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System Overview 

1.Specifications 

(1) Main Components 

(Q) Keyboard 

(b) 

71 keys (9 x 8 matrix) 

Alphabet keys •• 

Number keys ••• 

Picture-control keys 

Function keys .•.•. 

Special symbol keys •• 

Mode keys .••. 

Other special-use keys 

LCD display 

. . . . 
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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 

( C) Case 

(d) 

Dimensions 

Material 

. 300 (W) x 46.5 (L) X 215 (H) mm 

. • • ABS 

Operation Batteries 

Batteries ••• 

Operation time 

Four alkali-manganese batteries 
(AM-3) 

5 days (at 4 hours/day) 

20 days (at 1 hour/day) 

{note: with I/0 disconnected) 

(e) Memory Protection Battery (on main PWB) 

Battery ...•.• Rechargeable Battery (3-51FT) 

Protect.icn ti.me . . About 40 days ( 8 KB) 

About 10 days (32 KB) 

Recharge ~e~hod .. 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 TC55.18BF (TOSHIBA)) 

RAM PACK 

incremental 8 KB RAM PACK on PWB 

CLOCK/CALENDAR µPD 1990AC (NEC) 

No leap yea~/No February 29 

(2) I/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 Sm 

Driver maximum voltage output ... ±SV 

Driver minimum voltage output . ±3.SV 

Receiver maximum voltage input. ±18V 

Receiver minimum voltage input ... ±3V 
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(b) 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 •..• l or 2 bits 

Full Duplex 

Other Functions 

. Answer mode/ Call mode, 

switchable 

Hang Up Function 

Auto.Dialer Function 

(C) Audio Cassette Interface 

Data Rate 1,500 BPS 

(MARK: 2,400 Hz, SPACE: 1,200 Hz) 

( d) Printer Interface 

Conforms to Centronics Interface standards 

Handshake Signal .•• STROBE, BUSY, SELECT 

(3J Special functions 

(a) Automatic power OFF 

When there is no program operation (awaiting command) 

for ten minutes, the power ~s 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 . 

7 



2.Connectors, Switches and Contrast Volume 

(1) Connectors 

RS-232C . . . . . . . 25 pins (DB-25S) 

Printer . . . . . . . . . 26 pins (FRC2-C26-Ll3-ON) 

Modem . . . . . . 8 pins (TCS-4490) 

Cassette . . . . . 8 pins (TCS-4480) 

Bar Code Reader 9 pins (A-7224) 

System Bus 

AC Adaptor 

(2) Switches 

••••• 40 pins (IC Socket) 

• • • • • s.S¢ (Center Minus) 

(Q) Power Switch 

This is the PPC system power swi~ch. 

loN llIIII orF I loN IITID !OFF I 
Power OFF Power ON 

Fig. 1 

(b) ANS/CALL selector 

This switch is used to select the MODEM ANSWER mode or 

CALL mode. 

Call mode Answer mode 

Fig. 2 

(C) Coupler/telephone selector 

This switch is used to select COUPLER (acoustic coupler 

connection) or TELEPHONE (direct connection). 

j or R .__! ___ [Ill]____.! Acp I 
COUPLER (ACOUSTIC 

COUPLER CONNECTION) 

TELEPHONE (DIRECT TELEPHONE 

LINE CONNECTION) 

Fig. 3 
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(d) :'1EMORY BA Ck VP Sw,,: fc/4 

(e) 

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. 
-1-0 N __ I ___ -=-[Ill~l-o-'FF-,1-1 o-N---ltill1-.,,...---__,-I o-_ r-F-,1 

11£1101?'( BACK /JP Off l1£!10RY~BACk VP 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 jSHIFTI Ke~ o.,nd !BRAKE! Ke.~ !:'re pressed. 
(3) DISP volume 

This is for adjustment of contrast of the LCD relative to the 

viewing angle. 

~~ j 
::C:C::, l l I I \ 

-
Fig. 5 
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DISASSEMBLY 

1. CASES 

(1) Disconnect 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. 

(2) Remove the upper case so that it opens to the right side. Note 

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

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

connectors are attached. 

(3) 

(4) 

2.K/B 

(1) 

(2) 

3.LCD 

Remove the LCD and K/B connectors from the main PWB. 

Remove the buzzer connector from the LCD PWB. 

PWB 

Remove the 5 screws, and then remove the K/B PWB. 

Remove the K/B supports at the same time. 

PWB 

• (1) Remove the 4 screws, and then remove the K/B PWB. 

PWB 4-.MAIN 

(1) 

. (2) 

• 

Remove the 7 screws • 

Remove the main PWB upward. Be careful when removing the reset · 

switch and 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 knoQ in the proper notch. 

(2) Secure the battery contact spring. 

(3) Attacn the main PWB to the lower case by using the seven M3 x 8 

,1>crews. 

2.LCD PWB 

tl) Attach the LCD PWB to the upper case by using the four M3 x 3 

screws. 

(2) Insert the puzzer 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 ~pper 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) 

(3) 

(4) 

(5) 

Attach the ~CD and K/B connectors to the main PWB. 

Then place the upper case over the lower case, taking care that 

the cable is not pulled. 

Align the upper and lower cases so that the tabs fit well. 

Turn the cases over, and secure them together by using the four 

M~ x 8 screws. 

• 

• 

• 



27 

• 

SECTION III 

MAIN P.W. BOARD 

• 

• 



TECHNICAL DESCRIPTION 
As described below, the technical description of the Medel 100 

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

l. LSis 
2. MEMORY 
3. ADDRESS DECODING & BANK SELECTION 

4 • MEMORY MAP 
5. I/0 MAP & I/0 PORT DESCRIPTION 

6. KEYBOARD 

7. CASSETTE INTERFACE CIRCUIT 
8. PRINTER INTERFACE CIRCUIT 

9. BAR CODE READER INTERFACE CIRCUIT 
10. BUZZER CONTROL CIRCUIT 

11. SYSTEM BUS 
12. LCD INTERF.ACE CIRCUIT 

!3. CLOCK CIRCUIT 
14. SERIAL INTERFACE 
15. POWER SUPPLY & AUTO POWER OFF CIRCUIT 

l6. RESET CIRCUIT 

1. LSis 

(1) MSM80C85ARS (CPU) 

1-chip, 8-bit C-MOS Process Microprocessor: 

The MSM80C85ARS (80C85) is a complete 8-bit parallel 

Central Processing Unit (CPU). Its instruction set is 
100% software compatible with the 8080A microprocessor, 

and it is designed to improve the present 8080A's 

performance with a higher system speed. 

The 80C85 uses a multiplexed data bus. The address 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 Ml (TC40H373P: octal "D" type latch). 

The driveability of the bus line is increased by M2 

(TC40H2iP: octal bi-directional bus buffer) a!'ld ~-121 
15 • 

(TC40H244P: octal buffer/driver). 
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Fig. 1 80C85 CPU FUNCTIONAL BLOCK DIAGRAM 
Fig. 2 80C85 Pinout Diagram 

(a) 80C85 FUNCTIONAL PIN DESCRIPTION, 

The following describes the function of each pin: 

Symbol 

As -Au 

(Output, 3-state) 

ADo-, 

(Input/Output, 

3-state) 

ALE 

(Output) 

Function 

Address Bus: The most significant 8 bits of the memory address 

or the 8 bits of the 1/0 address, 3-stated during Hold and Halt 

modes and during RESET. 

Multiplexed Address/Data Bus: Lower 8 bits of the memory 

address (or I/O address) appear on the bus during the first clock 

cycle (T state) of a machine cycle. It then becomes the data bus 

during the second and third clock cycles. 

Address Latch Enable: It occurs during the first clock state of a 

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 10/M 

(Output) 

RD 

(Output, 3-state) 

WR 

(Output, 3-state) 

READY 

(Input) 

$0 
Function 

Machine cycle status: 

10/M s, So Status 

0 0 l Memory write 

0 0 Memory read 

I 0 I I/0 write 

I 1 0 I/0 read 

0 1 1 Opcode fetch 

I 1 1 Interrupt Acknowledge 

* 0 0 Halt 

* X X Hold 

* X X Reset 

* = 3-state (high impedance) 

X = unspecified 

S1 can be used as .in advanced R/W status. 10/M, So and.Si 

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 memory 

or I/0 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 into the selected memory or 1/0 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 

HOLD 

(Input) 

HLDA 

(Output) 

INTR 

(Input) 

INTA 

(Output) 

RST 5.5 

RST6.5 

RST 7.5 

(Inputs) 

Function 

HOLD indicates that another master is requesting the use of the 

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. 

HOLD ACKNOWLEDGE: Indicates that the cpu has received 

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. 111e cpu tak_es the bus one half clock cycle after I-ILDA 

goes low. 

'INTERRUPT REQUEST: is used as a general purpose interrupt. 

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 

instruction 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. 

INTERRUPT ACKNOWLEDGE: is used instead of (and has 

the same timing as) RD during the Instruction cycle after an 

INTR is accepted. 

RESTART INTERRUPTS: These three inputs have the same 

timing as INTR except they cause an internal RESTART to 

be automatically inserted. 

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 . 



Symbol 

TRAP 
(Input) 

RESETIN 

(Input) 

RESET OUT 

(Output) 

X,, X2 

(Input) 

CLK 

(Output) 

SID 

(Input) 

SOD 

(Output) 

Vee 

Vss 

Function 

Trap interrupt is a nonmaskable RESTART interrupt. It is re

cognized at the same time as INTR or RST 5.5-7.5. 1t is 

unaffected by any mask or Interrupt Enable. It has the highest 

priority of any interrupt. (See Table 1.) 

Sets the Program Counter to zero and resets the Interrupt Enable 

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 heldin the reset 

condition as long as RESET IN is applied. 

Indicates cpu is being reset. Can be used as a system reset. The' 

signal is synchronized to the processor clock and lasts an integral 

number of clock periods. 

X1 and X2 are connected to a crystal, LC, or RC network to 

drive the internal clock generator. X1 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. 

Clock Output for use as a system clock. The period of CLK is 

twice the X1, X2 input period. 

Serial input data line. The data on this line is loaded into ac

cumulator bit 7 whenever a RIM instruction is executed. 

Serial output data line. The output SOD is set or reset as specified 

by the SIM instruction. 

+5 volt supply. 

Ground Reference. 

• 
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Addrell Branched To (1) 
Name Priority Wl'l•n Interrupt Occurt Type Trigger 

TRAP 1 24H Rising edge ANO high level until sampled. 

AST 7.5 2 3CH Rising edge ( latched l. 

AST 6.5 3 34H High level until aamplod. 

AST 5.5 4 2CH High level until sampled. 

INTA 5 See Note 12\. High level until sampled . 
. 

Table 1. 1NTERRUPT PRIORITY, RESTART ADDRESS and SENSITIVITY 

(!>) FUNCTIONAL DESCRIPTION 

The 80C85 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 

ACCorA 

PC 

BC,DE,HL 

SP 

Flags or F 

Register 

Accumulator 

Program Counter 

General-Purpose 
Registers: data 
pointer (HL) 

Stack Pointer 

Flag Register 

Contents 

8 bits 

16-bit add"ress 

8 bits x 6 or 
16 bits x 3 

16-bit address 

5 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/0 data. 

The 80C85 provides RD, WR, So, S1, 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 Output 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 . 



(<;:) INTERRUPT AND SERIAL I/O 

The 80C85 has 5 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 i.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 RESTA~T 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 I.) 

There are two different types of inputs in the restart interrupts. RST 5.5 and RST 6.5 are 

high level-sensitive like INTR (and INT on the 8080) and are recognized with the same 

timing 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. TI1e 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. TI1e 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 masked out. 

The status of the three RST interrupt masks can only be affected by the SIM instruction 

and RESET IN. 

The interrupts ar~ arranged in a fixed priority that determines which intermpt is to be 

recognized if more than one is pe11ding 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 priority 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. 

TI1e 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 iIIustrates 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 enable status. Performing a RIM 

instruction following INTR, or RST 5.s.:...7.5 wiil provide current Interrupt Enable status, 

revealing that Interrupts are disabled . 

The serial 1/0 system is also controlled by the RIM and SIM instructions. SID is ready 

by RIM, and SIM sets the SOD data. 

(d) BASIC SYSTEM TIMING 

The 80C85 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 1/0 write 

cycle (as would occur during processing of the OUT instruction). Note that during the I/O 

write and read cycle that the 1/0 port address is copied on both the upper 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 (1O/M, S1 , 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 T1 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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1/0REAO HORI 1 ' 0 0 I 1 
1/0WRITE IIOWI ' 0 ' 1 a I 
ACKNOWLl:OGE 
OFINTR ONA) 1 1 l 1 1 0 
•us IDLE 1811: DAO 0 1 0 1 1 1 

ACK.OF 
RST.TRAP 1 l 1 l I l 
HALT TS 0 0 TS TS l 

T, X X X X 1 I 1·• I 
T2 X X X X X X 0 I 
TwAIT X X X X X X 0 I 
T3 X X X X X X 0 I T, o, X TS 0 I Ts O• X TS 0 
T• 0' I X TS 'I 1 

0 • I TRESET X TS TS TS TS 
0 I'';, THALT 0 TS I TS TS TS 0 

THOLO X TS , TS TS TS 1 ' 0 ! 
½able 2 80C85 MACHINE CYCLE CHART 

Table 3 80C85 MACHINE STATE CHART 

iiiii 

T, 

"',, IHIGH OflOIII AOOIIUSI 

10CAUO, 01WFUTa 11 

Fig. 4 80C85 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 •..•......•.•..••. 1.0 Watt 

Table 4 Absolute Maximum Ratings 

3" 
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• 

• 
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Svmbol Parameter Min. Max. Units Test Conditions 

VtL Input Low Voltage -0 3 +0.8 V 

• VIH Input High Voltage 2.2 Vcc+0.3 V 

VoL Output Low Voltage 0.45 V loL., 2mA 

VoH Output High Voltage 24 V loH "--400µA 

Ice Power Supply Current 17 mA Vcc=4. 75-5. 25 V 
IIL Input Leakage :1:10 µA V;n "'Vee 

ILO Output Leakage :1:10 µ.A 0.45V or;; VOIJI.,:;; Vee 

VtLR Input Low Level, RESET -0.3 +0.8 V 

Vt.HR Input High Level, RESET 2.2 Vee+ 0. 3l V 

Table 5 D.C. CHARACTERISTICS 

tAI - (1/2) T-45 MIN 

' t!.A - (1/21 T - 60 MIN 
ti I - (1/2) T- 20 MIN 

t l.l;!S - (1/2) T- 60 M!N 

• tu• - (1/21 T- 30 MIN 
t.An - (5/2 + NI T - 225 MAX 
t.," - {3/2 + Nl T - 180 MAX 

! tRAE - (1/21 T-10 MIN 

I trA - (1/2IT-40 MIN 
! 1ow - (3/2 + N) T - 60 MIN 

I twn - (1/21 T- 60 MIN 

I tee - {3/2 + NI T - 80 MIN 
tr, - (1/2) T- 110 MIN 
tu,y - (3/2) T- 260 MAX 
1 ..... ,.. .. - (1/2) T- 50 MIN 
1HABF - (1/2)T+50 MAX 

tHARE - (1/2) T + 50 MAX 
1AC - (2/2) T- 50 MIN 
t, - (1/21 T- 80 MIN 
t., - (1/2)T-40 MIN 

t.,v - (3/21 T- 80 MIN 
1LDR - (4/2) T - 180 MAX 

Table 6 Bus Timing Specification 

• 
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TABLE 7 A.C. CHARACTERISTICS 

TA• 40°C to +85°C; Vee· 5V ±10%; Vss • ov 

Symbol Parameter Min. Max. Units 

1cvc CLK Cycle Pe•iod 320 2000 ns 

It CLK Low Time - Standard 150 pF Loading 80 ns 

ns 

ti CLK High Time - Standard 150 pF Loading 120 ns 

tr. tf CLK Rise and Fall Time 30 ns 

IXKR X 1 Rising to CLK Rising 30 120 ns 

txKF X 1 Rising to CLK Falling 30 150 ns 

1AC A,_u Valid to Leading Edge of Controil1 I 270 ns 

IACL A 0 _, Valid to Leading of Control 240 ns 

tAO A 0 _u Valid to Valid Data In 575 ns 

IAFR AddrllSS Float after Leading Edge of READ (INTA) 0 ns 

1AL A,_11 Valid before Trailing Edge of ALE (l) 115 ns 

IALL A0 _, Valid before Trailing Edge of ALE 90 ns 

tARY READY Valid from Address Valid 220 ns 

1CA Address (A1 -Aul Valid after Control 120 ns 

tee Width of Control Low (RD, WR, INTA) Edge of ALE 400 ns 

1CL Trailing Edge of Control to Loading Edge of ALE 50 ns 

tow Dote Valid to TrolUng Edge of WRITE 420 ns 

tHABE HLOA to Bus Enable 210 ns 

tHABF Bus Float after HLOA 210 ns 

tHACK HLDA Valid to Trailing Edge of CLK 110 ns 

tHOH HOLD Hold Time 0 ns 

tHOS HOLD Setup Time to Trailing Edge of CLK 170 ns 

tJNH INTR Hold Time 0 ns 

llNS INTR, RST, and TRAP Setup Time to Falling Edge of CLK 160 ns 

ILA Address Hold Time after ALE 100 ns 

1LC Trailing Edge of ALE to Leading Edge of Control 130 ns 

tLCK ALE Low during CLK High 100 ns 

tLOR ALE to Valid Data during Reai:I 460 ns 
1LDW ALE to Valid Data during Write 200 ns 

1LL ALE Width 140 ns 

tLRY ALE to READY Stable 110 ns 

'RAE Trailing Edge of READ to Re-Enabling of Address 150 ns 

IRO READ (or INTA) to Valid Data 300 ns 

tRV Control Trailing Edge to Leading Edge of Next Control 400 ns 

tROH Data Hold Time After READ INTA (7) 0 ns 

tRYH READY Hold Time 0 ns 

IRYS READY Setup Time to Leading Edge of CLK 110 ns 

two Data Valid After Trailing Edge of WRITE 100 ns 

1WDL LEADING Edge of WRITE to Data Valid 40 ns 

Notes: 

1. Aa-Au address Specs apply to 10/M, So. and S1 except A 1 -A 15 are undefined during T.-T, of OF cycle whereas 10/M, 
S0 , and S1 are stable. 

2. Test conditions: tcvc • 320ns CL=150pF 

3. All timings are measured at output voltage Vt• O.BV, VH • 2.2V and 1.5V with 20ns rise and tail time on inputs. 
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(e) WAVEFORM 

---· -. --- -- -~ 

x, 1Nl'IJT 

CLI( 
OUTPUT 

Fig 

Read Operation 

ClK\ 

,,u 

.. 5 Clock 

r, 

I 

•xu -
Timing Waveform . 

Tz I T3 I r, 

t \ I \ I 
1-tc .. -

i-----••o----t 
AO/INTA 

-..;..---++-----.i •cc-------,l.1--.----+----

Write Operation I , ___ / \,._ _ __,, 

i------•ow----..; 

' wll ------•=-----

AHd operation with Walt Cycle (Typlcal) - 91,ne RE.ADY timing appllff to WRITE operation. 

r, I r, I r,...,, I r, 

AEAOY 

• 
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Hold Operation 

r, r, THOlD THO\.D r, 

CLK 

HOLO 
➔----"'I 

----+-+--i~i--..._ ______ _ 

L-~~ 
·-

HLOA -+-------+----'l 
IUI IAOORHI, CONTROlll -,--------1------......r 

Fig. 7 Hold Timing 

11------ IUSfLOATING• 

ALE 

HOLD 

HLCA 

......., ....... -.... -.... ., 

II 

....... 

•totii .. Al.so FLOATING OURING THIS TIME.. 

Fig. 8 80C85 Interrupt and Hold Timing 
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(2) MSM81C55RS (PIO) 

c-MOS, 2048-bit STATIC RA..~ with i/o PORTS and TIMER 

The i/o 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 mode. 

A 14-bit programmable 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 . 

PC, 

TIMER IN 

.. o, 
.. o, ,..., 

,..., 
, ... , 
, .... 
, ... , 

10,M 

AOo 1 

CE 
Alf 

AO 

wii 

AUlT 

!IMllll ClK 

m;mriro, 

ZKX I 

STATIC 
RAM 

TIMUI 

Vee l•&Vl 

"----11 .. 10111 

Fig 9 Pin Configuration and Block Diagram 



(a) 81C55 PIN FUNCTIONS 

Symbol 

RESET 

(Input) 

AD0_1 

(Input) 

CE 
(Input) 

RD 

(Input) 

WR 
(Input) 

ALE 

IO/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 81 CS 5 on the falling edge of ALE. The 

address can be either. for the memory section or the 1/0 section 

depending on the 1O/M input. TI1e 8-bit data is either written into 

the chip or read from the chip, depending on the WR or RD iµput 

signal. 

Chip Enable: 

CE is ACTIVE LOW. 

Read control: Input low on this line with the Chip Enable active 

enables and ADo -1 buffers. If O/M pin is low, the RAM content 

will be rea!f out to the AD bus. Otherwise the content of the 

selected I/O port or command/status registers wiH 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 ADo _, lines and the state of the Chip Enable anJ 

IO/Minto the chip at the falling edge of ALE. 

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

if high. 

• 
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PAo_,(8) 

(Input/Output) 

PBo-1 (8) 

(Input/Output) 

PCo-s (6) 

(Input/Output) 

TIMER IN 

(Input) 

TIMER OUT 

(Output) 

Vee 

Vss 

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

is selected by programming the command register. 

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 wil! provide the following: 

PCo - A INTR (Port A Interrupt) 

PC, - ABF (Port A Buffer Full) 

PC2 - A STB (Port A Strobe) 

PC3 - B INTR (Port B Interrupt) 

PC4 -B BF (Port B Buffer Full) 

PCs - D 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 

V1L 

V1H 

\bL 

\bH 

l1L 

ILO 

Ice 

PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

Input Low Voltage -0.JV 0.8 V 

Input High Voltage ? ? Vcc-1-n ~ 
V 

Output Low Voltage, 0.45· 
' 

V bL • 2mA 
Output High Voltage 2.4 V bH • -40011A 
Input Leakage :t10. 11A v,N • Vee to ov 
Output Leakage Current !'10 · 11A 0.45V ..; VouT ..; Vee 

Vee Supply Current_ • 5 mA 

Table .8 D.C. characteristics 

nsec 

SYMBOL PARAMETER MIN. MAX. 

lAL Address to Latch Set Up Time so 
lLA Address Hold Time after Latch 80 

ILC Latch to READ/WRITE Control , 100 

IRO Valid Data Out Delay from READ Control 170 

t,110 Addreu Stable to Data Out Valid 400 

tLL Latch Enable Width 100 

tAOF Data Sus Float After READ 0 100 

tcL READM/RITE Control to Latch Enable 20 

tee READ/WRITE Control Width 250 

tow Data In to WRITE Set Up Time 150 

two Data In Hold Time After WRITE 0 

tRv Recovery Time Set- Controls 300 

twp WRITE to Port Output 400 
IPR Port Input Setup Time 70 

lRP Port Input Hold Time 50 

tsaF Strobe to Suffer Full 400 

tss Strobe Width 200 

tRae R EAO to Buffer Empty 400 

t51 Strobe to INTR On 400 

lROI READ to INTR Off 400 

!PSS Port Setup Time to Strobl Strobe · so 
IPHS Port Hold Time After Strobe 120 

tsae Strobe to Suffer Empty 400 

twaF WRITE to Buffer Full 400 

tw1 WRITE to INTR Oft 400 

ITL TIMER-IN to TIMER-OUT Low 400 

tTH TIMER-IN to TIMER-OUT High 400 

tRoe Data Sus Enable from R EAO Control ' 10 

t1 TIMER-IN Low Time 80 

t2 TIMER-IN High Time 
, 

120 

Table 9 A.C. characteristics 

~ 
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Fig. 10 81C55 Read/Write Timing Diagram 
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L Sll'Obod Input Mode 

., 

INTII 

1-,rOATA 
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I>, SlroNd Output Mode 
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INTII 

1111 
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Fig. 11 Strobed I/0 Timing 
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a. Basic Input Mode 
•• ,--+---i 

I~ ---~?i,--. _---,/.r--i -
-------v 

OAT~aus• ----- __ /\ __________ _ 

b, 8atlc Output Modi 

f&MI.. IN 

'OATA BUS TIMING IS SHOWN IN FIQUlll 7. 

Fig. 12 Basic I/0 Timing 

LOAI> COUNTIII FIIOII CLII -...j 
I 1 I 1 I 

\ INOTIII / 

'----.1 

\ tNOTtll • // _________ .., 

HOTE ,. TM( TIM£" OUTPUT IS ,uuoo1c IF JN AH AUTOMATIC 
AELOAO MOOt lM1 Moot SIT • 11 

RELOAD COUNTER F-CLR -I 
I 1 I 1 I 

Fig 13 Timer output Waveform Countdown from 5 to 1 



(3) HD6402 (UART) 

C-MOS UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER 

(a) Description 

ARO 
RIAi 
A8R7 
ABRI 
ABAS 
R8A4 
RBR3 
AIA2 
RIA1 

PE 
FE 
OE 

SFO 
ARC 
ORA 

OR 
RAI 

Fig.14 

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 moderns, printers, 

peripherals and remote data aquisition systems. CMOS/LSI technology permits operation 

clock frequencies up to 2.0 MHz ( 125K Baud5 an improvement of 10 to 1 over previo~s 

PMOS UART designs. Power requirements, by comparison, are reduced from 300 mW to 

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

CONTROL YVORO CHARACTER FORMAT 

TOP view C C 
L. L p e s 
s s I p B START OATA PARITY STOP 
2 1 E s BIT SITS BIT BITS 

0 0 0 0 0 s 000 1 

0 0 0 0 , 5 000 1.S 
0 0 0 1 0 s EVEN 1 

Pl 
0 0 0 1 1 5 EVEN 1.S 

CAL 0 0 , X 0 5 NONE 1 
I TBRI 0 0 1 X 1 5 NONE 1.S 
t TIR7 0 , 0 0 0 6 -000 I 

T!IRI 0 1 0 0 1 6 ODO 2 
TBR5 0 1 0 l 0 6 EVEN 1 

T8R4 0 1 0 1 1 6 EVEN 2 
TBA3 0 1 l X 0 6 NONE I 

T8A2 0 1 1 X , 6 NONE 2 

21 T8R1 I 0 0 0 0 7 ODD 1 

TRO I 0 0 0 I 7 000 2 

24 TAE 
1 0 0 1 0 7 EVEN 1 

0 0 1 1 EVEN ;, 
23 TBAL 0 1 X 0 NONE I 
22 TBIIE 0 I X 1 7 NONE 2 
21 MR 1 I 0 0 0 8 ODD 

1 1 0 0 1 a· ODD 

Pin Layout 1 0 1 0 8 EVEN 
1 0 1 1 8 EVEN 

1 X 0 8 NONE 
1 X 1 8 NONE 2 

Table 10 Control Word Format 
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• 
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Fig. 15 Function Dia.gram 

SuDPIV Voltage •8.0V 
GNO -0.JV to VCC +0.3V 

-6S0C to .,. I SOOC 
lnout or Output Vollage Applied 
Storage Temoerature Range 
00erating Temoerature Range (Industrial -91 -4ooc to +asoc 

Table 11 Absolute Maximum Rating 

SYMBOi. PARAMETER MINIMUM TYPICAL. MAXIMUM UNITS 

IIIM Lo91c:11 .. , .• Inoue Voltage 70'll. vcc \' 

Ytt. Lo9ic1f 0 0·· lnout Volt•qip 201' vcc V 

lit. Input L1a1i1:19• -10.0 I +10.0 µA 

VOM L,.og:1cal .• , •• OutDUl Volta;. 2.4 V 

VOt. t.og,cal HO" Ou10u1 Vollagt 0.45 V 

IQ 01.111>ut Leakage -10.0 +10.0 µA 
ICC Supoly Current 1.0 800 µA 

CIN tnout Caoaclt1nc1 • 7.0 8.0 pF 

co OutD11t C1.pacitaACe• 8.0 10.0 t>F 

Table 12 Electrical Characteristics (D. C.) 

vcc • s.ov CD vcc • s.ov::t 5% 

' 
TA• zsoc TA • lndunrial 

SYMBOL PARAMETER. MIN TYP MAX MIN TYP MAX UNITS 

1elock Clock Fnauencv o.c. 2.0 D.C. 1.0 MH% ,_ 
PulH Widths CRt., ORF!, TBRI. 200 225 ns 

IMR Pulso Width MR 500 600 

I 
ns 

'SET tnout 01t1 SetuP Time- 60 75 ns 

1M0t.0 lnc,ut 0111 Mold Timt 75 90 I ns 

1EN Output Enable Time 150 190 "' 

Table 13 Electrical Characetristics 

CCNOITIONS 

I 
I 

I OV S VIN S VCC 

!QM• -0,2mA 

IQL • 2.0mA 

ov s vo ~ vcc 
VIN• GNO or VCC 
vcc • 5.2511 
01.110u1 001n 

CONOITIONS 

Ct.• 50:,F 

See Swttch1ng Time 

Waveform, 1. 2. 3 

i 



(b) Receiver Operation 

Data is received in serial form at the Rinput. When no data is being received, Rlnput 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 most significant bits will be a logic low. The output character is right 

justified to the least significant bit RBRl. 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. 

r--________ .,.-1,ctHHIHC OF ,u,sT STOP a,r 

"'"' r:-, - :-'._'4C,,_L_OC_K_CY-ClU 

· 11e111-1. OE, PE::::::~,..-_-_-_-_-_-_-_-_-_-_-_-_-_--✓_'-_-_-_-_-_-_-_-
011• RECEIVER TIMINC 

011 l I y-- !NOT TO SCALE! 

--:::::++-==--==--==--==--==--==--:::-...;:::--.: ! 'I I >== 
I ....; - 'CLOCX CVC:ll 

@ ® © 

Fig. 16 
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(c) START Bit Detection 

TI1e receiver uses a l 6X 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 symetrical square 

wave, the center of the start bit will be located within ± 1 /2 clock cycle, ± I /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. 

,, .... .JlSLfl .. I"'Lf1...fU7.S1J7J7..J7 
'.._cn,., .. ,,.01••••t• 

c, ..... ,.. ,, ••• "'" 
···-•---i07 

I'---~-:,_-:,_-_-_-, .,-,,..,-.-,,-.,-,. ==--=--=--=------
Fig.· 17 

(d) IM6402 Pin Function:, 

Symbol 

Vee 

NC 

GND 

RRD 

RBR8 

---• ,,.oc•c~r,,, __ _ 

Description 

Positive Voltage Supply 

No Conr.ection 

Ground 

A high lever ·.::n RECEIVER REGISTER DISABLE forces the 

receiver hol'.Eng outp11ts RBR1-RBR8 to a high impedance state. 

The cont~nts c:f the RECEIVER BUFFER REGISTER appear 

on these three-stat\! cutputs. Word formats less than 8 characters 

are r:ghl justified to RBRl . 



Symbol 

RBR7 

RBR6 

RBR5 

RBR4 

RBR3 

RBR2 

RBRl 

PE 

FE 

OE 

SFD 

RRC 

DRR 

DR 

RRI 

MR 

Description 

See Pin 5 - RBRS 

See Pin 5 - RBRS 

See Pin 5 - RBRS 

See Pin 5 - RBR8 

See Pin 5 - RBR8 

See Pin 5 - RBR8 

See Pin 5 - RBR8 

A high level on PA~ITY 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, O.E, DR, TBRE to a high impedance state. 

The RECEIVER REGISTER CLOCK is l 6X 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 buff er register. 

Serial data on RECEIVER REGISTER INPUT is clocked into tht

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. 

• 

• 

• 



~-3 

• Symbol Description 

TBRE 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. 

TBRL A low level on TRANSMITTER BUFFER REGISTER LOAD 

transfers data from inputs TBR1-TBR8 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. 

TRE A high level on TRANSMITTER REGISTER EMPTY indicates 

completed transmission of a character including stop bits. 

TR0 Character data, start data and stop bits appear serially at the 

TRANSMITTER REGISTER OUTPUT. 

TBRI O1aracter data is loaded into the TRANSMITTER BUFFER 

• 
REGISTER via inputs TBRI-TBR8 .. For character formats 

less than 8 bits the TBR8, 7 and 6 inputs are ignored correspond-

ing to the programmed word length. 

TBR2 See Pin 26 -TBRI 

TBR3 See Pin 26 - TBRl 

TBR4 See Pin 26 - TBRI 

TBRS See Pin 26 - TBRI 

TBR6 See Pin 26 - TBRI 

TBR7 See Pin 26 - TBRI 

TBR8 See Pin 26 -TBRI 

CRL A high level on CONTROL REGISTER LOAD loads the control 

register. 

PI A high level on PARITY INHIBIT inhibits parity generation. 

Parity checking and forces PE output low . 

• SBS 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 

CLSl 

EPE 

TRC 

RudCydot11 

a, 

( -

Fig. 18 

Description 

These inputs program the CHARACTER LENGTH SELECTED 

(CLSl low CLS2 low 5 bits) (CLSl high CLS2 low 6 bits) (CLSl 

low CLS2 high 7 bits) (CLSl high CLS2 high 8 bits). 

See Pin 3 7 - 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 l 6X the transmit 

data rate. 

•••C•••cu 
C'lillCu1t 

... -0.YCIIU, ...... ,,. . .,. 

--- J,.,._,,-IH-~-------,,;;:-:IH:;.,,;, VoH 

__ ___, 'j---:"•~L ----------"'L--,j t.,;.;"•~l ___ _ 
I 10M , 'ACC 

v,&:&r0%1/:?IZ¼ 

Fig. 1C) Timing Waveform 
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Note: 

• 

Write Cicio 1. 

a, 

14/W 

Write Cycle 2 . 
•we 

Afft ..... 

ma:, ,er,, 

111 a, ,ct,, 

oouT 

(1) 

(2) 

(3) 

(41 

(5) 

(6) 

(71 

~ :UNllNOWN 

A/W is high for a Read Cycle. 
twp 1s specified as the logical .. ANO .. or CE l. CE2 and RN/. 
twp is measured from the latter of CE 1. CE2 or RM going low 10 the earlit1r of CE 1. CE 2 or 
AN/ going high. 
IQH, tos are measured !rum 11te ear lier al C '..: 1. CE 2 or RN/ going high. 
II the Cf 1, or CE 2 low transition occurs simultaneously with or latter from the AM low tran• 
sition in a Write Cycle 1. the output buffers remain in a high impedance state in this period. 
If the CE I or CE2 high transition occurs pnor 10 or simultaneously with the RMI high transition 
in a Write Cycle 1, the output buffers remain in a high impedance state in this period . 
If the RMI is low or the A/W !ow transition occurs prior to or simultaneously with the CE 1 or 
CE2 low transition. tne ·output butlers remain in a high impedance state in this period. 
A write occurs during the overlap ot a low CE 1. low CE 2 and low RMI. 
In wrne cycle 2, wrne 1s con'trolled Oyen her CE 1 or CE 2. 

Fig.20 



At -A, 1 ! Atldress , npu u: 
R/W Read/Wrue Controt lnout -..::...--·-
ce,. ce, Chip Enable lnp.,15 

110 1 -110, Dara Input/Output -
,_ "po . -- Power f ♦SVI 

GNO Ground ----··-
Table 14 Pin Names 

MOOE CE", CE, R/W At -A 0 1/0, -. POWER 
RUO L L H Stable 0111 Out In= 
Writ■ L L L S1able Data In Ir,-
•• Standby 1 . H . Hion lmC>e<lanca ""~· •• Standby 2 "Ii"" - -· . . 

. -- High lml)lldana, l,,,n, 

Table 15 Operation Mode Nore: •:Hor L .. : 0111 R•t•ntlon MO<le 

. 
SYMBOL ITEM I RATING I 
Vnn ,..,_, Supply Voltao• . -D.JV-7.0V 

~ V1N Input Vollaoe -0.JV - Vnn+O.:,v v,,., lnpuvvutPUI Voliage -0.JV - Vnn-+-0 ~ V 

Pr, Pawer Oiu,pauon (h • 85 Cl o.aw I0.45WI • 
r ...... S1orage Temoerature _55·c - 1so c" 
TneD Oe>er11ino Temperature -Jo•c-s5 c 
T-• .... £:R Soldering Temperature, Time 2so·c, 10 sec 

Plastic FP • 0.4!:>W 

Table 16 Absolute Maximum Ratin& 

PARAMETER MIN. TYP. MAX. :i__: 
Pa-, Suppty Voltage 4,5 5.0 5.5 _ _j__ __ 
Input H,gn Vohao• 2.2 

" 1npu1 t.ow v011191 --0.3 
-- Vn~+-· 08 

u~iy 
--~ ·--~ 

Data Reten1,on_ liotiagc 2.0 - 5.5 _j_ __ V --·- -· 
Table 17 Recommended D.C. operating Conditions 

SYMBOL PARAMETER CONDITIONS MIN. TYP. 1., Input Laal<oge Curr~• 0$ V1N $ VQQ 
MIN UNIT 

1LO 1/0 Leakage Current ~::__v,H. ov ~ v110 ~ v00 
-- ·- - - tt.0 µA 

- - t5,0 µA 10H (5;;iii'uitiiQhCurrent - VQH • 2.4V -1.0 -2.0 mA 
lol OulPul Low t.urrent Vol • 0.4V · ·- 7.o -

3.0 mA .!l1iw __ c.;t, •2.2Vort.t: 1 •2.2V -·-•--j- _ -
1.0 3.0 mA 

Cc, •Vi,o-05Vor TC55188PL v••25:c·--:--r .- - 0.2 mA 
100s2 Standby Curr1n1 Cc' 1 • Voo -0.SV /SOL/BF L T ••60 C _ - 1.0 

~ Ta•2s·c , - 0.05' 1.0 1 
Yoo •2-SSV ~g;~~SBP/ I ;:;.50'~-+-=--·· - 5.0 

µA 

I Ta•85°C - - JO I 10001 lcvc11 • 200ns. t.t: 1 • v,N - v,HIYtl - - JO_j 10002·- Cc', • OV, lnuT • OmA V,.., • Vnn/GNO -· 
Oc:>er•t1no Curtent ,..._: __ 

.2L .. -i 10003 lcvdo • I 11S. Cl:: 1 • v,N • v,H ,v,L --· mA 10 
iooo• Cc, •OV, louT •OmA v,N - Voo/GNO I - - 5 I 

Table· 1.8 D.C. Characteristics 

~6 • 
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SYMBOL PARAMETER MIN TYP MAX UNIT 

Input Capacitance 5 10 pF 
lnpu1/0utpu1 Capac,tance 5 10 

Table 19 Capacitance 

SYMBOL I PARAMETER MIN TYP. I MAX. UNIT 

lAr- I A..;Cvc!eTime 200 - I - ns 
t•- I Accma Time - - I 200 ns 

·-· I Ct, to OUtDUt V•lid - - 200 ns 
tr,,,~ I CE to Ouu>ut Valid - - ! 200 ns 
,,.,.,. I ct: , 01 et: , to Outc,ut Acti""' 10 - I - ns 
IAA I JUtDUt Higt,-Z trom 0""4'lect•on - - I 60 I ns 

"'" I OutPUt Hold fmm Acldr..s Change 20 - I - I ns 

SYMBOL PARAMETER I MIN. I TYP. MAX. UNIT 

twc Write Cvde lime I 200 - i - ns 
lw,, Wtillt Pul,e Wtdth : ,so - I - ns 
1,.,., Address Set Uf) Time ! 0 i - I - ns 
lwA .write Rec:o\111!1' Time I 0 I - - ns 
•oow Out1>4,, High-Z from R/W - - 60 n, 

IOEW OutPUt Actiw 1rom R/W 10 - - n, 

•os ~la Set uo , ,me I 90 - - ns 
In.. 1 ~t.a Hold Ti~ I 0 - - ns --

Table 20 A.C. Characteristics 

• SYMBOL. PARAMETER MIN . j_ _T:_P_ MAX. UNIT - -- - ----Vo11 Datil Ra1nutinn Puw.tt S11ti1dv Vnt1t.111u 2.0 I (, 6 V 

i 1'T'CS51891'1-/hT• • 26~~ 
. ···-.. I II 2 

I 
stanby current , S'OL/9fl. ia •'id',. - I 10 

~!11. I 1a· 2!1"t: - I I IU /IA j"TCS:SIVBl'f ',:;:eo•c - ! 1,0 
j BP/BP 11 •es·c - l I "' -----· -· ..... -· 

-~-=1 
-icoR Frum Ctul,J u.~llut.llUH lu Ut1ht lhlluultuH M\XJo 0 ·_ j - ,.,, 

Aocowr Tl~;- .. ·---· 
IA ,,.cn~_ J. - IJS ---· -···-·--•· 

Nott ( 1) IRC : RHd C1clt Tio"' 

Table 21 Data retension Characteristics 

CATA AITINTION MOOI: 

Voo -0.IIV 

~NO-----------------------------------
NOUI (:1) tf I~ \1'1H I-•• of ci1 (ff 1l tl 2.2\/, .Surlnt U\e outOcl 1"-t ffllll VoO ,,_.u .. It 9011'19 OthlWflll from •.IV to 2.7V, t00S1 

twrrM\1 no ..... 

Fig. 21 
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2 • MEMORY 

The memory of Model 100 consists of a 32-KB ROM and a 32-KB 

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 ceramicmother board, 

for a total of 8 KB (8192 X 8 bit) . 

the standard equipment RAM pack is the M9 ,with the M8 , 

M7 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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(2) ROM (Read Only Memory) 

The ROM used in Model 100 is a synchronous 32-KB (256 K 

~it) memoly. Operated by a single SV 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, th~ BIOS program is included in the standard ROM 

for operation of the LCD,printer, etc. 

An optional ROM can be connected to the special IC 

socket by removing the ROM cover on the case under the 

.Model 100. 

various type of application program can be entered in· 

the optional ROM. 

: . -7\DDR:SSS DECO ING AND BANK SELECTION 

(1) Address decod~ng for RAM. chip selection 

Although four 8~KB RP.M packs are attached to Model 100, 

16 chip select signals are ~ecessary· because 16X2 KB 

RAMs a1~e actually US':!ct • 

Moreover ,because the RAM area is positioned from 8000H 

to FFFFH (see memory rnap) ;the control signal is formed 

by :o/M ,Al5and Al4 ,1s shown in Fig.23,and the 16 

chip-select signals a~~ f~rmad by Al3 ,Al2 and All. 

MS (TC40H139:dn.:::.l 2 to 4 line decorder /demultiplexer) 

is used to make ~he control signal,and MJ and M4 

(TC40Hl33: 3 to S J.i.!1e ciecord8r /demultiplexer) are used 

chip :..-=:,~lee t . , signa.,_s. 
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;i::, 
0., 
0., 
11 

• .,,. ::::,, -(/) I-' 
to 1.,, 

~ ::::,, 
Cl) 0 
~ 

::c 
Cl) 
:< 
;i::, 
0., 
0., 
11 

:3: ;i::, 
(/) I-' 
tt, v, 

• 
~ ;i::,. 
CJ) 0 
tt, 

• 

'•J u 
'"::I 0 

15 aio I'S --· 
I-' I-' 

6 GI 
0 0 M3 
0 :~ C 0 

B 
A 0 

I-' 
I-' 0 I j 
I-' 

O I I 
I-' 0 lL-~· I-' 0 
I-' 0 
I-' 0 

I-' 0 1\11 
I-' 0 

. ' I-' 0 
I-' 0 f• JI 

Address decording for. RAM chip 1 
(8000 H ".., 87FF H ) 

'"::I ti:j 
'"::I I'\/ co 
ti:j 0 
'"::I 0 ---~-

15 mi 
I-' I-' 6 a1 
I-' I-' 

3 
M3 I-' I-' 

C I-' 

i77 B .\ 
I-' A 
I-' 
I-' 
I-' 0 

I-' 0 
I-' 0 1'5 
I-' 0 
I-' 0 ~)* GI 
I-' 0 

3 1-'\4 
I-' 0 C I-' 0 

8 I-' 0 
A 

Address decording for RAM chip 16 
(F800 H~FFFF H ) 

Active line with high-level 
---- Active line with low-level 

Fig .23 
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(2) 

-"r'S 

WR;'+ 

ROM chip selection and BANK selection 

The ROMs (both standard and optional )used in Model 100 

are the 32-KB 1-chip type. And, as can be se~n·-on-fhe 

memory map ,the address space is positioned from 0000H 

to FFFFH. Consequently ,the Al5 signal and bank selection 

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

As shown in Fig.24,AD0 is latched by Ml4 (TC40Hl75: 

quad "D" type F/F) ,by using the WR signal and Y6 signal 

(see I/O port description ),forming the STROMsignal, 
I\ 

and the chip-select signal of each ROM is formed from 

the IO/M signal by MS (TC40Hl39). 

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

the optional ROM by the H-STROM signal. 

ADO ADO 4-

-"r'fi 
~* RESET 

STRoM STRo"-1 
16 16 

A % 4 - STROM A Yo 4 - ST P-~M cs cs 
4-0Hl3'l 

5 
40H!~9 

5' 
AlS 8 II - op 1Z.11M AIS 3 s ?i - o 1" f_l'-r-vi c.s c..s 

MS MS 

·:c91M ct 19/Pi 
8 

Standard ROM chip selection 
optional ROM chip selection 

Active line with high-level 

Activ~ line with low-level 

Fig.24 Standard and Optional ROM selection 
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4 Memory Map 

0 000 H f;:??lll?J?JJ;VJA - - - - - -
V. 

,'1 RAH #-1 (ZK Byte)! 8 ( ~ I) r 
' I I I 

' I , ~ STANDARP 
~ ROM \. > 

&ANK 
Sl:LcCTION 

I j 
I I----.;..._----; 

I 

[ ( 32. I< s7te) 
I 

I 

I 
I 

I 

I 
I 

7frr-H ~~~:..G-'.""'~- - - - - - --L--------' 
8000H I 
qFrFH j.....!:.:::.:.;;..,;;,..,.:;.;:;.t._~ 

AOOO H 

B"FFFH cooo 11 i...-;:.;;.;._.;.""---=----4 

OFFFH 
'EOOOH 

,, .. ,,,., 
,~ 

b7ci➔.ra.rm~;-,t-- ------ --- -- -- - -·- - _, 

r:::;;;;J ------STA)JDARD 

,,,,.;.,...,...,..,...,.,,..,,.~M"'?'7"7"::i ~ooaH 

Additionalsof optional RAMs are from the upper address 

Fig. 25 



--------------- ·----- -------
) . I/O Map and I/O Port Description 

·SS 

•·-

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

address signals Al2 to AlS and the IO/M signal by the 3 ~ 8 

decoder IC (40Hl38). Because the LCD driver select signal Y7 

is active "H", the output of 40Hl38 is inverted by 40H000. The 

uses of the select signals (YO to Y6 and Y7) of the I/O 

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

. -···---· •·••·· ... .... •· - . - --·-----· ·••-• - ··--·· . ··-··-·-
Signal Active Application 

level 

·····. 

. -- . . - ----·••·. -·-· ... 

-, -, .. --- --- Pree area for RAM file (optional) and other I l· rl 

select sign':1ls of circuits made by user 
·- . ··- ... ·- .. ···-
8I'H YO L Device-select signal ~for optional I/O 

controller unit 
--
::lf'H Yl L Device-select signal for optional answering 

telephone unit 

."'.FH Y2 L Bit 0: for ON/OFF of relay for signal 

selection of telephone unit 

Bit 1: used for· ~generation of ENABLE signal 

I of LSI (MC14412) for MODEM 

BFH Y3 L PIO (SlCSS} chip-select signal 

CFH Y4 L ENABLE signal.for data input/output port 

of UART (IM6402) 

Df'J:1 

-·I 

YS L ENABLE signal for .each status set and 

read port of UART 
...... --. -· 

.SFH Y6 L ENABLE signal for STROM ,and REMOTE; 

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

.. 
FF:l I Y7 H ENABLE signal for LCD driver LSI {HD14:403} 

--·--- ·---··-- .. ---· 

TABLE 22 
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6 LS 

\.,0 14 

/\lS 4-
:s:: 

13 
I 2. 
II 

~ 
10 AH· tr\ 

AI 2 2 r 'l 

t\!i: ~ YT 
~-I 13 

Fig. 26 

The I/O address of each port of PIO (81C55} in Table 22 is 

shown in Table 23 below. 

I Address Port or resistor 

B0H 

BlH 

l2_2H 
! B3H 
I 
I B4H 
' 
! BSH 
I 

I BEH, 
I - - . 

6 . 

or BSH Command/status (internal) 

or B9H Port A 

or BAH Port B 

or BBH Port C 

or BCH Timer . lower byte 

or BOH Timer upper byte 

B7H, B8H and B9H Not used 
--·-

Table 23 

Keyboard 

Key strobe signals are emitted from PB0 and PAO - PA7 of 

81C55, anc the return si9nals from the keyboard pass through 

the octal bus buffer IC (40H244) to the CPU. The data input 

port I/O address at this time is E0H - EFH. 

Condition of pressing T key is shown in Fig .27 

6S 
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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 componentis cut by ce3, the data passes through the 
I\ 

integrator composed of RSl 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) 

CMT connector 

~-

TXC SOD· 

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) 

JlJUlSL 
SID 



( 3) Remote 

The REMO'I'E signal output is changed to "L" level as a 

result of the write-in of data "l" to bit 3 of the 

output port (40Hl75: M14) specified by I/0 addresses E0H 

- EFH, and, as a result of T6 switching ON, the relay 

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

(See Fig. 30) 

CMT connector RYl 
(0 

REMl 
REM2 

)-------v--:-:i.. -~-~ 

I...- - - -- .JT6 
C2603 

Fig. 30 

8. Printer Interface 

N 
Cl) ... 

The printer interface circuit conforms to Centronics 

Standards. 

As shown in Fig. 31', the BUSY signal from the printer is read 

from PC2 of 81CSS. If the condition is NOT BUSY (PC2: "L" 

level), the 8-bit data is sent to PAO - PA7 of 81CSS, and 

then, as a result of data 11 1 11 write-in to bit 1 of the output 

port (40H175: M14) indicated by I/0 address E0H - EFH, TS 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 PAO - PA7 data of 81CSS, and the output of 1 byte of 

print data is completed. 

I£ the printer is in the ON-LINE condition, the BUSY 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. 

68 
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9- 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 81CSS PC3 and 80C85 RST 5.5 

terminals. When the be.it code reader reads the first white 

part of the bar code, an "L" dignal from the bar code is 

input, a:1d is then inverted by M.34, after which RST 5. 5 

interruption occurs to indicate the start of data input. Then, 

when tl:-,e bar code reader is moved on the bar code, the "H" 

~ignal (which corresponds to white bar codes) and the "L" 
signal (which cor~e3pcnds to black) are input, and the 

inversion signal is input to PC3 of 81CSS as serial data. (See 

Fig. 32.) BLACK LINE 

I 1 WHITE LINE 
I 

Fig. 32 I 

R 70 / BLACK LINE 
33K 

1-----t:l i µ 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 81CSS at a frequency which sounds the buzzer, and the other 
is by using the timer output of 81CS5. 
(1) Signal from PBS of 81CSS 

With PB2 of 81CSS 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 PBS of "H", "L", "H", "L" 

signals synchronized with the frequency for sounding the 

buzzer. 

(2) Using 81CSS timer output 
With PBS at "H" level in the circuit diagram (Fig. 33), 

the buzzer is sounded when, with the 81CSS timer in the 

square-wave output mode and set to the value 
corresponding to the frequency which will sound the 
buz~er, PB2 is switched to "L", causing the square-wave 

pulse emitted from the Timer Out (To) terminal of 81CSS 
to be applied to the base of the transistor for buzzer 
drive. 
PB2 uses this as·the buzzer ON/OFF control signal • 

Pes· .34 

PBZ 
;I 

TO 6 

(1) Signal from PBS of 81C55 (2) Using 81C55 timer output 

Fig. 33 
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11. System Bus 

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/O control unit and RAM file unit can be connected 

to this system bus. 

Pin No. 

1 

Signal Input or output 

VDD 

Pin No. Signal Input or output 

40 VDD 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

;20 

GND 

ADO 

AD2 

AD4 

AD6 

AS 

AlO 

Al2 

A14 

GND 

In/output 

In/output 

In/output 

In/output 

Output 

Output 

Output 

Output 

RD* Output 

IO/M* Output 

ALE* Output 

CLK Output 

® * Output 

INTR, Input 

GND 

RAM RST Output 

NC 

Table 24 

39 

38 

37 

36 

35 

34 

33 

32 

'31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

GND 

ADl 

AD3 

ADS 
AD7 

A9 

All 

Al3 

AlS 

GND 

WR* 

so 
Sl 
YO 
RESET* 

INTA 
GND 

NC 

NC 

In/output 

In/output 

· In/output 

In/outp~t 

Output 

Output 

Output 

· Outpu.t 

Output 

Output 

Output 

Output 

Output 

Output 

(Note: NC= no connection) 



The following is an explanation of each signal in Table 24 

except the CPU signal. 

@* 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 

YO signal (pin 26) ••• Device select signal of 

optional I/O controller unit 

Table 25, below, shows the DC characteristic of each system 

bus signal. 

. -level output voltage (VOH) 

level output voltage (VOL) 

-level output current (IOH) 

level output current (IOL) 

-l0vel input voltage (VIH) 

level input voltage (VIL) 

SO, Sl, YO, CLK 

2,4 V min (IOH=-400µA) 

0.45 V max (IOL=imA) 

-400µA min (VOH=2.4 V) 

2 mA min (VOL=0.45 V) 

Table 25 

Signals other than at 

left 

4.95 V min (IOH=-1 µA) 

0.05 V max (IOL=lµA) 

-0.8 m A min (VOH=4.5 

4.0 mA min (VOL=0. 5 V) 

4.0 V min 

1.0 V max 

V) 

Note: Values shown in Table 25 are at normal temperature (Ta= 25°C) 

and power (VDD = 5.0 V) 

• 

• 

• 



• 

• 
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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. ----

r-n 
C, 

("'\ 
0 
z 
z. 
m 
I"'.) 

-i 
0 
:;s:, 

Fig. 34 

• • •• 
• •• • ; . 
• 

ADO 
AD1 
AD2 
AD3 . 
AD4 
ADS 
AD6 
Ao7 
,\0 

PAI 
PA2 
PA?> 
PA4 
PAS 
PA6 
PA7 
eo 

P&1 
Y7 °iD-¾' 

w'R* 

'R1~-~ V::11 R154 
33:C SOK(B) 10K 

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, PBl ••• Chip enable signal for each 

LCD driver 

Sl ... Indicates whether data is being written into 

(Sl = "L") the LCD driver or read out (Sl = 
"H") 

73 



A8 ... Register-select signal in the LCD driver; 

ADO-AD7 data are display data when A="H" 

and are command 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'35 shows the operating timing of each signal. 

Refere to the LCD PWB Technical Description for detailed 

characteristics and operation of the LCD and LCD driver. 

tcy, 

E p wet. Pwc:.1-\ 

tr 

CSh-CS3 

R/w 
DII 

:tosw. 

DBO~DB7 2.0V Valia 
Do.to.. 

(),fll 

tDDR 

DB0-PB7 
2.4-11 

Fig. 35 D,lf-1/ 

13. Clock Circuit 

A clock LSI (pPD1990AC) is used in the clock circuitso that 

the time can be set and read by BASIC command. 

• 

• 

• 



• 

• 
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(1) Specification of µPD1990AC 

(a) 

The µPD1990AC 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 µPD1990C employes the oscillation of a 32.768-kHz 

crystal as a reference. All functions are enclosed in a 
14-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 37.768 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. 
(b) Fun~tion 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) . 



• 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 CO - 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 5TB inputs prohibited by CS input 

• Prohibition of data output 

DATA OUT terminal will become high impedance when the 

·OUT 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 

STB 

cs 
OUT ENBL 

Command input (3 bit) 

Strobe input 

Chip select input (Prohibits CLS & STB) 

Output control input 
(Makes the DATA OUT high impedance by 

inputting low level) 
• Output terminals 

DATA OUT Data output of 40-bit shift register 
TP Time pulse output 

Oscillation terminals 

XTAL 1 

XTAL 2 

Oscillation inverter input (OSC IN) 

Oscillation inverter output (OSC OUT) 

. Power supply terminals 

VDD Plus power supply 

GND (Vss) Common line 

?6 

• 

• 

• 
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\wM 
• "'V 

Cl XTAL 1 
co c..) XTAL 2 

0 
a- OUT ENBL er - TP ~ 
0... 

~ DATA OUT 

~NO CL.K 

Fig.36 

(d) BLOCK DIAGRAM 
OUT ENBL 

CLK 

DATA 
IN 

XTAL 1 

cs 

--
--

--

-

--

--
-
--

--

__j --
I 

40 Bit Shift A egister 

CU< 
SD 
PS 

~. , 

,_ 
Month h o!te I I I 

Hour Min Sec. t--~ PSI I I I 

Time Counter . 
osc - 15 StaQe Binarv Divider 

. 

-
Irr/ ! 

I 

-....:..-

I 
I 

I """-;-

COMMAND 
Latch/Decoder 

) 

STB 

f 0 sc • 32.768 kHr 

voo • 2.0 to 3.6 v 

~H2 -
- 32Hz 

TEST 64HZ 
:s6Hz 

i ZJ48H:z 

I l 
GND voD 

Fig.37 

. 
Multiplexer -

,-- H>-o DATA 
OUT -- N-channel 

Open Drai n 

. 

Multiplexe!' -
-[> -- TP 

N-channel 

:Jf Open Drain 

?7 



Fig.38 

(e) - carmand input timing diagram 

.CAN CHANGe ·· ,.·-STABl.E CAN CHANGE 

cs 

STB 

NEW COMMANO.. 
VALiO 

tSTa1: 
tsu: 
tHLO: 
f(j : 

~:~ ⇒'SUI 7"$. 
VH-f 

5 .US MIN. hSTB2 • 40 .us MIN. When Time Read MODE) 

2µs MIN. 
2.us MIN. 
4µ:iMAX. 

} FOR REFERENCE 

Commands designated by Co, C1 and C2 will be written into tM latch when the 5TB terminal becomes high 

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

CLK 

DATA 
IN 

OUT 
ENBL 

DATA 
OUT 

Fig.39 

(f) Data input/output timing diagram 

.. 
Regisw- Melda !C2, C 1. C()I set to (001] . (Shift Model 

cs - '"'H-

.. ,. sec. ..,er sec. 

' ! t 
i ·rn· I ; ! I I .. ! 

I I I . 1 I 
'T'SEC., "10-SEC. -rM!~. r 

(Note) i i ( I i I ii j ! i ! : i! l ! l l' 
' ' I l 

'. I 
~ 
i i l' 

0 1 2 3 4 5 6 7 8 9 1011 

INPUT 
Julv 16 (Sun.) T 
2 Hours 24 Minut~ IMING 

33 34 35 36 '37 38 39 

35 Seconds. 

Novembt!r 25 (Sat.l 
.__ __ 2"Hours 23 Minu_res 

49 Seconds. 

Written-in data LSB {'"H"'l 
aooears at output. 

OUTPUT 
TIMING 

• 

• 
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. CLK 

DATA 
OUT 

DATA 
IN 

V1H-"f-----.ilo-

V1t--,,~---4--

V1H---,~----'!,-,t:==
V1t·-,""T":_:.====:;jµ,.._ 

fdc-o 
1osu 
tOHLD 

Fig. 40 

(2) Clock Control Circuit 

5 SU MIN. !Rt - 33 lc.n, CL• 15 pF) } 

2µsMIN. FOR REFERENCE 
2µsMIN. 

As shown in Fig. 41,when Model 100 is in the operable 

condition (RESET is "H" level), c,ommmands and data can 

be input to uPD1990AC (MlS) from ,and output 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 LS! C0-C2 terminals and DATA IN and CLK terminals 

are connected to the 81C55 PA0-PA4 terminals ,and the DATA 

OUT terminal is connected to the 81C55 PC0· terminal.The 

STB signal is provided from· bit 2 of the output port 

made by Ml4 (40Hl75). 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.S interruption 

to the CPU . 



(a) Time Set Sequence 

The CPU sets uPD1990AC to the data input mode with 'iOO" 

pattern of CO-C2 and strobe signal which is generated by AD2 

,Y6 and WR+ signals passing through Ml4 

Then, the CPU sends the data of time and date information 

to the DATA IN terminal of uPD1990AC with timing clock (PA3) 

Fig. 41-1 Data Input 

C19 
0.047.-" 

12v 

Jl 
At>z 12 D a..---, 

4-0H/'?S 

Ml4 

RESE-T --e-. 

Nt --:t 
<C <C <C 

~ i j 
At last, The CPU sets to the timer set mode with "010" pattern 

of CO-C2, and strobe signal. 

D ~----. 

4-0H I 75 

Ml4 

VB ~ 
Fig.41-2 Counter set 5TB 12 C18 20P 

C19 
)J?D1'990AC M13 

13 □ ~1~zoi 0.047P. 
12v 

co Cl C2 OA1A C!..l< 

0 N --r <""l 

< < < < < 
"· f'I~ CL ::i.. i:... 

• 

• 

• 



(b) 

• 

• 

• 

Time Read Sequence &I 
The CPU sets uPD1990AC to the counter mode w-3 ':"_h "110" 

pattern of C0-C2,and strobe signal. 

Fig.41-3 Counter Read 
CHt 

0.047A 
12v 

J1- z l 
\ 

I • 
/ DZ ID 

! 4-0H / '!S 

Ml4 

DATM TP c ST8 12 ~
18 

20P 

)JfD l'i~OAC Ml3 -□ 61~ 
13 20P 

CO Cl CZ OAiA Ct.K 

Then the CPU sets to the data output ,node with "100" pattern 

of C0-C2, and reads the data of tiIT 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 
..., 8 

C19 
o.o47A 

12v 

Jl. 
AD 2 _LZ D a.,.._;.--., 

40H/'iS 

M14 

. 
,. 

! I 
II 
ij ,...J....---' ._, 

c~s 
14 Oc. MTMTr cs 5TB iZ. .-~--1r p 

11pp !'l90AC MJ8 CJ c◄..,,_ ~ r T ''20P . 13 t,:_ 

CO Cl C2 OATA Ct.K • ,...,. 
14.· 

0 
.A" 



14 Serial Interface 
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 circuit, and the third is MODEM circuit. 

(1) Serial control Circuit 

As shown in Fig.42-1,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 YS 

signal. 

rs ....;..,..,.._ I[---->~ 

RSB 
33k 

~P----....i 

CD---------~ 

Control Register Load Cycle 

Fig.42-1 

• 

• 

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

status input port (M23) selected by the YS signal is read, and ,if it llJ 
is "I;'' ,it waits until it is "H". (shown in Fig.42-2) 

RS8 

33k 
RP-----

CD----------

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 Fig42-3) 

33k 
RP-----

CD---------~ 

,7' 

N 
0 
v 

DR '° r 
TRO 1-1 
MR 
RR! 

Data Transmissinn rvrlg 



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

the RST6.5 interruption notifies the CPU that reception data • 

has entered IM6402, as shown in Fig.42-4. 

Y.S____:,....---.. 

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. 

a----
R.S8 
33k 

RP----... 

CP----------

Data Reception Cycle 

Fig.42-4 

In addition , the status input port bit 5 RP signal is held as 

an option for MODEM operation. 

• 

• 
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Table 26 below shoros the signal correspondence between the datcJ. bus 

anci status bit and control register of IM6402. 

TABLE 26 

Cata 

ADO 

ADl 

l\D2 

AD3 

AD4 

T.D5 

i,D6 

l.D7 

Bus Control Register 

SBS (Stop Bit Select) 

EPE (Even Parity Enable) 

Pl (Parity Inhibit) 

CLSl (Character Length Selected 

CLS2 (Character Length Selected 

1) 

2) 

Status Dit 

OE (Overrun Error) 

FE (Framing Error) 

PE (Parity Error) 

TBRE (Transmitter 
Buffer Empty) 

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 81CSS) determines whether the serial port 

is to Be used as RS-232C or as MODEM. When the RS-232C 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 input to PC4 and PCS of 

81C55,and the CD signal is input from bit O of the status input port (M23). 

Output signals DTR and RTS are output from PB6 and PB7 of 81CSS. 

RRI 
crs 
"osR 

CJ) 

R60 R60 

RTSR RTSR 

TXR m ----
RTSM RST 

RT.SM 

TxM. -mo 
TxM . 

33K 33K 

Fig.43 

RS232C MODE '°I -(I) . 

·N 
.. ~ MODEM MODE -



(2) RS-232C Circuits 

-------, 

I 

--~--JJ 

M35 
45_84. 

1S2076 

C75,C76,cn: 47A 18y(NP) 

Fig. 44 

In the RS-232C .transmission circuit, after the DC 
.• ' ' ~· _j 

component. is- removed- from the IM6402 TRO signal and the 
~:'.,~:·.-· i . .. .... ;·,., ·: :,:.:' • :•· "!...',.•.· :~"?'•' .. :. · ... '. . _ .. _._.. • 

RTS:;signal ,and-:from ,the DTR signal by the coupling 
:. ;~'-,··.,,:.., .• : ": : .. :~·;.;;~. '·,j,!(:.·_:·J~:-~- -~ ... · ... :,:' • ·- . -· . . 

capacitor .. (0:,03_9·:;µF :so V), the signals are leveled to ±5 
. . • ·,;,) - ; ..... :·::;·_ .'.'.:(~' ':.::-: '< .. :·•_:. . • • • 

V s1gnals\by:the .Schrnlstt trigger type inverter IC (M35), 
and:-are output as RS-232C transmission signals. 
In the RS.:..23:ic' reception ·circuit, the DSRR, CTSR and R x 

R signals from the external RS-232C line are subjected 
to waveform shaping.and inversion by M35 and the diode 

(IS1535), and th~n:converted to +5 V GND level signals, 
after which.they are demultiplexed by 40Hl57 (M33) and 

converted to CTS, i5s'R 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 21. " . 

Symbol Name Application 
TXR Transmit Data 
RXR Receive Data 

Data Output from RS-232C 

Data input to RS-232C 

RTSR 

CTSR 

DSRR 
DTRR 

Request to Send 
Clear To Send 
Data Set Ready 
Data Terminal Ready 

The information below concerns the RS-232C driver and 
receiver·. 

Maximum distance transmission 
Driver maximurn,output voltage 

. \ .· . 
. .Driver minimurn~output voltage 

Receiver rnax~urn input voltage 

Receiver minimum input voltage 
In conformity to EIA standard RS-232C 

5 M 
±5 V 

±3.5 V 

±18 V 

±3 V 



i) MODEM CIRCUITRY 

The modem circuit:ty consists of the modulation/demodulation LSI, the 

transmission filter, the reception filter, and other circuits. 

(~) Modulation/demodulation LSI 

TheMC14412contalnu COffl$11tteFSl( 1Frl(IUlnCV-$hi~ Keying} 
modulator and demodulator compatible with bot!\ forei9n (C.C.I. T. T. 
st1ndltd1I and U.s.A. low IOeed 10 to 600 lbpal communication. 
networks. 
• On Chip Crystal Otclllau,r 
• Echo Supp,eaor Olsablt T- G-rator 
• Originate and A- Modes 
• Simpltx, Hllf-Oupltx, and Fun Oupltx Operation 
• On Chip Sine w- G-111tor 
• Modern Self Tnc Mode 
• Single Supply: VOO • 4.71 to 115 Vele MC1"412FP, MC14'12Ft. 

Voo ••.7Sto8.0Vdc MC1"412VP, MCt4412VL· 
• ~lectable Data R1t1n: 0-200, 0-300, CMOQ bps 
• Post Dttection Filtw .. 
• TTt. or CMOS Compatible lnput1 and Output& 

TYPICAL APPt.lCATIONS: 
• Stand Alone Low-SpNd Modemt 
~ Built•ln Low $peed Mocllms 
• Remote Terminals. Acoustical Couplers 
• Credit VerificatlOn · 
• Point of Sale 
• Remote Data Collection 
• .Remote Proceu Contra4 
• Radio Data T_r1n1n1i11ion 

0•evt l 

0•1 .. ,_,_ __ __, 

T""" 140---+--I-I-+-----' 
·- ,,o--+---+-+-----.....J 

, .... _ 
a-

lt.OCIC OIAQIIAM 

TT;.:;::.u. 110--+--+.,.-..ri----_-_-_-_-_-_-_-_-_-_-_-_-_:_-_:--l~--I------.J 
t ........ -

,. ...... O.ta ..... ·---+---+-+--------.1 

Fig.45 

U-.0 -o.--

V00 • l'ln 1• 
Ya• Pi" I 
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Fig .46 

T,.,.....ttOHa 
,.,,..,., ,o,m11 
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111.cetve Oala 

,er1Uej JII OfflUf 

Fig.47 

To 
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Fig.48 
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Pin Assignment 
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I I 

h Oat• I I 
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I 
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I 
I 
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OeffiOdUl•t• 
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L _ __ .J 

Application 
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. 

1.0MHr 
erv .. ., 
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01e,,.. ,.., . ..,, 
T• Oata 
T• I Ta Car 
lclto 

--------
MO<lo 

Tvo• 
TTLO 

IT 

--------
... o ... 
lb Oeta llete 

lll!•C• 

,._ 

PIN ASSIGNMENT 

II• Ca, voo 
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V91 

T.• 
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... ...... , .... 
Ca, 1ndLIMl'I• 
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Input Output Signals 
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•• 
1:, 

12 

11 

10 

• 

Owot••• 

To 
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Networlt 
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• 
MAX MUM A T NGS I A I IVoh19t1 ref...-.! 10 V~s. "" 81 

Ratiflt "- Vlfu• Unit 

OC Suoolv Voll- MC1~12FI' voo. ..0.5 111 15 Vdc 
MC1~12VI' ..o.sioa.o 

1,,.,.,1 Vollogot, All lnpull Y1n v 00 +o.s,o Vdc 
V55-0.S 

OC Currfflt Oraif'I Plf PiR I 10 mAdc 
1 .. cOD1 l'i" 8. ?I 

oc c .. ,, ... , 0,11,. '"" •• 71 I 35 mAdc 

0pel'etttt9 T1ffls,efalt1N Rantf T.o. -,1(110+85 oc 

s-•T-atu,tR- T119 ◄5to•l50 oc 

ELECTRICAL CHARACTERISTICS 

Voo•• -'Coe •2•"c •8&0c 
Clllnctwillic Symbol Vdc Mift M .. Mi" Typ Mu Ml" M1a Unit 

Ou-1Volt- "Ir Lewi VOL 5.0 - 0.05 - C 0.05 - I o.os Vdc 
V;n • Vooo,0 10 - 0.05 - 0 0.05 - I 0.05 

15 - 0.05 - 0 0.05 - 0.05 

"1" Lewi VOH 5.0 •.95 - 4.95 5.0 - us - Vdc 
Vin• Oo,Voo 10 9.95 - 9.95 10 - 9.95. -

115 14.95 - 14.95 15 - 14,9!1 -
lftputVott•• "O" Ltvtl V1L Vdc 

!Vo • •.s« o.5 Vdcl 5.0 - 1.5 - 2.25 1.5 - 1.5 
(Vo• 9,0 o, 1,0 Vdcl 10 - 3.0 - 4.50 3,0 - 3.0 • !Vo• 13,5 or 1.5 Vdcl 15 - 4.0 - 8.15 4.0 - ,.o 

"1" Ltvtl VJH voe 
rvo • o.s "'•.s Vdcl 5.0 3.5 - 3.5 2.75 - 3.5 -
(Vo• 1.0 o, 9.0 Vdcl 10 7,0 - 7,0 5.50 - 7.0 -
!VO• 1.5 o, 13.5 Vdcl 15 11.0 - 11.0 8.25 - 11.\) 

I -
Pins 12,15 510 15 0.75 - 0.8 2.0 - 0.1!5 -

Output Oriw Cwtrent - 10H mAdc 

IVOH • 2.51 (l'in 71 5 -0.82 -· -0.S -1.5 - -0.35 -
!VoH •9.51 10 -0.82 - -0.5 -1.0 - -o~s -
!YOH• 13.51 15 -1.S - -1.5 -,~ - -1.1 -
(VOL• o.•I 10L •• 75 2.3 - 2.0 ,.o - 1.6 - mAdc 
!VOL •0.51 10 s~ - 4,5 10 - l.6 - I !VOL• 1.51 15 15 - 13 35 - 10 -

u,.;;-j lnout CUtrffll (Pin 15 • VQOI ''" - - - - ,0.00001 :0.1 - I -
Input Pull-I.JP R"lltor 5ou,ce Cur,..., Ip 5 285 - 250 •60 - 205 I - J'At'Jc 

!l'in 15 • V SS• V1n • 2.4 Vdcl 
Pino 1.2.s.1.10,11.12,13,1' ! 

tnouc Cac,ecillttct Ct11 - - - - 5.0 - - - pF 

Total SvPOIY C11ntnt IT 5 - •. 5 - 1.1 •o - l 3.5 mAd'! 

(Pin 15 • Voci 10 - 13 - •. o 12 - i 11 I 15 - 27 - 8.0 25 - ! 2l 

-Modul11or/01modtda10, FteQII.NftCY ACC 5 to 15 - - - 0,5 - - - '!(, 

I Accurecv 
I hdudl119 Crysllll 

TranJmtt ca,,,., Oucou1 V2H 610 10 - - •20 ·28 - - i - dB ! 2nd HatmontC !Oto 15 - - •%5 -32 - .. i -
Tr1nvnit C.,rier Output Vout 5 - - 0.2 0.30 - - I - i VRMS I 

Volt- !Rt.• 100 kOI . 10 - - 0.5 0,65 - - - I i (Ptn91 15 - - 1.0 I.S - - I -
Rtieefve Carri-, AiM 1nd 'TLH, 5 - 15 - - 15 - I is I "' Fill Tifflfl (Pin 11 'THL 10 - ;.o - - 5.0 - i 

~.O I I 
1S - 4,0 - - ,.o - 40 I ! 

Table 28 • 
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General 

Fig.SO 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 

91 

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 

TYPE 

Tx Data 

Tx Car 

function 

The type input selects either the. U.S. or C.C.I.1'.T. 

operational frequencies for both transmitting and 

receiving data. When.the type input ="l" , the U.S. 

standard is selected and when the type input ="O", 

the C.C.I.1'.T. standard is selected. 

Transmit data is the binary informationinput. Data 

entered for transmission is modulated using FSK 

techniques. When operating the U.S.standard (TYPE="l") 

a logic "l" input level represents a Mark When operating 

in the C.C.I.T.T. standard (TYPE="O") a logic "l" 

input level represents a Mark. 

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= 11 l" 

Transmit Frequency ECHO = II O" 

Mode Tx Data Tx Car 

Originate II 111 Mark II l" 1270Hz 
Originate II l" Space II O" 1070Hz 
Answer II O" Mark "l" 2225Hz 
Answer "O" Space II 011 2025Hz 

C.C.I.T.T. Standard 

Transmit Frequency 

TYPE= 11 011 

ECH0= 11 011 

Mode Tx Data Tx Car 
Channel II l" Mark "l" 980Hz 
No.l "l" Space II O" 1180Hz 
Channel "O" Mark II l" 1650Hz 
No.2 II O" Space II O" 1850Hz 

Table 29 



symbol 

Tx Enable 

MODE 

ECHO 

Rx Data 

Rx Car 

Rx Rate 

SELF TEST 

Reset 

TYPE="O" 
ECHO="!" 

Echo Suppressor 
Disable Tone 

Mode Tx Data Tx Car 

Chan. No.2"0" "l" 

Table 30 
function 

2100Hz 

The transmit carrier output is enabled when the Tx enable 

input ="l" . No output tone can be transmitted when 

Tx enable ="O". 

The.mode input selects the pair of transmitting and 

receive frequencies used during modulation and demodulation. 

When mode="!", the U.S. originate is selected (type input 

="1") or the C.C.I.T.T. channel No. 1 (type="O"). 

When mode ="O", the U.S. answer mode is selected (type 

="l") or the C.C.I.T.T. channel No.2 (type input ="O"). 

When the Echo input ='.'l" (type ="011 ,Mode =11 011
, 

Tx Data ... 11111
) the demodulator will transmit a 2100 Hz· 

tone for the disabling line echo suppressors. During 

normal data transmission, this input should be low=11 011
• 

The receive data output is digital data resulting from 

demodulation the Receive Carrier. 

The receive carrier is the FSK input to the demodulation. 

This input must have either C mos or TTL compatible 

logic level input (see TTL pull up disable) at a duty 

cycle of 50 to i4 % , that is a square wave resulting from the 

signal limiter. 

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 selected 

data rate period before the receive data output will change. 

Data Rate 
0-200bps 
0-300bps 
0-600bps 

When a high level 

Rx rate 
"l" 
"l" 
II O" 

Type 
II O" 
II l" 
II l" 

(ST=11 l 11
) 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 may be used to disable 

the demodulator (Reset="l") - otherwise it should be 

tied low="O". 

• 

• 

• 
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symbol 

Osc in, Osc out 

TTLD 

Mlffeorocn,o, 

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 ·input· to satisfy the clock 

requirement. When utilizing the 1.0 MHz crystal, 

externalparastic capacitance ,including crystal 

shunt capacitance , must be <. 9PF at the crystal 

input 

To improve TTL interface compatibility, all of the 

inputs to the MODEM have controllable P-channel 

devices which act as pull-up registors when TTLD input 

is low ("O" • when the input is taken high ("l") 

the pull up is disabled, thus reducing power dissipation 

when interfacing with C-MOS. 

t---+--i Aoed Onlv 
'-lefflory 

R•ftdOffl 
Ace•• 

Memo,y 

lneerlece ...... ,_ 

ACIA. 
Treftlffllt • .. .•. 

"'twt Ouo••••r 

Fig. 49 System Block Diagram 



Modulation/demodulation LSI and peripheral circ?itry 

Fig. 50 
(ORIGIN. MOOE) 

CARRIER FREQUENCY 
A A ll 70Hz ca1 '1 
✓ V "-- TX ...... 

o.0047/t12v 

Ai-lS ·1R12W 
1K8 

·J: 

Jl.fU1fl RXCAR 
1 

CARRIER FREQUENCY i f' ....,_7 __ _ 
. 2125Hz, a: .,. 

,o 

* 1-
1.U 
V) 
w 
Cl! 

'rhe Rx Rate and Type terminals of 1MC14412 ·(M31) pull up to VDD. 

'rhe baud rate is set to 300 bps, and the o.s. Standard is 
selected. .. 
Because the ECIL• and SELF TEST terminals are not needed, they 

are grounded (level= 0). 

·rhe Q output (EN signal) of the port (M36) selecte4 by bit 1 of 

the Y2 port is input to the ENABLE terminal 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 

Fig. 51 

,., I 
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(d) Reception filter and comparator circuitry 

As shown in Fig.52,the reception circuit input signal passes 

through the coupling capacitor (C~0) ,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 wave,is 

input at the RX CAR terminal of MC14412. 

The intermediate-frequencies of the 3-stage active filter 

are shown in the chart below. 

The switching of th~ intermediate frequency for the.originate 

mode and the answer mode is accomplished by switching T2,T3 

and TS ONor OFF according to the ORIG- ANSswitch setting, 

thus changing the value of Rl6,~28 and R25. 

The transmit carrier signal output from the TX CAR terminal 

is DC by C61,and the signal lev~l 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 is 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 . 



• • -. 
~ 

Originate Mode 980Hz 1150Hz 1330Hz 

Answer Mode 1940Hz 2290Hz 

~tlli <ilB) (~tAi G-
t ·t 

---'> i CH~> ~i(~). 

M 2'1 M21 
M '30 

J1fL 
~RXCAR 

1-101>£ 

Fig.52 
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(e) 

a,: 
0 
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u 
Ul 
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Other circuits 

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· linJ via the connector. (TxMD, RxMD) 

The ACP-DIR switch is used for selection of the acoustic coupler 

or telephone line. 

97 

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 b~ 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 RlOO (in the input signal 

line of the acoustic coupler) from the v00 line. 

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

when the optional answering telephone is used. 

-Ri:SE:T 
RP 
1L 

TXM 
I 
I CrNDii,. I . 
I 

'TXMD 
I '7 .. 

M 30(7) 

3 RXMD I 
I 
I ... 

... T"" ... N C40 
0 0 

. RXM ____ ___. 

Fig.53-1 AcousticcCoupler Mode 
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RP 
1L---(.~--

/,'.,;r'io.....tl 
--.,-"- WR * 

TXM~..r------,----:0~1~8:-----~ 
'tS2076 

C4-0 

____ ___, 

Fig. 53-.2 Direct Telephone and Terminal Mode 
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15, Power Supply and Auto Power OFF Circuit 

For Model 100, !5 Vis the pow~~ supply of the logic . 

This power is supplied by the DC/DC convert~r. 

In addition, a special feature of :-,1odel 100 is the 

Automatic Power OFF functioD. 

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. 

(1) 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 s~itched ON, a very slight 

collector current flows to T21 and T'22. A voltage 

between pins 7 and 9 of the converter transformer is 

generated, and the T22 base potential becomes positiv2; 

in other words, the base polarity becomes biased ~n the 

forward direction. This voltage causes the ~21 and 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 and 9 begins to 

attenuate, and, as a result, the base 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 is cut off, 

excitation current flows to the transformer. 

Because the current is suddenly cut off as a of 

the transistor cut-off, a counter vcl~age is gene~ate~. 

the distributed capacity of the coil is charged, 2nu, GS 

a result, an oscillation voltage is g~nsrated a~ th2 

base coil. 

Then, when the base potential prog:css::es to a ;,.,3.2_: ,:·:.,:cle 

of the oscillation voltage, it ls biased in the fGrwar~ 

direction, T21 and T22 are switched Q~ once again, ana 

oscillation such as that shown in f'~-55 occurs. 



(2) 

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 cas. 
Moreover, the voltage fluctuations of VDD (+5 V) are fed 

back to the primary side of the oscillation transistor 

by Tl3, D4, Rl21 and C92. in order to improve stability. 

C81 and Rl26 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 

cas is about -7 V.) 

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 

OF~.•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/O devices are connected). 

Battery voltage is detected by splitting the resistance 

of Rl44, Rl08, Rl05 andR116._ When battery voltage (VL) 

becomes 4 V ±0.l V, Tl6 is switched OFF, Tl7 is switched 

ON, Tl9 is driven, and the LED illuminates. 

located on the LCD PWB.) 

(The LED is 

When VL becomes 3. lv ±0.1 V, T14 is switched OFF, T15 

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

~ 

of 80C85. 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", T2.0 operates, 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 81C55. 

When the power switch is switched OFF, Tl8 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. Rl23 and Rll2 are 

resistors to provide hysteresis . 

lo/ 
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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. Sb • 

R103 and C78 delay the introduction of input power so 

that Tll is switched ON and Tl0 is switched OFF about 

msec after VDD is activated, with the result that the 
RESET signal changes from "L" to "H". This RESE.T 

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." 

Fig. 156 

0 
0 
> 

N :,;:: 
CO M 
a: "' ---RAM RST 

T9 

C68 

1000P 

R4 
33K t-128(13) 

(T9,T25 C2603) 

RESET circuit diagram 



MAIN P.W.B ASSY PARTS LIST (cont 1 d) 
/off 

SYMBOL DESCRIPITION MANUFACTURER'S RADIO SHACK • PART NUMBER PART NUMBER 

Ml TC40H373P CMOS LOGIC IC QQ040373AT 

M2 TC40H245P CMOS LOGIC IC QQ040245AT 

M3 TC40Hl38P CMOS LOGIC IC QQ040138AT 

M4 TC40Hl38P CMOS LOGIC IC QQ040138AT 

MS TC40Hl39P.CMOS LOGIC IC QQ040139AT 

M6 RAM .EACK:.(Ol?T.ION).CMOS 8KB QQHX1003A6 

M7 RAM PACK(OPTION)CMOS 8KB QQHX1003A6 

MB RAM PACK(OPTION)CMOS 8KB QQHX1003A6 

M9 BAM·PACK CMOS 8KB QQHX1001A6 

MlO SYSTEM BUS IC SOCKET 

Mll OPTION ROM CMOS 32KB 

Ml2 ROM CMOS 32KB 

Ml3 TC40H032P CMOS LOGIC IC QQ040032AT 

Ml4 TC40Hl75P CMOS LOGIC IC QQ040175AT 

MlS TC40H244P CMOS LOGIC IC QQ040244AT 

Ml6 TC40Hl38P CMOS LOGIC IC QQ040138AT • Ml7 TC40H000P CMOS LOGIC IC QQ040000AT 

Ml8 uPD1990AC CMOS TIMER QQ001990BA 

Ml9 aocas CMOS CPU QQ008085A5 

M20 TC40H367P CMOS LOGIC IC QQ040367AT 

M2l TC40H244P CMOS LOGIC IC QQ040244AT 

1122 IM6402 CMOS UART QQ006402AZ 

'1.23 TC40H244P CMOS LOGIC IC QQ040244AT 

124 TC40H032P CMOS LOGIC IC QQ040032AT 

125 81C55 CMOS PIO QQ008155AS 

126 TC40H002P CMOS LOGIC IC QQ040002AT 

127 4011 CMOS LOGIC IC QQ0040llAT 

128 4013 CMOS LOGIC IC QQ004013AT 

129 TL064CN O.P AMP QQM00064Au 

130 TL064CN O.P AMP QQM00064Au 

131 MC14412 CMOS MODEM QQ014412AM 

132 TC40H244P CMOS LOGIC IC QQ040244AT 

133 TC40Hl57P CMOS LOGIC IC QQ040157AT • l34 HD14584 CMOS LOGIC IC QQ014584AT 

l35 HD14584 CMOS LOGIC IC QQ014584AT 

[36 4013 CMOS LOGIC IC QQ004013AA 
)1 1S2076 SILICON DIODE QDSS2076#B 



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

/0$"' 

• SYMBOL DESCRIPTION MANUFACTURE'S RADIO SHACK 
PART NUMBER 

D2 1S2076 SILICON DIODE QDSS2076#B 

D3 1S2076 SILICON DIODE QDSS2076#B 

D4 RD4.3EL3 ZENER DIODE QDZ4R3EL3A 

DS 1S2076 SILICON DIODE QDSS2076#B 

l l l 
Dl2 lS2076 SILICON DIODE QDSS2076#B 

Dl3 ERA8l-004 SILICON DIODE QDS81004XZ 

Dl4 RDS.lELl ZENER DIODE QDZSRlELlA 

Dl5 1S2076 SILICON DIODE _QDSS2076#B 

Dl6 1S2076 SILICON DIODE QDSS2076#B 

Dl7 1S2076 SILICON DIODE 'QDSS2076#B 

Dl8 ERZ-Cl0K-201 ZNR QNHDK201AN 

D19 1S2076 SILICON DIODE QDSS2076#B 

t i i 
D22 1S2076 SILICON DIODE QDSS2076#B 

• D23 1S2004FC SILICON DIODE QDSS2004X4 

Tl 2SAlll5 TRANSISTOR QTAlllSXAE 

T2 2SC2603 TRANSISTOR QTC2603XAE 

-i i ! 
Tll 2SC2603 TRANSISTOR QTC2603XAE 

Tl2 2SAlll5 TRANSISTOR QTAlllSXAE 

Tl3 2SC2603 E-RANK TRANSISTOR QTC2603XCE 

t i i 
Tl7 2SC2603 E-RANK TRANSISTOR QTC2603XCE 

Tl8 2SC2603 TRANSISTOR QTC2603XAE 

Tl9 2SA1115 TRANSISTOR QTAlllSXAE 

T20 2SC2603 TRANSISTOR QTC2603XAE 

T21 2SC1384 S-RANK TRANSISTOR QTC1384XHN 

T22 2SC2603 E-RANK TRANSISTOR QTC2603XCE 

T23 2SC2603 TRANSISTOR QTC2603XAE 

T24 2SC2603 TRANSISTOR QTC2603XAE 

T25 2SC2603 TRANSISTOR QTC2603XAE 

• T26 2SA1115 TRANSISTOR QTAlllSXAE 

T27 2SC2603 TRANSISTOR QTC2603XAE 

T28 2SA1115 TRANSISTOR QTAlllSXAE 

Xl 32.768KHZ CRYSTAL XTRlAl00lX 

X2 4.9152MHz CRYSTAL XBR1Al003X 

X3 l.0MHZ CRYSTAL XAZ1C2001X 



SYMBOL 

OTl 

OT2 

THl 

TH2 

RYl 

RY2 

RY3 

MRl 

MR2 

MR3 

MR4 

MRS 

MR6 

MR7 

VRl 

VR2 

Rl 

R2 

R3 

R4 

i 
R7 

RS 

i 
Rl2 

Rl3 

Rl4 

Rl5 

Rl6 

Rl7 

Rl8 

Rl9 

R20 

R21 

R22 

R23 

R24 

R25 

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

DESCRIPTION 

E6732B DRIVER TRANS 

TN22A CONVERTOR TRANS 

TD5-C31:0Dl·:.:THE.RMISTQR 

TD5-C310Dl THERMISTOR 

FBR2011CD00SM RELAY 

764D5/lAS-T RELAY 

764D5/lBS-T RELAY 

l00KX8 RESISTOR NETWORK 

100KX8 RESISTOR NETWORK 

100KX8 RESISTOR NETWORK 

33KX8 RESISTOR NETWORK 

100KX8 RESISTOR NETWORK 

100KX8 RESISTOR NETWORK 

100KX8 RESISTOR NETWORK 

K091A SOK (B) VOLUME 

MANUFACTURER'S 
PART NUMBER 

TDZ19A002K 

TC12RZ001B 

QHQSC310ZP 

QHQSC310ZP 

ZRA265101Z 

ZRA164102Z 

ZRA164101Z 

RAB104M08X 

RAB104M08X 

.RAB104M08X 

-RAB333M08X 

RAB104M08X 

RAB104M08X 

RAB104M08X 

RV9A503B01 

VM6CK-PV(ls) S0K(B) VOLUME RPSNB50303 

lK l/4W 5% CARBON FILM 

33K l/4W 5% CARBON FILM 

33K l/4W 5% CARBON FILM 

33K l/4W 5% CARBON FILM 

i 
33K l/4W 5% CARBON FILM 

lK l/4W 5% CARBON FILM 

i 
lK l/4W 5% CARBON FILM 

1.4K l/4W 1% M-OXIDE FILM 

l0K l/4W 5% CARBON FILM 

121K l/4W 1% M-OXIDE FILM 

4.31K l/4W 1% M-OXIDE FILM 

285K l/4W 1% M-OXIDE FILM 

568K l/4W 1% M-OXIDE FILM 

7.5K l/4W 5% CARBON FILM 

470K l/4W 5% CARBON FILM 

RD25PJ102X 

RD25PJ333X 

RD25PJ333X 

RD25PJ333X 

t 
RD25PJ333X 

RD25PJ102X 

! 
RD25PJ102X 

RQBPF1401X 

RD25PJ103X 

RQBPF1213X 

RQBPF4311X 

RQBPF2853X 

RQBPFS683X 

RD25PJ752X 

RD25PJ474X 

620 OHM l/4W 5% CARBON FILM RD25PJ621X 

430 OHM l/4W 5% CARBON FILM RD25PJ431X 

l0K l/4W 5% CARBON FILM RD25PJ103X 

1.45K l/4W 1% M-OXIDE FILM RQBF1451X 

3.2K l/4W 1% M-OXIDE FILM RQBF3201X 
T"'lT""\'lC:T"'i'T1 ('\":)V 

/06 

RADIO SHACK. 
PART NUMBEF 

• 

' • 



.Y!1BOL 

R27 

R28 

R29 

R30 

R31 

R32 

R33 

R34 

R35 

R36 

R.37 

R38 

R39 

R40 

R41 

rt42 .3 
R44 

R45 

R46 

R47 

R48 

R49 

RSO 

RSl 

R52 

R53 

R54 

RSS 

R~6 

R57 
I 

i 
R62 

•: 
i 

R68 

R69 

R70 

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

DESCRIPTION 

3.0lK l/4H 1% M-OXIDE FILM 

7.72K l/4W 1% M-OXIDE FILM 

242K l/4W 1% M-OXIDE FILM 

421K l/4W 1% M-OXIDE FILM 

68K l/4W 5% CARBON FILM 

22 OHM l/4W 5% CARBON FILM 

l0K l/4W 5% CARBON FILM 

lK l/4W 5% CARBON FILM 

330K l/4W 5% CARBON FILM 

680 OHM l/4W 5% CARBON FILM 

180K l/4W 5% CARBON FILM 

209K l/4W 1% M-OXIDE FILM 

lK l/4W 5% CARBON FILM 

l0K l/4W 5% CARBON FILM 

560 OHM l/4W 5% CARBON FILM 

3.0lK l/4W M-OXIDE FILM 
10K l/4W 1% M-OXIDE FILM. 

242K l/4W 1% M-OXIDE FILM 

7.72K l/4W 1% M-OXIDE FILM 

33K l/4W 5% CARBON FILM 

15M l/4W 5% CARBON FILM 

68K l/4W 5% CARBON FILM 

3.3K_l/4W 5% CARBON FILM 

3.3K l/4W 5% CARBON FILM 

2.2K l/4W 5% CARBON FILM 

lk l/4W 5% CARBON FILM 

100K l/4W 5% CARBON FILM 

12K l/4W 5% CARBON FILM 

470 OHM l/4W 5% CARBON FILM 

l0K l/4W 5% CARBON FILM 

33K l/4W 5% CARBON FILM 

i 
33K l/4W 5% CARBON FILM 

620 OHM l/4W 5% CARBON FILM 

33K l/4W 5% CARBON FILM 

! 
33K l/4W 5% CARBON FILM 

NOT USED 

33K l/4W 5% CARBON FILM 

MANUFACTUaER'S 
PART NUMBER 

RQBF3011X 

RQBF7721X 

RQBF2423X 

RQBF4213X 

RD25PJ683X 

RD2SPJ220X 

RD2SPJ103X 

RD25PJ102X 

RD2SPJ334X 

RD2SPJ681X 

RD25PJ184X 

RQBPF2093X 

RD2SPJ102X 

RD2SPJ103X 

RD2SPJS61X 

RQBPF3011X 
RQBPF1002X 

RQBPF2423X 

RQBPF7721X 

RD25PJ333X 

RD2SPJ156X 

RD2SPJ683X 

RD2SPJ332X 

RD2SPJ332X 

RD25PJ222X 

RD25PJ102X 

RD2SPJ104X 

RD25PJ123X 

RD25PJ471X 

RD25PJ103X 

RD25PJ333X 

i 
RD25PJ333X 

RD25PJ621X 

RD25PJ333X 

! 
RD25PJ333X 

RD25P,T111X 

RADIO SHACK 
PART NUMBEF 



3YMBOL 

~71 

R72 

:::t73 

R74 

R75 

R76 

R77 

R78 

R79 

R80 

R81 

R82 

~83 

~84 

~85 

{86 

{87 

{88 

{89 

{90 

l9l 

l92 

l93 

l94 

t95 

l96 

l97 

l98 

l99 

ll'00 

ll0l 

:102 

:103 

:104 

.105 

.106 

.107 

108 

DESCRIPTION 

33K l/4W 5% CARBON FILM 

lK l/4W 5% CARBON FILM 

33K l/4W 5% CARBON FILM 

33K l/4W 5% CARBON FILM 

l00K l/4W 5% CARBON FILM 

33K l/4W 5% CARBON FILM 

33K l/4W 5% CARBON FILM 

l00K l/4W 5% CARBON FILM 

33K l/4W 5% CARBON FILM 

33K l/4W 5% CARBON FILM 

l0OK l/4W 5% CARBON FILM 

33K l/4W 5% CARBON FILM 

l00K l/4W 5% CARBON FILM 

33K l/4W 5% CARBON FILM 

l0K l/4W 5% CARBON FILM 

33K l/4W 5% CARBON FILM 

6.2K l/4W 5% CARBON FILM 

6.2K l/4W 5% CARBON FILM 

6.2K l/4W 5% CARBON FILM 

lSK l/4W 5% CARBON FILM 

5.6K l/4W 5% CARBON FILM 

18K l/4W 5% CARBON FILM 

68K l/4W 5% CARBON FILM 

5.6K l/4W 5% CARBON FILM 

100 e>HM l/4W 5% CARBON FILM 

18K l/4W 5% CARBON FILM 

270 OHM l/4W 5% CARBON FILM 

18K l/4W 5% CARBON FILM 

5.6K l/4W 5% CARBON FILM 

2.2K l/4W 5% CARBON FILM 

4.3K l/4W 5% CARBON FILM 

100K l/4W 5% CARBON FILM 

l0K l/4W 5% CARBON FILM 

56K l/4W 5% CARBON FILM 

2.7K l/4W 1% M-OXIDE FILM 

150K l/4W 5% CARBON FILM 

68K l/4W 5% CARBON FILM 

22.6K l/4W 1% M-OXIDE FILM 

MANUFACTURER'S 
PART NUMBER 

RD25PJ333X 

RD25PJ102X 

RD25PJ333X 

RD25PJ333X 

RD25PJ104X 

RD25PJ333X 

RD25PJ333X 

RD25PJ104X 

RD25PJ333X 

RD25PJ333X 

RD25PJ104X 

RD25PJ333X 

RD25PJ104X 

RD25PJ333X 

RD25PJ103X 

RD25PJ333X 

RD25PJ622X 

RD25PJ622X 

RD25PJ622X 

RD25PJ153X 

RD25PJ562X 

RD25PJ183X 

RD25PJ683X 

RD25PJ562X 

RD25PJ101X 

RD25PJ183X 

RD25PJ271X 

RD25PJ183X 

RD25PJ562X 

RD25PJ222X 

RD25PJ432X 

RD25PJ104X 

RD25PJ103X 

RD25PJ563X 

RQBPF2701X 

RD25PJ154X 

RD25PJ683X 

RQBPF2262X 

RADIO SHACK 
PART NUMBE. 

• 

• 



Rl09 

Rll0 

Rlll 

Rll2 

Rll3 

Rll4 

RllS 

Rll6 

Rll7 

Rll8 

Rll9 

Rl20 

Rl21 

Rl22 

Rl23 

•

124 

125 

Rl26 

Rl27 

Rl28 

Rl29 

Rl30 

Rl31 

Rl32 

Rl33 

Rl34 

Rl35 

Rl36 

Rl37 

Rl38 

Rl39 

Rl40 

•

141 

142 

Rl43 

Rl44 

Rl45 

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

DESCRIPTION 

56K l/4W 5% CARBON FILM 

150K l/4W 5% CARBON FILM 

150K l/4W 5% CARBON FILM 

1.8K l/4W 5% CARBON FILM 

l0K l/4W 5% CARBON FILM 

33K l/4W 5% CARBON FILM 

100K l/4W 5% CARBON FILM 

150K l/4W 1% M-OXIDE FILM 

100K l/4W 5% CARBON FILM 

100K l/4W 5% CARBON FILM 

33K l/4W 5% CARBON FILM 

82K l/4W 5% CARBON FILM 

5.6K l/4W 5% CARBON FILM 

470 OHM l/4W 5% CARBON FILM 

1.8K l/4W 5% CARBON FILM 

l0K l/4W 5% CARBON FILM 

l0K l/4W 5% CARBON FILM 

270_.OHM l/4W 5% CARBON FILM 

22K l/4W 5% CARBON .FILM 

33K l/4W 5% CARBON FILM 

l0K l/4W 5% CARBON FILM 

22K l/4W 5% CARBON FILM 

lK l/4W 5% CARBON FILM 

150K l/4W 5% CARBON FILM 

NOT USED 

3.3K l/4W 5% CARBON FILM 

68K l/4W 5% CARBON FILM 

62K l/4W 5% CARBON FILM 

100K l/4W 5% CARBON FILM 

100K l/4W 5% CARBON FILM 

100K l/4W 5% CARBON FILM 

10K l/4W 5% CARBON FILM 

lM l/4W 5% CARBON FILM 

33K l/4W 5% CARBON FILM 

33K l/4W 5% CARBON FILM 

15K l/4W 5% CARBON FILM 

lSK l/4W 5% CARBON FILM 

MANUFACTURER'S 
PART NUMBER 

RD25PJ563X 

RD25PJ154X 

RD25PJ154X 

RD25PJ182X 

RD25PJ103X 

RD25PJ333X 

RD25PJ104X 

RQBPF1503X 

RD25PJ104X 

RD25PJ104X 

RD25PJ333X 

RD25PJ823X 

RD25PJ562X 

RD25PJ471X 

RD25PJ182X 

RD25PJ103X 

RD25PJ103X 

RD25PJ271X 

RD25PJ223X 

RD25PJ333X 

RD25PJ103X 

RD25PJ223X 

RD25PJ102X 

RD25PJ154X 

RD25PJ332X 

RD25PJ683X 

RD25PJ623X 

RD25PJ104X 

RD25PJ104X 

RD25PJ104X 

RD25PJ103X 

RD25PJ105X 

RD25PJ333X 

RD25PJ333X 

RD25PJ153X 

RD25PJ153X 

RADIO SHACK 
PART NUMBER 



SYMBOL 

Rl46 

Rl47 

Rl48 

Rl49 

RISO 

RlSl 

RlS2 

RlS3 

Cl 

i 
C4 

cs 
I 
~ 

cs 
C9 

ClO 

Cll 

Cl2 
I 

i 
Cl6 

::17 

::18 

::19 

:2 0 

:21 

:22 

:23 

I 
' :27 . 

:28 

:29 

:30 

:31 

! 
:35 

'.36 

'37 

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

DESCRIPTION 

33K l/4W 5% CARBON FILM 

180 OHM l/2W 5% CARBON FILM 

180 OHM l/2W 5% CARBON FILM 

56K l/4W S% CARBON FILM 

470 OHM l/4W 5% CARBON FILM 

33K l/4W S% CARBON FILM 

lOK l/4W S% CARBON FILM 

33K l/4W 5% CARBON FILM 

0.047uF 12V CERMIC CAPACITOR 

l 
0.047uF 12V CERMIC CAPACITOR 

luF lOV TANTALUM CAPACITOR 

i 
luF lOV TANTALUM CAPACITOR 

O.luF 12V CERMIC CAPACITOR 

O.luF 12V CERMIC CAPACITOR 

.O.luF 12V CERMIC CAPACITOR 

0.047uF 12V CERMIC CAPACITOR 

! 
0.047uF 12V CERMIC CAPACITOR 

20pF SOV CERMIC CAPACITOR 

20pF SOV CERMIC CAPACITOR 

0.047uF 12V CERMIC CAPACITOR 

SOOpF SOV CERMIC CAPACITOR 

SOOpF SOV CERMIC CAPACITOR 

SOOpF SOV CERMIC CAPACITOR 

SOOpF SOV CERMIC CAPACITOR 

t 
SOOpF SOV CERMIC CAPACITOR 

0.047uF 12V CERMIC CAPACITOR 

lOpF SOV CERMIC CAPACITOR 

lOpF SOV CERMIC CAPACITOR 

0.047uF 12V CERMIC CAPACITOR 

i 
0.047uF 12V CERMIC CAPACITOR 

O.luF 12V CERMIC CAPACITOR 

O.luF 12V CERMIC CAPACITOR 

MANUFACTURER'S 
PART NUMBER 

RD2SPJ333X 

RDSOTJ181X 

RDSOTJ181X 

RD25PJ563X 

RD25PJ471X 

RD25PJ333X 

RD2SPJ103X 

RD2SPJ333X 

CBD1B473Mu 

i 
CBD1B473Mu 

, 

CSSCOlOMDC 

i 
CSSCOlOMDC 

CBG1Bl04MM 

CBG1Bl04MM 

CBG1Bl04MM 

CBD1B473Mu 

! 
CBD1B473Mu 

CCGB200KCT 

CCGB200KCT 

CBD1B473Mu 

CCGBSOlkCT 

CCGBSOlKCT 

CCGBSOlKCT 

CCGBSOlKCT 

! 
CCGB501KCT 

CBD1B473Mu 

CCGBlOODCT 

CCGBlOODCT 

CBD1B473Mu 

i 
CBD1B473Mu 

CBG1Bl04MM 

CBG1Bl04MM 

/10 

RADIO SHACK. 
PART NUMBE 

• 

• 



SYMBOL • C38 

C39 

C40 

C41 

i 
C46 

C47 

C48 

C49 

cso 
CSl 

CS2 

C53 

C54 

css 
C56 

.57 
C58 

CS9 

C60 

C61 

C62 

C53 

C64 

C65 

C66 

C67 

C68 

C59 . 
C70 

C
..,, 
I .,_ 

C72 

C73 .74 
C75 

C76 

C-~~ 
I ; 

C78 

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

DESCRIPTION 

l0OpF SOV CERMIC CAPACITOR 

0.047uF 12V CAPACITOR 

0.0047uF S0V 5% MYLAR CAPACITOR 

3300pF S0V 10% MYLAR CAPACITOR 

~ 
3300pF S0V 10% MYLAR CAPACITOR 

O.luF 12V CERMIC CAPACITOR 

0.luF 12V CERMIC CAPACITOR 

l0uF 16V ELYT CAPACITOR 

l0uF 16V ELYT CAPACITOR 

0.047uF 12V CERMIC CAPACITOR 

luF S0V N.P ELYT CAPACITOR 

0.luF 12V CERMIC CAPACITOR 

l0uF 16V ELYT CAPACITOR 

l0uF 16V ELYT CAPACITOR 

0.luF 12V CERMIC CAPACITOR 

0.luF 12V CERMIC CAPACITOR 

0.luF 12V CERMIC CAPACITOR 

3300pF SOV 10% MYLAR CAPACITOR 

3300pF S0V 10% MYLAR CAPACITOR 

0.0047uF SOV 5% MYLAR CAPACITOR 

0.0luF 25V 20% CERMIC CAPACITOR 

0.luP S0V 10% MYLAR CAPACITOR 

0.047uF SOV 10% MYLAR CAPACITOR 

0.017uF 12V CERMIC CAPACITOR 

0 .0 4 ·;uF 12V CERMIC CAPACITOR 

0 .0,t7t..F 12V CERMIC CAPACITOR 

lOOOpF S0V CERMIC CAPACITOR 

lOOOpF S0V CERMIC CAPACITOR 

O.luF 12V CERMIC CAPACITOR 

0.C39uF S0V 10% MYLAR CAPACITOR 

0.039uF S0V 10% MYLAR CAPACITOR 

0.039uF SOV 10% MYLAR CAPACITOR 

0.047uF 12V CERMIC CAPACITOR 

4 /l'F 16V N. P ELYT CAPACITOR 

47uF 16V N.P ELYT CAPACITOR 

47uF 16V N~E.ELY.T~'CAPACITOR 

3. J1.:F S0V ELYT CAPACITOR 

MANUFACTURER'S 
PART NUMBER 

CCGBl0lJLT 

CBDlB473Mu 

CQMB472JTH 

CQMB332JTH 

l 
CQMB332JTH 

CBG1Bl04MM 

CBGlB104MM 

CEVDl00ADN 

CEVDl00ADN 

CBD1B473Mu 

CEAD0l0NLN 

CBG1Bl04MM 

CEVDl00ADN 

CEVDl0OADN 

CBG1Bl04MM 

CBG1Bl04MM 

CBG1Bl04MM 

CQMB332JTH 

CQMB332JTH 

CQMB472JTH 

CBD1El03MM 

CQMB104KTH 

CQMB473KTH 

CBD1B473Mu 

CBD1B473Mu 

CBDlB473Mu 

CKGB102KBT 

CK<.rEl0 2KBT 

CBG1Bl04MM 

CQMB393KTH 

CQMB393KTH 

CQMB393KTH 

CBD1B473Mu 

CEAD470NLX 

CEAD470NLX 

CEAD470NLX 

CEVG3R3ALN 

/// 

RADIO SHACK 
PART NUMBER 



SYMBOL 

C79 

C80 

C81 

C82 

C83 

C84 

C85 

C86 

C87 

C88 

C89 

C90 

C91 

C92 

C93 

C94 

C95 

C96 

C97 

C98 

C99 

Cl00 

Cl0l 

SWl 

SW2 

SW3 . 
SW4 

sws 
CNl 

CN2 

CN3 

CN4 

CNS 

CN6 

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

DESCRIPTION 

0.047uF 12V CERMIC CAPACITOR 

0.047uF 12V CERMIC CAPACITOR 

l000pF S0V CERMIC CAPACITOR 

4.7uF 25V ELYT CAPACITOR 

470uF l0V ELYT CAPACITOR 

470uF 6.3V ELYT CAPACITOR 

4.7uF 35V ELYT CAPACITOR 

3.3uF S0V ELYT CAPACITOR 

0.luF 12V CERMIC CAPACITOR 

S00pF S0V CERMIC CAPACITOR 

S00pF S0V CERMIC CAPACITOR 

luF S0V ELYT CAPACITOR 

MANUFACTURER'S 
PART NUMBER 

CBD1B473Mu 

CBD1B473Mu 

CKGB102KBT 

CEVE4R7ADN 

CEAC471ACX 

CEAB471ACX 

CEAF4R7ACX 

CEVG3R3ALN 

CBG1Bl04MM 

cc;:GBS0 lKCT 

CCGBS0lKCT 

CEVG0l0ADN 

0.047uF 12V CERMIC CAPACITOR CBD1B473Mu 

0.47uF S0V ELYT CAPACITOR CEVGR47ADN 

l00pF S0V 10% MICA CAPACITOR CMDA101KXB 

0.0047uF 25V CERMIC CAPACITOR CBD1E472MM 

0.luF 250V 20% POLYESTER 
CAPACITOR CQHD104MEN 

0.luF 250V 20% POLYESTER 
CAPACITOR 

l000pF S0V 10% CERMIC 
CAPACITOR 

l000pF S0V 10% CERMIC 
CAPACITOR 

0.luF 12V CERMIC CAPACITOR 

2200pF S0V 10% CERMIC 
CAPACITOR 

luF l0V TANTALUM CAPACITOR 

SSP32201 SLIDE SWITCH 

SSB34204 SLIDE SWITCH 

SKM 22-03 SLIDE SWITCH 

SPJ312U PUSH SWITCH 

SSP32201 SLIDE SWITCH 

5268-l0A x2 CONNECTOR 

A-7224 CONNECTOR 

TCS4480 CONNECTOR 

TCS4490 CONNECTOR 

FRC2-C26-Ll3-ON CONNECTOR 

DB-25S CONNECTOR 

CQHD104MEN 

CK~Bl02KBT 

CKGB102KBT 

CBG1Bl04MM 

CBD1H222KM 

CSSC0l0MDC 

SS0 20 259ZA 

SS040 213ZA 

SS0 20 260 ZL 

SP0 1ABA06A 

SS0 20 259ZA 

YJFl0S0 S0Z 

YJF0 9S0 39Z 

YJF08S033Z 

YJF08S034Z 

YJF26S010 Z 

YJF25S007Z 

I I 2.. 

RADIO SHACK~ 
PART NUMBE~ 

• 

• 



• SYMBOL 

CN7 

• 

• 

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

DESCRIPTION 

HU-30P-2G-Ll3 

3-SlFT Ni-cd BATTERY 

HEC0342-01-010 JACK 

A-8878A-28S-1H IC SOCKET 

IC SOCKET 

IC SOCKET 

IC SOCKET 

BATTERY T.ERMINAL(A) 

BATTERY TERMINAL(B) 

BATTERY SUPPORT 

MANUFACTURER Is 
PART NUMBER 

YJF30S006Z 

ZBN0 3610 2Y 

YJB0 3S00 lZ 

YSC28S002Z 

MW361SN00l 

MW361SN002 

VS118SB001 

RADIO SHACK 
PART NUMBER 



lt'f 

• 

SECTION IV 

LCD P.W. BOARD 

• 

• 



• 

• 

• 

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 

Liquid crystal is a substance midway between a liquid 

and a solid, although its appearance is much like a 

liquid. From an_electrical and optical stand point, it 

possesses the properties of a cry~tal. Items which use 

this liquid crystal are liquid crystal display elements. 

The LCD used in Model roo is a TN (Twisted Nematic) type 

of liquid crystal. Its basic construction is shown in 

Fig. 1. 

Fig. 1 
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The principle by which it functions can be briefly 

expressed as "an electric shutter with relation to 

light 11
• In other words, if voltage is applied, the 

transmission of light is blocked, and, if voltage is not 



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 liquid-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. 
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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'om111on . A 
' JZ ,., 240 

Common 
,..........___ 

I I 16 

I -----------------!--' +----------------+----' ---------,--------+ 
---+------- --------

------------ -----+----, ------------------.----+----------------------------------+-' I, I • / / 
I 'T .3Z 240 I' 16 I ~ .._____________ .,_ T° ~ 

Co,n,rnon Common 

Fig. 3-·· • 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 . 

/1'7 



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

the LCD drive_vo~__:t-age by using the DISP control. 

e = 30° 

Fig. 4 

LOW 

Caution 

The polarization plate attached to the surface of the 

LCD panel is scratched very easily, and so must be 

handled with great care. 

To clean contacts or the display surface, slightly 

damapen a soft cloth with benzine and wipe gen~ly. Do 

• 

not use organic solvents such as alcohol. • 

• 



• 

• 

• 

2. LCD CQNTROL CIRCUIT 

Refer to the LCD-PWB circuit diagram 

reading this section. 
while 

ICs Mll and Ml2 (HD44103) are back-scan driver ICs. The 

timing signal,tnec~ssary for.the display is generated by 

the b~ilt-in ~scillator and by CS and Rl0, 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. Mll and 

M12 are cascade connected, and a 1/32 duty back-scan 

signal is made. By using a C and·R only at the Mll 

side, a timing signal is generated, and Ml2 is 

controlled by that signal. Mll can then be considered 

to be the master IC and Ml2 the slave. The basic 

oscillation frequency is about 430 kHz. 

Fig. 5 shows the internal logic composition • 
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The timing signals are M, FRM, o1 , o2 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 =10 Hz. 

The o1 and o2 signals are the locks for HD44102 RAM 

operation. 

The CL signal is the shift lock for the shift register. 

ICs Ml - MlO (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 illumin~tion 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 

distinguishes between commands and data. 

Fig. 6 shows the internal logic composition. 
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Because Model 100 has 240 segments each (upper and 

lower), the MS and Ml0 segment output Y41 - YS0 becomes 

NOCONNECTION. The power supplied to these ICs, in 

addition to v00 (+5 V) and VEE (-5 V), also includes Vl 

- V6. 

v00 and VEE are the power supplies which operate the IC 

logic, and Vl - V6 make the LCD signal. 

Vl - V6 are made by the resistance splitting of Rl, R2, 

R3, R4 and RS, and, by passing through operation 

amplifier M13 (HA17902), lessen the output impedance of 

the power supply . 



C3, C4, C6, C7 and C8 augment the peak current during 

LCD illumination. 

Rll, Rl2 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. 

1.23 

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 response 

characte·ristic (a response characteristic corresponding to the 

sum total of the effective voltages o~ 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 average is 

realized through a combination of voltage levels when the 

scanning signal and display gignal 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 liquid-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 . 



Signal electrode I Sele~tion I Non-selection 
i 

l 
Scanning 0 I 2VO/a 

l 

electrode· 
/·--·+· VO 

I ... I .• 

Selection VO I n - 2/a}VO 

Non- VO/a + VO/a - VO/a 

selection 

( a} 

~ectrod;---. Selection • N~~--;ele~~ion ___ j 
Scanning ..c...________ VO (1 - 2/a)VO ! 
electrode _ I 
Selection I O - VO - (1 - 2/a)VO I 

l-::N;-:o'."'.:n------;------.-.,..._----------

selection 1-1/a)VO - VO/a + VO/a 

(b) 

Table 1: Liquid-crystal voltages and voltages applied to each 

electrode by the voltage averaging method 

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

to the liquid-crystal (32-1 time for non-selection) are averaged ., .. 
to ±VO/a regardless of whether the signal voltage is selected 

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

OFF). 

In addition, the waveform is inverted, resulting in alternating 

drive, by alternating the (a) and (b) applied voltages. 
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Here VO represents the maximum voltage applied to the scanning 

electrode and signal electrode, and, for Model 100, is the 

potential difference between Vl 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 Vl, V2, V3, V4, VS and V6: 

Vl = 

V2 = V 

V3 = 2/aV 

V4 = (1 - 2/a)V 

VS= (1 - 1/a)V 

V6 = a/aV 

The following figures show the drive waveform for illumination 

and non-illumination. 
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LCD P.W.B ASSY PASRTS LIST(cont'd) 
/26 • 

SYMBOL DESCRIPTION MANUFACTURER'S RADIO SHACK 
PART NUMBER PART NUMBEB 

Ml HD44102B L.C.D DRIVER IC QQ044102AB 

i i 
Ml0 HD44102B L.C.D DRIVER IC QQ044102AB 

Mll HD44103B L.C.D DRIVER IC QQ044103AB 

Ml2 HD44103B L.C.D DRIVER IC QQ044103AB 

Ml3 HA17902P O.P AMP QQMl 790 2PB -

Rl l0K 1/BW 2% CHIP RESISTOR RJ8AMG1002 

R2 l0K 1/BW 2% CHIP RESISTOR RJ8AMG1002 

R3 26.SK 1/BW 2% CHIP RESISTOR RJ8AMG2652 

R4 l0K 1/BW 2% CHIP RESISTOR RJ8AMG1002 

RS l0K 1/BW 2% CHIP RESISTOR RJ8AMG1002 

R6 l00K 1/BW 5% CHIP RESISTOR , RJ8AMJ104X 

~ i • Rl0 l0OK 1/SW 5% CHIP RESISTOR RJ8AMJ104X 

Rll 220 OHM 1/SW 5% CHIP RESISTOR RJ8AMJ221X 

Rl2 220 OHM 1/BW 5% CHIP RESISTOR RJ8AMJ221X 

Rl3 100 OHM l/4W 5% CARBON FILM. RD25TJ101X 

Cl 0 .luF 25V CHIP CAPACITOR CFFC104ZFX 

I i I t T 
C4 0 .luF 25V CHIP CAPACITOR CFFC104ZFX 

cs l8pF 25V CHIP CAPACITOR CCFC180MCX 

C6 0.luF 25V CHIP CAPACITOR CFFC104ZFX 

I i i ' Cl0 0.luF 25V _ CHIP CAPACITOR CFFC104ZFX 

LR202-C L.C.D ZXLR202CXB 

L.C.D CONNECTOR VQ811RX001 

L.C.D HOLDER MB861SF001 

SLP-135B L.E.D QL1SP135BC 

CONNECTOR ASSY ACCN812GEA 

5267-02A CONNECTOR YJF0 2S0 54Z 

BUZZER KBS-27DB-3AU ZYEDl0000S • HOUSING 5264-02 YJF0 2S0 57Z 

CONN TERMINAL5263-BT YTP0 1S00 2Z 
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SECTION VII 

DIAGRAMS 
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LCD CIRCUIT 
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MEMORY DIAGNOSTICS 

Descr::.ption 

~odel 100 ~emory 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 

I~PORTA~T NOTE: ALL CSER FILES WILL BE DELETED FROM THE MODEL 100 
MEMORY BY THE CSE OF THESE PROGRAMS. IF THERE ARE ANY FILES THAT YOC 
WISH TO RETAIN, SAVE THE~ FIRST ! ! ! !. 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

11) 

12) 

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

5) Type 'CLEAR 200, 59000 <E~TER>' 
6) Type 'CLOADM "MEMHI" <ENTER>' 
7) Once the program loads without error, type 'CALL 59136 

<ENTER>' 
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':'he Programs 

~odel 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 1.0.0 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 F5FO hex. Note that F5Fl hex through FFFF hex is not 
checked under this software. 

The following directions apply to either program, except wher~ 
specified. 

IMPORTANT NOTE: ALL USER FILES WILL BE DELETED FROM THE MODEL 100 
MEMORY BY THE USE OF THESE PROGRAMS. 
WISH TO RETAIX, SAVE THEM FIRST ! ! ! !. 

IF THERE ARE A~Y FILES THAT YOU 

Loading and Executing 

l) 

2) 

3) 

4) 

5) 

6) 

7) 

Prepare cassette player and cassette tape 
Power up the Model 100 
At the Model 100 power-up menu type 'BASIC <ENTER>' OR position 
the cursor over the word 'BASIC' and press <ENTER> 
In BASIC type 'POWER CONT <ENTER>' 
Type 'CLEAR 200, 59000 <ENTER>' 
Type 'CLOADM "MEMLO" <ENTER>' to load MEMLO or type 'CLOADM 
"MEMHI" <ENTER>' to load MEMHI 
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 . 
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ROM CRC Check 

After pressing the 'l' key at the menu, the proeram 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 A204 
~ew 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 01-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 BK 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 
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MODEL 100 BASIC Test 

Overview 

~he Model 100 BASIC test program is an automated test that 
automatically test each subsection of the machine except for the 
expansion buss and the RAM. Gse 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 ~OT displayed, ~rv 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<ENTER> 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. 
errors, try adjusting the volume control. 

If there were any 

After loading successfully, type RUN<ENTER>. The program will then 
load the machine code routines from the cassette. At the completion 
of loading, a menu will appear and the cassette may now be removed . 
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Running the test 

The menu will look like the following: 

1-ALL 
2-CHECK SUM 

3-LCD TEST 
4-CLOCK TEST 

5-SOUND TEST 
6-RS232C TEST 
7-PRINTER TEST 
8-BAR CODE READER 

0-ABORT (RETURN TO BASIC) 

Hitting the <1> key will cause all the test to executed sequentially. 
As a 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 

7his 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 

7his checks the RS232C port by looping at 19200, 9600, and 75 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 displayed. 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-25 connector with pins 2-3 connected 
(the data) and pins 4-5 connected (RTS-CTS) 
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PRI~TER TEST ll7 

This sends a stceam oi characters to the printer. 
O~LINE and READY. 

BAR CODE READER #8 

Printer must be 

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 . 
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