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SECTION 1

INTRODUCTION




System Overview
{.Specifications
(1) Main Components
(a) Keyboard
71 keys (9 x 8 matrix)
. Alphabet keys . . . . . . . . . . 27

. Number keys . . . . . . . . . . . 10
. Picture-control keys . . . . . . 7
. Function keys . . . . .« . . . . . 8
. Special symbol keys . . . . . . . 8
. Mode keys . . + « ¢« v v .. .. 5
. Other special-use keys . . . . 6

(») LCD display
Display Panel . . . 240 x 64 Full-Dot matrix

1/32 duty
1/6.66 bias
‘ . Dot Pitch . . . . . 0.8 x 0.8 mm
. Dot Size . . . . . 0.73 x 0.73 mm
. Effective Display Area . . . 191.2 x 50.4 mm
() Case
. Dimensiorns . . . . 300 (W) x 46.5 (L) x 215 (H) mm

. Material . . . . . ABS
(d) Operaticn Batteries

. Batteries . . . . . Four alkali-manganese batteries
(AM-3)
. Operaticn time . . 5 days (at 4 hours/day)

20 days (at 1 hour/day)
(note: with I/0 disconnected)

(e) Memory Protection Battsry (on main PWB)
. Battery . . . . . . Rechargeable Battery (3-51FT)
. Protecticn time . . About 40 days (8 KB)
About 10 days (32 KB)
. Recharge methed . . Trickle charge by AC adaptor,

. or operation batteries



(f)

LSIs
CPU . . . 80C85 (OKi)
Code and pin compatible with 8085
ROM . . . Max. 64 KB (2 Banks of 32 KB)
STANDARD 32 KB
OPTION 32 KB
RAM . . . Max. 32 KB
STANDARD 8 KB (four TCS5518BF (TOSHIBA))
RAM PACK
incremental 8 KB RAM PACK on PWB
CLOCK/CALENDAR . . . uPD 1990AC (NEC)
No leap year/No February 29

(2) 1I/0 Interface

(a)

RS-232C
Conforms to EIA standards
Signal . . . TXR (Transmit Data)
RXR (Receive Data)
RTSR (Request To Send)
CTSR (Clear To Send)
DSRR (Data Set Ready)
, DTRR (Data Terminal Ready)
Programmable Items
* Data Length . . . 6, 7 or 8 bits
* Parity . . . . . NON, EVEN or ODD
* Stop Bit Length . . 1 or 2 bits
* Baud Rate . . . . 75, 110, 300, 600, 1200, 2400,4800,
9600, 19200 BPS

Maximum Transmission Distance . . . 5m
Driver maximum voltage output . . . #5V
Driver minimum voltage output . . . #3.5V
Receiver maximum voltage input . . . +18V

Receiver minimum voltage input . . . %3V




(b)

(c)

(d)

Modem/Coupler
Conforms to BEL103 standards

. Baud Rate . . . 300BPS

. Programmable Items
* Date Length . . . 6, 7 or 8 bits
* Parity . . . . . NON EVEN or ODD
* Stop bit . . . . 1 or 2 bits
. Full Duplex . . . . . Ahswer mode / Call mode,
switchable
. Other Functions . . . Hang Up Function

Auto Dialer Function
Audio Cassette Interface
. Data Rate . . . 1,500 BPS
(MARK: 2,400 Hz, SPACE: 1,200 Hz)
Printer Interface
Conforms to Centronics Interface standards
. Handshake Signal . . . 555535, BUSY, SELECT

(3.) Special functions

(a)

Automatic power OFF

When there is no program operation (awaiting command)
for ten minutes, the power is automatically cut off.

If the PPC is started once again, the power switch is to
be switched OFF and then ON, thus releasing the
automatic power OFF condition. ,

The display will remain the same as before the power was

cut off.



2.Connectors, Switches and Contrast Volume

(1) Connectors
RS-232C . ¢« « ¢« + ¢ « o+ . 25 pins (DB=-258)

Printer . . . . . . . . . 26 pins (FRC2-C26-L13~ON)
Modem . . . . . . . . . . 8 pins (TCS-4490)
Cassette . . . . . . . . 8 pins (TCS-4480)
Bar Code Reader . . . . . 9 pins (A-7224)
System Bus . . . . . . . 40 pins (IC Socket)
AC Adaptor . . . . . . . 55® (Center Minus)
(2) Switches
(a) Power Switch
This is the PPC system power switch.

oN oFF | |oN [T _JoFF

Power OFF Power ON
Fig. 1

(b) ANS/CALL selector
This switch is used to select the MODEM ANSWER mode or

CALL mode.
wvs Morie | [ws @ Jore
Call mode Answer mode

Fig. 2

(c) Coupler/telephone selector
This switch is used to select COUPLER (acoustic coupler

connection) or TELEPHONE (direct connection).

~

prr [__ [ Acp IR [ JAcP

COUPLER (ACOUSTIC TELEPHONE (DIRECT TELEPHONE
COUPLER CONNECTION) LINE CONNECTION)
Fig. 3




(d)

(e)

MEMORY BACK UP Swilch
This switch is for prevention of overdischarge of the

Ni-Cd battery for RAM back-up. The HHC will not operate
regardless of the setting of the power switch, unless

this switch is ON.
Set this switch to OFF if the unit is not to be used for

a long time.
Note that the RAM will not be backed up when this switch

is set to OFF.
on [ oFF| [on [__JorF

MEMORY BACK VP OFF MEMORY BACK UP ON
Fig. 4

Reset switch (push switch)
This switch initializes (resets) the system. A cold
start can be obtained by pressing it at the same time

the Keé omd Key are PY‘ESS&J.

(3) DISP volume
This is for adjustment of contrast of the LCD relative to the

viewing angle.
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SECTION II

DISASSEMBLY/REASSEMBLY




DISASSEMBLY

{.CASES

(1>

(2)

(3)

Disconnect

25"

the cables connected to the unit. Next, being

careful not to scratch the key top, turn it over and remove the

4 screws from the upper and lower cases.

Remove the

upper case so that it opens to the right side. Note

that the upper and lower cases are secured by snaps. Also, don't

apply too much force when pulling open, because the LCD and K/B

connectors
Remove the

4) Remove the
2.K/B PWB

(1) Remove the

(2) Remove the
3.LCD PWB

(L Remove the
4. MAIN PWB

(1) Remove the
(2) Remove the

switch and

are attached.
LCD and K/B connectors from the main PWB.
buzzer connector from the LCD PWB.

5 screws, and then remove the K/B PWB.
K/B supports at the same time.

4 screws, and then remove the K/B PWB.
7 screws.

main PWB upward. Be careful when removing the reset

battery contact spring.



REASSEMBLY
1. MAIN PWB

(1

Align the screw positions of the lower case with the main PWB.
Gently insert the main PWB from the rear and place the reset
switch knob in the proper notch.

(2) Secure the battery contact spring.
(3) Attach the main PWB to the lower case by using the seven M3 x 8
screwvs.
2.LCD PWB
(1) Attach the LCD PWB to the upper case by using the four M3 x 3
screws. f
(2) Insert the buzzer connector in the LCD PWB.
3, K/B PWB .
(1) Align the 2 K/B supports with the holes in the PWB, and attach
them so that they fit to the PWB edge. |
(2) Align the K/B supports and K/B PWB holes with the upper case
screws. .
(3) Attach the K/B supports and K/B PWB to the upper case by using
the five M3 x 8 screws. '
4.CASES
(1) Turn the upper case over to the right side of the lower case.
Be careful not to scratch the key top.
(2) Attach the LCD and K/B connectors to the main PWB.
(3) Then place the upper case over the lower case, taking care that
the cable is not pulled. ,
(4) Align the upper and lower cases so that the tabs fit well.
(5) Turn the cases over, and secure them together by using the four

M3 x 8 screws.
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MAIN P.W. BOARD
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TECHNICAL DESCRIPTION
As described below, the technical description of the Mcdel 100

main P.W. board is divided into 16 sections.

1. LSIs
2. MEMORY

3. ADDRESS DECODING & BANK SELECTION
4. MEMORY MAP

5. 1I/0 MAP & I/O PORT DESCRIPTION

6. KEYBOARD

7. CASSETTE INTERFACE CIRCUIT

8. PRINTER INTERFACE CIRCUIT

9. BAR CODE READER INTERFACE CIRCUIT

BUZZER CONTROL CIRCUIT
SYSTEM BUS

12. LCD INTERFACE CIRCUIT

3. CLOCK CIRCUIT

" 14. SERIAL INTERFACE

15. POWER SUPPLY & AUTO POWER OFF CIRCUIT

16. RESET CIRCUIT

e
= O . .
L] .

1. LSIs

(1) MSM80C85ARS (CPU)

‘ l-chip, 8-bit C-MOS Process Microprocessors
The MSM80C85ARS (80C85) is a complete 8-~bit parallel
Central Processing Unit (CPU). Its instruction set is
100% software compatible with the 8080A microprccessor,
and it is designed to improve the present 8C80A's
performance with a higher system speed.
The 80C85 uses a multiplexed data bus. The addresss is
split between the 8-bit address bus and the 8-bit data
bus.
For the Model 100, the data bus and address bus are
separated by M1 (TC40H373P: octal "D" type latch).
The driveability of the bus line is increased by M2
(TC40H24P: octal bi-directional bus buffer) and M2l
(TC40H244P: octal buffer/driver).
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Fig. 1 80C85 CPU FUNCT N
IONAL BLOCK DIAGRAM Fig. 2 80C85 Pinout Diagram
(a) 80C85 FUNCTIONAL PIN DESCRIPTION .
The following describes the function of each pin:
Symbol Function
As — Ais Address Bus: The most significant 8 bits of the memory address
(Output, 3-state) or the 8 bits of the I/O address, 3-stated during Hold and Halt
modes and during RESET.
ADg-7 Multiplexed Address/Data Bus: Lower 8 bits of the memory
(Input/Output, address (or I/O address) appear on the bus during the first clock
3-state) cycle (T state) of a machine cycle. It then becomes the data bus
during the second and third clock cycles.
ALE Address Latch Enable: It occurs during the first clock state of a
(Output) machine cycle and enables the address to get latched into the

on-chip latch of peripherals. The falling edge of ALE is set to
guarantee setup and hold times for the address information. The
falling edge of ALE can also be used to strobe the status infor-

mation. ALE is never 3-stated.



Symbol
So, S1, and IO/M
(Output)

RD
(Output, 3-state)

WR
(Output, 3-state)

READY
(Input)

so

Function

Machine cycle status:
IOM  § Se  Status

0 0 1 Memory write

0 ! 0 Memory read

1 0 1 I/O write

1 i 0 1/O read

0 1 1  Opcode fetch

1 1 1 Interrupt Acknowledge
* 0 0 Halt

* X X Hold

* X X Reset
» = 3-state (high impedance)
X = unspecified
S: can be used as én advanced R/W status. IO/M, S, and.S,
become valid at the beginning of a machine cycle and remain
stable throughout the cycle. The falling edge of ALE may be

used to latch the state of these lines.

READ control: A low level on RD indicates the selected xﬁemory ‘
or I/O device is to be read and that the Data Bus is available for

the data transfer, 3-stated during Hold and Halt modes and during
RESET.

WRITE control: A low level on WR indicates the data on the
Data Bus is to be written ihto the selected memory or I/O loca-

tion. Data is set up at the trailing edge of WR. 3-stated during

Hold and Halt modes and during RESET. '

If READY is high during a read or write cycle, it indicates that
the memory or peripheral is ready to send or receive data. If
READY is low, the cpu will wait an integral number of clock
cycles for READY to go high before completing the read or

write cycle.
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Symbol Function
HOLD HOLD indicates that another master is requesting the use of the
(Input) address and data buses. The cpu, upon receiving the hold request,

will relinquish the use of the bus as soon as the completion of the
current bus transfer. Internal processing can continue. The
processor can regain the bus only after the HOLD is removed.
When the HOLD is acknowledged, the Address, Data, RD, WR,
and 10/M lines are 3-stated.

HLDA HOLD ACKNOWLEDGE: Indicates that the cpu has received

(Output) the HOLD request and that it will relinquish the bus in the
next clock cycle. HLDA goes low after the Hold request is re-
moved. The cpu takes the bus one half clock cycle after HLDA

goes low,
INTR *INTERRUPT REQUEST: is used as a general purpose interrupt.
(Input) It is sampled only during the next to the last clock cycle of an

instruction and during Hold and Halt states. If it is active, the
Program Counter (PC) will be inhibited from incrementing and
an INTA will be issued. During this cycle a RESTART or CALL
ihstruction can be inserted to jump to the interrupt service
routine. The INTR is enabled and disabled by software. It is
disabled by Reset and immediately after an interrupt is accepted.

INTA INTERRUPT ACKNOWLEDGE: is used instead of (and has
(Output) the same timing as) RD during the Instruction cycle after an
INTR is accepted. ’

RSTS.5 RESTART INTERRUPTS: These three inputs have the same
RST 6.5 timing as INTR except they cause an internal RESTART to
RST 7.5 be automatically inserted.

(Inputs) The priority of these interrupts is ordered as shown in Table 1.

These interrupts have a higher priority than INTR. In addition,
they may be individually masked out using the SIM instruction.
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Symbol Function
TRAP Trap interrupt is a nonmaskable RESTART interrupt. It is re-
(Input) cognized at the same time as INTR or RST 5.5-7.5. Itis

unaffected by any mask or Interrupt Enable. It has the highest
priority of any interrupt. (See Table 1.)

RESET IN Sets the Program Counter to zero and resets the Interrupt Enable

(Input) and HLDA flip-flops. The data and address buses and the control
lines are 3-stated during RESET and because of the asynchronous
nature of RESET, the processor’s internal registers and flags
may be altered by RESET with unpredictable results. RESET IN
is a Schmitt-triggered input, allowing connection to an R-C
network for power;on RESET delay. The cpu is held in the reset
condition as long as RESET IN is applied. .

RESET OUT Indicates cpu is being reset. Can be used as a system reset. The”
(Qutput) signal is synchronized to the processor clock and lasts an integral

number of clock periods.

X, X2 X; and X. are connected to a crystal, LC, or RC network to
(Input) drive the internal clock generator. X; can also be an external
clock input from a logic gate. The input frequency is divided by

2 to give the processor’s internal operating frequency.

CLK . Clock Qutput for use as a system clock. The period of CLK is
(Output) twice the X, X, input period.
SID ' . Serial input data line. The data on this line is loaded into ac-
(Input) cumulator bit 7 whenever a RIM instruction is executed.
SOD Serial output data line. The output SOD is set or reset as specified
{Qutput) by the SIM instruction. ‘

| Vce +5 volt supply.

Vss Ground Reference.
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Address 8ranched To (1)
Name Priority When interrupt Occurs ' Type Trigger
TRAP 1 24H Rising edge AND high leve! until sampied.
RST 7.5 2 3CH Rising edge (latched).
RST 8.5 3 34M High levsl until sampiod.
RST 5.5 4 2CH High lavel untii sampled. _]'
INTR 5 See Note (2). | High levl until sampled. ]

T;ble 1. INTERRUPT PRIORITY, RESTART ADDRESS and SENSITIVITY

(b) FUNCTIONAL DESCRIPTION

The 80C8S5 has twelve addressable 8-bit registers. Four of them can function only as two
16-bit register pairs. Six others can be used interchangeably as 8-bit registers or as 16-bit

register pairs. The 80C85 register set is as follows:

Mnemonic Register Contents

ACCor A Accumulator 8 bits

PC Program Counter 16-bit address

BC, DE, HL General-Purpose 8 bits x 6 or
Registers: data 16 bits x 3
pointer (HL)

SP Stack Pointer 16-bit address

Flags or F Flag Register S flags (8-bit space)

The 80C85 uses a multiplexed Data Bus. The address is split between the higher 8-bit
Address Bus and the lower 8-bit Address/Data Bus. During the first T state (clock cycle)
of a machine cycle the low order address is sent out on the Address/Data bus. These lower
8 bits may be latched externally by the Address Latch Enable signal (ALE). During the
rest of the machine cycle the data bus is used for memory or I/O data.

The 80C85 provides RD, WR, So, Si1, and IO/M signals for bus control. An Interrupt
Acknowledge signal (INTA) is also provided. HOLD, READY, and all Interrupts are
synchronized with the processor’s internal clock. The 80C85 also provides Serial Input
Data (SID) and Serial Qutput Data (SOD) lines for simple serial interface.

In addition to these features, the 80C85 has three maskable, vector interrupt pins and one

nonmaskable TRAP interrupt.
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(c) INTERRUPT AND SERIAL 1/O ‘

The 80C85 has S interrupt inputs: INTR, RST 5.5, RST 6.5, RST 7.5, and TRAP. INTR
is identical in function to the 8080A INT. Each of the three RESTART inputs, 5.5, 6.5 ,
and 7.5, has a programmable mask. TRAP is also a RESTART interrupt but it is non-
maskable.
The three maskable interrupts cause the internal execution of RESTART (saving the pro-
gram counter in the stack and branching to the RESTART address) if the interrupts are
enabled and if the interrupt mask is not set. The nonmaskable TRAP causes the internal
execution of a RESTART vector independent of the state of the interrupt enable or masks.
(See Table 1.) '
There are two different types of inputs in the restart interrupts. RST 5.5 and RST 6.5 are

4 high level-sensitive like INTR (and INT on the 8080) and are recognized with the same
fimi}xg as INTR. RST 7.5 is rising edge-sensitive.
For RST 7.5, only a pulse is required to set‘an internal flip-flop which generates the internal
interrupt request. The RST 7.5 request flip-flop remains set until the request is serviced.
Then it is resel automatically. This flip-flop may also be reset by using the SIM instruction
or by issuing a RESET IN to the 80C85. The RST 7.5 internal flip-flop will be set by a
pulse on the RST 7.5 pin even when the RST 7.5 interrupt is m.asked out.
The status of the three RST interrupt masks can only be affected by the SIM instruction

" and RESET IN.
The interrupts are arranged in a fixed priority that determines which interrupt is to be
recognized if more than one is pending as follows: TRAP — highest priority, RST 7.5,
RST 6.5, RST 5.5, INTR — lowest priority. This priority scheme does not take into
account the pﬁon‘ty of a routine that was started by a higher priority interrupt. RST 5.5
can interrupt an RST 7.5 routine if the interrupts are re-enabled before the end of the
RST 7.5 routine.
The TRAP interrupt is useful for catastrophic events such as power failure or bus error. The
TRAP input is recognized just as any other interrupt but has the highest priority. It is not
affected by any flag or mask. The TRAP input is both edge and level sensitive. The TRAP
input must go high and remain high until it is acknowledged. It will not be recongized
again until it goes low, then high again. This avoids any false triggering due to noise or
logic glitches. Figure 3 illustrates the TRAP interrupt request circuitry within the 8085.
Note that the servicing of any interrupt (TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) disables

all future interrupts (except TRAPs) until an El instruction is executed. -
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Fig.3 TRAP and RESET IN CIRCUIT

The TRAP interrupt is special in that it disables interrupts, but preserves the previous
interrupt enable status. Performing the first RIM instruction following a TRAP interrupt
allows you to determine whether interrupts ‘were enabled or disabled prior to the TRAP.
All subsequent RIM instructions provide current interrupt enablé status. Performing a RIM
instruction following INTR, or RST 5.5—7.5 will provide current Interrupt Enable status,
revealing that Interrupts are disabled.

The serial I/O system is also controiled by the RIM and SIM insiructions. SID is ready

by RIM, and SIM sets the SOD data. |

BASIC SYSTEM TIMING

The 80CS8S has a multiplexed Data Bus. ALE is used as a strobe to sample the lower 8-bits
of address on the Data Bus. Fig. 4 shows an instruction fetch, memory read and I/O write
cycle (as would occur during processing of the OUT instruction). Note that during the 1/0
write énd read cycle that the I/O port address is copied on both the uppei‘ and lower half
of the address. '

There are seven possible types of machine cycles. Which of these seven takes place is
defined by the status of the three status lines (I0/M, Si, So) and the three control signals
(RD, WR, and INTA). (See Table 2.) The status lines can be used as advanced controls
(for device selection, for example), since they become active at the T, state, at the outset
of each machine cycle. Control lines RD and WR become active later, at the time when the
transfer of data is to take place, so are used as command lines. '

A machine cycle normally consists of three T states, with the exception of OPCODE
FETCH, which normally has either four or six T states (unless WAIT or HOLD states
are forced by the receipt of READY or HOLD inputs). Any T state must be one of ten

possible states, shown in Table 3.
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Status & Buses Control |
e — — Machine | I I T
veLe STATUS CONTROL . Jate 515010/ Ay-A 1! ADg-AD,|RD.WR INTAIALE |
MACHINE CVCL 1O/ | 5156 [Ro | WA [ Tata IT' X Jx [Tx X RS
QPCODE FETCH  (OF) -] i 110 1 1 T, X i x X iox X ‘ Xi o0 f
MEMORY READ  {MRY o ptrofog ol ’ T I x Ix f | !
MEMORY WRITE (MW ojol ol WAIT X X X | xio l
10 READ {1OR} tlrlelof v T3 { X x ) X X X ! X I 0 j
10 WRITE {How) t ol i) al s T Lo |
ACKNOWLEDGE ‘ g x | Ts tit)a {
OF INTR NAJ [N R I NS A I A Ts | LU O 1 ! 1o !
AUS IDLE (81: DAD o 1L oj 1 1 Te i1 or ! ox i v
ACK. OF T | i { s ! “ ! '.0"
RST,TRAP P T T AR T Y Reser | X | TS i TS TS LI N N AN
n i H -
HALT rsiofojrs|Ts| 1 {Tmu {0 irs,s 5 } 75 s | 110 [
H EHl i ‘
Twowo | X |15, s | 1 1S 10 |

Table 2 80C85 MACHINE CYCLE CHART
T ‘ Table 3 80C85 MACHINE STATE CHART

) My My "y
LK T 1 T T 0 Y % T T T \ T /
J—— .
P X #¢,, (IGH GROER ADORESS) x e, X 10 PORT
—
{LOW ORDER DATA FROM DATA FROM MEMORY CATA YO MEMORY
ADORESD MEMORY {170 PORT ADORESS) . ORPERIPHERAL

| A ak
N R U s WY

STATUS X $13¢ {FETCH) X 10 (READ) X o1 WRITE X n

Fig. 4 B0C85 Basic System Timing

Ambient Temperature Under Bias.....-40°C to +85°C
Storage Temperature................=55°C to +150°C

Voltage on Any Pin
With Respect to Ground...........=0.5°C to +7 V

Power Dissipation.......ccc00e0.....1.0 Watt

Table 4 Absolute Maximum Ratings




Symbol Parameter Min, Max, Units Test Conditions
Viy Input Low Voltage -0.3 +0.8 v
Vin Input High Voltage 2.2 Vee+0.3 Vv
VoL Qutput Low Voitage 0.45 v oL = 2mA
Vou Qutput High Voltage 24 v loy = ~400uA
Iee Power Supply Current 17 mA | Vce=4.75-5.25 V
I Input Leakage *10 nA Vin * Vee
fLo Qutput Leakage 10 uA 0.45V € Vo1 < Veo
ViLn Input Low Level, RESET -0.3 +0.8 v
ViuR input High Level, RESET 2.2 Veet0.3 Vv
Table 5 D.C. CHARAUTERISTICS -
tar - (1/2T-45 MIN
IV - (/2 T-60 MIN
. - (1/27-20 MIN
Lex - {1/2)T-60 MIN
Cte - {/2T-30 MIN
_tap - (5/2+N)T-225 MAX
.__tap —~  (3/2+N)T-180 MAX
'_lmag - (1/2T-10 MIN
tea - {(1/2) T - 40 MIN
P oy - (3/2+N}T-60 MIN
| twe - (1/21T- 60 MIN
xcc et {3/2+NYT - 80 MIN
ter - {(1/2) T- 110 MIN
tany - (342 T-260 MAX
tyacx (1/2) T- 50 MIN
yABE - (1/2) T +50 MAX
tuaBE - {(1/2) T +50 MAX
tac - (22 T-80 MIN
t, - {172/ 7-80 MIN
t, - (172 7-40 MIN
tay - {3/ T-80 MIN
tL DR -  (4/2)T-180 MAX

Table 6 Bus Timing Specification
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TABLE 7 A.C. CHARACTERISTICS
TA=40°C1to+85°C; Voo =5V £10%; Vgg = OV

Symbol Parameter Min. Max. Units
teye CLK Cycla Period 320 2000 ns
t CLK Low Time — Standard 150 pF Loading 80 ns
ns
ty CLK High Time — Standard 150 pF Loading 120 ns
tr, U CLK Rise and Fail Time 30 ns
tXKR X, Rising to CLK Rising 30 120 ns
IXKE X, Rising to CLK Failing 30 150 ns
tAC Ag .15 Valid to Leading Edgs of Comrol(” 270 ns
taCL Ag..7 Valid to Leading of Control 240 ns
tAD Ags—1s Valid to Valid Data In 575 ns
tAFR Address Float after Leading Edge of READ {INTA) 0 ns
tAL As—1s Valid before Trailing Edge of ALE (T 118 ns
tALL A, .y Valid before Trailing Edgs of ALE 90 ns
tARY READY Valid from Address Valid ) 220 ns
tCA Address (Ay—A,g) Valid after Control ) 120 ns
tee Width of Controi Low (RD, WR, INTA) Edge of ALE 400 ns
toL Trailing Edge of Control to Loading Edge of ALE 50 ns
tow Dota Valid to Trailing Edge of WRITE 420 ns
tHABE HLDA to Bus Enable 210 ns
tHABF Bus Float after HLDA 210 ns
tHACK HLDA Valid to Trailing Edge of CLK 110 ns
tHDH HOLD Hoid Time 0 ns
tHDS HOLD Setup Time to Trailing Edge of CLK 170 ns
tINH INTR Hold Time ' [+] ns
tINS INTR, RST, snd TRAP Setup Tima to Falling Edge of CLK 160 ns
tLA Address Hold Time after ALE 100 ns
tLe Trailing Edge of ALE to Leading Edge of Control 130 ns
tLeK ALE Low during CLK High 100 ns
tLDR ALE to Valid Data during Read 460 ns
tLow ALE to Valid Data during Write 200 ns
L ALE Width 140 ns
tLRY ALE to READY Stable 110 ns
tRAE Trailing Edge of READ to Re-Enabling of Address 150 ns
tAD READ (or INTA) to Valid Data 300 - ns
tay Contral Trailing Edge to Leading Edge of Next Control 400 s
tROH Data Hold Time After READ INTA (7! 0 ns
tRYH READY Hoid Time 0 ns
tRYS READY Setup Tima to Leading Edge of CLK 110 ns
twD Data Valid After Trailing Edge of WRITE 100 ns
twDL LEADING Edgs of WRITE to Data Valid 40 ns

Notes:

1. Ag—A;s addrass Specs apply to IO/M, So, and S, excapt Ay—A;s are undefined during T,—T4 of OF cycle whereas |O/M,
Se, and S, are stable.

2. Test conditions: teye = 320ns Ci = 150pF

3. Al timings are measured at output voitags Vy = 0.8V, Vi = 2.2V and 1.5V with 20ns rise and tail time on inputs.




(¢) WAVEFORM

e . s = - S e it e e e i ¢ it e 2 .

o‘ﬂ."u 7 | J E . . l {

teve

e B ¢ {2 beamud

' Fig . S Clock Timing Waveform

Read Operation

CLK

.‘u“n x .| aDoRess: k N . ; )

o 'ROH o

ADy-AD, a ADDRESS DATA IN <
e DN NP b ) R . L :
- tappeefle . v
ALE Lo

S Y tao
ROANTA ‘ ] e ] e .
tac
Write Opsration ‘ - . I » . | - A ! 1, [ ) . %
ax \ -
. *‘_ tex . ' »
Acay X ADDRESS . : X
‘ py—— . = ;
B Aoe-a0, ADDRESS » - DATA OUT X

e

... pten £ ¢ meed

DU Sp—— - zCL_.+

[
AC

Read operation with Wait Cycle (Typical) — same READY timing applies to WRITE operation.

{ Ts i T © Twarr | Ty 1 T

-——‘u-—-'i

"
A

A-Au ADOASES

t
r
5

i
-

[P p—
tan HOM i -

ADy-AD, X ADORESS / “L /////X DATA IN }

- r 1

e a8 e § e ¥ R
! TASR war] fupesr aad 'cl.-{ EEE—
ALE f om [ .
= b
o 1AL et } tao
e |
RiATR L e oy -
| DU AN AR
tac '

tany tavy | Ry

AEaoY — / e

Fig. 6 80C85 Rue Tiwms_.




Hoid Operation
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Fig. 7 Hold Timing
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MSM81CS5RS (PIQ)

C-MOS, 2048=-bit STATIC RAM with i/c PORTS and TIMER
The i/0 portion consists of three general purpose i/o
ports. One of the three ports can be programmed to be
status pins, thus allowing the other two ports to
operate in handshake mecde.

A l4-bit programmakle counter/timer is also included on
the chip to provide either a square wave or terminal
count pulse for the CPU system, depending on the timer
mode. )

The 81C55 RAM is not used in Model 100. A timer/counter
is used as the clock generator necessary for

communication and to generate the melody.

e, dr @ Ve
e, 2 »n{] rc, — )
nmenin (13 il 10 PORT & ,
meser (4 37§ e, al K DAy,
v, s wprs, Ao°,<:::> mexs L
fimgAout (3 8 ;] e, STATIC
ok 7 3 [ vy — Ram —1 sORT S
iornce (s 13{7 rs, , : CE —— N .,
Ao e 32l rey PR
wih Qo “w () -
as(nr . xOr, RO ] =
S - PORT C
o g~ mp W e el KT Dreen
a0, Q13 x n{] ra,
a0, (e n{] ra, AESET et —-n:ﬂ_ L] ‘
ap, {18 w17 ray
a0, s B A TIMER t:u(-—-j L—Vcc vl
a0, O v 1 PAy YRER 5UY Vs OV
Ao, [J e 23{] rA,
A0, (s 22{7 PA,
va g » uf) o,

Fig 9 Pin Configuration and Block Diagram
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(a) 81CS5 PIN FUNCTIONS

Symbol

RESET
(Input)

ADo _1
(Input)

CE
(Input)

RD
(Input)

WR
(Input)

ALE

I0/M
(Input)

Function

Pulse provided by the 80C85 to initialize the system (connect to
80C85 RESET OUT). Input high on this line resets the chip and
initializes the three I/O ports to input mode. The width of
RESET pulse should typically be two 80C85 clock cycle times.

3-state Address/Data lines that interface with the CPU lower
8-bit Address/Data Bus. The 8-bit address is latched into the
address latch inside the 81C535 on the falling edge of ALE, The
address can be either for the memory section or the 1/O section
depending on the IO/M input. The 8-bit data is either written into
the chip or read from the chip, depending on the WR or RD input

signal.

Chip Enable:
CE is ACTIVE LOW.

Read control: Input low on this line with the Chip Enable active
enables and AD, —» buffers. If O/M pin is low, the RAM content
will be read out to the AD bus. Otherwise the content of the

selected I/O port or command/status registers will be read to the

AD bus.

Write control: Input low on this line with the Chip Enable active
causes the data on the Address/Data bus to be written to the
RAM or I/O ports and command/status register depending on
IO/M.

Address Latch Enable: This control signal latches both the
address on the ADg .- lines and the state of the Chip Enable and

IO/M into the chip at the falling edge of ALE.

Selects memory if low and I/O and command/status registers

if high.




PAo —,(8)
(Input/Output)

PBo ., (8)
(Input/Qutput)

PCo s (6)
(Input/Output)

TIMER IN
(Input)

TIMER OQUT
(Output)

Vce

Vss

These 8 pins are general purpose I/O pins. The in/out direction

is selected by programming the command—régister.

These 8 pins are general purpose I/O pins. The in/out direction

is selected by programming the command register.

These 6 pins can function as either input port, output port, or
as control signals for PA and PB. Programming is done through

the command register. When PCo s are used as control signals,
they will provide the following:

PCy — A INTR (Port A Interrupt)

PC, — ABF (Port A Buffer Full)

PC, — A STB (Port A Strobe)

PC; — B INTR (Port B Interrupt)

PC. — B BF (Port B Buffer Full)

PCs — B STB (Port B Strobe)

Input to the counter-timer.

Timer output. This output can be either a square wave or a pulse
depending on the timer mode. .

+5 volt supply.

Ground Reference.



SYMBOL | PARAMETER : MiN. MAX, UNITS ~ TEST CONDITIONS
ViL Input Low Voitage -0.3V 0.8 Vv

Vi input High Voltage 5 9 Vee 0 3 \' )

VoL Output Low Voitage - . 0.45 v oL = 2mA

Vou Output High Voitage 2.4 ‘ v loH = -400uA

he Input Leakage . =10 . | L OMA Vin * Veg to OV

Lo Qutput Leakage Current +10 . HA 0.45V < VouTt < Vee
lee Vec Supply Current - 5 mA C

Table 8 D.C. characteristics

nsec

SYMBOL | PARAMETER MIN. MAX.
taL Address to Latch Set Up Time ) 50
WA Address Hoid Time after Latch 80
te Latch to READ/WRITE Control -~ - 100
tAp Valid Data Qut Delay from READ Controi 170
tAD Address Stable to Data Out Valid 400
Wi Latch Enable Width 100
tROF Data Bus Float After READ 0 100
tel READMRITE Control to Latch Enable 20
tee READ/WRITE Contrat Width 250
tow Data in to WRITE Set Up Time 150

. twp Data In Hold Time After WRITE 0
tRv Recovery Time Between Controls 300
twp WRITE to Port Qutput 400
tpgy Port Input Setup Time 70
trp Port lnput Hoid Time - 50
tsaF - Strobe to Butter Full 400
tss Strobs Width 200
tRBE READ to Buffer Empty 400
ts1 Strobe to INTR On 400
tRot READ to INTR Off 400
tpgs Port Setup Time to Strobe Strobe 50
tpHS Port Hold Time After Strobe - 120
tsge Strobe to Buffer Empty 400
twar WRITE to Buffer Full o 400
twi WRITEto INTROff ‘ 400
Ty TIMER-IN to TIMER-OUT Low 400
ttH | TIMER-IN to TIMER-OUT High 400
tRoE Data Bus Enable from READ Control ~ 10
| TIMER-IN Low Time 80
7 TIMER-IN High Time =~ 120

Table 9 A.C. characteristics
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b. Strobed Output Mode

OUTPUT DATA .
TO PORY

Fig. 11 Strobed I/0 Timing




a. Basic Input Mode
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b. Basic Output Mode

Fig. 12 Basic I/0 Timing
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(3) HD6402 (UART)
C-MOS UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER

(a) Description )
The HD-6402 is a CMOS/LSI subsystem for interfacing computers or microprocessors
to an asynchronous serial data channel. The receiver converts serial start, data, parity and
stop bits to parallel data verifying proper code transmission, parity, and stop bits. The
transmitter converts parallel data into serial form and automatically adds start, parity,
and stop bits. The data word length can be 5, 6, 7 or 8 bits. Parity may be odd or even.
Parity checking and generation can be inhibited. The stop bits many be one or two or one
and one-half when transmitting 5 bit code.

The HD-6402 can be used in a wide range of applications including modems, printers,
peripherals and remote data aquisition systems. CMOS/LSI technology permits operation
clock frequencies up to 2.0 MHz (125K Baud); an improvemeﬁt of 10 to 1 over previous
PMOS UART designs. Power reqixirements, by comparison, are reduced from 300 mW to

10 mW. Status logic increases flexibility and simplifies the user interface.

CONTROL WORD CHARACTER FORMAT

TOP VIEW cec
v, LLPE
vee Ot @ wp TRC S S | P B START DATA PARITY STOP
NC 2 19D epE 21 E S 8IT BITS 8IT - aITS
GND 3 8P cust .
ARD ¢ 3713 CLs2 00000 1 ] [e]a]0] ]
R8Rs Os %[ s8s g g g ‘1’ ; ; : ‘ fv‘)& ‘{5
ABR7 Q¢ sp e 9601 1 1 5 EVEN 15
ABRE Q7 34D CARL 061 x0 1 5 NONE 1
RBRS G2 330 T8RS 001 X1 1 5 NONE 15
RBR4 U9 32D TBRY 01000 1 & 00D t-
RBRY (J10 3103 TBRS 01 0 0 1 1 5 oDo 2
rBA2 Cj11 300 TBRS 0101 0 1 6 EVEN 1 .
asA1 g2 . 293 TBRs 0101 1 1 6 EVEN 2
PE 13 280 TBR3 611 X0 1 6 NONE !
Fe g1a 275 TBR2 01 1 X 1 1 § NONE 2
o€ g1s 281 TBAY 10000 ! 7 ooo 1
SFD 18 3B TRO : g g ? é : ; SVDE% ';’
RRC d17 248 TRE e sy : TR )
DRR C]18 2317 TBAL f o1 x o ; T romE
on 1y 2203 TomE 101 x 3 X T ONONE 2
RAI Q20 210 MR 11000 : 8 oo 1
T 1001 1 & opbo 2
Fig.l4 Pin Layout N O M
T 11 X 0 1 8 NONE 1
Vo1 ox o1 1 g8  NONE 2

Table 10 Control Word Format
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Supply Voltage
Input or Qutput Voitage Appiied
Storage Temperatyre Range
Operating Temperature Range (industrial -8}

Table 11 Absolute Maximum Rating

15 Function Diagram

+8.0v

GND -0.3V 10 Vo +0.3V
-659C 10 +1500C

~400C 1y +850C

‘ SYMBOL PARAMETER MINIMUM TYPICAL | MaXIMUM UNITS CONDITIONS
ViIM Logieal "1 tnout Voltage 70% Veg v
Vit Logicai 0" input Voitage 20% Ve v
e input Leakage -10.0 +100 HA ov < vin <vee
VOH Logical *1*" Output Voltage 2.4 v 1OH * -0.2mA
VoL Logical 0" Qutput Vottage 0.45% v QL * 2.0mA
0 Outout Leakage -10.0 R +10.0 HA ov < vo < vee
wee Suppty Current 1.0 800 HA VIN « GND or VE©
VCC * 5.25V
GIN taput Capacitance * 7.0 8.0 PF Outout Ooen
co Outout Capacitance 8.0 10.0 oF
Table 12 Electrical Characteristics (b.C.)
vec=s50v QO VCe = 5.0Vt 5%
N TA = 25°C TA = industrial
SYMBOL PARAMETER . MIN TYP MAX MIN TYP MAX | UNITS CONDITIONS
feinck Clock Freauency D.C. 2.0 D.C. 1.0 MHz
y tow Pulse Widths CRL, DRR, TBRL | 200 225 ns Cy = 500F
MR Pulse Wiath MR 500 600 ns See Switching Time
1SET tnout Data Setup Time 60 75 ns Waveforms 1,2, 3
HOLD taput Dats Hold Time 75 30 ns
1EN Qutput Enabte Time 150 190 ny

Tablg l3.Electfical Characetristics
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(b) Receiver Operation ) .

Data is received in serial form at the RInput. When no data is being received, RInput must
remain high. The data is clock through the RRClock. The clock rate is 16 times the data
rate. (A) A low level on DRReset clears the DReady line. (B) During the first stop bit
data is transferred from the receiver register to the RBRegister. If the word is less than

8 bits, the unused inost significant bits will be a logic low. The output character is right
justified to the least significant bit RBR1. A logic high on OError indicates overruns.
An overrun occurs when DReady has not been cleared before the present character was
transferred to the RBRegister. (C) 1 clock cycle later DReady is reset to a logic high, and
FError is evaluated. A logic high on FError indicates an invalid stop bit was received,

a framing error. A logic‘high on PError indicates a parity error.

/~BECINNING OF FINSTY STOP IT

nm-_j { l - 1

e won 7A CLOCK CYCLES

* RSRY.3, OF, PE :

onw ; RECEIVER TIMING .
- Y i {NOT TO SCALE]
44 ; . X'
| -~ - 1 CLOCK CYCLE
® - ® G

Fig. 16




(c) START Bit Detection

s/

The receiver uses a 16X clock for timing. (A) The start bit could have occurred as much

as one clock cycle before it was detected, as indicated by the shaded portion. The center

of the start bit is defined as clock count 7-1/2. If the receiver clock is a symetricai square
wave, the center of the start bit will be located within +1/2 clock cycle, £1/32 bit or 3.125%

giving a receiver margin of 46.875%. The receiver begins searching for the next start bit

at the center of the first stop bit.

(d) IM6402 Pin Functions
Symbol

Vee
NC
GND

RRD

RBRS

Description

Positive Voltage Supply
No Cennection

Ground

A high lever cn RECEIVER REGISTER DISABLE forces the

receiver holding outputs KBR1—~RBRS to a high impedance state.

The contents of the RECEIVER BUFFER REGISTER appear
on these three-state cutputs. Word formats less than 8 characters

are right justified to RBR1I.



Symbol
RBR7
RBR6
RBRS
RBR4
RBR3
RBR2
RBRI
PE

FE

OE

SFD

RRC

DRR

DR

RRI

MR

52

Description

See Pin 5§ — RBR8
See Pin 5 — RBR8
See Pin 5 — RBR8
See Pin 5 — RBR8
See Pin 5 — RBR8
See Pin 5 — RBR8
See Pin 5 — RBR8

A high level on PARITY ERROR indicates received parity does
not match parity programmed by control bits. When parity is
inhibited this output is low.

A high level on FRAMING ERROR indicates the first stop bit was

invalid.

A high level on OVERRUN ERROR indicates the data received
flag was not cleared before the last character was transferred to

the received buffer register.

A high level on STATUS FLAGS DISABLE lorces the outputs
PE, FE, OE, DR, TBRE to a high impedance state.

The RECEIVER REGISTER CLOCK is 16X the receiver data

rate.

A low level on DATA RECEIVED RESET clears the data received

output DR to a low level.

A high level on DATA RECEIVED indicates a character has been

received and transferred to the receiver buffer register.

Serial data on RECEIVER REGISTER INPUT is clocked into the

receiver register.

A high level on MASTER RESET clears PE, FE, GE, and DR
to a low level and sets the transmitter output to a high level
after 18 clock cycles. MR does not clear the receiver buffer

register. This input must be pulsed at least once after power up.




Symbol

TBRE

TBRL

TRE

TRO

TBRI

TBR2
TBR3
TBR4
TBRS
TBR6
TBR7
TBRS

CRL

Pl

SBS

$3
Description

A high level on TRANSMITTER BUFFER REGISTER EMPTY
indicates the transmitter buffer register has transferred its data

to the transmitter register and is ready for new data.

A low level on TRANSMITTER BUFFER REGISTER LOAD

transfers data from inputs TBR1—-TBRS into the transmitter
buffer register. A low to high transition on TBRL indicates data
transfer to the transmitter register is busy, transfer is auto-

matically delayed so that the two characters are transmitted

end to end.

A high level on TRANSMITTER REGISTER EMPTY indicates

completed transmiésion of a character including stop bits.

Character data, start data and stop bits appear serially at the
TRANSMITTER REGISTER OUTPUT.

Character data is loaded into the TRANSMITI’ER BUFFER
REGISTER via inputs TBRI-TBRS8. For character formats
less than 8 bits the TBRS, 7 and 6 inputs are ignored correspond-

ing to the programmed word length.
See Pin 26 — TBRI1
See Pin 26 — TBRI
See Pin 26 — TBR1
See Pin 26 — TBRI1
See Pin 26 — TBRI
See Pin 26 — TBR1
See Pin 26 — TBR1

A high level on CONTROL REGISTER LOAD loads the control

register.

A high level on PARITY INHIBIT inhibits parity generation.

Parity checking and forces PE output low.

A high level on STOP BIT SELECT selects 1.5 stop bits for 5

character format and 2 stop bits for other lengths.



Symbol

CLS2

CLS1

EPE

TRC

Description

54
®

These inputs program the CHARACTER LENGTH SELECTED
(CLS1 low CLS2 low 5 bits) (CLS1 high CLS2 low 6 bits) (CLS1
fow CLS2 high 7 bits) (CLS1 high CLS2 high 8 bits).

See Pin 37 — CLS2.

When Pl is low, a high level on EVEN PARITY ENABLE

generates and checks even parity A low level selects odd parity.

The TRANSMITTER REGISTER CLOCK is 16X the transmit

data rate.
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Note: (1) R/W is high for a Read Cycle.

{2} twp s specified as the logical "AND" or CE1. CE2 and R/W.
wp s measured from the latter of CE1, CE2 or RAW going iow 10 the earlier of CE1. CE2 or
R/W going high.

{3} 1pH. los are measured frum the zarher of C%1, CE2 or R/ going high.

{4) I the 52-1, or CE2 low transition occurs simultaneously with or latter from the R/W low tran-
sition in a Write Cycte 1, the output bulfers remain in a high impedance state in this period.

(5) if the CE1 or CE2 high transition occurs prior 10 or simultanecusly with the R/ high transition
in a Write Cycle 1, the output buffers ramain in a high impedance state in this period.

{6) 1f the R/W is low or the RAW low transition occurs prior 1o or simultaneously with the CE1 or
CE 2 fow ransition, the output buflers remam in a high impedance state in this period.

(7) A write occurs during the overlap ot 8 low CE 1. tow CE2 and low R/W.
In write cycle 2, write is controlied by either CE1orCE2.

Fig.20



Table 15 Operation Mode

Ag ~ Ay Address inputs
|_Rm ReacMWrite Controt Input
EE—. . EZ—E., Chip Enable inputs
170y ~ 1/Qy Data input/Output
Voo | _ Power (+5v}
GND Grounyg
Table 14 Pin Names
MODE CE, CE, R/MW Ag ~ Arg 1/Qy ~ POWER
Read L L H Stabie Data Qut 1560
Write L L L Stabie Data in inna
** Standby 1 ‘. H . M High {mpedanca lang
** Standby 2 H 1 * ° . High Impedance ons
Note: *:Hor{ **:Daia Retention Mode

SYMB0OL ITEM RATING
Vop Power Supply Voitage ., =D3V20V
Vin {nput Voilage 0.3V ~ Voo +0 .3V
vim input/Output Vollage o . ). 3V me Vg #0 BV
2°) Power Di ion (Ta » 85°C) 0.8W (0.45W)°
Teres Storage 1emperature —55°C ~ 150°C
Tor Qoerating Temparature —30:C ~ 85°C
TsoL0ER Soigering Temperature - Time 260°C . 10 sec
. Plastic FP = 0.45w
Table 16 Absolute Maximum Rating
T[T svmeot PARAMETER TN, TP, MAX. uNiT )
Voo Power Supply Voltage 4.5 5.0 55 v o ___j
Vied Input High Voitage 2.2 3 - Vpp*03d I M
Vir input Low Voitage ~0.3 - 08 v
Vor [ Oata Retention Voliage 20 - 55 1 V...

Table 17 Recommended D.C. operating Conditions

[symB0L PARAMETER CONDITIONS MIN, | TYP. MIN UNIT
I Input Leakage Currant | 0S Viy S Vpp - - 1.0 | ugA
o 1/O Leakage Current | CE, = Viy . OV S Vim S Vop - - - 50 | HA
on Output High Current Vo * 2.4V -10 | =20 = mA
Tov Output Low Currant | Vo = 0.4V ) 3.0 = mA
Tpost | CEy =22Vor CE, =22V o= 1.0 30 1 _mA

TE, = Voo <05V or | 1CEB18BPL [Tae25°C = - 02 | _ma
Iops2 Standby Current CE, = Vgp =05V {BOL/BFL Ta-60°C = - 19
Tessisaps FI225.C - 00s] 10
- { Vop =2~ 55V Bouer Ta=60°C = - 50 *A
Ta=85°C = - 30
'opoyr | tyc = 200ns, CE1 = Vin = Vi/ Vi ~ ~ 30
i
‘oooz o g Current CE, =0V, oyt *OmA [ Viy = Vs /GND - - |25 |
0003 toveie = 108, CE = Vin = Vi /vy ~ - 16 mA
0004 CE, =0V, igyr *OmA [Vig = Vop/GND - - 5
Table 18 D.C. Characteristics




Note {1) trc : Reswd Cycte Time

SYMBOL PARAMETER MIN. TYP. MAX UNIT
Cin input Capacitance - 5 10 pF
Cvo input/Qutput Capacitance - 5 10 of
Table 19 Capacitance
Resd Cycle
SYMBOL 1 PARAMETER MIN. TYP. [ MAX. UNIT
tac | Resd Cvdie Time 200 - . - ns
1acr | Aczess Time - - i 200 ns
o1 CEy to Output Valid - -~ : 200 ns
[ CE, 10 Output Vaixd - - ! 200 ns
cgE CE, or T&, 10 Quiput Active 10 - ] - ns
00 Output High-2 from Despiection - - I 60 ns
oM | Output Hokd from Address Change 20 ~ | - ns
Writs Cycle
SYMBOL PARAMETER MIN, TYP. MAX. UNIT
we . { Write Cycie Time 200 - -~ g
we Write Pulse Width ¢ 150 - - ns
law Address Set up |ime o [§] - - ns
TWR -Write Recover Time t [¢] - ot ns
e Cutpur High-Z from R/W - - 60 ns
OEw | Ouiput Active from R/W : 10 - - ns
o5 i Data Set up Time ] 30 - s
1om 1 Daw Hold Time | 0 - - ns
Table 20 A.C. Characteristics
SYMBOL e PARA{A@TER MIN, TYP ___J MAX. uNiT
Vom Daa Ratmstion Power Supcty Vollagw 2.0 b6 v
- | TCSCIABAL/| Ta~26°C | - 2
‘stanby current ppL/gFL | Ta-60%. - 0
i Ta-25"¢ ~ L
oos2 | Tessimey |a-25 K m
8O/ Ta-600C - Iy
] %8R [Tavee | D
tcpn From Chip Qusuisction tu Duts Hintuntisnt Mode 0 - - s
ta Recover Tinw . | _tacil} = - ['T)

Table 21 Data retension Characteristics

QATA RETENTION MODE

ViW o - 121

CE, or Ty 1epA

Viu

Vog ~0.6V

GND

Note (21 f tha Vyq tevet of CE 7 (€ |1 it 2.2V, Suring the pariod thet the Vo p vaitage is going cown from 4.6V 10 2.7V, 1npg,

surrsnt Hows.

Fig. 21




2 . MEMORY
The memory of Model 100 consists of a 32-KB ROM and a 32-KB 5%
RAM (standard 8 KB with 8 KB increments each) , and a 32-KB
BANK ROM (optional)

(1) RAM (Random Access Memory)
Model 100 has a RAM Pack consisting of four 2 KB RAMs
(each 2048 X 8 bit ) mounted on the ceramicmothér board ,
for a total of 8 KB (8192 X 8 bit) .
the standard equipment RAM pack is the M9 ,with the M8 ,
Mf and M6 providing increased capacity. ;
The internal wiring diagram of the RAM pack is shown in
Fig. 22 .
The specifications for the 2° KB S-RAM used are given

below.
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ROM (Read Only Memory)

The RCM used in Model 100 is a synchronous 32-KB (256 K
»it) memely. Operated by a single 5V power supply,the
access time is 600nsec (max).

The ALE (Address Latch Enable) is used as the
synchronous Signal with CPU.

The BASIC program is included in the standard ROM.
Also, the BIOS program is included in the standérd ROM
for operation of the LCD,printer, etc.

An optiodnal ROM can be connected to the special IC
socket by removing the ROM covér on the case under the
Model 100.

vVarious type of application program can be entered in-

the optionai ROM.

> .ADDRESS DECOING AND BANK SELECTION

(1)

Address decoding for RAM chip selecticn

Although four 8-KB RAM packs are attached to Model 100,
16 chip selest signals are necessary because 16X2 KB
RAMs are actually used .

Moreover ,becauvse the RAM area is positioned from 8000H
to FFFFH (see memory map) .the control signal is formed
by IC/M ,AlS5and Al4 ,3s shown in Fig.23,and the 16
chip-select signais are fecrmad by Al3 ,Al2 and All.

M5 (TC40H139:4uzl 2 4o 4 line decorder /demultiplexer)

is us=d to make the contrcl signal,and M3 and M4

to make the 16 chip select signals.

o
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(2)

ROM chip selection and BANK selection

The ROMs (both standard and optional )used in Model 100 2.
are the 32-KB l-chip type. And , as can be seen-on the

memory map ,the address space is positioned from 0000H

to FFFFH. Consequently ,the AlS5 signal and bank selection

signal (STROM) are formed by the chip-select signals.

As shown in Fig.24,AD0 is latched by M14 (TC40H175:

quad "D" type F/F),by using the WR signal and Y6 signal
(see I/O port description ),forming the STROMsignal,

and the chip-select signal of each ROM is for;ed from
the I0/M signal by M5 (TC40H139).

The standard ROM is selected by the L STROM signal,and

the optional ROM by the H STROM signal.

N

"
| 40H1TS —P

] Mia al MI4
ADO 24 ahz ADO —2dp ap2
K — 4 £x
é 9,§Ll Y4 6 QK§LI
- TRK i
RESET RESET
ST RoM ST RoM
1 Tle . Tt6
A . TopteTS STROM 2l wlEecs sTRM
dor3q [ a0H139 >
AlS - 8 Yi\f—»cs o0PRsM | AlIS il B YT-S;-DE?; o e
s L o M3 ~
) | ‘,
15 =8 — 1y5 =@ —

%# ‘ %#

Optional ROM chip selection

Standard ROM chip selection

Active line with high-level

Active line with low-level

- e e

Fig.24 Standard and Optional ROM selection




4 Memory Map
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Additionals of optional RAMs are from the upper address

Fig .
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I/0 Map and I1I/0 Port Description

As shown in Fig. 26, the I/0 address decode circuit decodes -

address signals Al2 to Al5 and the IO/M signal by the 3 -+ 8 ¢§$€
decoder IC (40H138). Because the LCD driver select signal Y7

is active "H", the output of 40H138 is inverted by 40H000. The

uses of the select signals (Y0 to Y6 and Y7) of the I/0

device and the I/0 addresses are shown in Table 22

5 Signal | Active Application
level
708 - ——- Free area for RAM file (optional) and other

select signals of circuits made by user

2" Y0 L Device-select signal for optional I/O
controller unit
9SI'H Y1 L Device-select signal for optional answering

telephone unit

AFH Y2 L Bit 0: for ON/OFF of relay for signal
selection of telephone unit
Bit 1: used for generation of ENABLE signal
of LSI (MC14412) for MODEM

BFH Y3 L PIO (81C55) chip-select signal
CFH §§ L ENABLE signal for data input/output port
cf UART (IM6402)

DFH Y5 L ENABLE signal for each status set and

‘ read port of UART ,
LFH Y6 L ENABLE signal for STROM ,and REMOTE;

hnd input data from Keyboard
Also, strobe signal for printer and clock.

FFi Y7 H ENABLE signal for LCD driver LSI (HD12203)

TABLE 22
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The I/0 address of each port of PIO (81C55) in Table 22 is
shown in Table 23 below.

Acdress Port or resistor
BOH or BS8H Command/status (internal)
B1H or B9H Port A
BZH or BAH Port B
BZH or BBH Port C
B4H or BCH Timer . lower byte
| BSH or BDH Timer upper byte
j BE6H, B7H, B8H and BY9H Not used

Table 23

6. Keyboard .
Key strobe signals are emitted from PBO and PAQ - PA7 of
81C55, and the return signals from the keyboard pass through
the octal bus buffer IC (40H244) to the CPU. The data input
port I/0 address at this time is EOH - EFH.
Condition of pressing T key is shown in Fig .27
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Casstte Interface

The cassette interface circuitry is divided into sections:the

modulation section for modulation of the data into the

recording signal , the demodulation section for return of the

play back signal to data , and remote section for control of

the cassette tape recorder.

(1) Modulation
After the serial data emitted from the SOD terminal of
the CPU (80C85) is inverted by the inverter (M34), the
DC componen%%s cut by C63, the data passes through the
integrator composed of R51 and C64,and, after voltage
division to the cassette AUX input level by R54 and R55,
it is input at the AUX terminal. (see Fig.28)

— o —

S UL

01l SOD-

s
[«
-

P ]

Sy ]

Fig.28

(2) Demodulation
The signal input from the cassette recorder's earphone
jack passes through the D5 and D6 clamp circuit ,is
emitted from the comparator circuit composed of the
operation-amplifier IC (TL64:M30),and then, after
being subject to waveform shaping and inversion by the
Schmitt trigger type inverter (M34), is input to the SID
terminal of the CPU . Here D7 serves to clamp the negative

voltage output of the comparator.(see Fig.29)

§7




(3) Remote
The REMOTE signal output is changed to "L" level as a
result of the write-in of data "1" to bit 3 of the
output port (40H175: M14) specified by I/0 addresses EOH
- EFH, and, as a result of T6 switching ON, the relay

(RY1l) energized ,and the casstte tape recorder operates.

(See Fig.30)
CMT connector '
REMIL
REM2
\ 3
WRx
- T Fig. 30

Printer Interface

The printer interface circuit conforms to Centronics
Standards.

As shown in Fig. 31+, the BUSY signal from the printer is read
from PC2 of 81C55. If the condition is NOT BUSY (PC2: "L"
level), the 8-bit data is sent to PAO0 - PA7 of 81C55, and
then, as a result of data "1" write-in to bit 1 of the output
port (40H175: Ml4) indicated by I/0 address EOH - EFH, T8 is
switched ON and an "L" level STROBE signal is sent to the |
printer.

When the printer receives this STROBE signal, the BUSY signal
changes to:"H" level, indicating that the printer is busy. The
CPU then waits until this BUSY signal becomes "L" level.

When the BUSY signal becomes "L" level, the CPU ceases output
of the PA0 - PA7 data of 81C55, and the ocutput of 1 byte of
print data is completed.

If the printer is in the ON-LINE condition, the BGSY signal is
"H" level, and is "L" level if the printer is in the OFF-LINE
condition, so that transmission of print data to the printer

is prohibited.
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Bar Code Reader Interface

The input signal from the bar code reader is subjected to
waveform shaping and inversion by the Schmitt type inverter
(M34), and is input tc the 81C55 PC3 and 80C85 RST 5.5
terminals. When the bar code reader reads the first white
part of the bar code, an "L" signal from the bar code is
input, and is then inverted by M34, after which RST 5.5
interruption occurs to indicate the start of data input. Then,
when the bar code reader is moved on the bar code, the "H"
signal (which corresponds to white bar codes) and the "L"
signal (which corresponds to black) are input, and the
inversion signal is input to PC3 of 81C55 as serial data. (See

Fig. 32.) BLACK LINE
S /, , WHITE LINE
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10. Buzzer Control Circuit
There are two ways in which the buzzer can be sounded by the
buzzer control circuit. One is by emitting a signal from PBS
of 81C55 at a frequency which sounds the buzzer, and the other
is by using the timer output of 81CS55.
(1) Signal from PBS of 81C55
With PB2 of 81CS55 at "H" level in the circuit diagram
(Fig. 33), the buzzer is sounded by the repeated .OFF and
ON switchings (of the transistor for buzzer drive)
caused by the output from PB5 of "H", "L", "“H", "L" ., .
signals synchronized with the frequency for sounding the
buzzer. .
(2) Using 81C55 timer output
With PB5 at "H" level in the circuit diagram (Fig. 33),
the buzzer is sounded when, with the 81C55 timer in the
square-wave . output mode and set to the value
corresponding to the frequency which will sound the
buzzer, PB2 is swi;ched to "L", causing the square-wave
pulse emitted from'the Timer Out (To) terminal of 81C55
to be applied to the base of the transistor for buzzer
drive.

PB2 uses this as ‘the buzzer ON/OFF control signal.

. PES LQ pPBS
z
P ,
L pez v, ez
= 1o | 5 70
Q
(1) Signal from PB5 of 81C55 (2) Using 81CS5 timer output ‘
Fig. 33
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In order to expand the use of external devices, the 40-pin
system bus is made up of a 40-pin DIP type IC socket. As shown
in Table 2*; the 80C85 address bus, data bus and control bus
can all be connected from the system bus to the external

system, thus making system expansion easy. In addition, the
optional I/0 control unit and RAM file unit can be connected

In/output
In/ocutput
In/output
In/output
Output
Output
Output
Output
Output
Output
Output
Output
Output
Input

———

RAM RST Output

11. System Bus
to this system bus.

Pin No.

1 VDD

2 GND

3 ADO

4 AD2

5 AD4

6 AD6

7 A8

8 Al0

9 Al2

10 Al4

11 GND

12 RD*

13 I0/M%

14 ALE*

15 CLK

16 @ *

17 INTR

18 GND

19

20 NC

Table 24

40
39
38

37

36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21

(Note:

Signal Input or output Pin No. Signal

VDD
GND

All
Al3
Al5
GND
WR %
S0
s1
YO
RESET*
INTA
GND
NC
NC

Input or output

In/ocutput
In/output

- In/output

In/output
Output
Output
Output

" Output
Output
Output
Output
Output
Output
Output

NC = no connection)
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The followingbis an explanation of each signal in Table 24

except the CPU signal.

. C)* signal (pin 16) . . . NAND output signal of the RD
signal and WR signal; used
by optional RAM file

RAM RST signal (pin 19) . . Enable signal (external
C-MOS RAM); used by optional
RAM file

Y0 signal (pin 26) . . . Device select signal of

optional I/O controller unit

Table 25, below, shows the DC characteristic of each system
bus signal.

1 S0, S1, YO0, CLK . Signals other than at

left
~level output voltage (VOH) 2,4 V min (IOH=-400uA) 4.95 V min (IOH=-1pa)
level output voltage (VOL) 0.45 V max (IOL=2mA) 0.05 V max (IOL=1uA)

-level output current (IOH) -400uA min (VOH=2.4 V) -0.8 m A min (VOH=4.5 V)
level output current (IOL) 2 mA min (VOL=0.45 V) 4.0 mA min (VOL=0.5 V)

-level input voltage (VIH) —— 4.0 V min
level input voltage (VIL) -— 1.0 V max
Table 25

Note: Values shown in Table 25 are at normal temperature (Ta = 25°C)
and power (VDD = 5.0 V)




12. LCD Interface
The LCD interface circuit is the interface circuit between the
LCD driver and the CPU. (See Fig. -34.)
‘The following signals are necessary for the interface with the

LCD driver. —-—3
559 ADO)
24 AD1
25‘ AD2
260 AD3S | i
QA4 N—
LO——ADS
280—~Avs
O ADT J
~ (S20 435 PAOY
8 csai !t ) PAL |

€s22 19N __paz |-
cs23 &£O5——rA3
cs2¢ 1O PAS ¢:

S 1
Z (525 =20 PAS R
< 6‘526:5 -PAG A
‘:" CSZ']“ PAT 1 rQI3
-4 ¢€sz8 —O) P80 A ¥
% CSZ?Ia £B1 M20
CS51 = Y7 | J—
o B e B
Rw 20— 1 0= WR X
vz £5 .
vy ZAO—AS
VEE 20 o
VDD"rr g-—l
RESET —O——RESET |Q0)
l. >
B2 § pz D26
anND 20)
eND § .' )
______ R122 vAal R154°K
Fig. 34 : 33X 50K(B) 1

. ADO - AD7 . . . For write-in of control data or display
data to the LCD driver; signal line for
read-out from driver

. Y7 . . . LCD driver enable signal

. PAO - PA7, PBO, PBl1 . . . Chip enable signal for each

LCD driver
. Sl . . . Indicates whether data is being written into
(S1 = "L") the LCD driver or read out (Sl =
"H")
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A8 . . . Register-select signal in the LCD driver;
ADO-AD7 data are display data when A="H"

and are ccmmand or status data when

A8="L".

E . . . NAND output signal of RD signal and WR signal;
indicates the timing of the LCD driver data
read/write .

V2 . . . Voltage to keep the LCD driver voltage standard;

LCD display can be changed by changing the V2

voltage by VR2 .
Figure'BS shows the operating timing of each signal.

Refere to the LCD PWB Technical Descriptian for detailed
characteristics and operation of the LCD "and LCD driver.

ttrc
20V - \
E 7 —P weL —=jF—Pwer —
03V / \ '
tas [ b tAH
R 2.0v i
W 0.8V
0/1
‘ LoSw. e T DHW
DBO~DB7 _ 2.0v Valid \
) Data A
o8V 4_]
DO~ DB7 :
Fig. 35

13. Clock Circuit
A clock LSI (pPD1990AC) is used in the clock circuitso that

the time can be set and read by BASIC command.




(a)

(b)

Specification of uPD1990AC

The uPD1990AC is a C-MOS integrated circuit with a clock
function which has been designed for connection to a
microcomputer.

This IC independently measures the month, date, day of
the week, hour, minute and second, and will output and
input these time data freely upon command from the
microcomputer. By employing this IC, the microcomputer
is freed from performing clock functions and can be
devoted exclusively to other complex operations.

The uPD1990C employes the oscillation of a 32.768-kHz
crystal as a reference. All functions are enclosed in a
l14-pin dual in-line package. ’

Features ‘ .

Marks time (hours, minutes & seconds) and calendar
(months, date and day of the week).

Serial inputting and outputting of data

(Input & output code: All digits are binary coded’
decimals, except the month, which is a hexa-decimal
code) ' .

The reference frequency is 32.768 kHz, which is
generated by a crystal oscillator circuit.

Provided with timing pulse outputs. (Selection of 64 Hz,
256 Hz or 2048 Hz is possible.) -

By using the CS (chip selection) terminal, multi-chip
applications are possible.

Function specifications

Reference frequency (X'tal osc.)

32.768 kHz

Data
Hours, minutes, seconds, months, date and days of the

week ("hours" by 24 hour system) (automatic adjustment

of long and short months)
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Data input-output and clock
Serial input, serial output
Data input and output in synchronization with the clock
input from CLK
. Time pulse output
Either 64 Hz, 256 Hz or 2048 Hz can be selected by
command.
. Mode selection
Selected according to input to CO0 - C2.
C2=0 Register control (control of data input-output)
C2-1 TP control (control of time pulses) & test control
(control of test mode). .
Commands are latched by the STB (strobe) input
. Chip select ; .
CLK and STB inputs prohibited by CS input
. Prohibition of data output
DATA OUT terminal will become high impedance when the .
-OQUT ENABL is input. Has no relation with other actions.
(c) Terminals
. Input terminals

DATA IN Data input of  40-bit shift register

CLK Shift clock input of 40-bit shift
register

co - C2 Command input (3 bit)

STB Strobe input

CS Chip select input (Prohibits CLS & STB)

OUT ENBL Output control input

(Makes the DATA OUT high impedance by
inputting low level)

Qutput terminals
DATA OUT Data output of 40-bit shift register

TP Time pulse output

. Oscillation terminals
XTAL 1 Oscillation inverter input (OSC IN)
XTAL 2 Oscillation inverter output (OSC OUT)

. Power supply terminals
VDD Plus power supply
GND (Vss) Common line
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Fig.33

(e) - Camand input timing diagram

-
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'sTB1:

U 2 us MIN, ‘
LD 2us MIN,

g 4 us MAX.
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Commands designated by Cg, C1 and C2 will be written into the Iatch when the STB terminal becomes hich

level, and will be held until a different command of the same group is written-in.

(f) Data input/cutput timing diagram
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Fig.39

Written-in data LSB ("H")
appears 3¢ output.
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(2) Clock Control Circuit
As shown in Fig. 41,when Model 100 is in the operable
condition (RESET is "H" level), commmands and data can
be input to uPD1990AC (M18) from ,and outpdat to , the CPU
at will.
In addition ,because battery voltage VB is applied.to the
uPD1990AC power supply, the clock functions even when the
Model 100 power switch is OFF.
The clock LST C0-C2 terminals and DATA IN and CLK terminals
are connected to the 81C55 PAQO-PA4 terminals ,and the DATA
OUT terminal is connected to the 81C55 PCO" .terminal.The
STB signal is provided from bit 2 of the output port
made by M14 (40H175). The TP output signal is connected
to the RST7.5 interruption input terminal of the CPU.
Square waves are output from the TP (4 ms cycle),and one
key scan occurs every 4 ms because of the RST7.5 interruption

to the CPU.



Time Set Sequence
The CPU sets_uPD199OAC to the data input mode with "L0O "

pattern of CO0-C2 and strobe signal which is generated by AD2
Y6 and WR+ signals passing through M1l4

Then , the CPU sends the data of time and date information
to the DATA IN terminal of uPD1990AC with timing clock (PA3)
Sy

Ju
Apz —’-Z—JD\J\Q?"
40H[TS

fonenee.
m——— st

Mi4

——

4
WR*

VB
c18
141 0E DATAOTP ¢S STB|I2 20P
c19 ! I =

0.0474 MPDI990AC Mi8| B3 47

12v 7 . 13 I i
E“' o ¢l €2 OATA CLK

A

At last, The CPU sets to the timer set mode with "010" pattern
of C0-C2, and strobe signal.

[w]
Fig. 41-1 Data Input =

N

D Qa

40HITS [
Mi4

S BT

WR L

| RESET

X

Apz

"

o
o
[+
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Fig.41-2 Counter set
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(b) Time Read Sequence S/

The CPU sets uPD1990AC to the counter mode wi=h "110"
. pattern of C0-C2,and strobe s:.gnal

Avz —&ip a-?:
a0HiTS [
T M4
Vi Tk
WR ¥ ={
RESET

R6 33K
Pco
RS 33K
™

2 C" ci8
f 14{0E DATAO TP ¢S STB|I2 1 20p
c1y | :[ :

Fig.41-3 Counter Read . 0474 DI1990AC Mi18| T3 ¢
ig er Rea 022\: E . MP '3IC172°P

 C0 ¢t C2 DOATA CLK

T % & U |
Then the CPU sets to the data output .node with "100" pattern
. of C0-C2, and reads the data of tir and date information from

the DATA OUT terminal. At the sa . time , the CPU sends the
PA3 signal passing through 81C55 for the timing clock.

Fig. 41-1 Data Output ‘ ‘ ~
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Serial Interface sil
The serial interface circuitry is divided into three

parts. One is the serial control circuitry ;which
controls the changes and transmission/reception of data
(parallel data and serial data ) between the CPU and the
MODEM and RS-232C circuits ,the second is RS-232C '
interface c¢ircuit, and the third is MODEM circuit.
Serial Control Circuit

As shown in Fig.42—l,serial control of the Model 100

is done by the UART LSI (IM6402) ,and the CPU begins data
transmission/reception after the control word ,which
determines the mode (transmission/reception),is

written into the control register selected by the Y5

signal. N
7777777 7T 777777 7777
o e
{ L Y S ] .
- & & RRD . 13 —
o%sas a- F BRR — 'C(MB'tz. RD*
TR . 1 ={ePE. ast\ 200y || 0=
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e e R N B i i o e e _
S =3 crL | rerSiEave| - ¢+ 74
: wR T aleane ™ RBRE ??QDS
, N B ——=2{ TBRE < RBRT [ =AD6|..
;‘R53 ’ 51 oe RBR3 EAvy)
ep K | PE M3
——— R . ‘Lq—. PR
) <22 TRO
. X O
20 :
6] RRI
= .

Control Register Loéd Cycle

e e+

Fig.42-1



For transmission , the conditio of IM6402 TBRE signal from bit 4of the

status input port (M23) selected by the Y5 signal is read, and ,if it &3

is "L" ,it waits until it is "H". (shown in Fig.42-2)

N
N
A\

Z////// L LLLLLL L LLLLLILL o L

See Jo Dt I D o D= I

«%540&244“23'

| I qdccccc<cg

M2 B 2 o e
*-sea'@D =" E:
R58

B [
RP — |

T

d_c_;_]
Mi3 —
03——w2¥-

<D

Staus Read Cycle
Fig. 42-2

When the TBRE signal becomes "H" , data transmission is then possible ,
so that if the transmission data is written into the transmitter buffer
register (TBR1-TBR8) , the data is output as serial data ,including

the start ,parity and stop bits from the TRO terminal . (shown in Figd42-3)
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Data Transmission Curle



For reception ,when the reception data enters the RRI
tgrminal » the DR terminal changes from "L" to "H",and

the RST6.5 interruption notifies the CPU that reception data
has entered IM6402, as shdwn in Fig.42-4.

The CPU read the OE, FE and PE signals from the status input = _--
port (M23) ,and ,if trere is no error when the serial data

is received , the reception data from the receive buffer
register selected by Y4 can be read as 8-bit parallel

data. ,

The IM6402 serial transmission/reception reference clock

signal is taken from the TO terminal by setting the

81C55 timer.

i
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ﬂn ' %%"EB*

ok

1

/‘ i
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bﬂsoi__“”z*

o

Data Reception Cycle

Fig.42-4

In addition , the status input port bit 5 RP signal is held as
an option for MODEM operation.




Table 26 below shows the signal correspondence between the data bus

and status bit and control register of IM6402.
TABLE 26 85‘
. Cata Bus : Control Register Status Bit
&D0 SBS (Stop Bit Select)
AD1 EPE (Even Parity Enable) OE (Overrun Error)
AD2 Pl (Parity Inhibit) FE (Framing Error)
AD3 CLS1 (Character Length Selected 1) PE (Parity Error)
iD4 CLS2 (Character Length Selected 2) TBRE (Transmitter
. Buffer Empty)
D5
D6
1.D7

Then ,because the serial input/output port which forms IM6402 is one channel
only, the circuit shown in Fig. 43 is multiplexed to RS-232C and the MODEM.
RS-232C signal (PB3 terminal of 81C55 ) determines whether the serial port
is to Be used as RS-232C or as MODEM. When the R8=237C signal is "L",the
serial port is used as RS-232C ,when it is "H", the port is used as MODEM.
The reception signal , including the control signal , is demultiplexed at M3
and the transmission signal is multiplexed at M24 and M26.
. The CTS and DSR signals (as the serial port )are inpﬁt to PC4 &nd PC5 of

81C55,and the CD signal is input from bit 0 of the status input port (M23).
Output signals DTR and RTS are output from PB6 and PB7 of 81C55.

. o Fig.43
RS232C MODE ' ‘ Cw

MODEM MODE



(2) RS-232C Circuits o o

| C71 0039, SQMYLAR

1CAE M24<“),' |
| :3%K¢c72 0039, SQMYLAR
M2 .
g a7 4(8)
3 c73 ona%iq'mvua.
% Res DIR
S 33K
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M3I3(N)
o 152076 _
m )
3(5
‘}‘ 152076 M 33(
[7p] .
o M33(2)

152078

- ~ C75,C78,CT7: 47418(NP)
Fig. 444;

In the RS- 232C transm1351on circuit, after the DC
component is- removed from the IM6402 TRO signal and the
RTS szgnal and'from the DTR signal by the coupllng
capacxtor (0“ . uF 50 V), the sxgnals are leveled to *5
v 51gnals ',}the .Schmitt trigger type inverter IC (M35),
and are output as RS 232C transmission signals.

In the RS-232C receptlon ‘circuit, the DSRR, CTSR and R x
R signals from the external RS-232C line are subjected
to waveform shaplng and inversion by M35 and the diode
(IS1535), and then converted to +5 V GND level signals,
after which they are demultiplexed by 40H157 (M33) and
oonQerted'to'EEE} DSR and RRI signals which can be
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controlled by the CPU.
Table 27 shows the application of each signal of the
RS-232C circuits.

Table 27 v

Symbol , Name Application

TXR Transmit Data Data Output from RS-232C
RXR Receive Data Data input to RS-232C
RTSR Request to Send '

CTSR Clear To Send

DSRR Data Set Ready

DTRR Data Terminal Ready

The information below concerns the RS-232C driver and

receiver. )

. Maximum distahce transmission e 5 M

. Driver m##imﬁm=ohtput voltage ees 5V

. Driver minimum_output voltage e.. 3.5V
. Receiver maximum input voltage ... %18 V
. Receiver minimum input voltage eee 23V

. In conformity to EIA standard RS-232C

[



5)MODEM CIRCUITRY

The modem circuitxy consists of the modulation/demodulation LSI, the

transmission filter, the reception filter, and other circuits.

() Modulation/demodulation LSI

The MC14412containg » piete FSK {Freq y-Shift Keying)
dut andd dut ible with bott foreign (C.C.1.T.T.
standards) and U.S.A. low speed (0 to 600 (dps} communication.
networks,
® On Chip Crystal Oscillator
& Echo Suppressor Disable Tone Generstor
@ Originate and Answer Modes
¢ Simplex, Half-Duplex, and Full Duplex Operation
.
[
L ]

On Chip Sine Wave Generator
Modem Self Test Mode - .
Single Supply: VDD = 4.75 to 16 Vde MC14412FP, MC14412FL
VoD = 4.75 10 8.0 Vdé MC14412VP, MC14412VL -
® Selectabie Dsta Rates: 0-200, 0-300, 0-800 bps
® Post Detection Filter : ..
¢ TTL or CMOS Compatibie Inputs snd Outputs

TYPICAL APPLICATIONS:

Stand Alone Low-Speed Modems

Buiit:in Low Speed Modems . .
n, o A fonl (™ _'. s
Credit Verification o

Point of Sale

Remote Data Collection

.Remote Process Controt

Radio Oats Transmission

® o0 000 e

o Ostoue 3 e 1 250 kMp
P o I $L0CK DtaGRAM
Osej 4 .
Voo
= S
""ﬁ““ﬂ"‘ﬂ“ﬂ ﬂ"lL 7 Stave Sre s ft0y (23K Ovmwd
Trenwmit ’ . ’:-.\unq
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Cats 11O L.. # “‘
Mess 100 | ruavency You
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Tyos 140 ]
Sehe 13 l
TTL Putt Ve 150 )
Cisable . Revaive
1 I Carrier
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Fun Dow Rate Demedutrer Love
n Cats Raw ¢O Md  Changs
. Generator Counter Camctor
Reeet $O TPE—
ﬂ.oodn ' .Q':';.: ,.M Do:-nuohm
e Ragiover Eirer
' eesTr )
o ? Voo = Pin 18
r-' Vgg=Pin®
Sotf Tem 20

Fig.45
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PIN ASSIGNMENT

1 coummnanad Rx Car VOO e 18
2 e ST TTLO | 18 .
3 cmmnd Oyt TYDE bomennne 14 .
& et Q98 Seh® frumeom 13
3 Rewwt  grans 12
— T b
[ ] Ax Rate o.". 1" i
7 et Rx O ats Mede pomwe 40 .
§ e Vgg Tx Car prmamem § R
Fig .46 Pin Assignment
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Paraitel Format

O o

e |72 0m | e I iy
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>
Receive Osta :
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MAXIMUM RATINGS (Voiteges referenced 10 Vss. Pin 81

Fating Symbol Value Unit
[ DC Suppiy Voiteges MC14412FP Voo, -0510 15  Vde
MCi4412VP ~0.5 t0 6.0
Input Voitages, Al Inputs Via Vpop+0.5te Vde
Vgg -0.5
OC Current Orain per Pin 1 10 mAdc
{except Pin 8. 7}
OC Current Orain (Pin 8, 71 i 3% mAde
Operating Temparsture Range Ta 40 10 +8% °c
Storsge Termpersturs Range Tug -65 ta +150 S
ELECTRICAL CHARACTERISTICS
Voo** ~40%C +249¢C +859%C
Charsctoristic Symbet Vde Min Mex Min Tyn Max Min Max Unit
Qutout Vaitege 0" Lewel vou 5.0 - 0.05 - [ 005 - .05 vde
Vin*Vopor 0 10 - 0.08 - 0 0.0s - 0.08
15 - 0.05 - 0 Q.05 - 0.05
1 Lovel Vou 5.0 4938 - 495 5.0 - 495 - vde
Vin*0or Vpg 10 9.95 - 9.95 10 - 9.5 -
18 14.9% - 1498 1% - 1498 -
fnput Volt?g" 0" Level Vi Vde
Vo = 450r 0.5 Vdc) 5.0 - 1.5 - 2.28 1.8 - 15
(V@ = 9.0 or 1.0 Vde) 10 - 30 - 450 30 - 30
(Vo » 135 0r 1.5 Vde!} 15 - 40 - 8.78 4.0 - 40
17 Laved Vin Vae
(Vo » 0.5 or 4.8 Vdc) $0 4 38 - 35 2.8 - 38 -
Vo = 1.0 or 9.0 Vde} 10 10 - 7.0 5.50 - 7.0 -
Vo = 1.5 0r 13.5 Vde!} 15 11.0 C- 110 8.28 - 110 -
Ping 12,15 5t 18 0.7% - 08 2.0 - 085 -
Qutput Orive Current - oM mAdc
(VoM = 251 {Pin 7} 1 -0.62 - ~0.9 ~1.5 - -0.38 -
(Vou =995 - 10 ~-0.62 - -05 -1.0 - -0.358 -
Vou = 13.5) 18 -18 - ~1.5 -8 - -1.1 -
Vo =04 oL 4.7% 23 - 20 40 - 16 - mAde
(Vop = 0.5) 10 5.3 - 45 10 - E X -
tvor = 1.5 15 18 - 13 s - 10 -
input Current (Pin 15 = Voo - - - - :0.00001 | :0.¢ - - wide
fnput Pull-Up Resistor Source Current; H 28% - 250 480 - 208 - uAde
(Pin 1S = Vg5, Vin = 2.4 V) . ]
Ping 1,2,56.10,11,12,13,14
input Capecitsnce Cia - - - - 50 - - } - oF
Total Supply Currant s - 45 - 1 40 - 1 25 | made
{Pin 15 = Vpp) 10 - 13 - 40 12 - iwn
15 - 27 - 8.0 25 - 23
A {0 duk Fr ACC S5ta 1S - - - 0s - - - “
Accurscy
{Excluding Crystal)
Transmut Carvier Outpu: Van Bto 10 - - -20 -26 - - - a8
2nd Harmonic 1010 15 - - -3 -32 - - i
Transmit Caerier Output Vout s - - 0.z Q.30 - - - VRMS
Vaitage (R = 100 kA1) 10 - - 0s 055 - - - i
{Pin §) 18 - - 1.0 15 - - -
Aeceive Carrier Rise and LM, 5 - 18 - - 15 - 15 ny
Fall Times {(Pin 1} THL 10 - 8.0 - - 5.0 - X
15 - 40 - - 40 - 40

Table 28

%0
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General
Fig.50 shows the MODEM in a system application .The data to be transmitted

is presented in serial format to the modulatorfor conversion to FSK signals

for transmission over the telephone network. The modulator output is
buffered/amplified dividing the 600 ohm telephone line.

The FSK signal from the remote MODEM is received via the telephone line

and filtered to‘remove extraneous signals such as the local Transmit Carrier .
This filtering can be either a bandpass which passes only the desired band

of frequencies or a notch which rejects the known interfering signal. the desired
signal is then limited to preserve the axis crossings and fed to the demodulator

where the data is recovered from the received FSK carrier.

Pin Functions

symbol function )
TYPE » The type input selects either the U.S. or C.C.I.T.T.

operational f;equencieé for both transmitting and
receiving data . When the type input ="1" , the U.S.
sfandard is selected and when the type input ="0Q",
the C.C.I.7.T. standard is selected.

Tx Data Transmit data is the binary informationinput. Data
entered for transmission is modulated using FSK
techniques. When operating the U.S.standard (TYPE="1")

a logic "1" input level represents a Mark When operating
in the C.C.I.T.T. standard (TYPE="0") a logic "1"
input level repfesents a Mark.

Tx Car The transmit carrier is a digital -synthesized sine wave
-derived from a 1.0MHz oscillator reference. The frequency
characteristics are as follows: :

United States :Standard TYPE="1"

Transmit Frequency ECHO ="Q"
Mode Tx Data Tx Car
‘Originate "1" Mark " 1270Hz
Originate "1" Space "0" 1070Hz
Answer "o" Mark 1% 2225Hz
Answer "o" Space "0" 2025Hz

C.C.I.T.T. Standard TYPE="0"

Transmit Frequency ECHO="Q"
Mode - Tx Data Tx Car
Channel. "1" Mark '"1" 980Hz
No.l "1" Space "0" 1180Hz
Channel "0" Mark "1" 1650Hz
No.2 "0" Space "0O" 1850Hz

Table 29



symbol

Tx Enable

MODE

ECHO

Rx Data

Rx Car

Rx Rate

SELF TEST

Reset

Echo Suppressor 1YPE="(Q"

Disable Tone ECHO="1" 22
Mode Tx Data Tx Car
Chan. No.2"Q" " 2100Hz
Table 30
function

The transmit carrier output is enabled when the Tx enable
input ="1" . No output tone can be transmitted when

Tx enable ="0".

The mode input selects the pair of transmitting and
receiﬁezfreqhencies used during modulation and demodulation .
When mode="1", the U.S. originate is selected (type input
="1") or the C.C.I.T.T. channel No. 1 (type='"0").

When mode ="0", the U.S. answer mode is selected (type
="1") or the C.C.I.T.T. channel No.2 (type input ="0").
When the Echo input ="1" (type ="0",Mode ="0",

Tx Data ="1") the demodulator will transmit a 2100 Hz'
tone.for the disabling line echo suppressors. During
normal data transmission, this input should be low="(Q".
The receive data output is aigital data resulting from
demodulation the Receive Carrier. '

Tﬁe receive carrier is the FSK inpuf to the demodulation .
This input must have either C mos or TIL compatible |
logic level input (see TTL pull up disable) at a duty
cycle of 50%14% ,that is a square wave résulting from the
signal limitér.

The demodulatorhas been optimized for signal to noise
performance at 200,300,and bps.The receive carrier

must change frequency for more than half of the selécted

data rate period before the receive data output will change.

Data Rate RxX rate Type
0-200bps R "o
O~300bp5 "lH uln
0__600st Iloll Hl"

When a high level (ST="1") is placed on this input ,
the demodulator is switched to the modulator frequency.
This input is provided to desrease the time of the chip.
In normal operation , this input méy be used to disable
the demodulator (Reset="1") - otherwise it should be

tied low="0".




symbol

Osc in, Osc out

TTLD

93

function

A 1.0 MHz crystal is required to utilizethe on chip
oscillator . A 1.0MHz square wave clock can also be
applied to the Osc in 4input- to satisfy the clock
requirement. When utilizing the 1.0 MHz crystal,
extérnalparastic capacitance ,including crystal

shunt capacitance , must be { 9PF at the crystai
input

To improve TTL interface comﬁatibility, all of the
inputs to the MODEM have controllable P-channel
devices which act as pull-up registors when TTLD input
is low ("0" . when the input is taken high (""1")

the pull up is disabled, thus reducing power dissipation

when interfacing with C-MOS.

Resd Qnly

Memory

Random

Accuss

Memory

Adswrer

priing A { it &
ACIA . MC14a12 Racoine lugeg Telophone

Address Dets

L

Sus

Receive
Modem P Duplexer Neteort

Fig. 49 System Block Diagram
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Modulation/demodulation LSI and peripheral circuitry

15
CARRIER FREQUENCY 4 3
1170Hz
cet . Ki%%
VAVANEEE I L | B fedx
0.0047412y N 2 3
SRIGAT
I TTLD
oRg o__:_EL o TYPE
ANS Jpyou <+ REET
Ko rg-ll o B
nnnn =
» RXCAR—9— e .
CARRIER FREQUENCY %8 . |7
' 2125Hz 1T ~ *
Fig. 50 ' s =
(ORIGIN. MODE) ‘ ¥ b
: oo s

The Rx Rate and Type terminals of 1MC14412 ¢(M31) pull up to VDD.
The baud rate is set to 300 bps, and the U.S. Standard is
selected. . . A
Because the EC!:: and SELF TEST terminals are not needed, they
are grounded (level = 0). ’
The Q output (EN signal) of the port (M36) selected by bit 1 of
the Y2 port is input to the ENABLE ﬁerminal until the unit is in
the modem mode. : '

In addition, the signal designated by the ORIG-ANS switch is
input to MODE input, thus switching to the originate mode or the
answer mode. :
Transmission filter circuit

t

e

C81 12, 0.00474
i

o3
3

R43

AAd

10K(F)

Fig. 51




Reception filter and comparator circuitry $¥§‘
As shown in Fig.52,the reception circuit input signal passes
through the coupling capacitor (C40) ,is then amplified, passes
through the 3-stage band-pass filter (composed of an active
filter), is then amplified once again ,passes through the
comparator,and,then after being changed to a square wéve,is
input at the RX CAR terminal of MCl1l4412.

The intermediate -frequencies of the 3-stage active filter

are shown in the chart below.

The switching of the intermediate frequency for the originate
mode and the answer mode is accomplished by switching T2,T3

and TS5 ONor OFF according to the ORIG- ANSswitch settlng,

thus changing the value of R16,R28 and R25.

The transmit carrier sxgnal output from the TX CAR termiﬁal

is DC by C61,and the signal level is adjusted to -26.5 dB by

the control (VR2). The signal then passes through the transmission

filter (band-pass filter) and is sent to the telephone line
or the acoustic coupler.

The transmission filter is composed of an active filter
consisting of an operation amplifier ,and the intermediate
frequency must be switched according to the mode (originate
Or answer).

Depending on the ORIG-ANS switch setting ,the transistor T4°
is ON or OFF,so that R42 ié 2.3K for the answer mode, and the
synthesis resistance of the R42 and R45 value determines the
originate mode . »

The intermediate frequency of the active filter is 1170Hz
for the originate mode ,and 2125Hz for the answer mode.
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(e) Other circuits

" CONNECTOR

MODEM

The transmission signal and the reception signal are directly
connected to the connector (TxM, RxM) during the acoustic
coupler mode, but, during the direct telephone mode, are
connected to the secondary side of the driver transformer, and
the primary side of this transformer is connected to the |
telephone‘liné via the connector. (TxMD, RxMD)

The ACP-DIR switch is used for selection of the acoustic coupler
or telephone line.

RY3 is a relay that, when the Model 100 is used in the terminal mode,
avoids interference from the audio input signal from the
telephone receiver by- separating the signal (TL) from the
telephone receiver. RY2 separates the modem circuit and the
telephone at the conclusion of use in the terminal mode and is
used as an automatic dialer.

T26 is switched OFF when the optional answering phone is used,
and it separates the pull-up resistor R100 (in the input signal
line of the acoustic coupler) from the VoD line.

The other signals (WR and RD) of the modem connector are used

when the optional answering telephone is used.

s .
4 "y
13 ¢l oz P e
S L WR ¥
R49
WK RTSM
— .
! DI8
! 3
Rxno—{l‘:
; R100 » C40
4
o

Fig.53~1 AcousticcCoupler Mode
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" CONNECTOR

PR

c4.0

Fig. 53-2 Direct Telephone and Terminal Mode
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(1)

Power Supply and Auto Power OFF Circuit

For Model 100, 5 V is the pow.r supply of the logic.
This power is supplied by the DC/DC converter.

In addition, a special feature of Model 100 is the
Automatic Power OFF function.

This circuit is shown in Fig. 54.

The circuits will be described by dividing them into the
circuit which supplies the power, and the low-power
detection and automatic power OFF circuits.

DC/DC Converter Circuit

OT2 is a converter tranformer which oscillates T21 and
T22 and generates voltage at the secondary side of the
transformer.

At the same time the power is switched ON, a very slight
collector current flows to T21 and T22. A voltage
between pins 7 and g of the converter transformer is
generated, and the T22 base potential becomes positive;
in other words, the base polarity becomes biased in the
forward direction. This voltage causes the T21 énd T22
base current to flow, and the collector current is
increased. Although the collector current is increased
in this way, when it can longer increase, because of
transistor saturation resistance and converter coil
resistance, the voltage between pins 7 and9 begins to
attenuate, and, as a result, the kase current and
collector current attenuate, causing T21 and T22 to be
cut off all at once because of the reverse playback
action.

Until immediately before the transistor 1s cut off,
excitation current flows to the transiormer.

Because the current is suddenly cut off as a resualt of
the transistor cut-off, a counter vclitage 1 generated,
the distributed capacity of the coil i1s charg
a result, an oscillation voltage is g=2nerated a
base coil.

Then, when the base potential progresses to a half oycle
of the oscillation voltage, it is biased in the fcrward
direction, T21 and T22 are switched 2N once again, and

oscillation such as that shown in F:3.55 occurs.

77
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In this way, AC voltage corresponding to the number of
windings is generated at the secondary side of the
converter, and this voltage is rectified and smoothed by
D13, D15, C84 and C85. '

Moreover, the voltage fluctuations of VDD (+5 V) are fed
back to the primary side of the oscillation transistor
by T13, D4, R121 and C92. in order to improve stability.
C81 and R126 are a differentiation circuit designed to
make the playback operation of the oscillation
transistor easier. AC short circuits the circuit, so
that the oscillation frequency is affected by the
time-constant of this C and R.

In this circuit, because feedback is applied by VDD,
which makes stability difficult, VEE (-5 V) is
stabilized by R97 and D14. (The voltage at both ends of

C85 is about -7 V.)
(2) Low-Power Detection and Automatic Power OFF Circuitry

The low-power detection circuit illuminates an LED
warning lamp when the battery voltage decreases. If it
continues to decrease, the system power will be switched
OFF ‘just before the voltage becomes so low that the
converter cannot operate.

There is more than 20 minutes between the time when the
LED lamp illuminates and the system is switched OFF (if
no I/0 devices are connected). ‘
Battery voltage is detected by splitting the resistance
of R144, R108, R105 and R116.  When battery voltage (V)
becomes 4 V #0.1 V, Tl6 is switched OFF, T17 is switched
ON, T19 is driven, and the LED illuminates. (The LED 1is
located on the LCD PWB.)

When VL becomes 3. |V 0.1 V, Tl4 is switched OFF, T15

is switched ON, and LPS changes from "H" to "L." This
signal is inverted by M27,and is fed to the TRAP terminal

of 80C35. If the . CPU acknoWledges this signal , sends

the P.C.S. signal passing through the PB4 of 81C55 after

the internal operations.
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The P.C.S. signal is active "H".

When P.C.S. becomes "H", the Q output of M28 (4013: "D"
type F/F) becomes "H", T20operates, and the oscillation
of the converter is stopped.

If there is no operation for 10 minutes or more
(awaiting a command for 10 minutes or more), P.C.S. is
output from PB4 of 81C5S5.

When the power switch is switched OFF, T18 is switched
OFF, the M28 RESET terminal becomes "L" and oscillation
is resumed by switching the power switch ON. If,
however, the power is reduced by the L.P.S. signal,
battery replacement is necessary. R123 and R112 are
resistors to provide hysteresis.
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Reset Circuit

This circuit supplies the CPU RESET signal and also

the RAM RST signal as the RAM protecting signal when the
power decreases.

The circuit diagram is shown in Fig. 5% .

R103 and C78 delay the introduction of input power so
that Tll is switched ON and T10 is switched OFF about
msec after VDD is activated, with the result that the
RESET signal changes from "L" to "H". This RESET
waveform is inverted by T9 and is the RAM RST signal.
R141 provides hysteresis to the RESET signal.
Thermistor THz suppresses RESET signal fluctuations due
to temperature. .

T25 receives the signal during automatic power OFF,
short-circuiting both ends of C78, and resets the
system.

The RESET signal is active "L", and the RAM RST signal

is active "H."

VL

RAM RST

{ 3 TioooP

VA {19,725 C2603)
33K M28(13) ‘

Fig. %6 RESET circuit diagram



MAIN P.W.B ASSY PARTS LIST (cont'd) /99‘

SYMBOL DESCRIPITION MANUFAC TURER'S RADIO SHACK .
PART NUMBER PART NUMBER
M1 TC40H373P CMOS LOGIC IC QQ040373AT
M2 TC40H245P CMOS LOGIC IC QQ040245AT
M3 TC40H138P CMOS LOGIC IC QQO040138AT
M4 TC40H138P CMOS LOGIC IC QQ040138AT
M5 TC40H139P .CMOS LOGIC IC QQO40139AT
M6 RAM .PACK(OPTION)CMOS B8KB QQHX1003A6
M7 RAM PACK (OPTION)CMOS S8KB QQHX1003A6
M8 RAM PACK (OPTION)CMOS 8KB QQHX1003A6
M9 RAM PACK CMOS 8KB QQHX1001A6
M10 SYSTEM BUS IC SOCKET
M1l OPTION ROM CMOS 32KB
M12 ROM CMOS 32KB
M13 TC40H032P CMOS LOGIC IC QQ040032AT
M14 TC40H175P CMOS LOGIC IC QQ040175AT
M15 TC40H244P CMOS LOGIC IC 0Q040244AT
M16 . TC40H138P CMOS LOGIC IC 0Q040138AT
M17 TC40HO00P CMOS LOGIC IC Q0040000AT
M18 uPD1990AC CMOS TIMER QQ001990BA
M19 80C85 CMOS CPU 0Q008085A5
M20 TC40H367P CMOS LOGIC IC 0Q040367AT
¥21 TC40H244P CMOS LOGIC IC QQ040244AT
122 IM6402 CMOS UART QQ006402AZ
123 TC40H244P CMOS LOGIC IC QQ040244AT
124 TC40H032P CMOS- LOGIC IC QQ040032AT
125 81C55 CMOS PIO QQO008155A5
126 TC40H002P CMOS LOGIC IC 0Q040002AT
127 4011 CMOS LOGIC IC QQ004011AT
128 4013 CMOS LOGIC IC QQ004013AT
129 TLO64CN O.P AMP QQMO00064Au
130 TLO64CN O.P AMP QOMO00064AU
131 MC14412 CMOS MODEM 0Q014412AM
132 TC40H244P CMOS LOGIC IC 0Q040244AT
133 TC40H157P CMOS LOGIC IC QQ040157AT
134 HD14584 CMOS LOGIC IC QQ014584AT
135 HD14584 CMOS LOGIC IC QQ014584AT
136 4013 CMOS LOGIC IC 00004013AA
11 152076 SILICON DIODE QDSS2076#B




MAIN P.W.B ASSY PARTS LIST(cont'd)

/0%
SYMBOL ~ DESCRIPTION MANUFACTURE'S RADIO SHACK
PART NUMBER
D2 152076 SILICON DIODE QDSS20764%B
D3 152076 SILICON DIODE QDSS20764¢RB
D4 RD4.3EL3 ZENER DIODE QDZ4R3EL3A
D5 152076 SILICON DIODE QDSS20764#B
JiZ 152076 SILICON DIODE QDSS20764#B
D13 ERA81-004 SILICON DIODE QDS81004Xz
D14 RD5.1EL]l ZENER DIODE QDZ5R1EL1A
D15 152076 SILICON DIODE _QDSS20764%B
D16 152076 SILICON DIODE QDSS20764B
D17 1S2076 SILICON DIODE ‘QDSS20764B
D18 ERZ-C10K201 ZNR QNHDK201AN
D19 152076 SILICON DIODE QDSS20764B
D22 152076 SILICON DIODE QDSS20764B
D23 1S2004FC SILICON DIODE QDSS2004X4
T1 2SA1115 TRANSISTOR QTA1115XAE
Tf 2SC2603 TRANSISTOR QTC2603XAE
| | |
T1l1 25C2603 TRANSISTOR QTC2603XAE -
T12 28SA1115 TRANSISTOR QTAll115XAE
T13 25C2603 E-RANK TRANSISTOR QTC2603XCE
l .
T17 25C2603 E—LANK TRANSISTOR QTC2603XCE
T18 25C2603 TRANSISTOR QTC2603XAE
T19 25A1115 TRANSISTOR QTAll115XAE
T20 25C2603 TRANSISTOR QTC2603XAE
T21 25C1384 S-RANK TRANSISTOR QTC1384XHN
T22 25C2603 E~-RANK TRANSISTOR QTC2603XCE
T23 25C2603 TRANSISTOR QTC2603XAE
T24 25C2603 TRANSISTOR QTC2603XAE
T25 28C2603 TRANSISTOR QTC2603XAE
T26 2SA1115 TRANSISTOR QTA1115XAE
T27 25C2603 TRANSISTOR QTC2603XAE
T28 2SA1115 TRANSISTOR QTAll115XAE
X1l 32.768KHZ CRYSTAL XTR1A1001X
X2 4.9152MHZ CRYSTAL XBR1A1003X
X3 1.0MHZ CRYSTAL XAZ1C2001X
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SYMBOL DESCRIPTION MANUFACTURER'S RADIO SHACK‘
PART NUMBER PART NUMBEF
oT1 E6732B DRIVER TRANS TDZ19A002K
0T2 TN22A CONVERTOR TRANS TC12RZ001B
TH1 TD5-C310D1: THERMISTOR QHQ5C310ZP
TH2 TD5-C310D1 THERMISTOR QHQ5C310ZP
RY1 FBR2011CD0O05M RELAY ZRA265101Z
RY2 764D5/1AS-T  RELAY ZRA1641022
RY3 764D5/1BS-T  RELAY ZRA164101Z
MR1 100KX8 RESISTOR NETWORK RAB104MOSX
MR2 100KX8 RESISTOR NETWORK RAB104MO8X
MR3 100KX8 RESISTOR NETWORK "RAB104M08X
MR4 33KX8 RESISTOR NETWORK RAB333M08X
MRS 100KX8 RESISTOR NETWORK RAB104MO8X
MR6 100KX8 RESISTOR NETWORK RAB104MO8X
MR7 100KX8 RESISTOR NETWORK RAB104MO8X
VR1 K091A 50K (B) VOLUME RV9A503BO1
VR2 VM6CK-PV(1s) SOK(B) VOLUME RPSNB50303
R1 1K 1/4W 5% CARBON FILM RD25PJ102X
R2 33K 1/4W 5% CARBON FILM RD25PJ333X
R3 33K 1/4W 5% CARBON FILM RD25PJ333X
R4 33K 1/4W 5% CARBON FILM RD25PJ333X
y
R7 33K 1/4W 5% CARBON FILM RD25PJ333X
R8 1K 1/4W 5% CARBON FILM RD25PJ102X
,

R12 1K 1/4W 5% CARBON FILM RD25PJ102X
R13 1.4K 1/4W 1% M-OXIDE FILM RQBPF1401X
R14 10K 1/4W 5% CARBON FILM RD25PJ103X
R15 121K 1/4W 1% M-OXIDE FILM  RQBPF1213X
R16 4.31K 1/4W 1% M-OXIDE FILM RQBPF4311X
R17 285K 1/4W 1% M-OXIDE FILM RQBPF2853X
R18 568K 1/4W 1% M-OXIDE FILM RQBPF5683X
R19 7.5K 1/4W 5% CARBON FILM RD25PJ752X
R20 470K 1/4W 5% CARBON FILM RD25PJ474X
R21 620 OHM 1/4W 5% CARBON FILM RD25PJ621X
R22 430 OHM 1/4W 5% CARBON FILM RD25PJ431X
R23 10K 1/4W 5% CARBON FILM RD25PJ103X
R24 1.45K 1/4W 1% M-OXIDE FILM RQBF1451X
R25 3.2K 1/4W 1% M-OXIDE FILM RQBF3201X
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MAIN P.W.B ASSY PARTS LIST(cont'd)
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RADIO SHACK

YMBOL DESCRIPTION ‘MANUFACTURER'S
‘ PART NUMBER PART NUMBEF
R27 3.01K 1/4W 1% M-OXIDE FILM RQBF3011X
R28 7.72K 1/4W 1% M-OXIDE FILM RQBF7721X
R29 242K 1/4W 1% M-OXIDE FILM RQBF2423X
R30 421K 1/4W 1% M-OXIDE FILM RQBF4213X
R31 68K 1/4W 5% CARBON FILM RD25PJ683X
R32 22 OHM 1/4W 5% CARBON FILM RD25PJ220X
R33 10K 1/4W 5% CARBON FILM RD25PJ103X
R34 1K 1/4W 5% CARBON FILM RD25PJ102X
R35 330K 1/4W 5% CARBON FILM RD25PJ334X
236 680 OHM 1/4W 5% CARBON FILM  RD25PJ681X
R37 180K 1/4W 5% CARBON FILM RD25PJ184X
R38 209K 1/4W 1% M-OXIDE FILM RQBPF2093X
R39 1K 1/4W 5% CARBON FILM RD25PJ102X
R40 10K 1/4W 5% CARBON FILM RD25PJ103X
R41 560 OHM 1/4W 5% CARBON FILM RD25PJ561X
R42 3.01K 1/4W M-OXIDE FILM RQBPF3011X
3 10K 1/4W 1% M-OXIDE FILM RQBPF1002X
R44 242K 1/4W 1% M-OXIDE FILM RQBPF2423X
R45 7.72K 1/4W 1% M-OXIDE FILM RQBPF7721X
R46 33K 1/4W 5% CARBON FILM RD25PJ333X
R47 15M 1/4W 5% CARBON FILM RD25PJ156X
R48 68K 1/4W 5% CARBON FILM RD25PJ683X
R49 3.3K_.1/4W 5% CARBON FILM RD25PJ332X
RS0 3.3K 1/4W 5% CARBON FILM RD25PJ332X
R51 2.2K 1/4W 5% CARBON FILM RD25PJ222X
R52 lk 1/4W 5% CARBON FILM RD25PJ102X
R53 100K 1/4W 5% CARBON FILM RD25PJ104X
R54 12K 1/4W 5% CARBON FILM RD25PJ123X
R55 470 OHM 1/4W 5% CARBON FILM RD25PJ471X
R56 10K 1/4W 5% CARBON FILM RD25PJ103X
R§7 33K 1/4W 5% CARBON FILM RD25PJ333X
| |
th 33K 1/4W 5% CARBON FILM RD25PJ333X
93 620 OHM 1/4W 5% CARBON FILM RD25PJ621X
64 33K 1/4W 5% CARBON FILM RD25PJ333X
l ,
R68 33K 1/4W 5% CARBON FILM RD25PJ333X
R69 NOT USED
R70 33K 1/4W 5% CARBON FILM RD25P.J333%



3YMBOL

R71
R72
R73
R74
R75
R76
R77
R78
R79
R8O
81
82
83
184
85
86
87
88
89
80
91
92
93
194
95
196
197
198
199
00
101
102
103
104
105
106
107
108

DESCRIPTION

33K 1/4W 5% CARBON FILM
1K 1/4W 5% CARBON FILM
33K 1/4W 5% CARBON FILM
33K 1/4W 5% CARBON FILM
100K 1/4W 5% CARBON FILM
33K 1/4W 5% CARBON FILM
33K 1/4W 5% CARBON FILM
100K 1/4W 5% CARBON FILM
33K 1/4W 5% CARBON FILM
33K 1/4W 5% CARBON FILM
100K 1/4W 5% CARBON FILM
33K 1/4W 5% CARBON FILM
100K 1/4W 5% CARBON FILM
33K 1/4W 5% CARBON FILM
10K 1/4W 5% CARBON FILM
33K 1/4W 5% CARBON FILM
6.2K 1/4W 5% CARBON FILM
6.2K 1/4W 5% CARBON FILM
6.2K 1/4W 5% CARBON FILM
15K 1/4W 5% CARBON FILM
5.6K 1/4W 5% CARBON FILM
18K 1/4W 5% CARBON FILM
68K 1/4W 5% CARBON FILM
5.6K 1/4W 5% CARBON FILM
100" ©HM 1/4W 5% CARBON FILM
18K 1/4W 5% CARBON FILM
270 OHM 1/4W 5% CARBON FILM
18K 1/4W 5% CARBON FILM
5.6K 1/4W 5% CARBON FILM
2.2K 1/4W 5% CARBON FILM
4.3K 1/4W 5% CARBON FILM
100K 1/4W 5% CARBON FILM
10K 1/4W 5% CARBON FILM
56K 1/4W 5% CARBON FILM
2.7K 1/4W 1% M-OXIDE FILM
150K 1/4W 5% CARBON FILM
68K 1/4W 5% CARBON FILM
22.6K 1/4W 1% M~-OXIDE FILM

708

MANUFACTURER'S RADIO SHACK
PART NUMBER PART NUMBEb

RD25PJ 333X
RD25PJ102X
RD25PJ 333X
RD25PJ333X
RD25PJ104X
RD25PJ333X
RD25PJ333X
RD25PJ104X
RD25PJ333X
RD25PJ333X
RD25PJ104X
RD25PJ333X
RD25PJ104X
RD25PJ333X
RD25PJ103X
RD25PJ333X -
RD25PJ 622X
RD25PJ622X
RD25PJ 622X
RD25PJ153X
RD25PJ562X
RD25PJ183X
RD25PJ 683X
RD25PJ562X
RD25PJ101X
RD25PJ183X
RD25PJ271X
RD25PJ183X
RD25PJ562X
RD25PJ222X
RD25PJ432X
RD25PJ104X
RD25PJ103X
RD25PJ563X
RQBPF2701X
RD25PJ154X
RD25PJ683X
RQBPF2262X
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‘SYMBOL DESCRIPTION MANUFACTURER'S RADIO SHACK
PART NUMBER PART NUMBER
R109 56K 1/4W 5% CARBON FILM RD25PJ563X
R110 150K 1/4W 5% CARBON FILM RD25PJ154X
R111 150K 1/4W 5% CARBON FILM RD25PJ154X
R112 1.8K 1/4W 5% CARBON FILM RD25PJ182X
R113 10K 1/4W 5% CARBON FILM RD25PJ103X
R114 33K 1/4W 5% CARBON FILM RD25PJ333X
R115 100K 1/4W 5% CARBON FILM RD25PJ104X
R116 150K 1/4W 1% M-OXIDE FILM ROBPF1503X
R117 100K 1/4W 5% CARBON FILM RD25PJ104X
R118 100K 1/4W 5% CARBON FILM RD25PJ104X
R119 33K 1/4W 5% CARBON FILM RD25PJ333X
R120 82K 1/4W 5% CARBON FILM RD25PJ823X
R121 5.6K 1/4W 5% CARBON FILM RD25PJ562X
R122 470 OHM 1/4W 5% CARBON FILM RD25PJ471X
R123 1.8K 1/4W 5% CARBON FILM RD25PJ182X
124 10K 1/4W 5% CARBON FILM RD25PJ103X
.:125 10K 1/4W 5% CARBON FILM RD25PJ103X
R126 270..0HM 1/4W 5% CARBON FILM RD25PJ271X
R127 22K 1/4W 5% CARBON FILM RD25PJ223X
R128 33K 1/4W 5% CARBON FILM RD25PJ333X
R129 10K 1/4W 5% CARBON FILM RD25PJ103X
R130 22K 1/4W 5% CARBON FILM RD25PJ223X
R131 1K 1/4W 5% CARBON FILM RD25PJ102X
R132 150K 1/4W 5% CARBON FILM RD25PJ154X
R133 NOT USED
R134 3.3K 1/4W 5% CARBON FILM RD25PJ332X
R135 68K 1/4W 5% CARBON FILM RD25PJ683X
R136 62K 1/4W 5% CARBON FILM RD25PJ623X
R137 100K 1/4W 5% CARBON FILM RD25PJ104X
K138 100K 1/4W 5% CARBON FILM RD25PJ104X
R139 100K 1/4W 5% CARBON FILM RD25PJ104X
R140 10K 1/4W 5% CARBON FILM RD25PJ103X
141 IM 1/4W 5% CARBON FILM RD25PJ105%
Quz 33K 1/4W 5% CARBON FILM RD25PJ333X
R143 33K 1/4W 5% CARBON FILM RD25PJ333X
R144 15K 1/4W 5% CARBON FILM RD25PJ153X
R145 15K 1/4W 5% CARBON FILM RD25PJ153X
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SYMBOL DESCRIPTION MANUFACTURER'S RADIO SHACK 1’
PART NUMBER PART NUMBE
R146 33K 1/4W 5% CARBON FILM RD25PJ333X
R147 180 OHM 1/2W 5% CARBON FILM  RD50TJ181X
R148 180 OHM 1/2W 5% CARBON FILM-  RDS50TJ181X
R149 56K 1/4W 5% CARBON FILM RD25PJ563X
R150 470 OHM 1/4W 5% CARBON FILM  RD25PJ471X
R151 33K 1/4W 5% CARBON FILM RD25PJ333%
R152 10K 1/4W 5% CARBON FILM RD25PJ103X
R153 33K 1/4W 5% CARBON FILM RD25PJ333X
c1 0.047uF 12V CERMIC CAPACITOR CBDL1B473Mu
c 0.047uF 12V CERMIC CAPACITOR CBD1B1473Mu
cs 1uF 10V TANTALUM CAPACITOR CSSCO10MDC
| w
c8 1uF 10V TANTALUM CAPACITOR CSSCO10MDC
co 0.1uF 12V CERMIC CAPACITOR CBG1B104MM
c10 0.luF 12V CERMIC CAPACITOR CBG1B104MM
c11 0.1uF 12V CERMIC CAPACITOR CBG1B104MM
c12 0.047uF 12V CERMIC CAPACITOR CBD1B473Mu
!
cl6 0.047uF 12V CERMIC CAPACITOR CBD1B473Mu
c17 20pF 50V CERMIC CAPACITOR CCGB200KCT
c18 20pF 50V CERMIC CAPACITOR CCGB200KCT
S19 0.047uF 12V CERMIC CAPACITOR CBD1B473Mu
220 500pF 50V CERMIC CAPACITOR CCGB501kCT
221 SO00pF 50V CERMIC CAPACITOR CCGB501KCT
222 500pF 50V CERMIC CAPACITOR CCGB501KCT
223 500pF 50V CERMIC CAPACITOR CCGB501KCT
| |
227 500pF 50V CERMIC CAPACITOR CCGB501KCT
228 0.047uF 12V CERMIC CAPACITOR CBD1B473Mu
129 10pF 50V CERMIC CAPACITOR CCGB10ODCT
130 10pF 50V CERMIC CAPACITOR CCGB100DCT
31 0.047uF 12V CERMIC CAPACITOR CBD1B473Mu
| |
'35 0.047uF 12V CERMIC CAPACITOR CBDLB473Mu
36 0.1uF 12V CERMIC CAPACITOR CBGLB104MM
37 0.1uF 12V CERMIC CAPACITOR CBGLB104MM
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SYMBOL DESCRIPTION MANUFACTURER'S RADIO SHACK
PART NUMBER PART NUMBER
c38 100pF 50V CERMIC CAPACITOR CCGB101JLT
c39 0.047uF 12V CAPACITOR CBD1B473Mu
C40 0.0047uF 50V 5% MYLAR CAPACITOR CQMB472JTH
cal 3300pF 50V 10% MYLAR CAPACITOR COMB332JTH
c46 3300pF 50V 10% MYLAR CAPACITOR COMB332JTH
c47 0.1uF 12V CERMIC CAPACITOR CBG1B104MM
c4s8 0.1uF 12V CERMIC CAPACITOR CBG1B104MM
C49 10uF 16V ELYT CAPACITOR CEVD100ADN
C50 10uF 16V ELYT CAPACITOR CEVD100ADN
csl 0.047uF 12V CERMIC CAPACITOR CBD1B473Mu
C52 luF 50V N.P ELYT CAPACITOR * CEADO 10NLN
C53 0.1uF 12V CERMIC CAPACITOR CBG1B104MM
cS4 10uF 16V ELYT CAPACITOR CEVD100ADN
C55 10uF 16V ELYT CAPACITOR CEVD100ADN
C56 0.1uF 12V CERMIC CAPACITOR CBG1B1l04MM °
.57 0.luF 12V CERMIC CAPACITOR CBG1B104MM
c58 0.luF 12V CERMIC CAPACITOR CBG1B104MM
c59 3300pF 50V 10% MYLAR CAPACITOR COMB332JTH
C60 3300pF 50V 10% MYLAR CAPACITOR COMB332JTH
c61 0.0047uF 50V 5% MYLAR CAPACITOR CQMB472JTH
C62 0.0luF 25V 20% CERMIC CAPACITOR CBD1EI103MM
C53 0.1uF 50V 10% MYLAR CAPACITOR CQOMB10 4KTH
C64 0.047uF 50V 10% MYLAR CAPACITOR  CQMB473KTH
C65 0.047uF 12V CERMIC CAPACITOR CBD1B473Mu
C66 0.047uF 12V CERMIC CAPACITOR CBD1B473Mu
C67 0.047uF 12V CERMIC CAPACITOR CBD1B473Mu
C63 1000pF 50V CERMIC CAPACITOR CKGB102KBT
cs% 1000pF 50V CERMIC CAPACITOR CKGB102KBT
c70 0.1uF 12V CERMIC CAPACITOR CBG1B104MM
71 0.C39uF 50V 10% MYLAR CAPACITOR  CQMB393KTH
c72 0.039uF 50V 10% MYLAR CAPACITOR CQMB393KTH
€73 0.239uF 50V 10% MYLAR CAPACITOR  CQMB393KTH
.74 G.047uF 12V CERMIC CAPACITOR CBD1B473Mu
C75 47vF 16V N.P ELYT CAPACITOR CEAD470NLX
C76 47uF 16V N.P ELYT CAPACITOR CEAD4 70NLX
277 47uF 16V N.P. ELYT.CAPACITOR CEAD4 70NLX
c78 3.3uF 50V ELYT CAPACITOR CEVG3R3ALN



MAIN P.W.B ASSY PARTS LIST(cont'd) // 2.

SYMBOL DESCRIPTION MANUFACTURER'S RADIO SHACK,
PART NUMBER PART NUMBE

c79 0.047uF 12V CERMIC CAPACITOR CBD1B473Mu
C80 0.047uF 12V CERMIC CAPACITOR CBD1R473Mu
c8l 1000pF 50V CERMIC CAPACITOR CKGB10 2KBT
c82 4.7uF 25V ELYT CAPACITOR CEVE4R7ADN
c83 470uF 10V ELYT CAPACITOR CEAC471ACX
c84 470uF 6.3V ELYT CAPACITOR CEAB471ACX
c8s 4.7uF 35V ELYT CAPACITOR CEAF4R7ACX
c86 3.3uF 50V ELYT CAPACITOR CEVG3R3ALN
c87 0.1uF 12V CERMIC CAPACITOR CBG1B104MM
c88 S00pF 50V CERMIC CAPACITOR CCGB50 1KCT
c89 500pF 50V CERMIC CAPACITOR CCGB50 1KCT
C90 1uF 50V ELYT CAPACITOR CEVGO L0ADN
c9l 0.047uF 12V CERMIC CAPACITOR CBD1B473Mu
c92 0.47uF 50V ELYT CAPACITOR CEVGR47ADN
c93 100pF 50V 10% MICA CAPACITOR CMDAlO1lKXB
c94 0.0047uF 25V CERMIC CAPACITOR CBD1E472MM
c95 0.luF 250V 20% POLYESTER

CAPACITOR CQHD10 4MEN
c96 0.luF 250V 20% POLYESTER

CAPACITOR COHD10 4MEN
c97 1000pF 50V 10% CERMIC

' CAPACITOR CK§B102KBT

co8 1000pF 50V 10% CERMIC

CAPACITOR CKGB102KBT
c99 0.1uF 12V CERMIC CAPACITOR CBG1B104MM
C100 2200pF 50V 10% CERMIC

CAPACITOR CBD1H222KM
c101 1uF 10V TANTALUM CAPACITOR CSSC010MDC
SW1l SSP32201 SLIDE SWITCH 5502025924
SW2 SSB34204 SLIDE SWITCH SS0402132ZA
SW3 SKM 22-03 SLIDE SWITCH $S0202602L
SW4 SPJ312U PUSH SWITCH SPO 1ABAO6A
SW5 SSP32201 SLIDE SWITCH SS0202592A
CN1 5268-10A x2 CONNECTOR YJF10S0502
CN2 A-7224 CONNECTOR YJF09S039%2
CN3 TCS4480 CONNECTOR YJF08S0332
CN4 TCS4490 CONNECTOR YJF08S034%
CN5 FRC2-C26-L13-ON CONNECTOR YJF26S0102
CN6 DB-25S CONNECTOR YJF25S007%




SYMBOL

CN7

MAIN P.W.B ASSY PARTS LIST(cont'd)

DESCRIPTION

HU-30P-2G~L13

3-51FT Ni-cd BATTERY
HEC0342-01-010 JACK
A-8878A-28S~1H IC SOCKET

IC SOCKET

IC SOCKET

IC SOCKET
BATTERY TERMINAL (A)
BATTERY TERMINAL (B)
BATTERY SUPPORT

773

MANUFACTURER'S RADIO SHACK
PART NUMBER PART NUMBER

YJF30S0062

ZBN0 36102Y

YJB0 35001z

YSC288002z

MW361SNOO1
MW361SNOC2
VS1185B001
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LCD P.W. BOARD
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TECHNICAL DESCRIPTION

The technical description of the Model 100 LCD PWB is divided
into the following 3 sections.

1. LCD PANNEL

2. LCD CONTROL CIRCUIT

3. LCD WAVE FORM

1. LCD PANEL

Liguid crystal is a substance midway between a liquid
and a solid, although its appearance is much like a
liguid. From an electrical and optical stand point, it
possesses the properties of a crystal. Items which use
this liquid crystal are liquid crystal display elements.
The LCD used in Model 100 is a TN (Twisted Nematic) type
of liquid crystal. 1Its basic construction is shown in

Fig. 1.
F?w7f /' Liguid Cﬁyst&l
3lass
Front :
Electtode / ronl Polarzer
{7 ) L L r’ 1
vz 7 ]
l“\ b _J
| ST P AR AN NN A
h - . “. = ]
\ \
\ \\ \ \x———'ﬁef\ector
| — \
Seal ‘——Rear Polarizer
Rear- glass
Fig. 1

The principle by which it functions can be briefly
expressed as "an electric shutter with relation to
light". In other words, if voltage is applied, the
transmission of light is blocked, and, if voltage is not
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applied, light is passed, so that letters and numbers

are displayed.

The operation theory is shown in Fig. 2.

(1) The optical activity (twisting) of light is used,
and the liquid-crystal.display element is
sandwiched between the two polarization plates.
The polarized axes of the upper and lower plates
are placed at right angles to each other.

(2) As shown in Fig. 2 (a), if voltage is not applied,

~ the ligquid-crystal molecules between the upper and
lower plates twist 90° to distribute light.
This results in a 90° optical movement of the
light. '

(3) In other words, when VOltage is not applied, light
is transmitted, and when voltage is applied, light
is interrupted.

(a)when voltage is oFF (b) when voltage is oN
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The LCD used in Model 100 is composed of electrodes in a
matrix arrangement (back scan 64, segments 480). Refer
to Fig. 3.

Because this LCD operates on a 1/32 duty time-division
drive, the upper 32 and lower 32 back scanning is

performed by the same signal.

c'ommon Segment Common
A, ~ A N e Ny
32 17 24¢ ) I6

‘mnoc--ﬁwo--mJ

- — -

LA —————_ . - - - - - aU—————————

3
[ 3
N,
N
i
o
L —
o

Common Segmedt Common

’

Fig. ¥ ° LCD electrodes

The angle of the field of vision is 30° in the range
that contrasts. K = (brightness of non-illuminated
segment) / (brightness of illuminated segment) 1.4 or -

more.
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This range can be set at will from 0° to 90° by setting

the LCD drivgngltage by using the DISP control.

LCD Voltage

Fig. 4 LCD VoH:uge

Low

Caution
The polarization plate attached~tb the surface ¢f the
LCD panel is scratched very easil&, and so must be
handled with great care.

To clean contacts or the display surface, slightly
damapen a soft cloth with benzine and wipe gently. Do
not use organic solvents such as alcohol.
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2. LCD CONTROL CIRCUIT
Refer to the LCD-PWB circuit diagram ' while
reading this section.
ICs M1l and M12 (HD44103) are back-scan driver ICs. The
timing signal :necessary for.the display is generated by
the built-in oscillator and by C5 and R10, and this
timing signal is also supplied to the segment driver
side for control of the display.
There are 16 HD44103 ‘back-scan signal outputs. M1l and
M12 are cascade connected, and a 1/32 duty back-scan
signal is made. By using a C and 'R only at the M1l
side, a timing signal is generated, and M12 is
controlled by that signal. M1l céh then be considered
to be the master IC and M12 the slave. The basic
oscillation frequency is about 430 kHz.
Fig. 5 shows the internal logic composition.
e
LCD Driver
) ¥ 20
B e v e 2O
.
-
T ————— —
FRM O -
3 ATyt
M Oe——> Lotic [* * ' «—ovDp
. -+ V|
Rf - 3 ! vz
ef ?.:"SC —e- divider —O*d;vlier :? \ég
l l - VEE
CLk O=—Logic | J;_O&ND
(P1.92) Frame fr:;uqncyf D“ty
Selecter

selecter
Fig. 2 HD44103 internal logic



The timing signals are M, FRM, Ol' 02 and CL. The M
signal is the signal which inverts the LCD drive
waveform one image at a time to change it to AC.

Because the continuous application of DC to the LCD
would shorten the element life, an alternating electric
field is applied to the liquid crystal surface during
drive in order to make the waveforms symmetrical and
make the DC component as small as possible.

The FRM signal is the display repeat frreuency, the
signal which sets the number of scans per second.

For Model 100, FRM =70 Hz. ;

The 01 and 02 signals are the loc#s for HD44102 RAM
operation.

The CL signal is the shift lock for the shift register.
ICs M1 - M10 (HD44102) are segment driver ICs that cause
the display data sent from the CPU board to be memorized
in the built-in RAM and automatically generate.the
liquid-crystal drive signal.

One bit of data from the built-in RAM corresponds to one
dot of illumination or non-illumination on the display.
The driver output is 50.

The transfer of the display data is accomplished by
8-bit parallel data. This IC has several types of
commands, and the D/I (H: data, L: command) signal
distinguishés between commands and data.

Fig. 6 shows the internal logic composition.

/20
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Fig. 6 HD44102 internal logic

Because Model 100 has 240 segments each (upper and
lower), the M5 and M10 segment output Y41l - Y50 becomes
NOCONNECTION. The power supplied to these ICs, in
addition to V (+5 V) and V (-5 V), also includes V1
- ve.

Vop and VEE are the power supplies which operate the IC
logic, and V1 - V6 make the LCD signal.

V1l - V6 are made by the resistance splitting of R1l, R2,

DD EE

R3, R4 and R5, and, by passing through operation
amplifier M13 (HA17902), lessen the output impedance of
the power supply. ‘
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C3, C4, C6, C7 and C8 augment the peak current during

LCD illumination.
R11l, R12 and R13 are resistors for IC latch=-up

prevention.
This board also includes a low-power detection LED and

-buzzer connectors.
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LCD WAVEFORM
In order to drive the liquid-crystal elements by the 1/32 duty
line~sequential drive method, the LCD of Model 100 makes
sequential selection of the 32 scanning electrodes.

For each dot, the display signal passes through the signal
electrodes and is applied 32 times for one display. At this
point the signal is necessary at each dot only one time, and the
signals for the other 31 times correspond to other dots on the
same signal electrode. '

Because liquid-crystal elements have a cumulative responsé
characteristic (a response characteristic correspondiﬁg to the
sum total of the effective voltages of the voltage pulses
applied for some tens of msec to some hundreds of msec), the
voltage applied for 32 times is all applied as effective
voltage, so that the content (the ON or OFF contrast) of the dot
in question is affected by crosstalk (display information) from
other dots on the same display line.

In order to suppress such crosstalk, it is necessary that the
voltage applied as effective voltage to the liquid-crystal in
question be maintained at a constant level for each dot on the
matrix regardless of whether the signals of the other dots
(applied 32-1) are ON or OFF, so that a voltage avérage is
realized through a combination of voltage levels when the
scanning signal and display signal are selected and not
selected. ' .

An appropriate algebraic method for each condition can be used
to determine the voltage combinations applied to the element
(the voltage averaging method) in order to obtain the maximum
display contrast while suppressing crosstalk between the
liquid-crystal elements. The combination of the liguid-crystal
elements and the combination of the two types of non-applied
voltages and the resulting potential difference actually applied
to the liquid-crystal are shown in (a) and (b) of table 1.
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Signal electrode Selection | Non-selection
‘ i
m 0 | 2vo/a
electrode L } L
Selection Vo + V0 (1 - 2/a)V0
Non~ V0/a .+ V0/a P Vo/a
selection ? . !
(a)
'Signal electrode - Selection ' Non-selection
'k,\ T
Scanning \‘\\\\\\ Vo ‘(1 - 2/a)Vvo
electrode _ T
Selection 0 o =V0 .- (1 - 2/a)V0
| Non- T —
iselection (1~l/a)V0: - V0/a L+ V0/a

(b) .

Table 1: Liquid-crystal voltages and voltages appiied to each o
electrode by the voltage averaging method

As can be understood by studying Table 1, the voltages applied

to the liquid—crz§tal (32-1 time for non-selection) are averaged

to $V0/a regardless of whether the signal voltége is selected A

(other segménts are ON) or not selected (other segments are

OFF) .

In addition, the waveform is inverted, resulting in alternaiing

drive, by alternating the (a) and (b) applied voltages.
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Here V0 represents the maximum voltage applied to the scanning
electrode and signal electrode, and, for Model 100, is the
potential difference between V1 and V2.

In addition, a is the bias coefficient which determines,‘from
the stand point of contrast, the.maximum ratio between the
illumination voltage and the non-illumination voltage.

When that ratio is greatest in relation to the effective ON and
OFF voltages, a = 6.66.

Thus, for V1, V2, V3, V4, V5 and V6:

vVl =

V2 = V

V3 = 2/av

V4 = (1 - 2/a)V
Vs = (1 - 1/a)v
Ve = a/aVv

The following figures show the drive waveform for illumination

and non-illumination.
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SYMBOL DESCRIPTION MANUFACTURER'S RADIO SHACX
PART NUMBER PART NUMBER
Ml HD44102B L.C.D DRIVER IC 0004410248
M10 HD44102B L.C.D DRIVER IC QQ044102aAB
M1l HD44103B L.C.D DRIVER IC QQ044103AB
M12 HD44103B L.C.D DRIVER IC Q04410 3AB
M13 HA17902P O.P AMP QQM17902PB -
R1 10K 1/8W 2% CHIP RESISTOR RJIBAMG1002
R2 10K 1/8W 2% CHIP RESISTOR RIBAMG100 2
R3 26.5K 1/8W 2% CHIP RESISTOR RI8AMG2652
R4 10K 1/8W 2% CHIP RESISTOR RI8AMG1002
RS 10K 1/8W 2% CHIP RESISTOR RI8AMG1002
R6 100K 1/8W 5% CHIP RESISTOR . RJI8AMJI04X
R10 100K 1/8W 5% CHIP RESISTOR RIBAMIL04X
R11 220 OHM 1/8W 5% CHIP RESISTOR RISAMI221X
R12 220 OHM 1/8W 5% CHIP RESISTOR RJ8AMI221X
R13 100 OHM 1/4W 5% CARBON FILM RD25TJ101X
cl 0.1uF 25V CHIP CAPACITOR CFFC104ZFX
1 r r
c4 0.1luF 25V CHIP CAPACITOR CFFC104ZFX
cs 18pF 25V CHIP CAPACITOR ~ CCFC180MCX
c6 0.1uF 25V CHIP CAPACITOR CFFC104ZFX
l
clo 0.1uF 25V . CHIP CAPACITOR CFFC104ZFX
LR202-C L.C.D ZXLR20 2CXB
L.C.D CONNECTOR VQ811RX001
L.C.D HOLDER MB861SF001
SLP-135B L.E.D QL1SP135BC
CONNECTOR ASSY ACCNS812GEA
5267-02A CONNECTOR YJF0250542
BUZZER KBS-27DB-3AU ZYED100005
HOUSING 5264-02 YJF0250572
CONN TERMINALS263-BT YTP0150022
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MEMORY DIAGNOSTICS

Descr:iption

Model 100 Memory Diagnostics consists of two machine level programs
and is designed to test the ROM and RAM of the TRS-80 Model 100
Portable Computer.

Quick Reference

IMPORTANT NOTE: ALL USER FILES WILL RBE DELETED FROM THE MODEL 100
MEMORY BY THE USE OF THESE PROGRAMS. IF THERE ARE ANY FILES THAT YOU
WISH TO RETAIN, SAVE THEM FIRST !1!!1.

1) Prepare cassette plaver and cassette tape
2) Power up the Model 100
3 At the Model 100 power-up menu tvpe 'BASIC <ENTER>' OR position
the cursor over the word 'BASIC' and press <ENTER>
4) In BASIC type 'POWER CONT <ENTER>'
3) Type 'CLEAR 200, 60000 <ENTER>'
6) Type 'CLOADM '"MEMLO" <ENTER>'
7) Once the program loads without error, type 'CALL 61440 <ENTER>'
8) At the Model 100 Memory Diagnostics title page, press any key
9) The menu will then appear on the display; Type 'l' to execute the
ROM CRC Check or type '2' to execute the RAM Check
10) For the ROM CRC Check, the current CRC is A2D4
New checksums can be listed here:
11) After completing the tests, press <CTRL><BREAK> and the reset
switch simultaneously
12) Repeat steps 3-11 above using the following changes for steps 5,
6 and 7:
5) Tvpe 'CLEAR 200, 59000 <ENTER>'
6) Type 'CLOADM '"MEMHI" <ENTER>'
7) Once the program loads without error, type 'CALL 39136
<ENTER>'







Model 100 Memory Diagnostics consists of two programs called MEMLO and

MEMHI. The only functional difference between the programs is the
area of RAM which they test. The only visible difference is in the
version numbers; MEMLO is version [.0.0 LO and MEMHI is version 1.0.0

HI. MEMLO checks RAM beginning at the first available RAM location
and ending at EFFF hex. MEMHI checks RAM beginning at EB76 hex and
ending at F53F0 hex. Note that F53F1 hex through FFFF hex is not
checked under this software.

The following directions apply to either program, except where
specified.

IMPORTANT NOTE: ALL USER FILES WILL BE DELETED FROM THE MODEL 100
MEMORY BY THE USE OF THESE PROGRAMS. IF THERE ARE ANY FILES THAT YOU
WISH TO RETAIN, SAVE THEM FIRST !!!!,

Loading and Executing

1) Prepare cassette player and cassette tape

2) Power up the Model 100

3 At the Model 100 power-up menu type 'BASIC <ENTER>' OR position
the cursor over the word 'BASIC' and press <ENTER>

4) In BASIC type 'POWER CONT <ENTER>'

5) Type 'CLEAR 200, 359000 <ENTER>'

6) Type 'CLOADM "MEMLO" <ENTER>' to load MEMLO or type 'CLOADM
"MEMHI" <ENTER>' to load MEMHI

7) Once the program loads without error, type 'CALL 61440 <ENTER>'
to execute MEMLO or type 'CALL 59136 <ENTER>' to execute MEMHI

The Menu

After executing the program program, the screen will display the
program name, the program version number, the copyright date, and the
amount of RAM available to the system. To proceed to the menu, press
any key. At this point press 'l' to perform the ROM CRC Check or
press '2' to perform the RAM Check. You can exit the program at any
time by pressing <CTRL><BREAK> and the reset switch simultaneously.






ROM CRC Check

After pressing the 'l' key at the menu, the program will display
'CRC =' and pause for a few seconds before displaying the ROM CRC.
Once the test is complete, press any key to return to the menu.

The CRC generated by this test is a simple 16 bit sum of all the bytes
of ROM (from 0000 hex through 7FFF hex).

The current ROM CRC value is A2D4
New Checksums can be listed here:

RAM Check

After selecting option '2' from the menu, the program will clear the
screen and display the RAM test as they are executed. There are three
tests that are performed, the first of which is the 00 Fill. This
test fills the section of RAM being tested with zeros and then read
the RAM to make sure that the zeros were written. The second test is
the FF Fill and operates in the same manner, except that it uses FF
hex to fill memory instead of zero.

The last test is the Rotating fill. This tests fills RAM with a
sequential pattern from Ol1~FF hex until all RAM that is being tested
is filled and the checks to see that the same sequence is read back
from the RAM. It makes 255 passes, each pass beginning the sequence
with a different value. (The first pass will begin the sequence with
1,2,3,4,5...; The second pass will begin the sequence with
2,3,4,5,6..., etc.).

The following table shows the amount of time that each RAM Check will
take for each RAM size available for Model 100.

Program 8K 16K 24K 32K
MEMLO 2.1 min. 4.2 min. 6.3 min. 9.4 min.
MEMHI 3 min. 3 min. 3 min. 3 min.

All times are approximate






MODEL 100 BASIC Test

OQverview

The Model 100 BASIC test program 1s an automated test that
automatically test each subsection of the machine except for the
expansion buss and the RAM. Use the MEMLO and MEMHI programs for RAM
test. Most of the test are in BASIC and are simple to modify or to
write into another test program for exersizing a specific area of the
machine. Some of the test are machine code routines that are called
from the BASIC program.

Loading

Turn on the power to the Model 100 and make sure the standard menu is
displayed. BASIC should be in the top. left corner of the menu. Use
the arrow keys to insure the the cursor is positioned over the word
BASIC and hit the <ENTER> key.

If the main menu is NOT displaved, try pressing <F8>. This should
return you to the menu. If not, you may have to press <RESET> on the
back panel of the machine.

Once in BASIC, prepare the MODEL 100 TEST TAPE and a tape recorder.
Type CLOAD<KENTER> and the program should begin loading. If the
machine finds the program, it will display:

Found:TEST
OK

DO NOT REMOVE THE CASSETTE FROM THE PLAYER. If there were any
errors, try adjusting the volume control.

After loading successfully, tvpe RUN<KENTER>. The program will then
load the machine code routines from the cassette. At the completion
of loading, a menu will appear and the cassette mayv now be removed.






. Running the test

The menu will look like the following:

1-ALL 5~-SOUND TEST
2-CHECK SUM 6-RS232C TEST
3-LCD TEST 7-PRINTER TEST

4-CLOCK TEST 8-BAR CODE READER
O0-ABORT (RETURN TO BASIC)
Hitting the <1> key will cause all the test to executed sequentially.
As & general rule, hitting the <SPACE BAR> will exit most test and

continue with the next test in the AUTO mode.

If you do not have all the equipment necessary for an AUTO test, you
may want to run the tests individually.

CHECK SUM #2

This test does a quick check sum of the ROM. If in doubt, or if there
is a ROM revision, use the check sum test on the MEMHI / MEMLO tape.

LCD TEST #3

‘ This test puts patterns into the LCD display memory. This just
verifies that every dot can be turned on. If in doubt, try directly
addressing a point on the screen with your own BASIC program.

CLOCK TEST #4

Displays the time and beeps every second. Hit the <SPACE BAR> to exit

SOUND TEST #5

This test produces notes in an ascending scale and then a descending

scale on the buzzer.

RS232C TEST #6

This checks the RS5232C port by looping at 19200, 9600, and 735 Baud.
The loopback connector must be installed. If there is no RTS-CTS
loop, the test will halt, the buzzer will sound, and a message:
RTS-CTS NG! Will be displaved. It there is a DATA error, The baud
rate at which the test failed will be displayed. Hit the <SPACE BAR>

to exit.

The loopback connector is a DB-23 connector with pins 2-3 connected
(the data) and pins 4-5 connected (RTS~CTS)






PRINTER TEST #7

This sends a stream of characters to the printer. Printer must be

ONLINE and READY.

BAR CODE READER #8

This test displays number patterns that the bar code reader is being
swept over properly. Make sure that the wand is moved smoothly over
the pattern and check the number displayed with what the pattern

should be.






