address 0G00 BRDT triggering mode
Bit1 | BitO [polarity)

0O 0 Triggering is disabled

o 1 —l Triggering at falling edge

1 0 _f_ Triggered at rising edge

Triggered at both rising
1 1 = .
_T_ ¢ and falling edges

aight FRC bits in the upper half of ICR, and resets ICF, removing the triggering signal. At
the time tha trigger pulse is generated, the main CPU reads addresses 0000 and 0001
to determing the FRC count value: ICR maintains this value untit it is updated by ths next FRC
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read, while FRC continues counting until another intarrupt by the BROT 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 BRODT signal is also connectad to the A-D converter; converter output is used to examing the
barcode data signal for any unacceptable deviation fram the nominal voltage levels and has noth-
ing to do with data read.

R52
TRIGO LYY FO— . . .
10K _L 25}
' Do 5 33 7508
Anatog interface | ANIN . >
émr}?
. 100K DAZ
one Ja RM1-1 R33
T ANZ
Yy » 10K 54K
onl /oFF Dad
& C37
R10
1O0K
" 56 "3z
BROT @ wuj:w»— AN3
10K 54K 1D}
o T3 pPD7O0N
RZ3
Barcods interface 2.2%
+5 O—rreees Lo
+
cz
. [ SE—
BCD
rida . (4C)
SWECD
i Dq L&) Fiz2
120

Fig. 2-96 Barcade Intarface Circuit
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Fig. 2-97 shows an example of the barcode patterns. (This pattern is for low-resolution of CODE
39.

MY AN
L IRV
AR L
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210 ROM Capsule

The ROM capsule can hold two 256kB ROMs and is cantralled by tha gate array GAH405. A
power supply ling which gsnerates and supplies +5Y 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.

=13 K
ROM =2
{O000H ~ 7FFFH) e —
o
4l
& I
o a
! )
~ i
1OE < ©
ROM %1 {
- 6303
(BOOOH ~ FFFFH) b {13D)
N
cCcC
S 8
GAH405 p P
1T 0
A AB14
“ AR1H
ROM capsule E
power [+5Y) supply N AS
R
DAD ~ 7 >
Fig. 2-98

2101 Addressing

Twa 2767 (8kB), 27128 {16kB), or 272586 {32kB) ROM can be mountedta the ROM capsule and
are accessed via the G303 slave TPU as follows:

The ROMs are addressed using the data address lines DAD through DA?Z. An address is therefore
set in GAH40S5 in two parts. GAH40S has two 8-hit PROM address registers; High and Low,
which can be directly accessed as an /O address from the slave CPLU.

The most significant bit {MSE] of this set of address registers is used to select either ROM # 1 or
# 2 (i.e., serves as the chip select bit). Fig. 2-99 is a block diagram conceptually illustrating ROM
capsule addressing,
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ool ROM 221 :]
ROM salect ROM % 2 Data :>6303

————]register

i =i

R Address
O023H
FROM address FROM addres
register {Highh 7 6 5 ‘4 :3 2 1 O 7 5 5 '4 3 2 1 U ragistar:Lc:w}S
MSB X T X (5B
A /\_. 4k— Address D023H
me Address 002 2H
0oap-~ 7 6303
Fig. 2-99

ROM data is read by a read at I/0 address 0023H from the 6303,

2.10.2 Power control

The +5V ROM power supply is controlied via, the 6303, by accessing the command register in
GAH405. 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 {1/0 address 002 1H), which is
under the direct control of the 6303,

GAHADS |
ROM 1 | ROM 2
Data e |
Slave - |

CRU - ol [}
6303
Address 002 1H — — — o 0021 SWPR +5V ragulator
L IR ! ROM capsule
power supply
Fig. 2-100




This power supply is controlled using a 3-second timer and cperates as follows:

(1] Whean power is off

REV .-A

The SWPH signal enables the voltags regulator. 50 ms later, ROM is read and the timer is trig-

gered.
{2} When powaer is already on
ROM is read and tha timar is triggered.

The above 3-second timer is used to anable the voltage regulator only during ROM read; the regu-
lator is automatically disabled if ROM is nat read within three seconds, ROM access is made sffi-
cient in cases where many ROM reads are rapeated within & 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,

I U

ROM read

Rggulator cutput

|
1
|
|
—f 2 ]

3 second

| I
I I
I [
I I

Fig. 2-101 ROM Power Voltage Regulator Control

2.10.3 ROM Data Format
It should be noted that tha logical addresses
imemory addresses as seen frem the main CPU)

and the actual ROM addresses do not com-
pletaly match, as shown in Table 2-18. Legical

addrasses are used in the following descrip-
tions on ROM data format,

50 msg L1
e ] —ff ™ o]
3 sacond 3 sacond
Tahle 2-18
ROM Address
Logical 2764 27128 27356
address {8 kB) {16 kB) {33 kR
Do0oo 00(-;::-0 000 4000
1FFF
0
3FFF / // 7FFF
4000 /;/// A / 0000
?FFF // % 3IFFF
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2.11 RS-232C Interface
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This interface is contrelled by the programmable serial contraller 82C51 {IC 2. The interface re-
quires special voltage supplies that meet the RS-232C standard. + 8BV sources are provided from
a DC-DC converter regulator which generates the voitages from the battery voltage (VB) under the

contral of {C 4C,

2.11.1 RS-232C levels
The RS-232C standard defines the space state as being batween +25V and +3V inclusive, and the
mark stats bs between =25V and -3V inclusive. This circuit uses the DC-DC converter to gensrate
the voltage sources of =8Y from the battery voltage +5V) for the R5-232C levels. Table 2-19
sumrnarizes the relationship betwesn the lavels and data signals.

Table 2-19
. C . Start/Stop Bit in
Woltage Level Data Signal Timing Signal Stats Start-Stop System
+8V ] On Space Start bit
-8 1 Off | Mark Stop bit

The interface circuit uses the recever circuit shown in Fig. 2-103, which can receive up to maxi-
mum levels of £ 25Y.

Input

+h
10K
O—MA— -
{RS-232C lavals)

) Output
100K

4049

{input wavetorm}
3

[TTL lawels]

Fig. 2-103

{Qutput wavefarm)
G

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

Z2-100
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A circult diagram of the B5-232C interface circuit.

«— TXD ToCNB

RYD Jc:pticn interface
v,
E
2ot corm INT2
- AUX | To gate array
........... e SWRS |GAHAOM
— INHRS

uj— ru i

L o & & &
U L i [
1 3 T
v & F :
CTTTRTTTR . B
e
o

[+] a
J; GN VB
L
‘:l~l.'.-

Fig. 2-104 RS-232C Interface Circuit
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2.11.2 RS5-232C Interface Circuit Operations
Tha base transmitfreceive clock signal is supplied from GAH40M and data are converted from

REV.-A,

paraliel 10 serial and vice versa at the same rate as the base signal; one sixteenth or ona sixty-

fourth of the base rate can be selected using the mode instruction registar. The baud rate genera-
tor in GAH40M needs to be set to the desired rate bafore an R5-232C operation is initiated. Ths
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 ganarator can be set by modifying bits 4 through 7 of the register, 1/0 address 00,
through a writa from tha main CPU-

Table 2-2Q Baud rate Generator Settings

Bit 7
Bit 6
| Bit 5
[Bitil

B B |B | B Baud 8251 Baug 8251

R R|R R TXC RXC | Ratex 1/16 Rate x 1/64

G G|G6G G (8251 clock) B
307010 TX RX TX RX
ol|lo|0|o0 1 74545K 1.74545K 110 110

c|lOo| 0|1 2.4K 24K | 150 160

ol|lo|1]|0 4 8K 4 8K 00 300

I O SO SN N Jemememem errsnsrnem secessie Jreersenen e e meeesssm sessse| e e e e e
oo |1 |1 9.6K 9. 6K BO0 600 160 150
0|1 0|0, 19.2K 19.2K 1200 1200 300 300
ol1 o1 38.4K 38.4K 2400 2400 600 600
ol|l1 1|0 76.8K 76.8K 4800 4800 1200 1200
o1 .1 |1 163.6K 153.6K 9600 9600 2400 2400
AN TS DO S A A R oot AR |
10|00 19.2K 1.2K 1200 75

10|01 1.2K 19.2K 75 1200

1(0[(1]0 307 2K 307 2K 19.2K 192K ABO0 4800
1100 3.2K 3.2K 200 200 - | —

* For asynchronous transmissionfreception {start-stop bit systemn), the transmit/receive clock

rate is internally obtained by dividing the base signal down to one sixteenth or one sixtyfourth.
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The AUX signal is supplied to pin 4 of IC 120 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/ta 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 QOperation Timing
Handshaking of this interface varies depending on software specification. Fig. 2-107 illustrates
the timing ralatienship among the interface operation signals.

SWRE —

+=8Y —/

INHRS —

g

DTR

Transmitter < DSK

RT&

CTS

= 5
Data | 5 TS TI5 ||
1 _Tu]234557FT01234557 7

(space/mark)

- A

Raceiver CD

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

< Setting up for Communications -

The interface set-up operations are common to BS-232C transmitting and receiving . The SWRS
signal from GAH40M first enables the + 8Y regulator. At the same time, the INHRS signal is
activated to pravent the regulator cutput from being supplied until it rises beyond a certain level
and becomes stable. Then, the interface issues the DTR signal to check whether the connected
modem is ready. If ready, the modem responds to DTR with the DSR signal and waits for the
arrival of the RTS signal or carrier (CD). In the following discussions, either RS-232C interface can
be transmitter or receiver.
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< Transmigsion >

The transmitter interface issues the Request to Send (RTS} signal to its modem. This causes the
madem to output 3 carrier ovar the communications fine to put the receiver R$-232C interface in
the receive state. After this, the madem retums the Clear te Send {CTS5) signal to the transmitter
interface. This causes the interface to initiate a senal data transmissicn. The modem modulates
and transmits the data bits over th& communications line.

< Recepticn >

The carrier, arriving over the communications ling, is detected in the receiver rnodam after passing
thraugh 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 fallow, including fiow aver the communmcations lina,

OTR DTR .
-ROY} r 1RDY |- &= — Receive
1 I side
Transmit DSR | ___ e e DSR.
side
RTS c RATSA
——0sCHT - B ————
crs | ; 3 | CTS
Communications [ine F
E
—_ - -1 i co
TX ~
= — e RXT
A E"w-;g- >
[1-]
, : A
1 = ;
i = L
} Transmitter modulatarf Receiver modulator, ll'\
; demodulator {modem) demodulator imodem} 5
R5-232C levals RS-232 levels
Fig. 2-108
2105

T

S



2.11.2.5 Signal Level Conversion
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An IC 756188 {USART} is inserted in two RS-232C interface output signal lines to canvert tha TTL

tavals to the RS-232C levels of + 8V,

A limiter circuit consisting of two dicdes is used for the level conversion from R5-232C to TTL.

Fig. 2-109 shows the individual circuits.

= Dutput signal lines >

There are three cutput signal lines; RTS, TXD
and DTR. RTS and TXD are converted by the IC
12C {75188). DTR is normally pulled up to the
—8Y supply and it is driven to +8Y anly when
DTR goes low.

< Input signal lines =

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

T 2 3
RTS —=11zC —':31_L ------ ——o BTS
14 ;l;
+By
ALLX — 4 ) o=
XD __ 5] 124 ¥ 1 = TXD
™
(INHRS)

B ' e a OTRH
_MEL } BV T
DTR :

ToRS5-232C
intarfaca

&Y

GND

Fig. 2-109

* This interface circuit uses R5-232C lavels of + 8Y. The standards defina the levels as follows:

# Mark —logical "17 (stop-bit level): -3V ~ =25V

# Space - logical "0" {start-bit level): +3V ~ +25Y
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2.11.2.6 Recaption

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

power is on or off.

That is, the RS-232C interface supply voltage regulator neads not be turned on cnly for raception
provided that the CD (DCD} signal is monitered with the DSR signal held high or the raception

check is disabled.

@ The 10 kehm current limiting resistor insert-
ad on the receive signal line as shown in Fig.
2-110 pratects the connected device from
excess current or voltage drop. The naxt val-
tage limiter cirguit, consisting of two diodes,
and converts the R5-Z32C line lavals fraom
the mating transmitter to the 0/45Y TTL le-
vals. The 100 kchrn resister pulls the limiter
output down to ensure that the inverter IC 3B
to functions properly.

2.11.2.7 Operation Mode Switching

The transmit/receiva lines between the option
unit {if connected) are connectad to the trans-
mitfreceive data lines (TXD/AXD) between the
serial controller 8B2C51 [{2A), as well as to the
those lines going te and fram the RS-232C in-
terface, as shown in Fig. 2-111.

These two pairs of lines cannot be controlled
simultanaously. It is necessary to enable one
aither pair or ne other, This is accamplished by
the AUX signal, issuad from gate array
GAH40M. This signal is cantrolled by the main
CPU using bit 5 of its 1/ address 0002, When
the bit is Q, 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.&., the AUX sig-
nal is high, the data lines are disabled. Thus,
the cption unit data lines must be disabled at
the option unit in order to prevent mixture of
tha signals.
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100K,
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2.12 Serial Interface
This interface is provided by using the serial port of the 6303 slave CPU. A baud rate is obtained

by dividing the 614 kHz system clock supplied from the 6303 according to the command sent
from the main CPU. Fig. 2-112is a circuit diagram of the serial interface.

g
1 —t SlevecPU 5303
Plg
I3 A
LL1 Py
a Eo T
E
i
?
{INHRS}
018 Collsctor SERIAL
CNE
;
3
3

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 usad in the
R5-232C 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 bs determined by varying the internal frequency division of the clock signal to the
slave CPU {24578 MHz). Ore of four baud rataes, 38.4K, 4800, 600, and 150 bps, can be salact-
ed. The baud rate salection is accomplished by rewriting slave CPU address 010 {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 | Frgquency Division Ratio {Frequency l

Bit 1 Bit 0 |Division to the Operation Clock Signal); fransmission Rate
. D xxxxxxxx - e ror 34800 bands
... ﬂ ,,,,,,,, - . ”123 208 4800 bau::‘i:"
1 0 1/1024 1E?m5 xxxxxxx 600 bauds
.. 1 _________ 1 s oo p— E — 150 bate
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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
Vohtage Level Data Signal State or Stop Bit State.
+8V o - Space Start bit
-8V 1 Mark Stop bit

& The Transmit {ﬁ} signal line is controlled by the INHRS signal via transistor Q16 inserted
across that line and the -8V supply. This is required ta suppress the regulater cutput, prevent-
Ing its risa time irregular voltage waveform from being recognized as a start bit by the connact-
ad device.

® The PAX and PIN signal lines have a 10-kohm currant limiting resistor, a2 voltage limiter circuit,
consisting of two diodes, and a 100 kehm pull-down rasistor, as shown in Fig. 2-113.

The current limiting resistor protects the connected device from overload and veltage drop.
The valtage limiter converts the + 8V RS-232C levels to the (/+5V TTL levels.
Thea pull-down rasistor ensures that the IC inverter to functions properly.

+5
Slave CPU

98

-— Input

10K
100K

Fig.2-113

21089

-
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2.12.4 Circuit Operation
The interface allows the following futl-duplex data transmission between the computer and the

connected device:

Nurber of start bits: 1 bit
Data length: 8 bits
Number of stap bits: 1 bit
Parity: Mot used.

The POUT and PIN signhals, which respectively, indicates whether the computer [or the connectad
device} is in the transmit or receive state. Hawever, 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
Controd signal
POUT 4 » PN — — 7
PTX Transmitied data » PRY
. Control
PRX e Received data PTX Ccirguit
PIN Status {Ready) signal POUT — — J

Fig. 2-114 Serial Interface Signals
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2.13 Speaker Circuit

A cone spaaker is built in on the back side of the MAPLE board. An extarnal speakear can be alse
connected as required.
{1} Input signal
The following three signals are input to the spaaker circuit,
® Microcassette read signal - may be a sound source.
& Slave CPU 6303 output.
® Expanded intarface SPI signal.
{2} Output cantrol
The output to the speaker is controlled by the slave CPU 8303 via its port 17 as follows:

Port 17 level Cantrol
High Enables tha speaker circuit.
Low Disables the spaaker circuit.

& The output level ta the speaker can be adjusted by a variabla resistor,
® The internal speaker is automatically switched to the external speaker when the speaker
cord jack is connected with CNT1,
(3] Speaker
The built-in speaker is a 200 mW, B ohm cone speaker with a frequency range from 600 Hz to
10,000 Hz.
Nota: Tha BEEP command can specify up to 2600 Hz.

2.13.1 Circuit Operations

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

SFt (Speaker Input fram option unit)

a k]
Fram slave CPU 303, port 16 {pin 19}

RADSP (Microcassette read data)

Fram slave CPU G303, port 17 {pin 20}

EXSP ?c-:j'ﬁ“T
10 ExsF' 1
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When the operational amplifier is activated, the 5P, 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 €18, are amplified and the output is obtained at pin 5.

The inverted input terminal {pin 2) is greunded. When the voltage at tha negative pale tarminal of
£18 deviates from the ground level, tharefare, the voltage divided by the variable resistor VR is
supplied to the non-invartad input terminal {pin 3} and amplified.

£18 is inserted to reject the DC component of the incoming signals.

2.13.2 System Outputs to Speaker
Any aone of the sounds listed in Table 2-23 can be output 1o the speakeris) from the system via the

BASIC SOUND command, 8.g., /n the application program.

Table 2-23 Systermn Outputs to Speakser

Oceasion Sound
Powar on in Restart mode Ora short sound of selected frequency
Power onin Continue mode - One long sound of selected frequency |
Before password antry One "peerog”
_;larmfwake o pﬂw;.r..;# ................................................ Thmepeﬁmes i
Alarm/wake display Three “peerog”

The buzzer is sounded by 4 combination of the abave sounds.

Example: When the computer enters the Restart mode at the Wake time while power is off.
Three "peeross” and one short sound of the selected frequency occur.
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Ovserved Speaker Qutput Signal Waveforms

iTop! RD - Maasured at IC3, pin 1.

{Bottemn) RDSP - Measured at CN1, pin 5.

* Adjusts the volume control variable resistar
VR1 at the middle when playing back AZI-
MUTH tapes.

200 my

200mv 5045

M

200my

£00my

Fig. 2-116

When the variable resistor VR1 is set minimum, the RDSP signal has a'most the same phase as
the output signal at IC3, pin 1. Howaver, its phase amplitude decreasas as VR resistance in-

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

l\
___l/

SN
—/

Row decoder {128)

Cell matrix

il

J‘\

RAS C-em-

4

Column dacoder [128)

Row timing pulse

generator cireuit

Refresh address countar

Refresh controller

= Output © DO
buffer
Input )
buffer
[ 1
Timing pulsa —
ganarator —O W
circuit
<o
Colurrn timing pulse —
Qen@rator circuit —0  CAS
< RF

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

< Address lines =
Each D-RAM chip has a capacity of B4k bits, parmitting only eight lines to be addressed at a time.
Therefare, GAH40D sends the upper and lower sight bits of the 16 bit address lines from the main
CPU separately. This adress mode 15 illustrated in Fig. 2-118.

16 addrass £ address
lines lines [
GAHAOD——N] ‘5"

Main 40 ¥
CPU _._/ rz- —| %;
tar | 2
I-"; I AlS

AlS _J

L -

Addrass decoder

Address output
from main CPU

GAH40D
address decoder

CAS

Fig. 2-178 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 G-RAM is a uasi
C-MOS product {the output section is built with C-MQS 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 lineQ ~ 7

ow | 168 7E) L (80} n t6E) n :u’h 70}
c 5‘ ™ RF Bit 5 — Bit4 gtz || 1
PCAS) canson |—=w
. = RAS
Bank —— a8 'IIL $ {5E) G_
control Bit 3
T ——— S ———
(Y
& Main CPU PL ROM
™ GAH40OM [
e ] rpE——
BKZ _:J_ Option unit {RAM disk) —!
L. I
- | LGAHMDE BE4KB/ 1 28KE |

Sub CPU 7808

Fig. 2-119 D-RAM Configuration

An external B4kB or 128kB D-RAM memory can be expanded as an opticn vnit, 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 ta 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. Tha feature refreshes tha D-RAM using twa signals: DW and DCAS. Refresh is performed

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

1] Operation modes
The Sub-CPL) 7508 manitors the ambient tempearatura, which is read as a resistanca variation
of a thermistor connected to channel ANOQ of the A-C converter 7001, and an internal control
program determines one of three predetermined temperature ranges into which the read valuy
falls. The sub-CPLU sets the states of perts 72 and 73 according to the selected temperature
range. The range is indicated to the gate array, GAH40D, which internally generates two re-
fresh contral signals CAS and WE, and supplies tham to the D-RAM chips. Table 2-24 sum-
marizes the relashionship between the modas and the control signals.

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

REV.-A

Refresh Ambient Caontrol signals tc D-RAM Control signals from 7508 to GAH40D
g rzs temperature o —— g—
mode range {"C} CAS WE DCAS Dw

TH 45 - H H 0 O
™ 25 ~ 45 H L Q0 1
L 0~ 25 L | — = 1 1

2.14.3 D-RAM Refresh by Main CPL
The main CPU refreshes the D-BAM 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 relatad signals are shown in the following:
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Observad signal waveforms
RAS and CAS signals

{Top)} RAS signal — measured at IC BA, pin
17
Bottom}  CAS signal - measured at IC 64, pin
44
25y
Fig. 2-120 RAS and CAS Signal Waveforms
Menu display o
{Top) RF output - measured at IC 6A, pin
40

(Bottom}  Z-RF input — measured at IC 6A, pin — =
29 G Y -

Fig. 2-121 Z.RF and RF Signal Waveforms
During Menu Display
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Read/write
{Top} AF ouput - measured at IC EA, pin i-_ —::-zu —! SuS
4 ! [
{Bottom! Z-RF input — measured at IC 6A, pin
29 U
2ys
G
1 W
2O
Fig. 2-122 Z-RF and RF Signal Waveforms
During Read/Writa




