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PREFACE 

This manual is designed for service personnel in the field and at repair centers who have 

maintenance responsibility for the TANDY 600. 

A basic knowledge of the 80C88 microprocessor, as well as the 81C55PI0, 82C51USART, 

WD2797 FDC and HD61830, is required in order to use this manual. Appendix C contains 

information on the microprocessor and LSI chips. 

This manual is organized as follows: 

Section 1 Hardware specifications 

Section 2 Connectors, switches and controls 

Section 3 Disassembly instructions 

Section 4 Maintenance and adjustments 

Section 5 Operations 

Section 6 Troubleshooting 

Section 7 Exploded views and parts list 

Section 8 Circuit diagrams 

Section 9 PCB views 

Appendix A Description of 1/O commands 

Appendix B Character code table 

Appendix C Documentation of Microprocessor and LSI 

Appendix D Installation of optional RAM and ROM 

NOTE: The following is a comparison of the labels on the boards and their meanings: 

OPKK Board: Keybard PCB 

OPLF Board: LCD Controller 

OPMP Board: Main PCB 

OPRM Board: RAM Card 
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SECTION 1 — — HARDWARE SPECIFICATIONS 

1.1 Front View 

1.2 Keyboard Layout 

— | cect C4 
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1.3 Hardware Specifications 

(1) CPU 

(2) CPU Clock 

(3) RAM 

Standard: 

Total: 

Chip: 

RAM retention: 

(4) ROM 
Standard: 

Total: 

Chip (standard): 

(5) Display 
Effective display area: 

Number of pixels: 

Pixel size: 

Gap between pixels: 

Controller: 

Display memory: 

Contrast: 

Number of characters 

on display: 

Character construction: 

(6) Keyboard 
Number of keys: 

Key top type: 

Key switch: 

Depression force 

Capacitive key: 

Capacitive space key: 

Mechanical key: 

Key stroke 

Capacitive key: 

Mechanical key: 

Keyswitch life 

Capacitive key: 

Mechanical key: 

Power On/Off switch: 

MSM80C88& 

3.07 MHz 

32K bytes 

224K bytes 

64K bits S-RAM 

Data in all RAMs is retained by a backup battery while power 

is off. 

160K bytes 

160K bytes 

256K bits MASK ROM 

230 (W) xX 61 (H)mm 
480 (W) X 128 (H) 
0.43 X 0.43mm 

0.05mm 

HD61830 

64K bits S-RAM X 2 

Operating voltage adjusted by control 

80 characters X 16 lines 

6 X 8 dot matrix 

72 

Step sculpture 

Capacitive type <x 56 

Mechanical type < 16 

70 + 30g 

150g 

300g 

4mm 

0.3mm 

30 million operations 

5 million operations 

100,000 operations (mechanical) 



(7) FDD 
FDD drive 

Memory capacity 

(unformatted): 
Recording density: 

Data transfer rate: 

Track density: 

Number of tracks: 

Recording method: 

Rotating speed: 

Latency (average): 
Access time 

Track-to-track: 

Settling: 

FDD controller: 

DMA controller: 

Power Saving: 

(8) Modem/Coupler 
Baud rate: 

Program items 

Data length: 

Parity: 

Stop bit: 

500K bytes 

8187 BPI 

250K bits/sec. 

135 TPl 

80 

MFM 

300 RPM 

100 msec. 

3 msec. 

30 msec. 

WD2797 

uwPD8257 

Power to the FDD, FDC and DMAC automatically goes off 

when an FDD is not accessed for 5 seconds. 

300 bps 

6,7ors 

None, odd or even 

1 or 2 

Auto-dialing function (selected by software) 
Pulse dialing: 

Tone dialing: 

Ring detector function: 

Auto-answering function: 

Communication mode: 

Operating mode: 

Modulation mode: 

(9) RS232C 
Standard: 

Program items: 

Communication mode: 

Operating mode: 

10 pps/20 pps (software selected) 
255-dial digits 

Controller (MSM6234RS) 
Ringing tone triggers “CPU Wake-up Functions” when power 

is off. 

Available 

Full duplex/half duplex 

Originate/answer 

F.S.K 

EIA RS232C 

Data length of 6, 7 or 8 

None, odd or even parity 
Stop bit 1 or 2 

Baud rate of 110, 300, 600, 1200, 2400, 4800, 9600 or 

19200 

Full duplex/half duplex 

DTE 



(10) Calendar Clock 
Controller: HD146818 

Calendar set: Year, month, day, day of week, hour, minute 

Calendar read: Year, month, day, day of week, hour, minute, second 

Alarm set: | Month, day, hour, minute 

Alarm operation 

If power is off: CPU Wake up 

If power is on: CPU Interrupt 

Clock retention: HD146818 is retained by a backup battery when power is off. 

(11) Printer Interface (Centronics standard) | 

Handshake signals: STROBE, BUSY, BUSY 

(12) Operation Battery (main battery) 
Type: 4/4000 RS 

(13) Backup Battery (sub-battery) 
Type: 51FT-P (3.6V 50 mAh) 
Mounting: On the main board (OPMP board) 
Charging: Through the main battery 

Retention: All RAMs, calendar clock 

(14) Auto-power Off 
The main battery goes off automatically when no data is keyed in for 10 minutes. 
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SECTION 2 

2.1 Connectors 

RS232C: 

Printer: 

Modem: 

Optional floppy disk 

drive: 

AC adapter: 

2.2 Switches 

— — CONNECTORS, SWITCHES AND 
CONTROLS 

25 pins (RDBD25S) 
26 pins (FRC2-C26) 

8 pins (TCS-4490) 

34 pins (FRC2-C34) 
5.5mm diameter (center-minus) 

RS-232C 

Som 

Jo 
RESET SW 

The POWER switch, located on the keyboard, is a toggle-action switch that alternately turns 

the power supply on and off when pressed. 

The DIR/ACP selector switch selects direct or acoustic coupling for the serial interface. 

The DIR setting:enables direct communication via telephone line; the ACP setting enables 

communication via acoustic coupler. 

The MEMORY POWER switch protects the nickel-cadmium battery used for backing up the 

RAM from discharging. The discharge protection function does not operate when the switch 

is set to OFF. It should be set in the OFF position when the unit is not to be used for an 

extended period. 



Pressing the RESET switch activates a cold start, which means that the system is initialized 

and the main menu is displayed. An example of this switch in use is a program which enters 

an infinite loop. | : 

2.3 Controls 

The DISP control adjusts the contrast on the LCD. Set the control so that the LCD can be 

easily read. 7 | 

== 
MEMORY 
POWBR DISP 

ON) ORF 
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SECTION 3 — — DISASSEMBLY INSTRUCTIONS 

3.1 Units and Boards 

3.1.1 Cover Assembly 

(1) Remove the five screws labeled (1) from the rear panel. 

(2) Carefully lift off the top cover assembly. 

Note 1: Turn off the Memory Power Switch when disassembling. 

Note 2: The cover is held in place both by the screws and by clips. Be careful not to break 

the clips when removing the cover. 



3.1.2 Main Board (OPMP Board) and FDD Unit 

(1) Remove the OPLF board (Q) 
(2) Remove CN11 and CN12 @) which are connected to the FDD unit. 
(3) Remove CN4, andCN9 @) 
(4) Remove the three screws labeled (5) and lift out the FDD unit. 
(5) Remove the four screws labeled () and remove the OPMP board. 

-FDD unit 

OPMP board 

(2) OPLF board 

Note: Be careful not to press the RESET switch when removing the OPMP board. 



3.1.3. LCD Controller Board (OPLF Board), KB Unit and Battery 

(1) Disconnect the connection to the OPLF board (7), then remove the OPLF board. 

(2) Remove the four screws labeled (8), then remove the KB unit. 

(3) Remove the two screws labeled @) and remove the bracket and the battery. 

Battery 

®D 
OPLF board 

KB unit 



3.1.4 LCD Unit 

(1) Remove the E-rings on the shafts and slide the shafts out. 
(2) Remove the set of two screws labeled (1) , then remove the brackets. 
(3) Remove the LCD assembly. 

—we fom 

Note: Be sure that the E-rings are not lost. The shafts slide out easily if the LCD is open. 





(5) Remove the six screws labeled (3) 

(6) Slide the LCD unit forward. Disconnect the connector and remove the LCD unit. 

Note: Be careful not to scratch the display surface of the LCD unit. 



The assembly procedure is the reverse of disassembly. 

Be careful when wiring the FDD unit. 

Note (1): Take a wire connection route for the 34-core flat cable in a manner to thrust it 

under the FDD unit as illustrated below. 

3.5” FDD Unit 

See Note 2. 
34-core Flat Cable 

A “ <3 Thrust in. 

<A-A’ View> 

Printed Circuit Board OPMP 

| FDD Unit 

Lower Cover Assembly 



Note (2): In setting the 34-core flat cable, first align its location according to the figure 
below to avoid wrong insertion. 

Note that the 1-pin indication (a blue line) of the cable is different from that of 
the FDD unit. 

(Top View) 

A notch is made on the 

right side of the unit. 

1-pin indication 

(a blue line) 34-core Flat Cable, 
Left Side | of the cable 

Reference line for positioning 

(B-B’ View) 

34-core Flat Cable (set directly 
4P Connection Cord to Printed Circuit Board) 

3.5” FDD Unit 

<B-B’ View> 

Printed Circuit Board OPMP 

FDD Unit 

Lower Cover Assembly 



3.2 FDD Unit 

This section explains disassembly and assembly procedures for the components of the FDD 

unit. Calibration and function checking must be performed each time the FDD unit is 

disassembled. 

The FDD unit consists of the following components: 

FDD unit 

Front bezel 
assembly 

PCB assembly 

Track OO 
sensor assembly 

Carriage 
assembly 

Spindle motor 
assembly 

Stepping motor 
assembly 

M carriage 
assembly 

Damper 
assembly 



3.2.1 Front Bezel Assembly (2) 

(1) Remove the two screws labeled 62) from the top surface of the drive unit. 
(2) Pull the front bezel assembly forward. 

_ The assembly procedure is the reverse of disassembly. (Tightening torque must be at least 

4kg-cm.) 

Note: When assembling, be sure that the IN USE LED on the PCB assembly extends 
through the hole in the upper right corner of the front bezel. 

Check 

(1) Check that disks load and eject smoothly. 
(2) Check that the front bezel shutter opens and closes. 

In use LED 

(2) Front bezel assembly 

Figure 3-1. Front Bezel Assembly 



3.2.2 PCB Assembly (3) 

Refer to the troubleshooting flowchart in section 6, the circuit diagram and the assembly 

diagram; repair or replace the PCB assembly @), as necessary. 

Insert a disk to protect the mechanism. 

Remove the head connector CNS. 

Remove the two screws labeled from the PCB assembly. 

Remove the motor connectors CN6 and CN5 and the sensor connector CN4. 

Slide the PCB assembly backward. 

Replace the faulty part in the PCB assembly, or replace the entire PCB assembly. 

Perform the offset calibration on the PCB assembly, as explained in section 4.5.8 

before reinstalling the PCB. 

me SSeS i 

, 

2 

3 
4 

S. 

6 

The assembly procedure is the reverse of disassembly. (Tightening torque must be at least 

4kg-cm.) 

Note: There must be a gap of at least 0.8mm between the PCB assembly (8) and the M 

carriage assembly 20. 

aa Screws 

S 
See 

PCB Ass’y \ hess SK 
"hy 

<< : kLy¥ 

CN3 



3.2.3 Track 00 Sensor Assembly 

(1) Remove the PCB assembly 

65) Screw 

TR OO sensor 
assembly 

M carriage 
assembly 20) 

65) Stopper screw 

Figure 3-3. TR OO Sensor Assembly 

(2) Move the carriage assembly toward the inner tracks. 

(3) Remove the screw 65) , then remove the track 00 sensor assembly. 

The assembly procedure is the reverse of disassembly. 

Note: Do not pinch the head cable which is held in place by the assembly. 

Check 

(1) Move the carriage assembly back and forth, checking that the cable moves freely. 
(2) Calibrate track 00. (— section 4.5.5) 
(3) Calibrate the stopper. (— section 4.5.13) 



3.2.4 Carriage Assembly d7) 

Fitting 

Screws 

Shaft (long) 42) 
7 
“~}+— Screw 

SS 
65) Stopper screw 

(7) Stopper plate 

Figure 3-4. Carriage Assembly | 



(1) Remove the PCB assembly. 
(2) Remove the TR OO sensor assembly. 
(3) Remove screw 65), then remove the stopper plate (7 . 
(4) Remove screw 63) from the rotor on the stepping motor, then remove the fitting (6 . 
(5) Remove the belt 45 from the hook on the carriage assembly. 

Figure 3-5. Steel Belt Assembly 

(6) Remove the two screws labeled that secure the long shaft, then remove the fitting 

| | 
(7) Remove the long shaft (2 from the carriage assembly by sliding it to the rear. 
(8) Lift the carriage assembly out. 

The assembly procedure is the reverse of disassembly. Route the head cable as shown in 
Figure 3-6. 

Figure 3-6. Sealed Wire Harness 

Check 

(1) Check the head track calibration. (— section 4.5.9) 

(2) Check the azimuth. (— section 4.5.10) 
(3) Perform a read/write check. (— section 4.5.11) 
(4) Perform a modulation check. (— section 4.5.12) 



3.2.5 Spindle Motor Assembly (5) 

Remove the PCB assembly. 

Turn the drive unit over, making sure the head does not hit the work surface. 

Remove screw 63) , then remove the leaf spring (7) and the WP lever 6). 

Remove the four screws labeled , then remove the spindle motor assembly (5). 

2 

3 
4 

em le gl ge 

The assembly procedure is the reverse of disassembly. 

. Ss a 
SS 

Screws 

Screw 63) 

aa motor assembly 
Leaf spring (7) 

Figure 3-7. Spindle Motor Assembly 

Check | 
(1) Insert a disk and check that the WP lever moves smoothly. | 

(2) Check the index period calibration. (— section 4.5.6) 

(3) Check the index timing calibration. (— section 4.5.7) 
(4) Check the head track calibration. (— section 4.5.9) 

(5) Check the azimuth. (— section 4.5.10) 
(6) Perform a read/write check. (— section 4.5.11) 
(7) Perform a modulation check. (— section 4.5.12) | 

(8) Check the TR 00 calibration. (— section 4.5.5) | 
(9) Check the stopper calibration. (— section 4.5.13) | 



3.2.6 Stepping Motor 

(1) Remove screw 65) , then remove the stopper plate (7) . 

(2) Remove two screws 63) , then remove the fittings 

(3) Disengage the belt from the hook on the carriage assembly. 

(4) Remove screw 65) , then remove the fitting (©) and the stepping motor @). 

(5) Temporarily secure the new stepping motor and the fitting ©) with screw 63). 

The assembly procedure is the reverse of disassembly. 

After performing the track calibration, tighten screws 68) . 

f 
>——_— Fitting 

Go 

65) Screw 

(7) Stopper plate 

65) Screw 

Figure 3-8. Stepping Motor Assembly 

ire 
7 Hook 

Figure 3-9. Steel Belt Assembly 

Check 

1) Move the carriage assembly back and forth, checking that the action is smooth. 

2) Check the head track calibration. (— section 4.5.9) 
3) Check the TR OO calibration. (— section 4.5.5) 
4) Check the stopper calibration. (— section 4.5.13) 

( 
( 
( 
( 



3.2./ M Carriage Assembly 

ee alia Screw 
~e 

4<° Fitting 

q 17-8 Shaft (short) 

Guide plate A 

Guide plate 
B assembly 

Damper 
assembly 

(24) Frame assembly 

ee Coil spring 

(4) Button 

Figure 3-10. M Carriage Assembly 



(1) Remove the left and right coil springs @3). 
(2) Insert a piece of soft paper between the head sections. 

Carriage assembly 

Tweezers 

Figure 3-11. Head Carriage Assembly 

(3) Remove the two screws labeled , then remove the guide plate B assembly @Q2 

together with the M carriage @0 . 
(4) Remove the damper assembly @1) andE lever (9. 
(5) Before removing the guide plate A (0 from the frame, remove the M carriage assembly 

Q0 (see Figure 3-4). 
(6) When reassembling, insert the E lever into the axis guide on the frame. 
(7) Set the E lever with the lever pushed in 5mm from the front panel. 

(8) Set the damper assembly into the E lever after pulling out the damper assembly so that 

its extended length is 20mm. 

4) Frame assembly E lever 

20 mm 

Figure 3-12. E lever Set 



(9) Set the cam lever on the guide plate B assembly in the direction of the arrow. 

Guide plate B assembly 

Cam lever 

Figure 3-13. Lever Set 

(10) With the guide plate B assembly installed on the M carriage assembly @0 , lower the M 

Carriage assembly and install it onto the guide plate A. 

(11) Secure with two screws 
(12) Install the coil springs @3) . 

Figure 3-14. M Carriage Assembly 

Check 

(1) Load and eject a disk several times, checking the operation of the M carriage assembly. 

(2) Perform a read/write check. (— section 4.5.11) 
(3) Perform a disk loading check. (— section 4.5.4) 
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SECTION 4 — — MAINTENANCE AND 
ADJUSTMENTS 

4.1 Cleaning 

Remove dust and dirt by wiping the unit with a soft dry cloth. If the unit is very dirty, wipe 

with a cloth that has been dipped in a neutral detergent and well wrung out. Afterward use a 

dry cloth to blot up all moisture. 

Do not use a flammable solvent such as benzene, thinner, isopropyl alcohol, etc., since such 

substances may damage painted surfaces. However, petroleum based benzene should be 

used to clean the LCD surface; a substance other than petroleum based benzene 

may discolor the LCD surface. 

4.2 Modem Transmission Level Calibration 

Two Tandy 600 computers, telephone lines and direct-connect Modem cables are 

necessary. The TELCOM application is available for calibration. 

(1) Set the DIR/ACP switch to DIR for both Tandy 600 computers. 
(2) Connect both Tandy 600 computers with telephone lines via direct connect Modem 

cables. 

For the answering side: 

(3) Select TELCOM, and press [ENTER]. 
(4) Select ANSWER sub-command, and press [ENTER] twice. 

For the calling side: 

(5) Select TELCOM, and press [ENTER]. 
(6) Select CONNECT sub-command, and press [ENTER]. 
(7) Press [TAB], type in the number to be dialed, and press [ENTER]. 

After dialing, both the Tandy 600 computers will then display “ONLINE.” 

For both sides: 

(8) Press [SHIFT+ESC]. 

Both Tandy 600 computers will then display the command menu, while continuing to send a 

carrier tone. Now, the modem transmission level calibration is ready. Disconnect the direct 

telephone cable from both machines and: 

(9) Disconnect the direct-connect Modem cable from both Tandy 600 computers. 

(10) Connect a 600-ohm dummy load between pins 3 and 7 of the phone connector. 

(11) Connect the level meter between pins 3 and 7 of the phone connector. 

(12) Adjust VR3 so that the level meter reading is between —9 dBm and —11 dBm. 



ood Test points 

He | Figure 4-1. Test Point Position 



4.3 FDD Controller Calibration 

An oscilloscope and a frequency counter are used in this operation, which involves 

calibrating the VFO data separator that is built into WD2797. 

(1) Remove the FDD unit. 
(2) After confirming that T1 and T2 are short-circuited by 1 and 2, short-circuit T1 at 2 and 

3. 

(3) Turn the power on. 
4) Short-circuit 2 and 3 of T2 on the OPMP board with the power set to ON. 

(5) Connect the frequency counter to CH7 (channel terminal). Rotate trimmer capacitor 

CV2 so that the frequency of CH7 is 237.5 + 1 kHz. 
(6) Connect the oscilloscope to CH6. Rotate control VR2 so that the pulse width is 500ns. 

(7) Return T1 and T2 to the initial state—i.e., with 1 and 2 short-circuited. 

Test points 

Figure 4-2. Test Point Position 

4.4 Real Time Clock (RTC) Calibration 

Connect the frequency counter to CH5 (channel terminal). Rotate trimmer capacitor CV1 so 

that the frequency of CH5 is 32,768.0 + 0.2 Hz. 



4.5 FDD Unit Calibration 

4.5.1 Function check and calibration points 

(1) Write protection (2) Disk loading 
(3) TROO (4) Index period 

(5) Index timing (6) Offset 
(7) Head track (8) Azimuth 
(9) Read/Write (10) Modulation | 
(11) Stopper 

4.5.2 Test Points and Waveform 

Test points 

TPB, 2, 1 
TPC (SGN) 

CON1 I/O 

VR2 © 

1 tot 
ee a es ae, Ce 

Figure 4-3. Test Point Position 

(1) TPA-1 AMP (2) TPA-2 AMP 

(3) TPA-3 AMP (4) TPA-4 AMP 

(5) TPA-5 GND (6) TPB-1 WP (WRITE PROTECT) 

(7) TPB-2 MLOAD (DISK LOADING) (8) TPB-3 TR OO 

(9) Index timing VR2 (10) Offset VR1 



Test pin output waveform 

(1) TPA AMP waveform 

TPA-1 AMP output waveform (measured using track 00): 

QRATOVARATAROTARATATOVATATOATOTOTATATAUCTAAT 
EUUNOAAQIAOTORUOUECQORUAGTOQOAULOUOLOMAANUUAUUE 

ca. 2.6V 

ca. 200mV 

Figure 4-4. TPA-1 AMP Output Waveform 

(2) TPB sensor output 

TPB-1 WRITE PROTECT sensor NON PROTECT > “HIGH” 

TPB-2 DISK LOAD sensor LOAD — “HIGH" 

TPB-3 TRACK OO sensor TRACK 00 — “LOW” 



Installation of motor extension cable for use in calibration 

Motor extension cable 

Figure 4-5. Adjusting Motor Extension Cable Installation Diagram 

4.5.3 Write Protection 

Service check 

Turn the power on. 

Insert a write-protected disk. 

Check that the write-protected lever does not move to the write enable position. 

Check TPB-1; OK if LOW is maintained. 

Insert a non-write-protected; the level should change from LOW to HIGH. 

lf step 4 or 5 fails, replace the spindle motor assembly. 

OK if WRITE PROTECT signal from pin 26 on CN1 is LOW. 

If step 7 fails, repair or replace the PCB assembly. SYOASGNS 

4.5.4 Disk Loading 

Turn the power on. 

Insert a disk. 

OK if TPB-2 changes from HIGH to LOW. 

lf step 3 fails, repair or replace the PCB assembly. NNN RWND — ee ed 



4.5.5 TR OO 

Service check | 

(1) Turn the power on. 

(2) Insert a disk. 
(3) Seek to track 03, then to track OO. 
(4) Check TPB-3. OK if the level changes from LOW to HIGH. 
(5) If step 4 fails, replace or calibrate the TR OO sensor assembly (see Calibration). 

(6) OK if the signal level of pin 26 of CN1 changes from HIGH to LOW. 
(7) If step 6 fails, repair or replace the PCB assembly. : 

Calibration 

Note: A track OO calibration following a seek error must be performed after the head track 

(1) 

calibration. 

Loosen the one screw 65) securing the track 00 sensor assembly . Loosen the 

stopper screw 65) (see Figure 3-3). 
Attach the motor extension cable and turn the power on (see Figure 4-5). 
Check the sensor current draw: Install an ammeter between TPB-2 and GND, and 

check that the current flow is at least 100 microamperes and that the dark current is no 

more than 2 microamperes. 

Measure the AMP output (test pin TPA-1) with an oscilloscope (use the CE disk, see 
section 4.5.9, Track calibration). 
Set the DIRECTION SELECT to either HIGH or LOW. Enter the STEP signal until a 

signal for track 40 is output. 

After detecting a signal from track 40, set DIRECTION SELECT to HIGH. Enter the 

STEP signal 40 times to move the head carriage to track OO. 

Measure the test pin (TPB-3) on the PCB assembly with an oscilloscope. 

By means of the DIRECTION SELECT and STEP signal, calibrate the track OO sensor 

assembly so that the test pin (TPB-3) output at the position (range A) indicated in the 

figure below is LOW. 

Tighten screw 65) after the calibration is completed. 

TROS TRO2 TRO1 TROO 

TP2-2 
CH1 

STEP 
CH2 | | | | | | | | 

Figure 4-6. Track 00 Sensor Position Adjusting Waveform 

— 33 - 



VOLT/DIV. 

TRIGGER MODE 

4.5.6 Index Period 

Service check 

(1) Turn the power on. 

(2) Set the MOTOR ON signal level to LOW. 
(3) Insert a disk. 

(4) Measure the INDEX SIGNAL (I/O CN 8P) with an oscilloscope. Using a counter, also 
measure the time interval. OK if the time interval is between 197 and 203 msec. 

—_ a 

Figure 4-7. INDEX SIGNAL Adjusting Waveform 



Perform the calibration by rotating the VR on the spindle motor board (see Figure 4-9). 
Measure the INDEX pulse inverter, and set to 200 +1ms. 

If the INDEX SIGNAL is not output, do the following: 

(5) Insert a disk. 
(6) Set the MOTOR ON signal to LOW, and turn the spindle motor. 
(7) Check pin 3 of CN6 of the circuit board assembly in this condition. | 
(8) If the INDEX SIGNAL is being output, repair or replace the circuit board assembly. 
(9) If the INDEX SIGNAL is not being output, replace the spindle motor assembly. i 

Spindle motor RPM 

i 
HEE | | 

Calibration 

Figure 4-8. Position of Spindle Motor Adjusting VR 

(©) i RPM increased (time interval decreased) 

_——_~ 

25@) i RPM decreased (time interval increased) 

a 

Figure 4-9. Spindle Motor Adjusting VR Turning Method 



2 4.5.7 Index Timing 

Service check 

1) Insert a CE disk. 

2) Set the MOTOR ON signal to LOW. 

3) Seek to track 40. 
4) Measure the outputs of INDEX (I/O CN 8P) and AMP (test pin TP1-4) with an 

oscilloscope. 

(5) Calibrate the VR index. 

TP2-4 (INDEX) —— 

CH1 

TP1-4 (AMP output) 

CH2 
T +100 microseconds . 
(T is a value unique to the CE disk) 

Figure 4-10. INDEX TIMING Adjusting Waveform 

INPUT COUPLING MODE 

VERT MODE 

TIME/DIV. | 

VOLT/DIV. 

TRIGGER MODE 

(6) Seek to track OO and to track 79, and check that the timing for every 40 tracks is Tms 

+500ns, —S300ns. 

Calibration 

Same as the Service check. 

Calibrate the VR index of the PCB assembly so that (5) of the previous section is met. 



4.5.8 Offset 

Calibration 

The offset is calibrated without the PCB assembly installation. Mount the PCB assembly on | 

the offset calibration fixture (connect CN1, CN2 and CN3 to the fixture). Using an oscillator, 

input a 125 kHz sinusoidal waveform to the fixture (see the note below). Check the output of | 

the fixture (RDD) using an oscilloscope (see Figure 4-11). Calibrate VR1 so that the value of 

A (signal variation) is zero. 

| 
mans 

Figure 4-11. Offset Adjusting Waveform 

Note: The 125 kHz sinusoidal waveform input by the oscillator must satisfy the following 

conditions: 

Accuracy: 125 kHz +2%); 

Input level: Must be such that the output at the PCB assembly test pin (TPA-1) is 

200mvV (o-p) with the test pin connected to the calibration fixture. 

4.5.9 Head Track 

Track check 

(1) Read the OFF track disk; OK if there is no error. 

(2) Perform a read check using tracks 00, 01, 02, 03, 40, 76, 77, 78 and 79. 

Track calibration 

(1) Connect an oscilloscope. 

97 - 



BaASow 

INPUT COUPLING MODE 

CH1 INDEX 
I/O CN 8P 

VERT MODE 

AMP output 

TIME/DIV. 

VOLT/DIV. 
' CH2 

Turn the power on. 

Insert a CE disk. 

Loosen the two screws 65) that secure the stepping motor. 

Seek from track OO toward track 40. 

Check waveforms E through L, as shown in Figure 4-12. 

A B C OD E F G H | J K L 

E+G+i+K F+H+J+L 
F+H4J+L >0.6 or E+G+laK >0.6 

Figure 4-12. Track Adjusting Waveform 



(7) Seek toward track 79, then return to track 40. 

(8) OK if step 6 is satisfied. 
(9) Waveform E is increased when rotation is counterclockwise ((a) in Figure 4-13). 

Waveform F is increased when rotation is clockwise ((b) in Figure 4-13). 

i 
hy 

Hy 

ff 

| 

(a) (b) 

Figure 4-13. Step Motor Adjusting Waveform | i 

(10) Repeat steps 5 through 7. 
(11) Tighten the two screws labeled 65) when the conditions shown in step 6 are satisfied. 

(12) Repeat steps 5 through 7 and check. 

(13) Insert and remove the CE disk. 
(14) Repeat steps 5 through 8 and check. 



4.5.10 Azimuth Check 

Azimuth check 

The measurement method is the same as shown in section 4.5.9. 

(1) Seek from track 00 toward track 40. 
(2) Check waveforms, A, B, C and D, as shown in Figure 4-14. 

(3) OK if the azimuth is within +30’ (see Figure 4-15). 

| tea 

Figure 4-14. Azimuth Adjusting Waveform 

Relationship between Azimuth and Pattern 

0’ 4 8’ 12’ 15) 18) 24' 30° 

4 -8 12 -415° —-18'° ~—24  —~30' 

Figure 4-15. Relationship between Azimuth and Pattern 



4.5.11 Read/Write 

Read/Write check 

aanr~ seE ee  e e, 2S oe YS 

(7) 

Remove the CE disk and load the inspection disk. 

Connect an oscilloscope. 

Turn the power on. 

Seek to track 79 and write data. 

Seek to track OO, then seek to track 79. 

Check the read waveform (see Figure 4-16). 

INPUT COUPLING MODE 
CH1 INDEX 

I/O CN 8P 
VERT MODE 

CH2 AMP output 

TPA-1 TIME/DIV. 

VOLT/DIV. CH1| 2V 

CH2| 50mV 

| TRIGGERSOURCE SOURCE 

TEE) | Must be at least 
LY 100 mV p-p 

Figure 4-16. Read Waveform Diagram 

OK if AMP output is at least 100mv p-p. 



4.5.12 Modulation 

Modulation check 

A 7 (1) Seek to track 79, then write and read using 2F and the inspection disk. 

(2) Check the read waveform (see step 6 in section 4.5.11). 

(3) Check that [(A-B)/(A+B)] <x 100 S +8; see the Figure 4-17 for the definitions of A and 
B. 

Figure 4-17. Modulation Check Waveform Diagram 

4.5.13 Stopper 

Stopper calibration 

(1) The stopper must always be calibrated when the track 00 sensor assembly is adjusted. 

(2) Seek the carriage assembly to track OO. 
(3) Insert a stopper calibration gauge (t = 0.12) between the stopper plate and the stop pin, 

and tighten the screw 65) (tightening torque of at least 5kg-cm). 

Stopper calibration gauge 

Stop pin 

Stopper plate 

Figure 4-18. Stopper Adjustment 

Check 

(1) Seek from track 00 to track 79 and then back to track OO. 
(2) Check that the stop pin does not hit the stopper. 



Section 5 

OPERATION 





SECTION 5 — — OPERATION 

5.1 Overview 

5.1.1 Block Diagram 

| 
fi 3.07 Fo 

NMI MHz | “0° i Power CPU generator — i control MSM80C88 MSM82C84 E 

AM 
| 

Backup 

BATT 
| R 

Interrupt TRC 
control FDC 

logic RTC 

Printer 

interface 

e 
Buzzer i 

MODEM /POWER 
PORT D Sent | CONTROL 

PORT E MODEM 
STATUS 

Keyboard KB | 

interface 

USART 
MSM82C51 

PORT A~C 

-MSM81C55 

RS232C interface 

MODEM 

MSM6946 
tel or ACP 

LCDC 
HD61830 

OPLF | board 

LCD 

| 

i 

3.5-inch floppy : 
disk drive | 

DMAC 

5=- FDC 

WD2797 

| 
| 

OPMP board roc pcr i 

| BIN | (i 

aor “ 
Us, le | 
| | [ { 

bee 

Figure 5-1. Block Diagram Optional 



5.1.2 Description of Blocks 

The TANDY 600 is comprised of a main board (OPMP board), the LCD controller board 

(OPLF board), keyboard (OPKK board) a 3.5-inch floppy-disk drive and various options. 

The following are brief descriptions of the functions of each of the componenis: 

(1) Main Board (OPMP board) 

— CPU (MSM80C88) The central processing unit that controls all functions. 

— Clock generator (MSM82C84) Generates the clock timing for the CPU and all peripheral 

circuits; also controls the ready signal for all I/Os. 

— PIO (MSM81C55) A parallel |/O port with an interval timer that controls the buzzer, 

keyboard, the timer, and the parallel interface for the printer. 

- USART (MSM82C51) A general-purpose asynchronous Serial interface. 

— MODEM (MSM6946) Performs modulation and demodulation of serial data. 

— DTMF (MSM6234) A dual tone, multi-frequency generator. 

— DMAC ( .PD8257) Controls DMA transfer between the storage and floppy-disk drive. 

— FDC (WD2797) FDD controller with VFO and data separator. 

(2) LCD Controller Board (OPLF board) 

— LCDC (HD61830) Controls the display on the LCD unit and the video RAM. 

(3) Keyboard (OPKK Board) Non-interrupt type XY matrix keyboard. 

(4) 3.5-inch floppy-disk drive unit A single-sided, double-density floppy-disk drive with an 

unformatted capacity of 500KB. 

(5) OPRM board An optional memory with a 96KB capacity. 

5.2 CPU 

5.2.1 CPU (MSM80C88) 

The MSM80C88 is a 16-bit, 8-bit external data bus, low-power-consumption microprocessor 

sharing the same internal architecture as the 8086 microprocessor. 

is The MSM80C88 is equipped with a 20-bit address bus that can access a 1-megabyte 

: memory area, an 8-bit I/O and storage data bus. The microprocessor can be uSed either in 

the minimum mode, which is suitable for a small system, or in the maximum mode, suitable 

for a large system. The microprocessor is configured in the TANDY 600 in the minimum 

mode. 



5.2.2 Clock Generator (MSM82C84) 

The peripheral circuits of the clock generator are shown in Figure 5-2. A 9.216 MHz quartz 

oscillator is connected to the X1 and X2 terminals of the 82C84. 

The 82C84 divides the standard frequency (9.216 MHz) by three and feeds the resulting 

3.07 MHz signal to the CPU to be used as CLK. The 82C84 also divides the same standard 

frequency by six and feeds the resulting 1.53 MHz signal to the peripheral circuits to be 

used as the PCLK. 

CLK = 3.07 MHz 

PCLK = 1.53 MHz 

When the power is turned on, the CPU and the peripheral circuits are reset by the 82084 

using the RESET SO signal. When an I/O command to the KB, PRINTER or LCD is executed 

by the CPU, an INWAIT signal is output. The signal is first synchronized by the 82C84 and 

is then fed to the CPU’s READY terminal. 

9 O6G M3 A, 

RESET SO __ ~iof )g 

6 

IN WAIT 2 ) a aac 

TO peripheral 

circuits 

Figure 5-2. 82C84 and Peripheral Circuits 



5.2.3 READY Control 

The READY signal from the MSM80C88 is used for two purposes: (1) synchronizing the I/O 

(HD61830 LCD), unlike the CPU; and (2) delaying the KB STROBE and PR STROBE signals. 

Figures 5-3a and 5-3b show the READY control circuit diagram and timing chart. 

A logical OR from the LCDC1SEL, LCDC2SEL, KB STROBE and PR STROBE is fed to O5E 

D F/F. The CPU negative-phase clock is fed to the D F/F terminals of O5E. A logical OR from 

the IRD and IWR is fed to the preset terminal. 

Therefore, when IRD or IWR is LOW, each D F/F is preset and its operation is started. An IN 

WAIT signal for one or two clocks is generated by taking a NOR between LCDC1SEL, 

LCDC2SEL, KB STROBE, PR STROBE and O5C, and an OR of O5D. 

1 WAIT | An LCDC-related |/O command is executed. 

An I/O command for KB STROBE is executed. 

2 WAIT | An |/O command for PR STROBE is executed. 

—S 

yi CO 

LCDC1 sel 

LCDC2 sel 

KB STROBE 

IN WAIT 

(To 82C84) 

DVA decoded output PR STROBE 

CPU CLK 

H.L 

(High Level) 

Figure 5-3a. READY Control Circuit 



T1 T2 T3 Tw Ta 

T; ie Ts Tw Tg Ve 

CPU CLK 

KB STROBE | : | 3 | | 

IRD + IWR : Rea) | po oo i | 

O5E-6 | = Ll 

a 
IN WAIT (KB) 

IN WAIT (PR) 

READY (KB) 

READY (PR) 

Figure 5-3b. READY Control Timing Chart 

5.3 Storage 

The largest storage capacity that can be installed on this device is 224KB of RAM and 

160KB of ROM. 

Standard RAM 
(installed on 32KB HM6264LP-15 8KB 4 
OPMP board) | 

Optional RAM (x 2) 
(installed on 96KB HM6264LFP-15 8KB 12 

160KB HN613256 32KB 

OPRM board) 

Table 5-1. Memory and Capacity 

ROM 

(installed on 
OPMP board) 



5.3.1 Memory Map 

The memory map (Figure 5-4) shows the location on the board of the IC and the 
corresponding memory chip-select signal. 

RAM 

OOOOOH [7/7 

O8000H 

10000H 

18000H 

20000H : 

28000H fz 
De ete re ee mere ee el 

<n et ee ee ee, 

[ROr meme et een ee cit ee en 

30000H : 

FFFFFH 
3FFFFH [i......Q12 .. oe oeoevee 

eeeoeeoereoeecoe oe eoevoeeveeved 

ee F 
Standard RAM 

Optional RAM 

Figure 5-4. Memory Map 

DBOO0H fF 

EOOO0H 

E8000H : 

FOOOOH 

F8000H FE 



5.3.2 Memory Address Decoding 

With the standard RAM, the memory address is decoded in 8KB units. With the optional 
RAM and ROM chips, decoding is done in 32KB units. Refer to the memory address 
decoding circuit diagram shown in Figure 5-5. When a RAM address (OOOQOOH — 3FFFFH) is 
output to SA19-0, both SA19 and SA18 are O, and O9F pin 3 becomes “LOW”. Since the 
SIO/M signal is “LOW” in memory access, 09H operates. Consequently, either O8E pin 4-7 
or O9H15 pin 11 become “LOW”. While, this signal is used as the chip select signal of each 
RAM. The O6G pin 6 becomes HIGH since A19 and A18 are both 1. This makes O7E valid. 
The SIO/M signal at this time is LOW. 

Therefore, one of the decoder outputs (O7E pin 12-9, 7) and the ROMSEL signal will be 
LOW. The ROM #0 and ROMSEL is used as a #4 signals are used for ROM chip selection, 

gate signal for the buffer between the ROM data output and SD7-0. 

Note: See Figure 5-4 for the relationship between the address and the ROM and RAM chip 
selection signal. 

~- 

— 

’ 

Y 

r 

: 

’ 

: 

: 

: 

- ™ 

ras 

7 

O7E O9H 

Input Signal 

Note: 

Both 1 and O are allowed. Blank 

Input signals of O9H-5 pin and O7E-4p pin are O. 

Table 5-2. Function Table 



ate | INRAMSEL 

RAM#0 

RAM# 1 Standard 
RAM#2 RAM 

RAM#3 

, 
© 

SA14 

SA13 

VN] OD} aon] > 

RAM 
(00000(H) 

~ 3FFFF(H)) 

SA17 

SA16 

SA15 
ERAMB Optional 
ERAMC RAM 

H.L 

oO > cor Cae SA19 

SA18 
y 
Se in 

SIO/M 

(Note). 

ROM#4 
ROM#3 
ROM#2 
ROM#1 \ROM 
Romeo ( (D8000(H) ~ FFFFF(H)) 

O7E 

- ROMSEL 
6 

Note: The SIO/M signal is HIGH during CPU I/O access, and is LOW during memory 

access. 

Figure 5-5. Memory Address Decoder Circuit 



5.3.3 RAM 

(1) Standard RAM 
A block diagram for the standard memory is shown in Figure 5-6. Four HM6264LP-15 are 

used in the standard memory. The total storage capacity is 8KBX 4. 

One of the four RAMs is selected by the RAM #0-#4 signal. The address of the RAM that is 

selected is specified by MA12-0. During a read operation, the SRD signal will have a low 

level. The data is read from RAMD7-0. 

During a write operation, the SWR signal will have a low level, and the data is written onto 

the RAM from SD7-0. 

RAMFS [Address 
RAM#2 
RAM#1 (ZZZ) Data 
RAM#O 

MA12~0 

HM6264 HM6264 HM6264 

LP-15 

ay 

SIG SS 

os ; 

i i an 
LL et 

—_——_ 

op) Be) 
<Ss 

; 
p | LIIL LILLIE ILL LILLIE SDFG ZI III IIT IIIT 7 

+5 VB 
RAMD 

ee ~~O 
RAM BACK UP 

(Note) =_ 

Note: When power is off, the RAM BACKUP signal is set to LOW in order to retain the 

contents of the RAM. 

Figure 5-6. Standard Memory Block Diagram 



tht (2) Optional RAM (installed on OPRM board) 

The block diagram for the optional RAM is shown in Figure 5-7. Up to two optional RAM 

cards can be installed on this device. Each card has a storage capacity of 96KB 

(HM6264LFP-15 8KB RAM chip x12). As Figure 5-7 shows, 96KB of storage are arranged 

in three blocks of 32KB each stacked vertically. The three blocks are differentiated by the 

32K-1, 32K-2, and 32K-3 signals. 

Q13, Q16 (TC40H139F) decodes SA14 and SA13 and outputs a chip selection signal for 

each of the RAM chips. Just as with the standard RAM, the contents of the optional RAM are 

retained by setting the RAM BACKUP signal to LOW. . 

TC40H1 39F 
=> Address 

UZZZ> Data 

HA12~0 

HM6264 
LFP-15 

HM6264 
LFP-15 

| HM6264 
LFP-15 

HM6264 
LEP-15 

Px. eT ND 

iy “ i 
eee J ae 2 | 7 | | 7 
ee ee 

) SAM BACKUP Ly} _ ean | ne? 

sl ae: ; 
y y y y g2| 1 d y) Sa] 7 g ; B51 V f 
Y y y W Z J L oy y 
Y d l iL ; Q7 Z 

RAM#4 

RAM#5 

RAM#6 

RAM#7 

SNA SS Ss SIS 

NAGE MAAS AN SANSA ASE ASS SEWN 

HM6264 LFP-15 

ROO ER SANA KAAAANAAAAANAANANANSANASSAANSAN 

& Ss i 

HM6264 LFP-15 

N IN 
= mi 

32K-3 
SA14 

SA13 

Q16 

Figure 5-7. Optional RAM Block Diagram 

— 5? — 



5.3.4 ROM 

A block diagram for the ROM is shown in Figure 5-8. The TANDY 600 has five ROMs 

(HN613256P 32KB mask ROMs) that are installed onto IC sockets. Any one of the five 

ROMs is selected by the ROM #0-#4 signal. 

SA14~0 

HN613256 

Cd OE 77 

y Oe ten Y 

ROMRD y y 

L / ; | bh ll: VO hrrrrrrrd TLLLL IIIT IIL SLL iia) 

ROM#O SEG 

ROM# 1 
ROM#2 eecoe Address 

ROM#S (ZZZZ» Data 

Figure 5-8. ROM Block Diagram 

5.4 1/0 

|1/O commands from the MSM80C88 are used to control the I/O operation. The format of the 

I/O commands is as follows: 

(1) Device address (DVA) = 16 bits 

(2) Data = 8 bits 
(3) OUT DX, AL/IN DX, AL 

5.4.1 I/O Address Decoder and I/O Map 

The TANDY 600’s I/O includes FDC, DMAC, PORT A-E, LCDC, USART and RTC. Not all 1/O 

addresses (16 bits) are decoded. 

Refer to the I/O address decoder circuit diagram shown in Figure 5-9. LA15 and LA14 are 

decoded by 09G (74HC139) to output the basic select signals and the chip-select signals 

for various LSIs. Also, O8E (74HC139) and O8F (74HC138) are used for decoding various 
I/O control signals and select signals for external registers. 

Refer to the 1/O map shown in Table 5-2 for the relationship between the address and 

various I/O select signals and how the select signals are decoded. 



ae Device address 
al Select signal 1/0 

FDC [/O XO00KXAA 

FDB SEL | v0 | OO X X ae 

1 

aoc eae 

81C55 SEL PORT A-C i 1 + px kKAAA 

LCDC2 SEL LCDC2 XXX XIX XA X 

(slave) 

om — rere 

— — To] e 

TRC IPT CLEAR Various OO 1 x) xX fx 

I/O or 

IPT MSK WR external 010 x) x fox 
registers 3 

PORT WR 011 x} xX x 

PR STROBE 100 x) x X 

KB STROBE 

RTC SEL a I/O | 11 X x} x A (OO—3F) 

Table 5-3. I/O Map 

—s 

Note: X indicates that address decoding is performed; A indicates that the particular device 

address is connected to an LSI address terminal. 
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Figure 5-9. 
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I/O Address Decoder Circuit 

LBUS SEL 

FDB SEL 3XXXH 

81C55 SEL 4XXXH 

RTC SEL CXXXH 

LCDC1 SEL 8XXXH 

LCDC2 SEL 9XXXH 

82C51 SEL AXXXH 

PORT RD BOXXH 

TIM2 INT CLR BCXXH 

DTMF SET BOXXH 

TRC IPT CLEAR B2XXH 
IPT MSK WR «B4XXH 
PORT WR B6XXH 

PR STROBE B8XXH 
RB STROBE BAXXH 

on ‘ 



5.4.2 1/0 Port 

The TANDY 600 is equipped with five I/O ports for I/O control. | 

Me (1) Port A 

; Corresponds to PA7-0 for the MSM81C55. This port is an output port for data output to 

printers and for output of keyboard addresses (see Figure 5-10). 

oh (2) Port B 
a Corresponds to PB7-0 for the MSM81C55. The KB CLR signal and the buzzer control signal 
a are output from this port (see Figure 5-10). 

a (3) Port C 

| Corresponds to PC5-0 for the MSM81C55. This port is used as an input port for the KB 

STATUS signal or PR BUSY signal (see Figure 5-10). 

PRINT DATA/KB Address 

KB CLEAR/buzzer control 

81C55 SEL 

KB status/PR Busy 

(4) Port D 

This port, which is assigned to external registers, is an output port for controlling the modem 

| 
| 

| Figure 5-10. Ports A —C 

| 

and power (see Figure 5-11). 
| 

| O1E 1 

cy SD7 = o ORG/ANS 
oa SDe = is MODEM/RS 

C-LP 
5 C-TE 
5 NMI INH 
G FDC POWER ON 
7 AUTO POWER OFF 

on SD4 

Mb SDs 
ean SD2 
me SD 

SDo 

RESET r" 
PORT WR 

-) 

74HC273 

© 

Figure 5-11. Port D 



(5) Port E 
This port, which is assigned to external registers, is used as an input port for sensing 
interrupts from lines (See Figure 5-12). 

PORT RD 

Figure 5-12. PortE 

5.5 Interrupts 

There are five interrupt request (INTR) levels with this device, one of which is not maskable 
NMI (non-maskable interrupt) and four are maskable. 

Interrupt type Maskable Interrupt vector 

NO POWER LOW 

pane 1 RTC 8F, OF, AF, BF 

Level 2 TRC CF, DF 

Level 3 FDC EF 

Level 4 81C55 timer FF 

Table 5-4. Interrupt Level and Type 

| Ser [oro non oeoe| mercer 
81 | 81055 Timer 3 Timer 3 | 1 Pafafafafafafafap re = 

a et 
Pome ttt fof i ttt tt] ceo 
perro tof x) efit t ft] eeenarner 

Table 5-5. Interrupt Vector 



5.5.1 Interrupt Levels 

An NMI has the highest interrupt priority; level 4 has the lowest interrupt priority. 

5.5.2 Interrupt Control 

Refer to the interrupt control circuit diagram shown in Figure 5-13. A logical OR is taken 

between the RTC IPT, TRC IPT, FDC IPT and the TIM2 IPT interrupt signals and 07F to 

produce the IPT (interrupt request) signal. Also, the masking of each interrupt signal is 
controlled by the INT MASK REG and the O3D gate. 

When the INTA (interrupt acknowledge) signal from MSM80C88 becomes LOW, the interrupt 
vector is output from 01D (74HC244) to SD6-4. 

INT MASK REG. 
O01C O3Dx4 O7F 

6 4 IPT 

aS eee its Cp Ss) NO Y 

74HC244 

RESET 2 2) >> 
IPT MSK WR 

RTC IPT 
TRC IPT 

FDC IPT 

TIM2 IPT 6 

= S 

SDe 

SDs 74HC244 Oo] ® 

— 
O 

INTA 

Interrupt 
SDISD|SD|SDISD/SD/SDISD 
71}6;5)4/3;2]1]0 

al TU dis tads Vector 

RTC IPT 

Figure 5-13. Interrupt Control Circuit 



5.5.3 NMI (TRAP) 

An NMI (non-maskable interrupt) is generated either when the power is shut off or when the 
voltage of the built-in battery drops below a certain level. 

O7A 

MSM80C88 

TRAP 

Figure 5-14. NMI Circuit 

5.5.4 Level 1 (RTC IPT) 

An RTC IPT interrupt is an interrupt issued from the real-time clock (RTC). There are three 
types of RTC IPT: alarm interrupt, periodic interrupt and update interrupt. 

RTC IPT 

Figure 5-15. RTC Interrupt Generation Circuit 

(1) Alarm interrupt Used for alarming the CPU wake-up, etc. 

(2) Periodic interrupt Used for the system timer. 

(3) Update interrupt Interrupts every 1 sec when set to the enable status. 



5.5.5 Level 2 (TRC IPT) 

The TRC IPT is an interrupt from the TRC (USART/MODEM). There are three events that 

trigger the TRC IPT interrupt: RXRDY (Rx ready), CD (carrier detect) and RI (ring indicator). 

These events are sensed by the IN PORT E command. The interrupt signal is cleared by the 

TRC IPT CLEAR command. 

RxRDY (reception completed) 

CD (carrier change point) TRC IPT 

RI (telephone call signal) 

Figure 5-16. TRC Interrupt Generation Circuit 

5.5.6 Level 3 (FDC IPT) 

This is a command termination interrupt from the FDD controller. The interrupt signal is 

cleared by reading the FDC status register. 

WD2797 

+5Vz 

10K 
14 O8P eee ee 

1 So;g- FDC IPT 

100K 

Figure 5-17. FDC Interrupt Generation Circuit 



5.5.7 Level 4 (81C55 Timer IPT) 

This is an 81C55 timer interrupt (1.30208 s — 10.666ms). With this interrupt, the rising 

edge of the timer TC (terminal count) is used as the interrupt signal and the interrupt signal 
is cleared by the 81C55 TIMER IPT CLEAR command. 

O4A 

TIM2 IPT 

TIM2 IPT 

TIMER OUT 

t t 
START TC 

TIM2 IPT CLR 

Figure 5-18. 81C55 Interrupt Generation Circuit and Timing Chart 

5.6 Keyboard 

The keys on the keyboard can be either of a capacitive key switch-type or the mechanical 

key switch-type. The key entry circuit depends on the type. 

9.6.1 Capacitive Key Switch 

The input circuit and timing chart for capacitive key switches are shown in Figure 5-19. 

) Outputs the X-select or Y-select. 

) Sets the KB CLEAR signal to LOW and the Q&5 latch circuit to operable status. 

) Outputs the KB STB1 signal. 
) A differential waveform is output to pin 3 of @2 (MSM4051) since key A is depressed. 

No waveform is output when the switch is set to OFF. 

(5) Converts to the TTL level at Q4 (271C) and latches the KB status signal at Q5. 

(6) Sets the KB CLEAR signal to HIGH and clears the KB status signal. 
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Figure 5-19. Capacitive Key Input Circuit and Timing Chart 



5.6.2 Mechanical Key Switch 

The input circuit and the timing chart for the mechanical keys are shown in Figure 5-20. 

When the Y-select and X-select (KB address) are fed to Q1 (74HC42) and Q3 (MSM4051), 
and the key switch specified by the KB address is set to ON, the KB status is set to HIGH. If 

the key switch specified by the KB address is set to OFF, the KB status is set to LOW. 

Since mechanical key switches generate chattering of approximately 13ms, sensing is 

performed twice to enter one key status. 
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Figure 5-20. Mechanical Key Input Circuit and Timing Chart 
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5.6.3 Capacitive Key Design and Operation 

Depressing a capacitive key causes a capacitance change in the capacitor between two 

electrodes. This change is used to detect the switch’s ON/OFF status (see Figure 5-21). A 
reset spring exerts a counterforce that pushes the key back up when the pressure is 

released. A sponge creates a tight contact between the fixed electrode and the moving 

electrode, and prevents interference by the key when the key is pressed. 

When a key is pressed, the moving electrode and the fixed electrode contact each other, 

forming a capacitor with a capacitance of .45 — 55pF between electrode Y and X. When a 

negative pulse is entered with the key depressed, a differential waveform is output to 

electrode X via the capacitor. This differential waveform is detected by the comparator. 

While the key is not being depressed, no differential waveform is being output. 

— Reset spring 

_ Sponge 

_-— Moving electrode Mceninaina toil 

Fixed electrode 

Polyester ae 

Pac e kag 

Electrode X 

Electrode aa aa: ie 

Electrode X ———_-—_— 

Figure 5-21. Capacitive Key Design and Timing Chart 
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5.7 Floppy-Disk Drive (FDD) 

5.7.1 FDD Peripheral Circuitry 

One 3.5-inch floppy-disk drive is standard; one optional FDD can be added. 

As Figure 5-22 shows, WD2797 is used as the FDD controller. Data transmission from the 

FDD is performed in the DMA mode and is controlled by ~PD8257. 

To minimize power consumption, power is supplied to the FDD block only when the FDD is 

accessed. The power supply is program controlled. 

MEMORY 

(RAM) 
CPU 

MSM80C88 

uPD8257 

Power +5V2 Power[—| supply [ov 
3.5-inch 

oe FDD unit 

FDD block 

FDC POW ON 

Figure 5-22. FDD and Peripheral Circuitry Block Diagram 



5.7.2 FDD Control Program General Flowchart 

START 

FDD block power ON —-*--—-—~-7—7 4 @ OUT PORT D DATA SET command 

@ Initial ~PD8257 setting. 

Initial DMAC setting [/.--—---- @ DMA TRANSFER REG SET command sets 
the 4 most significant bits of the DMA 

address. 

@ EXT F/F SET command 

stabilizes 

e Sends command to the FDD controller 

@ Waits for level 3 interrupt 

\ MEAs INELAV ‘teesece | @ Until the rotation speed of the FDD motor 

YES 

/ Normal bid : i termination ERROR}«--< @ Reads the FDD controller status register 

YES 

FDD block power OFF }k----—----- @ OUT PORT D SET command 

FDD Motor OFF 3 3#£=—4;-~-—-—-—---—---- @ EXT F/F SET command 

END 

Figure 5-23. FDD Control Program General Flowchart 



5.7.3 DMA Control 

All data transmission between FDC and the host is performed in the DMA (direct memory 

access) mode. «PD8257 and its peripheral circuitry for controlling DMA is explained in this 

section. 

A block diagram for DMAC and peripheral circuitry is shown in Figure 5-24. 

DMA Transfer Reg. 
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DACK2 

SAo 

SAt1 
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ADDSTB Ig-o9Q 
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The B side is selected 

during DMA HLDA 
AEN 

Figure 5-24. Block Diagram of DMAC and Peripheral Circuitry 
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A data request (DREQ signal) from the FDD controller is entered to the DREQ2 terminal on 

| 44PD8257. When the DREQ2 signal is HIGH, ~«PD8257 sets the HRQ (hold request) terminal 

| to HIGH, and issues a bus request to the CPU. Upon receiving the bus request from the 

L HOLD terminal, the CPU sets the bus on hold status. The CPU notifies ~PD8257 that the 
B bus is on hold status by setting the HLDA signal to HIGH. 

FDC DMAC CPU 

i (WD2797) | (uPD8257)\(MSM80C88) 

DREQ — DREQ2 ee ee ee 

~~ HOLD aces 

HLDA ~— HLDA HLDA / 

: Po ean 1] DACK2. ——__—___/ 

r fT Hold status 
DMA cycle 

qt 
tit iy 
Hae 
ih 

fieeye 
}) 

i 

{| 
aie 
pet 

th 
vf 

Figure 5-25. DMA Transmission Start Sequence 

The above operation passes control of the bus from the CPU to wPD8257. wPD8257 can 
now perform a DMA transmission between FDC and storage. A timing chart for DMA 

transmission (FDC storage) is shown in Figure 5-26. 



Figure 5-26. DMA Operation Timing Chart 

(1) The AEN signal from «PD8257 is set to HIGH when «PD8257 is in the DMA cycle. 

The AEN signal disables all devices not involved in DMA. 

(2) The address (A15-8) that is multiplexed into ADO-7 by the ADDSTB signal is latched at 
10M (74HC373). | 

(3) The memory address for DMA transmission is 20 bits, consisting of the address that is 

latched at 10M (74HC373), A7-0 from wPD8257 and the 11M (74HC374) DMA transfer 

register. 

A19 A15 A7 ___A0 

i 

| _______-l. 4 QM (74HC373) —-;-——PD8257, Ao~7 —— 
DMA | 
Transfer REG. 

Figure 5-27. DMA Transmission Address Constitution 

(4) When the IOR signal from »PD8257 changes to LOW, the contents of the FDC data 
register (data read from FDD) are output to SDO-7. A HIGH level signal is entered to AO 

and A1 of FDC from 10S (74HC157). 

(5) The data in SDO-7 is written into the storage by means of the MEMW signal from 

uPD8257. 

raid i 



(6) Since DMA transmission has been completed, the DREQ signal from FDC is set to LOW. 

(7) The HRQ is then set to LOW. The CPU turns the HLDA signal to LOW and then the 
control for the bus is passed to the CPU. 

(8) FDD generates a data request (DREQ signal) every 32us. For each DREQ, 1 byte of DMA 
data is transmitted. 

5.7.4 FDD Control 

WD2797 controls the 3.5-inch FDD. Besides the logic for controlling the FDD, WD2797 is 

equipped with write, compensation and data separator logic. WD2797 and its peripheral 

circuitry are explained in this section. | 

(1) CPU Interface 
The CPU interface for WD2797 is shown in Figure 5-28. A 2 MHz clock is generated by OSC 

(CX-046C). The period is divided in two by 08Q (74HC74) and the resulting 1 MHz clock is 
supplied to the CLK terminal on WD2797. 

The MR terminal on WD2797 is the master reset terminal. A low-level signal (1Oms) is fed to 

this terminal when the power is on. The WE, RE and CS terminals are used as the control 

terminal when reading from or writing to the WD2797 internal registers. Terminal AO or A1 is 

used to select the particular internal register. The DREQ terminal is a data request signal 

generated every 32us during DMA transmission. 

WD2797 sets the INTRQ terminal to HIGH when the command is executed. (INTRQ is a level 

3 interrupt to the CPU.) 
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7 Figure 5-28. WD2797 CPU Interface Circuit and Timing Chart 



(2) FDD Interface 
The FDD interface circuitry is shown in Figure 5-29. 11Q (74HC175) is a bistable trigger 

circuit that latches the MOTOR ON or the DRIVE SELECT signal from the FDD unit. It is set 

by the EXT F/F SET command. | 

it Mt 

The FDD control signal output from EXT F/F or WD2797 is driven by 7404 (TTL) and is sent 

to the FDD unit. The FDD control signal for the input system is pulled up using 620 ohms. 

CN11 is a standard FDD connector. CN10 is an optional FDD connector. Refer to section 4 

on FDD units for more information on the FDD interface signal. 

Standard FDD Optional FDD — 

11Q O8T 
5 11 er oe ee DBI BHCMS) O-= (10) DRIVE SELECT 0 (9) 
e : 9 MOST 

DB2 = > o- DRIVE SELECT 1 (12) 
| = gy 08T 

DBO (18) MOTORON (16) 
FDC POW ON 2 

10mS 3 

1 40-9 
FDC RESET 

DVA=3050H 

WD2797 

DIR 

STEP 

+5V nH 

58| HLD 

40! HLT 

Track OO P 

RAWRD P 

74HCO8 

100kQ ie GND © 

Note 7: CN10 and CN11 are connectors located on the OPMP board. 

Note 2: Pins 3, 5, 7,9, 11, 13,15, 17, 19, 21, 23, 25, 27, 29, 31 and 33 are used as the 

ground. 

Figure 5-29. FDD Interface Circuit Diagram 



(3) VFO and Data Separator 
The FDD uses the VCO and data separator that are built into the WD2797. The built-in VCO 

Lt and the data separator are calibrated using the resistors and the capacitors connected to 

it the PUMP and RPW terminals on the WD2797. 

See section 4.2 for a detailed discussion of the calibration procedure. 

WD2797 

Test mode when TEST = LOW 

+5V2 —O TEST 

Write compensation is not 

Ts performed. 

ENP 

261\VVCO Used for calibrating the VCO central 
CV2 frequency. 

7OpF 

23 Used for setting (fixing) the VCO PUMP 
output charge pump value. 

+5V2 i 

VAS 4a Used for calibrating the phase 

RPW comparator inside the data 
10K separator. 

33 WPW Write compensation is not 

performed. 
CH6 

21TG43 RPW calibration check pin. 

CH7 500 ns 

Nee Check pin for VCO central 
frequency calibration. 

eet ea WL al 
f = 237.5+ 1 KHz 

Figure 5-30. WD2797 VFO and Data Separator 



(4) FDD Block Power Supply 
There are two power supplies to the FDD block: a 5V power is continuously supplied to the 

FDD block, and a 5V2 power is supplied to the block only when the FDD is accessed. The 

parts involved in supplying the latter 5 are shown below: 

etna | pacmin Romane 
WD2797 FDD controller 

CX-046C 2 MHz OSC 

10ON uwPD8257 DMA controller 

O8T, O9T 7404 FDD interface driver 

Pull-up resistance 

Table 5-6. Supplied + 5V2 Part 



5.7.5 Floppy-Disk Drive Unit 

Interface Signals 

(1) Signal Connector Pin Array (CN1) 

idee Sal Signal Name _ Input/Output 

Ni merygrcion, 

Table 5-7. Signal Connector Pin Array 



(2) Input Signals 

(a) DRIVE SELECT 1-4 

When a drive-select pin level is set to LOW, the drive corresponding to the signal is selected 

and the I/O line is activated, thus enabling a read/write operation. 

The drive that responds to a DRIVE SELECT 1-4 signal is determined by the setting of the 

DIP switch (DS1-DS4) on the drive. 

DIP switch DS1 is set when the unit is shipped from the factory. To use a different select 

line, the DIP switch settings must be changed. 

(b) MOTOR ON , 

The spindle motor is activated when this signal level becomes LOW. 

(c) DIRECTION SELECT 

This signal specifies the direction of movement of the read/write head when a STEP pulse is 

received: 

HIGH: Toward the periphery (STEP OUT) 

LOW: Toward the center (STEP IN) 

(d) STEP 
Each time a LOW pulse (STEP signal) is received, the read/write head moves by one track in 
the direction specified by the DIRECTION SELECT signal. 

3 ms MIN | 

1.5 ws MIN 

Figure 5-31. STEP Signal Waveform 

(e) WRITE DATA 
This signal represents the data that is to be recorded on the disk. Each time the level 

changes from HIGH to LOW (or vice versa), the direction of the current flow to the read/write 

head is reversed to record a data bit. Data recording is possible only when the WRITE GATE 

signal is LOW. 



Data 1 1  O 1 0 0 0 , 

FM 

4.00us+20ns 8.00u"us+ 40ns 150 ~ 2100ns 

MFM 

4.00us+20ns 8.00 us+ 40ns 6.00 ws + 30ns 

Figure 5-32. Data Write Timing 

(f) WRITE GATE 
Data can be recorded on a disk only when this signal level is LOW. 

Data reproduction or a seek operation is enabled when this signal level is HIGH. 

(g) IN USE | 
The IN USE LED for the drive selected by the DRIVE SELECT signal is lit only if this signal 

level is HIGH. If this signal level is LOW, the IN USE LEDs for all the drives that are 

connected, are lit regardless of the DRIVE SELECT signal. 

(3) Output Signals 

i (a) INDEX 
The rising edge of this signal represents the disk rotation reference position. This signal 

level is HIGH when there is no diskette in the drive unit. 

1~12ms 

— 

200 ms TYP 

| Figure 5-33. INDEX Signal Waveform 



(b) TRACK OO : 

A LOW level for this signal indicates that the read/write head of the drive selected is at 

TRACK O00. 

(c) WRITE PROTECT | 

This signal indicates whether or not the diskette loaded in the drive is write-protected: 

LOW: Write-protected 

HIGH: Write-enabled 

(d) READ DATA 
This signal represents the pulse signal obtained by wave-shaping the analog signal read 

from the diskette. This signal includes the clock and the data. 

Data 1 1 O 1 @) O O 1 

FM 

4 us NOM 8 ws NOM 6 ws NOM 

Figure 5-34. Data Read Timing 

(e) READY 
A LOW level of this signal indicates that a read/write access operation is possible for the 

selected drive. 

This signal level becomes LOW and access becomes possible when all the following 

conditions are met: 

(i) +5V DC and +12V DC power are supplied. 

(ii) Two INDEX pulses were detected after the disk rotation has started. 

(iii) A diskette is loaded. 



(4) Control Timing 
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Figure 5-35. Control Timing 



(5) Power Supply Interface 
+12V DC and +5V DC power are used. +12V DC drives the spindle motor and the stepping 

motor; +5V DC is used to power the read amplifier logic circuit. 

Table 5-8. Power Supply Connector Pin Array (CN2) 

(6) DIP Switches 

(a) DS1-DS4 
lf two or more drives are to be connected, set the SELECT NO for each of the drives using 

these DIP switches. For example, if DS2 is set to ON for a drive, that drive will be selected 

and be accessible when the DRIVE SELECT 2 signal is LOW. 

(b) LED display (red) | 
The LED display lights when that device is selected by the DRIVE SELECT signal or when 

the IN USE signal level is LOW..- 



(7) Control CPU Process Flowchart 
The process flowchart of the control CPU is shown in Figure 5-36. 
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Figure 5-36. Control CPU Process Flowchart 



5.8 Printer Interface | - 

The printer interface circuit conforms to the Centronics standard. 

As shown in Figure 5-37, the BUSY1 signal for the printer is read from PC1 on the 81C55. 

Since the printer is not busy when the BUSY1 signal is LOW, the printer data is output from 

PAO through PA7 on the 81C55. After the data is output, the PR STROBE signal is output. 

_ The printer uses the PR STROBE signal to receive data, then sets the BUSY 1 signal to 

HIGH (printer busy). The BUSY1 signal is changed to LOW when the printer is ready to 

receive the next data. 

The CPU sends the next data to the printer when the BUSY1 signal becomes LOW. 

The BUSY 2 signal is the inverse of the BUSY1 signal. 
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Figure 5-37. Printer Interface Circuit Diagram and Timing Chart 



5.9 LCD 

5.9.1 Configuration 

As shown in Figure 5-38, the LCD block on the TANDY 600 is comprised of the LCD unit 

and OPLF board (LCD controller). 

The LCD unit is divided into four planes whose display is controlled by signal lines D1, D2, 

D3 and D4. The LCD controller OPLF board controls two LCDCs (HD61830), one as a 
master and the other as a slave. The left plane of the LCD is controlled by the master 

HD61830, and the right plane is controlled by the slave HD61830. 

When the LCD (VRAM) is accessed by the CPU, the CPU sends separate commands and 

parameters to the master and the slave LCDC. 

480 dots 

1 LCD unit 
~Y 

iS) (LM215) 
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! Ys 2 — | 

HD61830 HD61830 , 
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OPMP [ee | 

board 

VRAM VRAM 

8KB 8KB 

Figure 5-38. LCD Block Diagram 



5.9.2 LCD Controller (HD61 830) 

(1) CPU Interface 
The CPU interface circuit of the HD61830 is shown in Figure 5-39. The clock divides PCLK 

into two at O5A. The HD61830 is reset when the RES terminal level is Low. 

Data bus (DB7 through DBo), chip select (CS), enable (E) and read/write (R/W) serve as the 

interface between the CPU and the HD61830. 

LCDC1SEL is connected to the master CS terminal, and LCDC2SEL is connected to the 
slave CS terminal. 

The signal specifying the data transmission direction is input through the R/W terminal. 

Data reading is possible when the level of the E terminal is HIGH. The falling edge of the E 

terminal level is used as the data write timing. 

The data register is selected when the RS terminal is HIGH and the instruction register is 

LOW. 
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Figure 5-39. HD61830 CPU Interface Circuit Diagram 
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(2) HD61830 — VRAM Interface 

The circuit diagram for the HD61830 and VRAM and the timing chart are shown in Figure 

5-40. 

HD61830 accesses VRAM for two reasons: refresh the screen for display purpose, or 

enable the CPU to access VRAM for display, etc. 

HD61830 processes both types of access on a time-sharing basis. A VRAM address that is 

output from MA12 through MAO of 02C or 03C (both HD61830) is input to A12 through AO 

of 01C or O4C (both HM6264LP). If the WE signal level is HIGH, the VRAM data is output 

from DO through D7 of HM6264LP. HD61830 then reads the data from MD7 through MDO. 

lf the VRAM is accessed for refreshing a screen, the data is parallel/serial converted, and 

serial data for display use is output from D1 and D2. If the VRAM is accessed for use by the 

CPU, the VRAM data is directed to the data output register located within the HD61830. 

The rising edge of the WE signal is the timing used by the HD61830 for writing data to 

vo HD61830 

CPU 

VRAM DATA 

; Serial data for LCD display 

D1: Upper screen 

D2: Lower screen 

MAo ~ 12 eae ee en Nees ee = ee 

Read cycle Read cycle Write cycle 

Figure 5-40. HD61830 VRAM Interface Circuit Diagram and Timing Chart 



(3) LCD Unit Interface 

The interface circuit and the timing chart for the HD61830 LCD unit are shown in Figure 

5-41. 

As the timing chart shows, data output from pins D1 and D2 of the HD61830 is 

synchronized to the CL2 signal. | 

The LCD unit inputs the D1 and D2 signals to a 240-bit shift register using the CL2 signal 

as the timing. After 240 bits have been received in the shift register, the data for one line is 

latched using the falling edge of the CL1 signal as the timing, and the data is displayed on 

the LCD. 

FLM is a synchronization signal that is generated every time a screen is scanned. The LCD 

driving voltage is changed to an alternating current using the MB signal. 

VEE and Vo are reference voltages for the LCD that are created in the OPMP board. 

Signal used for latching display data 

Clock used when shifting display 

Frame signal (display synchronization) 

Signal used for converting LCD drive voltage to AC i 

Serial display data for upper screen | i 

Serial display data for lower screen | 

—6.9V (normal) 

—10V (normal) ‘| 

Table 5-9. LCD Interface Signals i 
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Figure 5-41. HD61830 LCD Interface Circuit Diagram and Timing Chart 



(4) Abbreviated LCDC Control Program Flowchart 

START 

LCDC mode 

initialization 

@® Sets MODE control, character pitch, 

character number and display duty. 

@ Reads and checks the BUSY flag. 

@ Sets the command to be executed in the 

instruction register. 

No 

Set instruction register. 

Set data register. 

Command 
a 

transfer? 

Yes i 

(eno) 
; 

@ Sets parameters corresponding to the 

command function. 

SCS, ee, ee 

Figure 5-42. Abbreviated LCDC Control Program Flowchart 



(5) Display Screen Memory Address 

Since two HD61830s are used for the display screen memory address, this address is 

divided into left and right horizontal areas. 

Both HD61830s are used in the graphics mode. 

if 240 bits 

neue (40 bytes) 

ae 
MSB LSB 

Display 

Start 

address 

Slave (8KB) 

(Note) 2 bits 6 bits 

Note: The character face has a 6x8 dot configuration. Therefore, the two most significant 

bits are not used. 

Figure 5-43. Display Screen Memory Configuration 



5.9.3 LCD Unit 

The operation of liquid crystal display module LM215P is explained in this section. The LCD 

and the driving circuit are discussed separately. 

(1) LCD Panel 

A liquid crystal is neither a liquid nor a solid. Its appearance, however, closely resembles 

that of a liquid. In terms of its electrical and optical characteristics, it is close to a crystal. 

Elements that use liquid crystals are referred to as liquid crystal display elements. LM215P 

uses TN (twisted nematic) type LCDs. The construction of the LCD panel is shown in Figure 

5-44. 

Liquid Crystal 

Front Glass 

Electrode Front Polarizer 

Reflector 

Filler 

Rear Polarizer 

Rear Glass Electrode 

Figure 5-44. Construction of LCD Panel 

An LCD acts as an electrical shuiter that controls the passage of light. Light either passes or 

does not pass through the LCD, depending on the voltage that is applied to the LCD. The 

passage of light is controlled in order to display a character or a number. How the LCD 

operates is shown in Figure 5-45. | 

A liquid crystal display element is interposed between two polarizer plates. In order to 

optically twist light, the top and bottom plates are positioned so that their polarization axes 

are orthogonal to each other. 

As shown in Figure 5-45(a), if no voltage is applied, light is dispersed and twisted by 90° by 

the liquid crystal molecules interposed between the top and bottom plates. This results in an 

optical movement of light by 90°, and light passes through. 

As shown in Figure 5-45(b), if a voltage is applied, the liquid crystal appears as if it is frozen 

at the current position, and thus interrupts the passage of light. 
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Figure 5-45. Operation Theory of LCD Board 

The LCD used with the LM215 is comprised of electrodes arranged in a matrix configuration 

(128 commons, 960 segments). 
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Figure 5-46. Matrix Configuration 



Since the LCD is driven by a 1/64 time-sharing drive, the top and bottom 64 commons are 

driven by signals with the same timing. 

The LCD view angle for a contrast (K) (luminosity of unlit segment/luminosity of lit segment) 
of at least 1.4 is approximately 20°. 

The angle can be changed to horizontal or vertical orientation, or any position in between, by 

changing the LCD drive voltage (VDD-Vo). 

High LCD Electrode Voltage 

Pa 
od = approx. 20° 

\ 
Low LCD p 

, Electrode Voltage 

L 

Figure 5-47. LCD View Angle | i 

(2) Drive Circuit | 

(a) Circuit configuration 
IC 3~14 (HD61100) are a segment driver IC, and ICs 1 and 2 (HD61103) are common : 
driver ICs. i 

LM215P receives all signals necessary for LCD display operation, such as FLM, M and CL1, 

from an external source in accordance with the timing chart shown in Figure 5-41. 

HD61103 has 64 driver outputs. One HD61 103 each is used for the top (X1, X64) and the 

bottom (X65, X128) displays to enable parallel operation. The internal circuit configuration 

of HD61103 is shown in Figure 5-48. 

HD611100 has 80 driver outputs, and drives 480 segment electrodes each for the top and 

bottom displays (total of 960 segment electrodes), using 12 ICs. The internal circuitry of the 

HD61100 is shown in Figure 5-49. 
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Figure 5-48. HD611093 Internal Circuitry 

VILVILVILVIL Y1Y2 Y80 Vit Vit VILVIL 

[mi 

Vcc 

GND 

VEE 

O 

O 

% Counter circuit 

Figure 5-49. HD61100 Internal Circuitry 
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Vpb, VSs, VEE, Vo, etc., supply the power to the liquid crystals. Vss is the ground (GRD) level. 

R1 through R7 are split resistances used to create voltage V1 through V6 used for driving 

the liquid crystals. The output impedance of this power source is reduced by means of 

operational amplifier 1C15 (HA17902). 

(b) Timing signals 
The external timing signals have the following functions: 

FLM (First Line Marker): A signal used to determine the display scan frequency (normally 

set between 60 and 80 Hz). X1 and X65 are selected when FLM is input. 

M (Multiplex): A control signal used to invert the liquid crystal drive waveform for each scan 

so as to effect an AC drive. 

CL1 (Clock 1): A signal that is input every 240th clock and used for common data shifting 

and segment data latching. 

CL2 (Clock 2): A clock signal used by HD61100 for fetching the segment data. The falling 

edge from HIGH to LOW is used as the timing for fetching the data. 

D1-D4 (Data 1 through Data 4): Segment data signals. 

(c) Operation 
The commons successively select X1-X64 (X65-X1 28) by fetching the FLM signal into the 
internal shift register of HD61103 using the falling edge of HIGH to LOW. Therefore, FLM 

will be HIGH for a pulse width equivalent to 1/64 of the scan time, and will be LOW for the 

rest of the time. See Figure 5-51. 

The 240 electrodes are divided into four segments for data transfer rate reasons. AS shown 

in Figure 5-50, each LM215P is structured by combining four 64 X 240 dot-display blocks. 

The display data is synchronized with CL2, and data for 240 display dots is sent during one 

cycle of CL1. The data is read into register A, shown in Figure 5-49, using the falling edge 

from HIGH to LOW of CL2. The fetching sequence is as follows: The data first entered is 

read into the register corresponding to Y1, Y241, Y481, or Y721 (that is, to the leftmost 

segment of each of the four blocks), and the final data (240th data) is read into the register 
corresponding to Y240, Y480, Y720, or Y960. The data is latched from register A to register 

B using the falling edge from HIGH to LOW of CL1 as the timing. A liquid crystal being lit or 

not lit is determined by selecting or not selecting the common. 

p Common p Common 
Segment Data 
a Not Selected 

_—- lit Not lit 

Table 5-10. Relationship between Segment Data and Common 



(d) LCD Waveform 
One example of a LCD waveform is shown in Figure 5-52. The bias coefficient that 

maximizes the voltage ratio between lit and unlit (that is, maximizes the contrast) is 
identified by a. With LM215P, a is set to 7. 

240 240 

64 

64 

Figure 5-50. LCD Unit Screen Constitution 
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Figure 5-51. LCD Unit Interface Timing Chart 
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Figure 5-52. LCD Waveform 



5.10 Serial Interface 

5.10.1 Overview 

The TANDY 600 is equipped with three serial interfaces: direct modem interface, acoustic 
coupler and RS232C interface. A block diagram of these interfaces is shown below: 

+7.5V 

MSM4584 
RS232C 

aaa ae interface 
os 

Modem/RS —7.5V 
USART Pre 

switchin MSMB2C51A eci g (manual switch) Aecueie 

coupler 
ACP 

MODEM 

MSM6946 

MODEM/RS 

(software selection) Telephone 

Access control 

— Pulse dialing (relay ON/OFF) 

— Tone dialing (MSM6234) 

Ring 

' detection 

circuit 

Figure 5-53. Serial Interface Block Diagram 



5.10.2 USART (MSM82C51 4A) 

(1) USART (MSM82C51A) 

Serial data for the TANDY 600 is controlled by USART (MSM82C51A). The pin layout 

definitions are shown in Figure 5-54. Pins DO through D7, C/D, RD, WR and CS are 

connections for the CPU interface signal lines that are used for sending commands to the 

82C51A or for reading status. 

RS ew 
reo + [| teen =o 
roi fo[e| tanta oe 
SOG 0e oe 
fife[e[ comenose 
Pipe [e[ eewsnme 

Pressing the RESET switch sets the RESET terminal level to HIGH and resets 82C51. 

A peripheral clock (PCLK) with a frequency of 1.53 MHz is input to the CLK terminal. TxC 

and RxC are clocks that determine the transmission rate of the 82C51A. The relationship 

between the baud rate and clock period is shown in the table in Figure 5-54. TxD and RxD 

are serial data transmission and reception lines, respectively. 

DTR, RTS, DSR and CTS are control signal lines for RS232C or modem use. Since these 
lines are simply I/O ports for the 82C51A, they are all software-controlled. The TxR level is 

set to HIGH if the status register TxRDY is set to 1, if the RTS terminal level is LOW and if 

the CTS terminal level is LOW. Thus, TxR is a signal that notifies the CPU that the 82C51A 
is ready for transmission. 



The RxRDY terminal level is set to HIGH when data reception by the 82C51 is completed. 

82C51A 

SD (transmit data) SD7 . 
Serial data 

¢ RD (receive data) 

DO: N27 28,42 a 
ER (terminal ready) 

CPU 12 == 
-arfaee SA6 - RS (request to send) 

IRD O Control 
——s 10 a2 
IWR O DR (data set ready) 

: 11 fee 
82C51 SEL O CS (clear to send) 

9 
81055 Baud/Rate O 

output airs @ TXR (transmitter ready) to portE 

20 
153MHz— LIL PCLK . 

RESET TRC IPT 

Transmission Timer count 

rate (BPS) value 

Note: For asynchronous mode with a baud rate factor of TANDY 600. 

Figure 5-54. USART (82C51A) Pin Layout Definitions 



5.10.3 MODEM/RS232C Switching Circuit 

Since the serial port for the 82C51A has only one channel, the circuit shown in Figure 5-55 

is multiplexed for modem and RS232C. 

The MODEM/RS signal specifies whether the serial port is used as a modem or as the 

RS232C interface. 

The MODEM/RS signal is controlled by the sixth bit of port D. The modem interface is 

selected when the MODEM/RS signal level is HIGH and the RS232C interface is selected 

when the MODEM/RS signal level is LOW. 

The control signal for reception data and other inputs is processed by gate 05G (74HC157) 

and the control signal for transmission data and other outputs is processed by gate O3E, 

OSF or O2F. 

O3F = 

| f = - O3F le) Ds ER-RS 

— RS-RS 

SD-RS 

O5G LN +5V 
74HC157|, y 100kQ 

DR-RS 

2 CS-RS 
6 

12 = RD-M 
CD detection 9 ue. CD-RS 

MODEM/RS 

Figure 5-55. MODEM/RS232C Switching Circuit 



5.10.4 RS232C Interface Circuit 

Voltage level conversion for the TTL and RS232C levels is performed by this circuit. 

TTL levels SD-RS, RS-RS and ER-RS are inverted and converted to a RS232C level by a 

Schmitt trigger-type inverter IC (MSM4584), and are then output to the RS232C connector 

(CN7). Signals from the RS232C connector (CN7) are converted to a TTL level by MSM4584 
and diodes DAN401 and DAP401. 

+VRS 

if RS232C 

+VRSr- ae al CN7 
| 4584 | 

51kQ xX 3] | | 
| | 

Sac al ace | it A Oona RS-RS , eee >. (4) RTS (Request to Send) 

(20) DTR (Data Terminal Ready) ‘ 

a 

0.001uF x3 _] _7s5y 
| 
l 
| 

+5V DAN401 | 
O Oo x 2) 

-y-- 
ANG 

*s WH 2.2kQ xX 4 1 2.7kQ X 4 eS RxD (Receive Data) 

(5) CTS (Clear to Send) zm 

ER-RS areas DSR (Data Set Ready) 

"mn 7 CD-RS 6 << 1 ares (8) CD (Carrier Detect) 

DAP401 eta rs aca 

i 
GND 

FG (1) FG 
Logic OV 

N.C * 
9~19, 21~25 RS232C tt eo 

Figure 5-56. RS232C Interface Circuit 

5.10.5 Modem 

Modulation and demodulation are controlled by the MSM6946 (300bps FSK MODEM). 

The circuit diagram for the modem is shown in Figure 5-57. A carrier signal is output to 

terminal AO when the RS-M signal level from USART becomes LOW. The CS terminal level is 

set to LOW 200ms after the RS-M signal level changes to LOW. 

If transmission data is input to terminal XD, the carrier signal at terminal AO is modulated. 

The modulated signal from terminal AO passes through a transmission amplifier comprised 

of 02M (TLO64) and is then output to an acoustic coupler or a telephone line. 
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VR3 is a control for calibrating the transmission level; see section 4, Maintenance and 

Calibration, on how to perform the calibration. The reception carrier signal from an acoustic 
coupler or a telephone is input to terminal AIN of the MSM6946 after passing through the 
reception amplifier which is comprised of the 02M (TLO64). While the carrier signal is being 
input to the AIN terminal, the CD2 terminal level is set to LOW and demodulation is 
performed. The reception data is then output to terminal RD. 

Terminal M, which is controlled by the seventh bit of port D, is used for selecting the 
originate mode or the answer mode (originate mode if the terminal M level is HIGH: answer 

mode if the level is LOW). 

Transmission level calibration 

MSM6946 

3.58 MHz ” ee 56K 
1 

a5 100K 

2.2 ius 
3 Sai ed 7a Transmission 
4\ 7D 14 ; (output) p 
e 100K ‘ 

CS-M I 
02M TLO64CN 

aa 7 RS-M : eu +12V / 
0.022u . ART 2 3 Reception 

SD-M < | (input) 
RD-M Tr Pe ae — 11 
CD-M 

3 +5V 
= +12V 
14 

22 PORTD (orci M Dial tone 

ak Space |1270Hz+6 

Anewar Vow Space |2225Hz+6 

Mark 2025 Hz+6 

CS1 =< 

200 ms ; 

AO —_—_ ig ee Wile —— 

Carrier 

Relationship between CD2 and AIN 

Zt AA 
AIN / PITT PAE EL / | CD OFF LEVEL 

_ CU CD ON LEVEL 

Figure 5-57. Modem Circuit Diagram and Timing Chart 
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5.10.6 Modem Connector Interface and Ring-Detection Circuit 

The modem connector interface circuit is shown in Figure 5-58. Switch SW1 is used to 

switch between the acoustic coupler and the telephone line. The transmission signal and the 

reception signal are both connected to the line by means of the transformer. This is true for 

telephone lines as well. D386 and D37 are diodes used to absorb surge voltage in the 

telephone line. 

With the acoustic coupler, the transmission output is input to the terminal SPEAKER after 

passing through an impedance matching resistance. The reception input signal is fed 

directly from terminal MIC to the reception amplifier. D3 and D4 are diodes that protect the 

reception amplifier. RL1, which is controlled by signal C-LP, is used to disconnect the 

telephone and the line when a modem is being used. 

RL2 is a relay used for dial pulse transmission. The relay turns signal C-DP on or off and 

controls the output of the dial pulse to the line. RL2 is in MAKE status when a modem is 

being used for communication. 

The C-LP and C-DP signals are controlled by port D. 01H, an IC used for detecting calling 

signals (40-150V; 15.3-68 Hz) from the telephone office, uses an 02H (photocoupler) to 

create RP and RING DETECT signals. 
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Figure 5-58. Modem Connector Interface and Ring-Detection Circuit 
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5.10.7 Serial Interface Interrupt 

The circuit that controls interrupts from a serial interface is shown in Figure 5-59. There are 

three reasons for a serial interface to issue an interrupt: 

@ Change in CD signal level (rising edge or falling edge) 

@ Reception of a telephone access signal (ring pulse) 

@ Completion of data reception by 82C51 (RxRDY signal) 

A logical OR is taken and the result is used as the level 2 interrupt. 

An interrupt signal is input to clock terminal RxR F/F, RP F/F, CD ON F/F or CD off F/F 

(74HC74). D input is set to HIGH using the rising edge as the timing. 

A logical OR is taken of the outputs from each F/F at gates O3C, O3F and O5C. 

The final output is used as the TRC IPT signal. 

TRC IPT CLEAR signal is used in decoding the address of the TRC IMP CLEAR command. 

When the TRC IPT CLEAR signal level becomes LOW, each F/F is reset and the interrupt is 

cleared. 
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Figure 5-59. Serial Interface Interrupt Control 
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5.10.8 Auto-Dialing 

Auto-dialing means that the TANDY 600 automatically performs the dialing operation with 

the telephone disconnected from the telephone line, as opposed to manual dialing where a 

telephone instrument is used. 

There are two types of auto-dialing: 

@ Pulse dialing 

@ Tone dialing 

The auto-dialing circuit diagram and the timing chart are shown in Figure 5-60. 

(1) Pulse Dialing 

In pulse dialing, the dialed number is specified by the number of pulses. Dial pulses are 

generated by switching RL2 (relay) on and off by controlling the C-DP signal. The timing 

chart for dial pulses is shown in Figure 5-60. 

(2) Tone Dialing 
In tone dialing, the dialed number is specified by combining two different frequencies. The 

TANDY 600 uses the MSM6234 to generate a dial tone. Terminals R1 through R4 are used 

to output the high frequency tone, while the low frequency tone is output from terminals Ci 

through C4. The specified dial tone is emitted from terminal TO when the TD terminal level 

becomes HIGH. 

The relationship between a dialed number and the tone frequencies, and the tone dial timing 

chart, is shown in Figure 5-60. | 

+5V Transmission 

| ACP amplifier 

O au 

Reception 

amplifier 
27K 

Data 

Figure 5-60. Auto-Dialing Circuit Diagram and Timing Chart 
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5.11 Buzzer Control 

There are two ways to sound the buzzer: a specific frequency generated by PB7 and 81C55 

timer out. 

5.11.1 Output Signal from PB7 on 81C55 

When PB6 is high, PB7 is synchronized with the sound frequency to alternate the high level 

and low level. As a result, the output from 11A-3 enters 07G-10 and then is output from 

O7G-8 to sound the buzzer. (See Figure. 5-61) 

5.11.2 81C55 Timer Output 

When PB5 and PB7 are high, and PB6 is low, the square wave output from the 81C55 timer 

flows from 04D-6 to 08G-4, from O08G-6 to 07G-9, and then is output from 07G-8 to sound 

the buzzer. Since the sound pitch coincides with frequency, a desired sounding frequency 

can be calculated as follows: 

1.53 x 10° 
Frequency (Hz) = 2 

Where n: Count value of 81C55 timer 

(See Figure 5-61.) 

| La 
5) 

TIMER OUT 

(See Figure 5-66) 

Figure 5-61. Buzzer Control Diagram 
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5.12 Real Time Clock (RTC) 

The TANDY 600 includes real time clock built in the LSI (HD146818). The LSI, its peripheral 

circuitry and functions are discussed in this section. 

5.12.1 Overview of TANDY 600 Real Time Clock (RTC) Functions 

The RTC’s internal current time is used by the system. 

An interrupt request is issued when the current time matches the alarm time set for the 

RTC. 7 

lf the current time matches the set alarm time while power to the TANDY 600 is off, 

power to the TANDY 600 can be automatically restored and the program restarts 

processing. 

A periodic interrupt or an update interrupt that is issued at regular intervals can be 

used as the timing for blinking the cursor, performing system KB scans, etc. 

Since the RTC is backed up by a battery located on the OPMP board, its data is not lost 

when power to the TANDY 600 is turned off. However, the battery backup is not 

activated if the RAM backup switch is set to OFF. 

5.12.2 RTC Address Map 

The RTC (HD146818) includes a built-in 64-byte CMOS RAM. DVA is assigned to address 

COOO through CO3F. The HD146818 is controlled by reading from or writing into the first 14 

bytes of the RAM area. 

See Appendix C.4 for details on how the HD146818 is controlled. 
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interface break 

Character 

CO3F COOD 

Figure 5-62. RTC Address Map 

5.12.3 Clock Function (Update Interrupt) 

The HD146818 is equipped with a clock that keeps the current time. The current time is 

determined by reading the RAM located in the RTC. This clock is updated every second. 

Each time an update is completed, the IRQ terminal level is set to LOW (update interrupt). 

The update interrupt can be mask-controlled by means of the UIE bit of control register B. 

IRQ | | | | 

1 sec 

Figure 5-63. IRQ Signal Waveform 
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5.12.4 Alarm Function 

When a comparison by the HD146818 of the current time with the set alarm time produces a 

match during an update cycle, the IRQ terminal level is set to LOW and an update interrupt 
is issued. The update interrupt can be mask-controlled by means of the AIE bit of control 

register B. 

5.12.5 Periodic Interrupt 

By setting a value in RSO through RS3 of the HD146818 control register A, the IRQ terminal 

level can be set to LOW periodically so that periodic interrupts are issued. Such interrupts 

are used for system timing to control cursor blinking and KB scanning, as a general purpose 

software timer, etc. The periodic interrupt can be mask-controlled by means of the PIE bit of 

control register B. 

Bevo [ rm [Sano] rete 

0000 1000 3.90625 ms 

000 1 3.90625 ms 100 1 7.8125 ms 

0010 7.8125 ms 1010 15.625 ms 

0011 122.070 us 101 1 31.25 ms 

0100 244.141 us 1100 62.5 ms 

O10 1 488.281 ws 110 1 125 ms 

O11 0 976.562 ws 1110 250 ms 

O11 1 1.53125 ms 1141447 500 ms 

5.12.6 HD146818 and Its Peripheral Circuitry 

A battery on the OPMP board supplies power to the RTC block when the main power is off. 

The HD146818, its peripheral circuitry and a timing chart are shown in Figure 5-65. A quartz 

oscillator with a frequency of 32.768 kHz is connected to terminals OSC1 and OSC2 of the 

HD146818. The RTC operates using this frequency for reference. 

A RESET signal is created by the POWER ON RESET circuit comprised of R38, C3 and Ds. 

When the RAM BACK UP SW is switched trom OFF to ON, this signal is input to terminal 

RES and HD146818 is reset. 

The IRQ terminal level is set to LOW whenever one of the three HD146818 interrupts 

(periodic interrupt, update interrupt or alarm interrupt) is issued. 

Terminal IRQ is also used as the level 1 (number two priority) CPU interrupt. 

lf the IRQ terminal level is LOW (alarm interrupt issued) while power to the TANDY 600 is 

off, power is restored and the CPU restarts the processing according to the program. 
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Figure 5-64. HD146818 Peripheral Circuitry 

CPU CLK 
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ADo~7 

DEL RD 

DEL WR 

Data IN (ADo~7) 

Data OUT (ADo~7) 

Figure 5-65. HD146818 Timing Chart 
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5.13 Power Supply Control and DC/DC Converter 

5.13.1 Automatic Power Supply ON/OFF Function 

Power to the unit can be turned on and off either automatically or manually. 

The power ON/OFF modes are described below: 

(1) ON/OFF using POWER switch 
Power supply is controlled by the user by pressing the POWER switch on the keyboard. 

(2) Power ON invoked over telephone line 
Power to the unit is automatically turned on when a ring pulse is detected on the telephone 

line. 

(3) Power ON invoked by RTC alarm 
Power is automatically turned on when the alarm time set in advance in the RTC is reached. 

(4) Auto power OFF 
Power is automatically turned off to protect the battery when the unit is not used for 10 

minutes. 

5.13.2 Power Supply Control Circuit 

The power supply control circuit is shown in Figure 5-66, while the power ON/OFF sequence 

timing chart is shown in Figure 5-67. Power is always supplied to the power supply control 

circuit regardless of the power ON/OFF setting. 

F/F for O2T is a flip-flop switch that maintains the power ON/OFF status. If the F/F is set, 

RL4 is in make status and the power supply is on. If the F/F is reset, RL4 is in break status 

and the power is off. 

When the POWER switch is pressed, the level of O2S-pin 4 changes from HIGH to LOW. The 

F/F setting for O2T is also reversed, thus reversing the power supply status. 

When a telephone ring pulse is detected or when an RTC alarm interrupt is issued, the CPU 

WAKE-UP signal level becomes HIGH. F/F for O2T is set and power is turned ON. 

F/F of O2T is reset and power is turned OFF when the AUTO POWER OFF signal level from 

port E becomes LOW. The TRAP signal level becomes HIGH when the power supply voltage 

drops to a prescribed level or when the user turns off the power by pressing the POWER 

switch. The TRAP signal is connected to pin NMI of the CPU. 

When an NMI is issued, the CPU saves the current contents of registers and prepares for 

power disconnect. 

The RAM BACKUP signal protects the contents of the RAM by closing all RAM gates while 

the power is off. 

The LOWB signal lights the LED to notify the user of a drop in the power supply voltage. 
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POWER SWITCH pressed POWER SWITCH pressed 

Vv V 

RESET 

TRAP 

[a 
RAM BACK UP —ii ———————— 

5986888 $ $$$ 

RAM contents are protected by closing all RAM gates during power off. 

Figure 5-67. Power ON/OFF Sequence Timing Chart 

5.13.3 DC/DC Converter 

TR6 is a transistor with a controlled pulse width that feeds back a +5V1 output voltage. 

TLA-1 is a pulse transformer that is driven at a frequency of 30-40 kHz by TR6. Various 

required voltages are output from the secondary side of TLA-1. 

IC1 consists of a reference voltage block, differential amplifier, generator and driver. Pin 2 

on 1C1 is connected to the +5V1 to detect its change by amplifying a difference between the 

voltage and a reference voltage. The detection signal (pin 4 on IC1) is transmitted to the 

generator by an unstabilized multivibrator to change the pulse width, thereby driving TR1 

through the driver to control TR6. 

The power supply to 1C1 is stabilized by TR5, R122 and ZD4 and then supplied to pin 14 on 

IC1. +5V1 is stabilized by IC1, but +12V2 is stabilized separately by TR8, TR9 and ZD9. 

RL3 is tripped when the FDC POWER ON signal level becomes HIGH, and power (+5V2, 

—5V2) for the FDD block is output. 

Since the input voltage (DC 5V) is different between the AC adapter and the battery, the 

source power supply for the +12V2 power supply is selected by means of RLS. 

A circuit diagram and waveforms are shown in Figures 5-68 and 5-69. 
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Figure 5-69. Vc Waveform of TR6 

5.13.4 Power Supply Types 

Six power supplies are used with the unit. They include V* which is always output, and 

+5V2, +12V2, etc., which are output when the FDD is being accessed. 

The usage and the conditions under which the six power supplies are output are shown 

below: 

aa To Tow Tor [or Supply 

| Backup SW SW | BackupSw | ON | ON | OFF | ON | Purpose 

/rocrowen | orr | = | = | on 
a 
ee fe [0 | saver beck 
sen fe fo | Neate 
ee 

-1 ree | O | Normal-12v000 | Normal—12V000 —12V 

4.8V, continuously 
supplied 

+5VB RAM backup power 

supply 

©: Output 
X: Not output 

x< 

x< 

<x | xX | XX < 

~x< < 

« 

Table 5-11. Power Supply Usage 
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SECTION 6 — — TROUBLESHOOTING 

This section contains a check list for testing the TANDY 600 and a troubleshooting 

flowchart for locating the cause of a failure. Use this section when repairing the unit and for 

post-repair device inspection. 
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Check again. 

6.1. Troubleshooting Flowchart 

NO 

START 

Does it start? 

YES 

DC/DC 
converter? 

Y 

ca 
Keyboard? eee 
oa 
ee 

ES 

YES 

x 

YES 

YES 

Memory 
protection? 

YES 

Printer 
interface? 

RS232C 
interface 

YES 

Modem 
interface? 

YES 

Is 
everything 

OK? 

YES 

END 
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NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

Page 119 

Page 121 

Page 122 

Page 125 

Page 126 

Page 127 

Page 128 

Page 129 

Page 130 

Page 137 

Page 139 



® (4) Will Not Start. 

@ Is the memory backup switch set to ON? 

Does the relay trip when the 
POWER ON switch is pressed? 

<< 
Yes 

The POW LOW light blinks or lights 
only momentarily when the POWER 
ON switch is pressed. 

Charge the battery. 

Does the level at pin 10 of 
01SP change to HIGH 
when the POWER ON 
switch is pressed? 

cs 
Yes 

Check O2T, O2R, 
02S and 01S. 

Check 01S or POWER switch 
(switch 17) on the keyboard. 

Note: The DC resistance of coils RLx and RLy is 180 ohms. 
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Does the level at pin 10 of O6A 
change to HIGH when the RESET 
switch is pressed? 

<I" 
| Yes Check O6A, O06G 

Is a 3.07MHz clock and SW2. 
signal output from 
pin 8 of O6A? 

Check O6A and X2. 

Check the signal 

from 07A (80C88 

<> 
Yes 

( ). 

Check pin 6 of O7F 

(ROMSEL signal). 

END 

Check all LSIs and 

ICs. 
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(2) DC/DC Converter Check. 

Check output 
voltages from the 
DC/DC converter. 

Input voltage is 
more than 4.5V? 

YES 

+5V is output. 

Check the DC/DC 

converter. 

Check the battery or 
AC adapter. 
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(3) LCD Check. 

Check the LCDC1SEL and LCDC2SEL 

signals on the OPMP board. 

(Low pulse is output to O9G pins 11-12.) 

— 
Yes Check 09G and O5F 

on the OPMP board. 

Check the LCD reference voltage 
on the OPMP board. 
CN3 - 5A = —5.6V ~ —8.3V 
CN3 - 2A =—9.7V ~ —10.2V 

Yes Check ZD7, VR4, and 
R146, R130 on the . 
OPMP board. ( 

Replace the OPLF 
board. 

No 

Yes 

OPLF board failure. LCD unit failure. 

Check the clock 
circuit. 
Pins 03C-8 = 768 kHz 

a 
Yes Check O5A. 

Is the left No 
screen normal? 

Yes 
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LCD Unit 

No display Yes 
at all? 

Check power supply voltages: 
VEE (11 pin) = —9.7V ~ —10.2V 
VDD (pin 9) =+5V+ 5% 
VD (pin 12) =—5.6V ~ —8.3V 
GND (pin 10). 

Check that the 
connector is properly 
connected. 

Check that the LCD 
drive waveform is 
normal. 

Check that HD61 100 
and HD61103 
are operating correctly. 

END 
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Check master side 
HD61830 

Check D1 (pin 47), D2 (pin 48), FLM (pin 10), 
MB (pin 5), CL1 (pin 11) and CL2 (pin 46) on 
O3C. 

a 
Yes O3C is defective. 

Check 04C 

(HM6264LP). 

Check D1 (pin 47) and 
D2 (pin 48) on O3C. 

<Hormala>~ 
Yes 

). 
Check 01C 
(HM6264LP 

O2C is defective 
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(4) Keyboard Check. 

Check if keyboard 

connector is loose 

Replace the 
keyboard unit 

Yes 
Repaired? 

No 

Keyboard control Keyboard unit failure. 
failure. | 

Is a periodic interrupt 
generated from RTC? 

O5F - 4 pin | I 
— 
31.25ms Specific Yes 

Keys? . 

Check the 
No key switch. 

Check O1A, X1, O2A ; 
and O5F. All keys Which key Function 

—~ is abnormal? 
Check the keyboard 
address. 
O4A — pins 28 - 21 

<n 
Yes Check 04A. 

Check the keyboard 
clear signal. 
04A — pin 30 

ea>" 
Yes Check 04A. Check Q1, Q3 and Q5. 

Check the keyboard 
strobe signal. 

O8F-10pin= LI 
= 1 a ee 
0.5uS 

<Rormara > 
Yes Check O8F. 

Capacitive key 

Check Q1, Q2, Q4, 
R5, RM3, C6, RM1, 
R3, R2, R1, and C4. 

Check Q1, Q2, D1, 
D2 and RM4. 
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(5) Buzzer check. 

Yes 

Distorted Yes 
sound’? 

Check the output 
from pin 3 of 11A. 

square wave? 

No 
Check the output of Check 04D, O5F, 
pin 8 of O7G. O8G, 11A and 07G. 

ls D16 normal? 

Check the output of Yes 
pin 6 of O4A 

No 

<Gutput>> mes 

No Check the buzzer 
ic: Failure of 

pa eee ea piezoelectric buzzer. 

Check O4A. 

ND Check 016. 

dA 
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(6) RTC (Real-Time Clock) Check. 

Check the power 
supply voltage (+5VsB) 

O1A - 24 pin 

With power on: No 
+5V? 

Yes 

No With power off: DC/DC converter 
2.7-4V? check 

Check the nickel Yes 

cadmium battery on 
the OPMP board. GS 

Check the oscillation 
frequency of RTC. 
Check pin CH5 = 
32.768 KHz 

No 

Yes 

Check O1A, X1, CV1, 
C2, C3 and RI. 

Check O2A and O5F. 
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7) No Memory Protection. 

Is the RAM backup 
switch set to ON? 

Power supply voltage 
check. 

With power N 
set to ON: = 
+5VB = 5V?2 | 

DC/DC converter 

With power 
set to OFF: 

+5VpB = 2.7-4.0 V? 

No 

Yes Battery charge 

Check the RAM BACKUP 
signal with power set to 
OFF. 

Pin 15 of O3P 

Yes O3P and 02S check 

If the RAM BACKUP signal is LOW when power is 
supplied to the memory, RAM is being backed up. 

Check the timing of various parts with 
the RESET switch depressed or with 
the power set to ON and OFF. 

END 
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Printer Interface Check. 

Check the connectors and 

cable connected to 
the printer. 

Check the PR STROBE 
signal. 

1.1~ 
TR2 Vce + 1.448 

Yes 
Check TR2 and O8P. 

Check the data line. 
Pins 9, 12, 7, 14, 5, 
16, 3 and 18 of O6T. 

<—pormat) 
Yes 

Check O6T and O4A. 

Check PR BUSY 1 
and PR BUSY 2. 
Pin 38 of 04A and 37 
of O4A. 

ie 
. Yes 

Check 04A, R12 and 
R13. 
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(9) FDD Troubleshooting. 

Has the loaded diskette been properly 
initialized? 

Are the connectors connected 
correctly? 

Check the power supply that is active 

when only the FDD is accessed. 

+5Vo2, +12V2, 

ee 
Yes 

Check the power supply 
section. 

Check pin O3P-8 for FDC 

POW ON signal. 

The level of pin 09Q-8 should be LOW 

when FDC is turned on. Check O3P, RL3, T1 and D31. 

No Check O1E. 
Normal? 

Yes 

Check 09Q, D32, R134, R140 
Check the clock circuit; the frequency 
at pin O8S-24 must be 1 MHz. and C78. 

Check 08Q, O8P, and OSC1. 

‘Does the FDD 

motor turn? 

MOTOR ON signal level measured at 

pin O8T-8 must be LOW. 
Is the FDD 
lamp lit? 

DRIVE SELECT signal level 

measured at pin 8T-10 must be 

LOW. 

Check O8T. 

Check O8T. 
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FDD unit replacement 

ae 
Problem solved? 

es 
Faulty FDD unit 

No 

Adjust VCO and 
RPW of WD2797. 

< es 
Problem solved? 

VCO and RPW not properly 
No adjusted 

Perform a WRITE operation. 

Check WD signal 
(pin O8T-6) 

pt 
Y 

Check for a LOW level for 

Check O8T and O8S. 

WD signal Check for a LOW pulse at 
(pin OOT-1 2). CS of WD2797 (pin 08S-3). 

Check O9T and o8s. 

Check 10S and 10Q. Perform a READ operation. 

Check for a LOW pulse at 
WE (pin 08S-2) and RE (pin 

Ges) OLD 2T2e. Check RAW RD signal 
(pin O8S-27). 

oe 
Yes 

Check O8N. 

Perform a SEEK operation. Check DRQ signal 

Check the FDD unit and the 
connection cable. 

(pin O8S-38) of 
WE2797. 

32 “Ss 
f ‘ 

Check the STEP signal (pin Check 08S. | | ] 

O8T-4) and DIR signal (pin 
O8T-2). 

Check O8S. 

ee Check O8T and 08s. 

—131—- 



™. 

FDD Unit 

The spindle motor must turn. 

Check the PCB assembly and the 

INDEX pulse must be generated at pin — spindle motor. 

CN1-8. 

Check at pin CN1-8 that the INDEX bel the PCB assembly and spindle 
pulse period is 200 +5 ms. 

—- 
Yes 

Adjust the spindle motor rpm. 

cme 
Yes 

Check pin CN1-34 for the READY 

Adjust the INDEX pulse timing. 

signal level; it must be LOW. 

ns 
Yes 

Check PCB assembly. 

Error type ?: 

Yes 

No 

Yes 
Write error (data cannot be written onto disk). 

No 

(#5) Read error (data recorded on disk cannot be read). 

Seek error (specified track cannot be accessed, or track 00 cannot be 
detected). 
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Is a high signal fed to 
w4PB8257 RESET when the 
FDC POWER is set to ON? 

Pin 13 of 10N 

Check 09Q. 

Is a low pulse fed to CS of 
uPD8257? 

Pin 11 of 10N 

Check 10Q. | 
: | 

Is a low pulse fed to IOWR of 
uwPD8257? 

Pin 2 of 10N 

Yes 
Check O8N. 

Check the DMA and the 
entire peripheral circuitry. 

END 
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FDD Unit (Seek Error) 

Seek should be toward 
track OO. 

Check the DIRECTION SELECT 
signal at pin CN1-18. lt must be ’ 
LOW. 

Seek should be toward 
track 39. 

Check the DIRECTION SELECT 
signal at pin CN1-18. It must be 
IGH 

Check pin CN1-20 for the STEP 
Signal. 

2 ee 2 eee 2 

CN1-20pin 

Seek to track OO. 

Yes 

Check PCB assembly and the Check pin CN1-26 for 
stepping motor. TRACK OO signal; must 

be LOW. 

Check the FDD unit and the 
<Cromar™ > a connection cables. 

Yes 

Check TPB-3. 

Track check. 

: Check PCB assembly. 

No 

Adjust or replace track 
OO sensor. 

Yes 

Readjust the position. Clean the carriage 
axis assembly,’ or replace the stepping 
motor. 
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FDD Unit (Read Error) 

Check pin CN1-30 for the 
READ DATA signal. 

Adjust VCO and RPW on 
Check TP1-4 for the amplifier WD2797. 

output. 

Check the amplifier output 
using a different PCB assembly. 

Replace the FDD unit. 

Check PCB assembly. 

Check the READ DATA line. 

Yes Check PCB assembly. 

Check offset. 

——- 
Yes 

Readjust amount of PCB 
TAG CHORIe assembly offset. 

a 
Yes 

Readjust the position. Clean the 
Check azimuth; must be +30’. head carriage assembly axis, or 

replace the stepping motor. 

Yes Replace the FDD unit. 

END 
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FDD Unit (Write Error) 

Is the diskette write-protected? 

Yes 

No Remove write protection. 

Check that the WRITE 
PROTECT signal level at pin 
CN1-28 is HIGH. 

Write protect check TPB-1. 

Yes 

Replace spindle motor. 

Check WRITE DATA line. 

Check PCB assembly. 

Check PCB assembly. 

Replace PCB assembly. 

Yes 
Repaired? 

No 
Check PCB assembly. 

Replace the FDD unit. 

END 
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RS232C Interface Check. 

Is a low pulse _ 
available at CS of 
82051? 
Pin 11 of O1F 

Is a clock with the specified 
baud rate available at TxC or 
RxC on 82051? 
Pin 9 of O1F or Pin 25 of O1F 

aa 
Yes 

Check the 
transmission side 

Check the CTS © 
signal. 

Pin 17 of O1F 

Yes 

Check the TXRDY 
signal. 

Pin 15 of O1F 

<em> : 
Yes 

Check the 
transmission data (TxR) 

Pin 2 of CN7 

<n 
Yes 

~ 137 - 

Check 09G and 
O5F. 

Check 04A and 
O4D. 

Check 05J, 05G and 
O1F. 

Check O1F. 

Check O4C, O2F, O5K, 
05J, and R109. 



Reception side 
check. 

Check the RTS signal. 
Pin 4 of CN7 

igh 
Voltage? Hig 

Low 

Check RxRDY signal. 
Pin 14 of O1F 

High pulse signal? ne 

Yes 

Check the TRC IPT 
signal. 
Pin 1 of O5C 

No 
Low pulse signal? 

Yes 

Check the reception 
data (RxR). 

Pin 3 of CN7 

—- 
Yes 

Check 05J, O5G and 
O1F. 
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Check 0O1F, O3F and 
O5K. 

Check O1F. 

Check O05C, O4E and 
O6G. 

Check the 
connectors and 
cable for RS232C. 



47) Modem Interface Check. 

Check the modem 
clock signal. 

Pin 3 of O4L = 873.9 Hz 

one 
Yes Check X4 and 

OAL. 

Check the 
transmission side. 

Check the CS signal 
from the modem. 

Pin 6 of O4L 

<>" 
Yes 

Check the modem 
transmission output. 

Pin 25 of O4L 

——- 
Yes 

Check the transmission 
amplifier output. 

Pin 14 of O2M 

<a>" 

No 

Check O4L. 

Check 04L 

Yes 

Check that RL2 is in 
the MAKE status 

_yves ~ Check O3L, D9 and 
Check TLA2, SW1, O1E. 
D36 and D37. 

Check VR3 and 
O2M. 
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Reception side 
check. 

Check the CD signal 
from the modem. 

Pin 11 of 01D 

<a>" 
Yes Check 05G andO4L. 

Check the input side 
of the reception amplifier. 

Pin 3 of O2M 

—- 
| Yes 

Check the modem 

Check D386, D37, 
Tia-2, D3, D4 and SW1. 
Check the connectors 
and cables from the 
modem. 

Check 02M. 

reception input. 
Pin 21 of O4L 

a 
| Yes 

Check O4L. 

Check the MODEM/RS 
switching signal. | 

Pin 1 of O5G 

Check the originate/ 
answer mode 
switching signal. 
@® Originate mode: 

Pin 22 of O4L = HIGH 
@ Answer mode: 

Pin 22 of O4L = LOW 

Yes | 
Check O1E. 
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Auto dial function 
check. 

Dial pulse: 
Check the dial pulse between pins 
D3L-16 

ae 2 GE ee kee 

a 
Yes 

Dial tone: 
Check the dial tone between pins 3 
and 7 of CN8. 

tit 

—* 
Yes 

END 

Check O3L, RL2, D9 
and O1E. 

Check the C-TE 
signal. O3J-2 

No 
High pulse? 

Yes 

Check the DITMF SET 
signal. 

Pin 11 of O38G 

<>" 
Yes 

Check O3J and R45. 
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6.2 Check List 

After all repairs and calibrations are completed, all functions are checked by running the 

“test program.” However, before starting the checking procedure, perform a cold start (see 

procedure (4)). 

(1) Buzzer and LCD Check (BASIC mode) 

10 FORI=0O TO 255 

20 PRINT CHR$ (1) 
30 NEXT | 

40 END 

Operation 

After the buzzer sounds once, the LCD display is cleared and all printable characters are 

displayed. | 

(2) Clock Test (BASIC mode) 
a. Set the year, month, day, day of week, hour, minute, and second. 

Year, month and day setting: DATE = “MM/DD/YY” 

Day of week setting: DAY = “day-of-week” (e.g., SUN for Sunday) 
Hour, minute and second setting: TIME = “HH:MM:SS.” 

b. Check the data that is set. 

Return to the main menu using the MENU command. Confirm that the calendar values 

have been changed to the set values. 

(3) Keyboard Test 
Refer to the key functions shown in the owner’s manual. Check that all functions operate as 

they should. 

(4) Reset Function Test (Memory Protection Test) 
a. Warm test 

Turn the computer off, then on again. Or, set the POWER switch to ON, and press the 

RESET (rear) switch. Check if all user files are displayed. 

b. Cold test 

While pressing the CTRL key or the PAUSE key, press the RESET switch to check 

whether all previously created user files have been erased and whether the data has 

been initialized. 

(5) Printer Interface Test (BASIC Mode) 
Enter the characters to be printed on the LCD display. Then, press the hardcopy key, PRINT, 

to print out all the displayed characters. 

(6) FDD Test (BASIC Mode) 

Type out 3 to 4 lines of a program. The program is saved on a magnetic tape using the 

“SAVE filename” command. The program is then loaded using the “LOAD filename” 

command. A check can be made as to whether the program was Set correctly. 

(7) RS232C and Modem Test 
Data transmission and reception are performed first using the RS232C interface, then using 

the modem. 
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SECTION 7 — — EXPLODED VIEW AND PARTS LIST 

7.1 Exploded View 

2 Z,) 

(Y W/ 

\ 
\ 

\ 

Vines 

Overall Assembly Diagram 
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Bottom View 

O @ 

ee: a A 

P-17 P-30 P-29 P-31 P-19 P-16 
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FDD Assembly 



7.2 Parts List 

MAIN PCB ASSEMBLY (OPMP Board) 

Ref. 

No. 

Battery 

BAT 1 

Buzzer 

Battery, 3-51 FT-P 

Buzzer, PKM24-4A0 

Capacitors 

C 2/C 3|Ceramic, TCC45SLIH330JYA, 33pF, 

Cc 4 

C 5-C35 

C36 

C37 

C38 

C39 

C41 

C42 

C43 

C44 

C45 

C46 

C47 

C48 

c49-C5l1 

C52/C53 

C57 

C58 

C59 

50V, +10% 
Ceramic, RPE123-127F105225, luF, 
25V, +80/-20% 
Ceramic, FK20Y5V1H104Z, O.1uUF 50V, 
+80/-20% or RPE122-129F104Z50 

Plastic Film, CF93MMA2E474M, 
250V, O.47UF, +202 

Electrolytic, 10MS5-10M, l0V, 
1OUF, +202 | 

Electrolytic, 10MS5-33M, l0V, 
33uF, +202 

Mica, DM19E562K1, 100V, 5600pF, 
+102 
Ceramic, RPE122-127¢C223mM50, 
0.022uF, 50V, +202 

Electrolytic, 35MS5-2.2M, 35V, 
2.2uF, +20% 

Electrolytic, 10MS5-10M, 10V, 

10uF, +202 
Ceramic, RPE122-127¢C223M50, 
0.022uF, 50V, +202 
Electrolytic, 35MS5-2.2M, 35V, 
2.2uUF, +202 

Electrolytic, 10MS5-10M, l10V, 

1OUF, +202 
Ceramic, RPE122-127C103M50, 

O.01UF, 50V, +202 

Ceramic, RPE123-127F1052Z25, 
luF, 25V, +80/-202 

Ceramic, RPE122-127C102M50, 
0.001luF, 50V, +202 

Electrolytic, 25MS5-10M, 25V, 
10uUF, +204 

Electrolytic, 10MS5-68M, I1OV, 

68uF, +202 

Electrolytic, IOMS5-10M, IOV, 

10uF, +2024 

Ceramic, FD23Y5V1H225Z, 50V, 22uF, 

+80 /-202 
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Description RS Part No. 

Acsoo13 

CC330KICP 

CC105ZFCP 

CC104ZICP 

CC474MRYP 

CC1O6MCAP 

CC336MCAP 

CC562KLWP 

CC223MICP 

CC225MGAP 

CC106MCAP 

CC223MICP 

CC225MGAP 

CC1O6MCAP 

CC103MIJCP 

CC105ZFCP 

CC102MICP 

CC1O6MFAP 

CC686MCAP 

CC1O6MCAP 

GG2Z26J3CP 

Mfr's Part No. 

4T,P-45472 

AB7132 550A1047P0250 

302A1024K0330 

303A4117Z2105 

303A4202Z3104 

306A2201M5474 

304A1046A1100 

304A1046A1 330 

301A1142K3562 

303A4115M3223 

304A1046V1229 

304A1046A1 100 

303A4115M3223 

304A1046V1229 

304A1046A1100 

303A4115M3103 

303A411722105 

303A4115M3102 

304A1046E1100 

304A1046A1 680 

304A1046A1100 

303A41172Z3225 



C66/C67 

C68/C69 

C70 

C71 

C72 

C74./C75 

C76 

C77 

C78 

C79-C84 

C87 

c88/Cc89 

c91 

C93 

C94 

C95 

C96 

C97/C98 

C99 / 
C100 
C105 

C195 

C196 

C197 

Description 

Electrolytic, CE4W1A101, 100uF, 

10V, +20% 
Electrolytic, SRC1OVB-220(M), 10V, 

220UF, +202 
Electrolytic, CESHMIAI102, 1000uF, 
10V, +202 or CEUSMIAIL02 
Polyester Film, CQP-92MB2A102K, 
100V, 0.00luF, +10% 

Electrolytic, CESHMIC222, 16V, 
2200UF, +20% or CEUSM1C222 
Ceramic, TCC45SLIH471JYA, 50V, 

470pF, +52 

Electrolytic, CESHMIV0O2, 35V, 
1000uF, +202 or CEUSM1V02 

Electrolytic, CESHMI1C471, 16V, 

470uUF, +20% or CEUSM1C471 
Electrolytic, 16MS5-47M, 16V, 
47uUF, +202 
Electrolytic, SRCIOVB-220(M), 10V, 
220UF, +202 
Ceramic, FK20Y5V1HI104Z, O.1uF 50V, 
+80 /-20% or RPEI22-129F104Z50 

Electrolytic, 1lOMS5-10M, l10V, 
10UF, +202 

Ceramic, FK20Y5V1H104Z, O.1uF 50V, 
+80/-20% or RPE122-129F104Z50 

Polyester Film, CQP-92MB2A224K, 
100V, 0.22uF, +102 

Ceramic, FK20Y5V1H104Z, O.1uF 50V, 
+80/-20% or RPE122-129F104Z50 

Ceramic, TCC45SLIH471YA, 50V, 
680pF, +54 

Electrolytic, CESHMI1H470, 50V, ~ 

47UF, +20% or SMC5OVB-47 (M) 
Polyester Film, CQP-92MB2A102K, 
100V, 0.001luF, +102 

Electrolytic, 25MS547M, 25V, 
4.7UF, +204 
Electrolytic, CESHMIE101, 100uF, 
25V, +202 or CEUSMIELOL 

Ceramic, RPE122-127C681M50, 50V, 
680P, +202 | 
Ceramic, TCC45UJ1HIO1JYA, 50V, 
100pF, +54 

Polyester Film, CQP-92MB2A103K, 
100V, 0.O0luF, +102 

Electrolytic, lOMS5-22M,10V, 
22UF, +20% 
Electrolytic, CESHMIAIO2, 1000uF, 
10V, +202 or CEUSMIAI02 

Polyester Film, CQP-92MB2A103K, 
100V, 0.O0luF, +102 
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RS Part No. 

CC1O7MCAP 

CC227MCAP 

CC1O8MCAP 

CC102KLGP 

CC228MDAP 

CC471 JICP 

CC108MGAP 

CC4.77MDAP 

CC4 76MDAP 

CC227MCAP 

CC104ZICP 

CC106MCAP 

CC104ZJcP 

CC224KLGP 

CC104ZI3cP 

CC681JJCP 

CC4 76MJAP 

CC120KLGP 

CC4 75MFAP 

CC107MFAP 

CC681MICP 

cc101JJcP 

CC 103KLGP 

CC226MCAP 

CC108MCAP 

CC 103KLGP 

Mfr's Part No. 

304A0101A1101 

304A1035A1 221 

304A1040A1102 

306A2007K2102 

304A1040C1222 

302A1024K0471 

304A1040V1102 

304A1040C1471 

304A1046C1470 

304A1035A1 221 

303A4202Z3104 

304A1046A1100 

303A420Z3104 

306A2007K2224 

303A4202Z3104 

302A1024K0681 

304A0101H1470 

306A2007K2102 

304A1046C1479 

304A1040E1101 

303A4115M3681 

302A1024U0101 

306A2007K 2103 

304A1046A1 220 

304A1040A1102 

306A2007K2103 



Ref. intake 

C198 Electrolytic, SRC1OVB-220(M), CC227MCAP 304A1035A1221 
10V, 220uF, +202 
Ceramic, TCC45SLIH330JYA, 33pF, CC330KJCP 302A1024K0330 
50V, +10% 

Check Pins 

CH l- Pin, Check AJ1486 230A7090 P0001 
CH 7 

Female, 008272244949162, 44 pins AJ4626 224A3367P0440 

AJ4627 224A3367P0300 Female, 008272230949162, 30 pins 

For Flex Cord, ZC-016, 16 pins AJ4630 224A3590P0160 
Male, FRC2-C26L13-0N, 26 pins AJ4622 225A3134P0260 
Female, RDBD-25S, 25 pins AJ4628 220A1290P0250 

Female, TCS4490-01-1011, 8 pins AJ4629 221A1523P0081 
Male, 008263031200000, 3 pins AJ4624 224A3357P0030 

Male, FRC2-C34L13-0N, 34 pins AJ4623 225A3134P0340 
Flat Cable Connector Code, AJ4631 3Y84011-2318P1 
34 pins, Female 
Male, 008263041100000, Right Angle, 
4 pins 
Jack, DCP-20 AJ1484 223A3270P0001 

Variable Capacitors 

cV l TZO3R200ER, 100V, 4.2-20pF, +50/-0% AC4735 315A2011E1200 
CV 2 ECR-BAO70M12, 250V, 7-70pF AC4736 315A2018M3700 

AJ4625 224A3358P0040 

or EKO4 

Silicon, DSAI1A2 or EMI1Z, SM-IA-02 

Varistor, ERZ-Cl0DK361, 360V 
Varistor, ERZ-Cl10ODK220, 22V 

Silicon, VO6C 

Shot Key, Barrier, 
ERA81-004 or EKO4 

DxX0259 

DX2638 

DxX0259 
DX2646 
DX2647 
DX0506 
DX2638 

DxX0259 

611A0003L0001 

610A0303M0004 

610A0003M0001 

632A0229M0047U 
632A0229M0041 
610A00211L0071¢C 
610A0303M0004 

611A00031L0001 



Re | tmectncin teres | tee sree 

Ic l LSI, MHM2020, DC/DC Converter, MX6644 772A1039M0001 
Hybrid IC 

IC Sockets and IC Socket Housing 

AJ7682 245A1155P0280 

AJ7683 4LP-5461-1 

LSI, HD146818P, Real Time Clock, MxX6639 804A0021F2201 
C-MOS 

IC, 74HC174, Hex D-Type MX6620 702A1756M01 74 
Flip-Flop with Common Clock and 

Reset , C-MOS 

IC, 74HC244, Octal 3-State MX6622 702A1756M0244 
Noninverting Buffer, C-MOS 

IC, 74HC273, Octal D-Type MX6624 702Al1 756M0273 
Flip-Flop with Common Clock and 

Reset, C-MOS 
LSI, MSM82C51ARS, Programmable MX6637 855A0424F0032A 
Communication Interface, C-MOS or 
M82C51A | 
IC, TL//00 Analog Bipolar Linear MX2177 720A4050M0005 
IC, 74HCO2, Quad 2-Input NAND MX6611 702A1756M0002 
Gates, C-MOS 
IC, 74HCOO, Quad 2-Input NAND MX6678 702A1756M0000 
Gates, C-MOS 

IC, TCMI520AP, Ring Detector, BIP MX6631 720A4050M0003 

IC, TLO64CN, Quad OP Amp, BIP MX 6629 720A0050M0018 

IC, TL//700 Analog Bipolar Linear MX2177 720A4050M0005 
IC, 74HCO8, Quad 2-Input AND MX6613 702A1 756M0008 

Gate, C-MOS 

Ic, 74HCO4, Hex Unbuffered MX6612 702A1 756M0004 

Inverter or 74HCU04 

IC, 74HC74, Dual D-Type MX6616 702A1756M0074 
Flip-Flop, C-MOS 

IC, 74HCOO, Quad 2-Input NAND MX6678 702A1756M0000 

Gates, C-MOS : 
IC, 74HC32, Quad 2-Input OR MX6615 702A1756M0032 
Gate, C-MOS 

IC, 74HCO8, Quad 2-Input AND MX6613 702A1756M0008 
Gate, C-MOS | 
IC, 74HC32, Quad 2-Input OR MX6615 702A1 756M0032 

Gate, C-MOS 

IC, 74HC374, Octal 3-State MX6626 702A1756M0374 
D-Type Flip-Flop, C-MOS 

IC, TLP521-1-GR, Photo Coupler, BIP MX6632 652A0125M0008 
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Ref. 

No. 
Description RS Part No. Mfr's Part No. 

035 MxX6641 730A2524F0001 LSI, MSM6234RS, Dual Tone, Multi- 
Frequency, C-MOS or M6234 

IC, M54513P, Octal Transistor 
Array, NPN 

LSI, MSM81C55RS, I/O Ports and 
Timer, C-MOS or M81C55 

IC, 74HCO4, Hex Unbuffered 
Inverter or 74HCU04 

IC, 74HCO8, Quad 2-Input AND 
Gate, C-MOS 

IC, 74HC74, Dual D-Type 
Flip-Flop, C-MOS 

LST, MSM6946RS, FSK-Modem, C-MOS 
or M6946 

IC, 74HCO2, Quad 2-Input NAND 
Gates, C-MOS 

IC, 74HC32, Quad 2-Input OR 
Gate, C-MOS 
IC, 74HC74, Dual D-Type 
Flip-Flop, C-MOS 

IC, 74HCO4, Hex Unbuffered 
Inverter or 74HCU04 

IC, 74HC157, Quad 2-Input Data 
Selectors/Multiplexers, C-MOS 
IC, MSM4584RS, Hex Schmlet 
Trigger, C-MOS or M4584 

LSI, MSM82C84ARS, Clock Generator 
and Driver, C-MOS or M82C84A 

IC, 74HC244, Octal 3-State 
Noninverting Buffer, C-MOS 
IC, 74HC74, Dual D-Type 
Flip-Flop, C-MOS 

IC, 74HCO8, Quad 2-Input AND 
Gate, C-MOS 

IC, 74HC244, Octal 3-State 

Noninverting Buffer, C-MOS 

LSI, MSM80C88RS, CPU C-MOS or 
M80C88 

IC, 74HC373, Octal D-Type 

Transparent Latches, with 3-State 

Out puts, C-MOS 

IC, 74HC138, l-of-8 Decoder/ 
Demultiplexer, C-MOS 
IC, 74HC1ll, Triple 3-Input AND 
Gate, C-MOS 
IC, 74HC32, Quad 2-Input OR 
Gate, C-MOS 

IC, 74HC244, Octal 3-State 

Noninverting Buffer, C-MOS 

IC, 74HC373, Octal D-Type 

Transparent Latches, with 3-State 

Out puts, C-MOS 

MX6628 760A0022M0801 03L/03P 

MX6636 855A0424F0028 O4A 

04¢ MX6612 702A] 756M0004 

04D MX6613 702A1756M0008 

O45 /04F MX6616 702A1756M0074 

MX664.2 730A4024F0008 O41 

O5C MX6611 702A1 756M0002 

MxX6615 702A1 756M0032 05D 

MX6616 702A1756M0074 O5E 

O5F MX6612 702A1 756M0004 

MX6619 702A1756M0157 05G 

MX6627 702A0124F1084E 053/05K 

O6A MX6635 855A0824F0001A 

MX6622 702A1 756M0244 O6E 

MX6616 702A1 756M0074 OOF 

06G/06H MxX6613 702A1756M0008 

MX6622 702A1756M0244 O6T 

851A0124F0002 MX6634 O7A 

MX6625 702A1 756M0373 

MX6617 702A1756M0138 

MX6614 702A1756M0011 

MxX6615 702A1756M0032 

MX6622 702A1756M0244 

MX6625 702A1756M0373 
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Ref. 

No. 

O9E 

09°F 

09G 

09H 

099 

O9R 

OOT 

10E/10¢ 
105 /10K 

10M 

10N 

10Q 

Description 

IC, 74HC139, Dual l-of-4 
Decoder, C-MOS 

IC, 74HC138, 1-of-8 Decoder/ 
Demultiplexer, C-MOS 
IC, 74HC11, Triple 3-Input AND 

Gate, C-MOS 

IC, 74HC244, Octal 3-State 
Noninverting Buffer, C-MOS 

IC, 74HC245, Octal 3-State 
Bi-directional Noninverting 

Buffer, C-MOC 

IC, 74HC244, Octal 3-State 
Noninverting Buffer, C-MOS 
Ic, 74HCO4, Hex Unbuffered 
Inverter or 74HCU04 

IC, 74HC74, Dual D-Type 
Flip-Flop, C-MOS 

LSI, WD2797APL-02, FDD Controller, 

N-MOS 

IC, SN7404N, Hex Inverters, TTL 

or HD7404P, DM7404N 

IC, 74HC244, Octal 3-State 
Noninverting Buffer, C-MOS 

IC, 74HC245, Octal 3-State 
Bi-directional Noninverting 
Buffer, C-MOS 

IC, 74HC373, Octal D-Type 
Transparent Latches, with 3-State 

Out puts, C-MOS 
IC, 74HCOO, Quad 2-Input NAND 
Gates, C-MOS 

IC, 74HC32, Quad 2-Input OR 

Gate, C-MOS 

IC, 74HC139, Dual 1l-of-4 
Decoder, C-MOS 

IC, 74HC138, l-of-8 Decoder/ 
Demultiplexer, C-MOS 
IC, 74HCO4, Hex Unbuffered 

Inverter or 74HCU04 
IC, 74HCOO, Quad 2-Input NAND 
Gates, C-MOS _ 

IC, SN7404N, Hex Inverters, TTL 

or HD7404P, DM/404N 
LSI, HM6264LP-15, Static RAM, 
C-MOS 

IC, 74HC373, Octal D-Type 
Transparent Latches, with 3-State 

Out puts, C-MOS 

LSI, UWPD8257C-2, Programmable DMA 
Controller, N-MOS or UPD8257C-5 

IC, 74HC138, 1l-of-8 Decoder / 
Demultiplexer, C-MOS 
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RS Part No. 

MX6618 

MX6617 

MX6614 

MX6622 

MX6623 

MX6622 

MX6612 

MX6616 

MX6643 

MX6557 

MX6622 

MX6623 

MX6625 

MX6678 

MX6615 

MX6618 

MX6617 

MX6612 

Mx6678 

MX6557 

MxX6640 

MX6625 

MxX6638 

Mx6617 

Mfr's Part No. 

702A1756M01 39 

702A1 756M0138 

702A1756M0011 

702A1 756M0244 

702A1756M0245 

702Al1 756M0244 

702A1 756M0004 

702A1 756M0074 

702A6260MO001A 

700A003M0004 

702A1 756M0244 

702A1756M0245 

702A1 756M0373 

702A1 756M0000 

702A1 756M0032 

702A1756M0139 

702A1756M0138 

702A1756M0004 

702A1756M0000 

700A003M0004 

804A0021F6301 

702A1756M0373 

855A0423F0007B 

702A1756M0138 



RS Part No. Mfr's Part No. Description 

MxX6613 702A1 756M0008 IC, 74HCO8, Quad 2-Input AND 
Gate, C-MOS 

IC, 74HC157, Quad 2-Input Data 
Selectors/Multiplexers, C-MOS 
IC, 74HCO8, Quad 2-Input AND 
Gate, C-MOS 

IC, 74HC245, Octal 3-State 
Bi-directional Noninverting 

Buffer, C-MOS 

IC, 74HC374, Octal 3-State 
D-Type Flip-Flop, C-MOS 

IC, 74HC175, Quad D-Type 

Flip-Flop, C-MOS 

IC, 74HC32, Quad 2-Input OR 
Gate, C-MOS 

MX6619 702A1756M0157 

MX6613 702A1756M0008 

MX6623 702A1756M0245 

MX6626 702A1756M0374 

MX6621 702A1756M0175 

MX6615 702A1 756M0032 

ip Coil, SF-5T-1501 ACA3003 4UP-45437 
132 Coil, TSLO807-470K1R0 ACA2014 350A3004K0470 

or TSL-0707 
L 3 Coil, PLO406-101K ACA3004 41 P-45494 
L 4 Coil, SC-02-02G ACA2018 350A3016P2202 

OSC, CX0-046C, 2 MHz ACA3985 4LP-12184-1-c 

Resistors 

HMGL1/4C4, Metal, 5.6MQJ, 1/4w, 5% NO541EED 326A1110J50565 
NAS1/4B, Carbon, 150k2J, 1/4w, 5% N03 84EEC 321A1421 30154 
or RD1/4S8, 150kQI 
NAS1/4B, Carbon, 5.1k2J, 1/4W, 5% 
or RD1/4S, 5.1kQJI 

NAS1/4B, Carbon, 100kQJ, 1/4w, 52 
or RD1/4S, 100k2I 

NAS1/4B, Carbon, 33kQ2J, 1/4w, 5% 
or RD1/4S, 33kQJI 
NAS1/4B, Carbon, 100kQJ, 1/4wW, 5% 
or RD1/4S, 100kQ2I 

NAS1/4B, Carbon, 33k2J, 1/4w, 5% 
or RD1/4S, 33k2I 
NAS1/4B, Carbon, 100kQJ, 1/4w, 5% 
or RD1/4S, 100kQJI 
NAS1/4B, Carbon, 33k2J, 1/4w, 5% 
or RDI/4S, 33kQI 

NAS1/4B, Carbon, 100k2J, 1/4wW, 5% 
or RD1/4S, 100kQI 

NAS1/4B, Carbon, 33kQJ, 1/4W, 5% 
or RD1/4S, 33kJI 

NO252EEC 321A142150512 

NO3 71 EEC 321A1421J0104 

NO3 24EEC 321A1421J0333 

R 9/R10 NO371EEC 321A1421J0104 

R11/R14 NO3 24EEC 321A1421J0333 

R15-R20 NO3 71 EEC 321A1421J0104 

R21 /R22 NO324EEC 321A1421 50333 

R23 NO371EEC 321A1421J0104 

R24 NO324EEC 321A1421J0333 
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Ref. 

No. 

R25 

R26-R37 

R38 /R39 

R40 

R41 

R42 

R44 

R45 

R46 /R49 

R50-R55 

R56-R58 

R59 

R60 

R61 

R/0 

R/1 

R72 

R73 /R74 

Description 

NAS1/4B, Carbon, 100kQJ, 1/4W, 52 
or RD1/4S, 100kQJI 

NAS1/4B, Carbon, 33k2J, 1/4W, 5% 
or RD1/4S, 33kQI 

FRD16US, Carbon, 100kQJ, 1/6W, 52% 
or ELR20, 100kQ3, 1/5W 
NAS1/4B, Carbon, 3.3kQJ, 1/4W, 54 
or RD1/4S, 3.3kQJ 

FRD16US, Carbon, 3902J, 1/6W, 52 
or ELR20, 3902J, 1/5W 
FRD16US, Carbon, 62023, 1/6W, 52 
or ELR20, 62023, 1/5W 
FRD16US, Carbon, 27k2J, 1/6W, 52 
or ELR20, 27kQJ, 1/5W 

FRD16US, Carbon, 18k2J, 1/6W, 52 
or ELR20, 18kQJ, 1/5w 
FRD16US, Carbon, 100k2J, 1/6W, 5% 

or ELR20, 100k2J, 1/5wW 
FRD16US, Carbon, 33k2J, 1/6W, 52 
or ELR20, 33k2J, 1/5W 

FRD16US, Carbon, 51k2J, 1/6W, 52 
or ELR20, 51k2J, 1/5W 
NAS1/4B, Carbon, 2.7k2J, 1/4W, 5% 
or RD1/4S, 2.7kQJ 
NAS1/4B, Carbon, 2.2k2J, 1/4W, 5% 
or RD1/4S, 2.2kQJ 
NAS1/4B, Carbon, 2.7kQJ, 1/4W, 5% 
or RDI1/4S, 2.7kQJ 
NAS1/4B, Carbon, 2.2k2J, 1/4W, 52 
or RD1/4S, 2.2kQJ 
NAS1/4B, Carbon, 2.7kQJ, 1/4W, 5% 
or RD1/4S, 2.7kQJI 
NAS1/4B, Carbon, 2.2k2J, 1/4W, 5% 
or RD1/4S, 2.2k2J 
NAS1/4B, Carbon, 2.7k2J, 1/4W, 5% 
or RD1/4S, 2.7kQJI 
NAS1/4B, Carbon, 2.2k2J, 1/4W, 52 
or RDIL/4S, 2.2kQI 

FRD16US, Carbon, 12k2J, 1/6W, 5% 
or ELR20, 12kQJ, 1/5W 
FRD16US, Carbon, 5.6kQ2J, 1/6W, 52 
or ELR20, 5.6kQ2JI 
FRD16US, Carbon, 822, 1/6W, 52 
or ELR20, 822, 1/5W 
FRD16US, Carbon, 100kQJ, 1/6W, 5% 
or ELR20, 100k2J, 1/5W 
FRD16US, Carbon, 6202J, 1/6W, 5% 
or ELR20, 62023, 1/5W 
FRD16US, Carbon, 56k2J, 1/6W, 52 
or ELR20, 56kQI, 1/5W 

FRD16US, Carbon, 100kQJ, 1/6W, 52 
or ELR20, 100kQJ, 1/5W 
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RS Part No. 

NO3 71 EEC 

NO3 24EEC 

NO3 71 ECC 

NO230ECC 

NO162ECC 

NO181ECC 

NO316ECC 

NO303ECC 

NO3 71 ECC 

NO324ECC 

NO344ECC 

NO224EEC 

NO216EEC 

NO2 24EEC 

NO216EEC 

NO224EEC 

NO216EEC 

NO224EEC 

NO216EEC 

NO288ECC 

NO257ECC 

NO122ECC 

NO371ECC 

NO181ECC 

NO345ECC 

NO3 71 ECC 

Mfr's Part No. | 

321A1421J0104 

321A1421J0333 

321A3412J0104 

321A1421J0332 

321A3412J0391 

321A341250621 

321A3412J0273 

321A3412J0183 

321A3412J0104 

321A3412I50333 

321A3412J0513 

321A142130272 

321A1421J50222 

321A1421J0272 

321A1421J0222 

321A1421J0272 

321A1421J0222 

321A1421J0272 

321A1421J0222 

321A3412J0123 

321A3412IJ0562 

321A3412I50820 

321A3412IJ0104 

321A3412J0621 

321A341250563 

321A3412J0104 



Ref. 
No Mfr's Part No. RS Part No. Description 

NO344ECC 321A3412J0513 FRD16US, Carbon, 51kQJ, 1/6W, 5% 
or ELR20, 51k2J, 1/5W 

FRD16US, Carbon, 3.3kQJ, 1/6W, 5% 
or ELR20, 3.3k2J, 1/5W 
FRD16US, Carbon, 62k02J, 1/6W, 5% 
or ELR20, 62k2J, 1/5W 
FRD16US, Carbon, 100kQJ, 1/6W, 5% 
or ELR20, 100k2J, 1/5W 

FRD16US, Carbon, 51kQJ, 1/6W, 5% 
or ELR20, 51kQ2J, 1/5W 
NAS1/4B, Carbon, 68023, 1/4w, 5% 
or RD1/4S, 6802J 
NAS1/4B, Carbon, 12023, 1/4wW, 5% 
or RD1/4S, 1202I 

FRDI6US, Carbon, 18023, 1/6W, 5% 
or ELR20, 18023, 1/5W 
NAS1/4B, Carbon, 5623, 1/4wW, 5% 
or RD1/4S, 562J 

NAS1/4B, Carbon, 10023, 1/4w, 5% 
or RD1/4S, 1002J | 

FRD16US, Carbon, 56kQJ, 1/6W, 5% 
or ELR20, 56kQ2J, 1/5W 

FRDI6US, Carbon, 22k2J, 1/6W, 5% 
or ELR20, 22k2J, 1/5W 
FRD16US, Carbon, 6.8k2J, 1/6W, 5% 
or ELR20, 6.8kQJ, 1/5W 
FRDI6US, Carbon, 220k02J, 1/6W, 5% 
or ELR20, 220k2J, 1/5W 
FRDI6US, Carbon, 1.5kQJ, 1/6W, 52% 

NO230ECC 321A341250332 

NO529ECC 321A3412I50623 

NO371ECC 3214341250104 

NO344ECC 321A3412J0513 

NO183 EEC 321A142150681 

NO136EEC 321A1421J0121 

R82 NO144ECC 321A3412J0181 

R83 NOLO7EEC 321A1421J0560 

R84 /R85 NO0 63 EEC 321A1421J0100 

R86 NO345ECC 321A341250563 / 

R87 NO311ECC 321A3412 50223 

R88 /R89 NO262ECC 321A341250682 

R90 NO3 96ECC 321A3412J0224 

R91/ NO206ECC 321A3412I30152 
R92/R94|or ELR20, 1.5kQ3, 1/5W 

R95 RNL1/4C3F, Metal, 100kQF, 1/4w, 1% NO371BED 323A1222F0104 
R96 RNL1/4C3F, Metal, 15kQF, 1/4W, 1% NO297 BED 323A1222F0153 
R97 RNL1/4C3F, Metal, 100kQF, 1/4w, 1% NO371 BED 323A1222F0104 
R99 RNL1/4C3F, Metal, 6.8k2F, 1/4W, 1% NO262BED 323A1222F0682 
R100/ RNL1/4C3F, Metal, 10OkQF, 1/4w, 1% NO371ECC 323A1222F0104 
R 

R102 FRD16US, Carbon, 39023, 1/6W, 52% NO162ECC 321A3412I0391 
or ELR20, 3902J, 1/5W 

R103/  |FRD16US, Carbon, 4.7kJ, 1/6W, 5% NO247ECC 321A341250472 
R104 Jor ELR20, 4.7k2J, 1/5w 3 

R105 FRD16US, Carbon, 6.8k2J, 1/6wW, 5% NO262ECC 3214341250682 
or ELR20, 6.8kQJ, 1/5W 
FRD16US, Carbon, 7.5k2J, 1/6W, 5% 
or ELR20, 7.5kQJ, 1/5W 
FRDI6US, Carbon, 12k2J, 1/6W, 5% 
or ELR20, 12kQJ, 1/5W 

R107 NO266ECC 321A341250752 

R108 NO2 88ECC 321A3412J0123 

R109- |FRDI6US, Carbon, 33023, 1/6W, 5% NO159ECC 321A3412J0331 
R111 Jor ELR20, 33023, 1/5W 

R112/  |FRD16US, Carbon, 1002J, 1/6w, 5% NO132ECC 321A341250101 
R113 Jor ELR20, 10093, 1/5wW 

R114 NAS1/4B, Carbon, 22093, 1/4wW, 5% NO149EEC 321A1421I50221 
or RD1/4S, 1.5kQJ 

—~154- 



Ref. 

No. 
Description 

NAS1/4B, Carbon, 1kQJ, 1/4W, 52 
or RD1L/4S, 1kQJ 
NAS1/4B, Carbon, 5.1kQJ, 1/4W, 52 
or RD1/4S, 5.1kQJ 

RNL1/4C3F, Metal, 6.8kQF, 1/4w, 1% 
FRD16US, Carbon, 51kQJ, 1/6W, 52 
or ELR20, 51kQJ, 1/5W 
RBD-A, Metal, 3. OT, 1/2W, 5% 

NAS1/4B, Carbon, 15023, 1/4W, 5% 
or RD1/4S, 1502J 

NAS1/4B, Carbon, 100QJ, 1/4W, 52 
or RD1/4S, 1002I 
NAS1/4B, Carbon, 4723, 1/4W, 5% 
or RD1/4S, 4702J 
FRD16US, Carbon, 202J, 1/6W, 54 
or ELR20, 2002J, 1/5W 
NAS1/4B, Carbon, 51023, 1/4W, 52 
or RDI1/4S, 5102J 
NAS1/4B, Carbon, 33k2J, 1/4W, 52 
or RD1/4S, 33kQJ 
NAS1/4B, Carbon, 100kQ2J, 1/4W, 52 
or RD1/4S, 100kQI 
NAS1/4B, Carbon, 33k2J, 1/4W, 52 
or RD1/4S, 33kQJ 
NAS1/4B, Carbon, 10kQJ, 1/4W, 52 
or RD1/4S, 10kQJ 

NAS1/4B, Carbon, 100k2J, 1/4W, 52 
or RD1/4S, 100kQJI 

FRD16US, Carbon, 3902J, 1/6W, 54 
or ELR20, 3902J, 1/5W 
NAS1/4B, Carbon, 82023, 1/4W, 5% 
or RD1/4S, 8202J 

NAS1/4B, Carbon, 100k2J, 1/4W, 52 
or RD1/4S, 100kQJ 

NAS1/4B, Carbon, 33k2J, 1/4W, 52 
or RD1/4S, 33kQI 
NAS1/4B, Carbon, 5.1kQJ, 1/4W, 52 
or RD1/4S, 5.1kQJ 
NAS1/4B, Carbon, 100kQJ, 1/4W, 52 
or RD1/4S, 100k2I 

NAS1/4B, Carbon, 10kQJ, 1/4W, 52 
or RD1/4S, 10kQI 

NAS1/4B, Carbon, 100k2J, 1/4W, 52 
or RD1/4S, 100kQJ 

NAS1/4B, Carbon, 1kQJ, 1/4W, 52 
or RDI/4S, 1kQJ 

NAS1/4B, Carbon, 10k02J, 1/4W, 52 
or RD1/4S, 10kQJ 
NAS1/4B, Carbon, 100k2J, 1/4W, 52 
or RD1/4S, 100kQJI 
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RS Part No. 

NO1 96EEC 

NO252EEC 

NO2 62 BED 

NO344ECC 

NOO36EFD 

NO142EEC 

NO132EEC 

NOO 99EEC 

NOO77ECC 

NO1 73EEC 

NO324EEC 

NO371EEC 

NO3 24EEC 

NO281 EEC 

NO371 EEC 

NO162ECC 

NO187EEC 

NO3 71 EEC 

N03 24EEC 

NO252EEC 

NO3 71 EEC 

NO281 EEC 

NO3 71 EEC 

NO1 96EEC 

NO281 EEC 

NO371 EEC 

Mfr's Part No. 

321A1421 30102 

321A1421J0512 

323A1222F0682 
321A3412J0513 

320A401050309 

321A1421J0151 

321A1421J50101 

321A1421J0470 

321A3412 30200 

321A142150511 

3214142150333 

321A1421J0104 

321A1421J0333 

321A1421J0103 

321A1421J0104 

321A341250391 

321A142150821 

321A1421J0104 

321A142150333 

321A1421J50512 

321A1421J0104 

321A142150103 

321A142150104 

321A142150102 

321A1421J0103 

321A1421J0104 



Description 

or ELR20, 62023, 1/5W 

or ELR20, 10kQJ, 1/5W 

or RD1/4S, 100kQJI 

or ELR20, 33kQJ, 1/5W 

or ELR20, 56kQJ, 1/5W 

or ELR20, 51kQJ, 1/5W 

or ELR20, 24k23, 1/5W 

or RDI/4S, 10023 

or ELR20, 3.3k2J, 1/5W 

or ELR20, 6.8k2J, 1/5W 

or ELR20, 1kQJ, 1/5W 

FRL764D05/1BS-T 

FRL/64D05 /1AS-T 

FRD16US, Carbon, 62023, 1/6W, 5% 

FRD16US, Carbon, 10k2J, 1/6W, 52 

NAS1/4B, Carbon, 100k2J, 1/4w, 5% 

FRD16US, Carbon, 33k2J, 1/6W, 5% 

FRDI6US, Carbon, 56k2J, 1/6W, 5% 

FRD16US, Carbon, 51k2J, 1/6W, 5% 

FRD16US, Carbon, 24k2J, 1/6W, 52 

NAS1/4B, Carbon, 1002J, 1/4w, 5% 

FRD16US, Carbon, 3.3k2J, 1/6W, 5% 

FRD16US, Carbon, 27k2J, 1/6W, 5% 
FRDI6US, Carbon, 6.8kQJ, 1/6W, 5% 

FRD16US, Carbon, 1k2J, 1/6W, 5% 

RGLD8X, 3333, Metal, 33kQ x 8, 
1/8W, 52 

RGLD8X, 1033, Metal, 10k2 x 8, 
1/8W, 5% or HMR8-103J-A 
RGLD8X, 3333, Metal, 33k x 8, 
1/8W, 5% 
RGLD8X, 1043, Metal, 100kQ x 8, 
1/8W, 54 or RGSD8X104I 

RGLD8X, 3333, Metal, 33kQ x 8, 
1/8w, 5% 

Slide, DIR/ACP, SSB342NS-9 

Push, Reset, SUJ12NSNL-1 

Slide, Memory Power, SSS342NS-4 

T 1/T 2|}Pin, Short, Z-149A-3P 
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AR8170 
AR8169 

AR8171 

ARX0438 

ARX0023 

ARX0438 

ARX0435 

ARX0438 

RS Part No. 

NO181ECcC 

NO281ECC 

NO371ECC 

NO324ECC 

NO345ECC 

NO344ECC 

NO526ECC 

NO132EEC 

NO230ECC 

NO316ECC 

NO262ECC 

AJ1485 

Mfr's Part No. 

321A3412J0621 

321A3412J0103 

321A142130104 

321A3412I50333 

321A3412J0563 

321A3412J0513 

321A3412J0243 

321A1421 50101 

321A3412J0332 

321A3412J0273 
321A3412 50682 

321A3412J0102 

4LP-7916 
4LP-7915 

4LP-7934 

3344322450333 

334A3224J0103 

3344322450333 

334A3224J0104 

334A3224J0333 

203A1023P0400 

205A1138P2000 

203A1044P0400 

224A3186P0030 



Ref. er 

Transformers 

TLA 1 Switching Power Supply ATA1072 4T,P-45476 

TLA 2 Driver Transformer ATBO510 4LP-45438 

Transistors 

602A1123M0046 
602A1021M0022 

600A1 226M0026 

2SC2719L 

2SC641K 
2SA768 

2$C2719-K/L NPN-HF-TR 
2SC641K, NPN-HF-TR 
2SA768, PNP 

603A1121M0006 
602A1225F0037 

2SD789 
(28C3157L 

2SD789, NPN-LF-TR 
2803345 NPN-HF-TR or 2803345, 
2$C3346 
2SA1152-K/L PNP-HF-TR 2SA1152L 600A1123M0015 

2SB858-C PNP-LF-TR 2SB858C 601A1221M0013C 

2SB562-C PNP-LF-TR 2SB562C 601A1121M0002C 

2SD468-C NPN-LF-TR 2SD468C 603A1121M0003C 

2SA1152-K/L PNP-HF-TR 2SA1152L 600A1123M0015 

Metal ET-6P10k2, B Type 10kQ 331A2005B0103 

Metal ET-6P50k2, B Type, 50k? 331A2005B0503 
Carbon, K111B0002-20KB, B Type, 332A2021B0203 
20KQ 

P-~5, 32.768 kHz MX0076 380A1202A0001 
HC18/U 9.216 MHz MX0077 380A1170B7001 

Mx0078 380A1203B0001 

RD4.3E-B, 4.3V DX2593 613A1231L0092 

RD3.0E-B, 3.0V DX1541 613A1231L0052 
RD6.2E-B, 6.2V DxX0501 613A1231L0132 
RD5.6E-B, 5.6V DX0735 613A1231L0122 
RD2.7E-B, 2.7V DX1680 613A1231L0042 
RD1OE-B3, 10V DxX0090 613A1231L0182c 
RD2.7E-B, 2.7V DX1680 613A1231L0042 
RD6.2E-B2, 6.2V DX0089 613A1231L0132B 
RD4.7E-B, 4.7V 613A12311L0102 
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Description 

Miscellaneous 

Heat Sink 

Insulator for CX0O-046C 

Knob, Variable Resistor 

OSC Holder 

Plug, Short, Z-128A 

Screw, Machine, Braizer with 
Spring Washer, 3 x 8 
Screw, Machine, Braizer with 
Spring Washer & Double Size Washer, 

3x 8 

Screw, Machine, Braizer with 
Spring Washer & Washer 3 x 8 
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RS Part No. 

AK5732 

AJ7684 
AHDOO13 

AHD0040 

AHDO041 

Mfr's Part No. 

4PP3516-1034P001 
4LUR-194115-2 
4PB4020-5072P1 
5LK-50311 
224A3185P0020 
G@) P( SW) 3-8-HHC 

@ P( SW+2W)3-8-HH 

@ P(SwW+W) 3-8-HHC 



KEYBOARD UNIT ASSEMBLY 
[KEYBOARD PCB ASSEMBLY (OPKK Board) | 

Ref. found 

CC104ZIJCP 303A04202Z3104 

K-CN 1 |CF116A for Flex Cord, 16 pins AJ4621 224A3592P0160 

K-D 1/ |Silicon, 18953 DXx0259 611A0003L0001 

K-D 2! or 182075, 182473 

LED 

LED, GL-3PR1, LED AL1490 650A0128M0003 

ICs 

MC74HC42N BCD to l-of-10 Decoder MX6608 702Al1 756M0042 

C-MOS 

MSM4051RS, 8 ch Multiplexer/ MxX6609 731 A0524F1001E 

Demultiplexer, C-MOS or M4051 

wPC271C Comparator, BIP MX6610 720A0523F0003 

MC74HCOON Quad 2-Input NAND MX6678 702A1 756M0000 

Gate, C-MOS 

NAS1/4B, Carbon, 51093, 1/4W, 5% 321A142150511 
or RD1/4S, 5102 
RNL1/4C3F, Metal, 10kQF, 1/4w, 1% NO281 BED 323A1222F0103 
RNLI/4C3F, Metal, 13kQF, 1/4wW, 1% NO289BED 323A1222F0133 
NAS1/4B, Carbon, 100kQJ, 1/4W, 5% NO371 EEC 321A1421J0104 

or RD1/4S, 100k 
RNL1/4C3F, Metal, 1.5kQF, 1/4w, 1% NO206BED 323A1222F0152 
RNL1/4C3F, Metal, 1.3kQF, 1/4W, 124 NO202BED 323A1222F0132 

NAS1/4B, Carbon, 82023, 1/4W, 54% NO187EEC 321A1421J30821 

or RD1/4S, 8202 
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Ref. Baad 

Resistor Arrays 

ARX0434 334A3224J0512 RGLD8X512J 5.1kQ2 x 8, 1/8W, 5% 

or RGSD8X512J 

RGLD8X104J 100kQ x 8, 1/8W, 52 

or RGSD8X104J 

RGLD8X332J 3.3k2 x 8, 1/8W, 52 

or RGSD8X332J 

RGLD8X104J 100kQ2 x 8, 1/8W, 52 

or RGSD8X104J 

ARX0435 334A3224I50104 

ARX0436 334A3224J0332 

ARX0435 334A3224 50104 

K-SW 1-| Function Key, SHM-13 AS7582 3LK-50711-1 

K-SW16 

K-SW17 | Push, Power on/off, KHE 10901 AS7581 205A1134P2000 

x Miscellaneous 

P-13 Collar, LED, 6 mm ART5631 5LM-13967-6 
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KEYBOARD UNIT ASSEMBLY 
[KEYBOARD MAINTENANCE KIT] 

Miscellaneous 

4.PA4014-1045G61 Ass'y, Key Lever ART5626 

Ass'y, Arm Bar, Enter Key ARTO094 4PA4014-1013G5 
Ass'y, Arm Bar, Space Key ARTO0093 4PA4014-1013G1 
Key Switch Base ART5625 2PB4014-1115Pl 

Cable, Keyboard connection AW 3296 4LP-5463-2 

Reset Spring, Capacitive Key Switch ARB7774 4LK-52027 

4LK-52012 
4LK-52013 

4LK-52028 
NITTO#501W5L270 

4LP-7122 
G@ P(SW+2W) 3-8—-HHC 

ART5627 
ART5628 
ARB7775 

Lever, Key Guide, Enter 

Lever, Key Guide Space 

Spring, Space Key 
Tape, Double-Sided 
Screw, Tap Tight, Braizer, 2.35 x 5 
Screw, Machine,Braizer with Spring 

Washer & Double Size Washer, 3 x 8 

Key Tops 

AK5730 3PK4014-1148G1 

AHD2975 
AHD1873 

AK5731 3LK-52266-F 

AK5731 3LK-52266-F 

AK5731 3LK-52266-F 

AK5731 3LK-52266-F 

3LK-52266-F 

3LK-52266-F 

3LK-52266-F 

3LK-52266-F 
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K-2- 9 | Key Top, — —AK5731 3LK-52266-F 

Key Top, AK5731 3LK-52266-F 

Key Top, AK5731 3LK-52266-F 

I Key Top, AK5731 3LK-52266-F 
FIO 

Key Top, I AK5731 3LK-52266-F 

Key Top, LJ AK5731 3LK-52266-F 

Key Top, L] AK5731 3LK-52266-F 

Key Top, AK5731 3LK-52266-F 

ESC Key Top, AK5672 3LK-52049-133-D1 

Key Top, || 4 AK5673 3LK-52049-134-D1 

AK5674 3LK-52049-135-D1 N Key Top, 

Key Top, AK5675 3LK-52049-136-D1 

Key Top, AK5676 3LK-52049-137-D1 

3LK-52049-138-D1 Key Top, AK5677 

Key Top, AK5678 3LK-52049-139-D1 

AK5679 3LK-52049-140-p1 Key Top, 

AK5680 3LK-52049-141-D1 Key Top, 
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Ref. 

No. 
Description 

— 

CHE eGOGeeeeeeeuuTe 

= 160 > 

AK5681 

AK 5682 

AK5683 

AK5684 

AK5685 

AK5686 

AK5687 

AK5688 

AK5689 

AK5690 

AK5691 

AK5692 

AK5693 

AK5694 

AK5695 

AK5696 

AK5697 

RS Part No. Mfr's Part No. 

3LK-52049-142-D1 

3LK-52049-143-D1] 

3LK-52049-144-D1 

3LK-52049-145-D1 

3LK-52049-146-D1 

3LK-52045-116-D1 

3LK-52045-117-D1 

3LK-52045-118-D1l 

3LK-52045-119-Dl 

3LK-52045-120-D1 

3LK-52045-121-Dl1 

3LK-52045-122-Dl1 

3LK-52045-123-D1 

3LK-52045-124-D1 

3LK-52045~-125-D1 

3LK-52045-126-Dl 

3LK-52031-431-D1 



Ref. a 

3LK-52031-432-D1 AK5698 

AK5699 3LK-52031-433-D1 

AK5700 3LK~-52031-434-D1 

3LK-52031-435-D1 AK5701 

AK5702 3LK-52031-436-D1 

AK5703 3LK-52031-437-D1 

AK5704 3LK-52031-438-D1 

AK5705 3LK-52031-439-D1 

Ak 5706 3LK-52031-440-D1 

AK5707 3LK-52031-441-Dl1 

AK5708 3LK-52035-100-D1 

AK5709 3LK-52035-101-D1 

AK5710 3LK-52035-102-D1 

AK5711 3LK-52035-103-D1 Ge oieinipiplalelcmicia 
AK5712 3LK-52035-104—D1 

AK5713 3LK-52035-105-D1 

AK5714 3LK-52035-106-D1 Gada 
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Ref. D ae 
No. escription 

Key Top, 

Key Top, 

Key Top, 

Key Top, CH 

Key Top; 

Key Top, 

Key Top, 

Key Top, 

Key Top; 

jf ooo aoe Key Top, CTRL 

Key Top, Left 

Key Top,| ||SHFT|) |Right 

Space Key 

RS Part No. Mfr's Part No. 

3LK-52035-107-D1 AK5715 

3LK-52035-108-D1 AK5716 

3LK-52035-109-Dl AK5717 

3LK-52035-110-Dl AK5718 

3LK-52031-442-D1 AK5719 

3LK-52031-443-D1 AK5720 

AK5721 3LK-52031-444-D1 

AK5722 3LK-52077-26-D1 

AK5723 3LK-52120-9-D1 

AK5724 3LK-52277-6-Dl1 

AK5725 3LK-52061-6-Dl 

3LK-52085-11-Dl AK5726 

AK5727 2LK~-52123-D 

SWITCHES 

Switch, Function Key, SHM-13 AS7582 3LK-50711-1 

K-SW16 
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LCD CONTROLLER PCB ASSEMBLY (OPLF Board) — 

Ref. ead 

Capacitors 

Ceramic, FK20Y5V1H104Z, 0.1uR, CC104ZICP 303A042023104 
50V, +80/-20% or RPE122-129F104250 
FK20Y5V1H104Z 

L-CN 1 |Male, 008272230001162, 30 pins AJ4632 224A3368P0300 

L-CN 2 | Male, 008263121200000, 12 pins AJ4633 224A3357P120 

LST, HM6264LP-15, Static, RAM, MxX6640 804A0021F6301 
C-MOS 

IC, 74HC74, Dual D-Type 
Flip-Flop, C-MOS 

LSI, HD61830, LCD Controller, 
C-MOS 

LST, HM6264LP-15, Static, RAM, 
C-MOS 

IC, 74HCOO, Quad 2-Input NAND 
Gates, C-MOS 

Ic, 74HC386, 2-INPUT 
EXCLUS IVEOR, C-MOS 

IC, 74HC390, DECADE COUNTERS, 

C-MOS 

MX6616 702A1756M0074 

MX6645 855A0421F0038 

MX6640 804A0021F6301 

MX6616. 702A1756M0000 

MxX6678 702A] 721M0386 

702A1721M0390 

nAS1/40, 100K0r, 1/68, 5% pin -8621-10 
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FDD PCB ASSEMBLY 

F-BR 1 |MO8-1-R10K, Carbon, 10kQ x 7, RX0005 SMO08-1-R10K 
0.125W, 10% 

Laminated Ceramic, 25V, O.1uF, CC104ZFCP SD33Y5V1E104 

+80, -20% 

Ceramic, 50V, 470PF, +52 or +102 CC471KJCP SRXU-04B471K 

SRXU-05B152K 
SUATO4X 102K 

SROU04B331K 

CC152KJCP 

cc102JICP 

CC331KJCP 

Ceramic, 50V, 1500PF, +5% or +102 
Ceramic, 50V, l1OOOPF, +5% or +10% 
Ceramic, 50V, 330PF, +5% or +10% 

SDN1VO10M1S Tantalum Electrolytic, 35V, I1uF, CC105KGTP 

+20% 
Tantalum Electrolytic, 35V, 
0.15uF, +202 

Ceramic, ~16V, 0.047uF, +80/-202% 
Tantalum Electrolytic, 35V, luF, 
+20% 
Ceramic, 16V, 0.047uF, +80/-202% 

CC154MGTP SDNIVRI5M1S 

SRXE06D4.73M 
SDN1VO10M1S 

CC473ZDCP 

CC1O5KGTP 

CC473ZDCP SRXE-06D473Z 

S16MS5-22 Electrolytic, 16V, 22uF, +202 CC226MDAP 

Ceramic, 16V, 0.047uF, +80/-202 CC473ZDCP SRXE-06D4732Z 

Electrolytic, 16V, 22uF, +20% CC226MDAP S16MS5-22 

Ceramic, l16V, 0. O47UF, +80 /-20% CC473ZDCP SRXE—-06D473Z 

Mylar* Film 6.3V, 0.047uF, +104 CC473KBMP SMMH4 73K 63 

Ceramic, 16V, 0.047uF, +80 /-20% CC473ZDCP SRXE-06D473Z 

Ceramic, 50V, 33PF, +54 or +102 CC330JJICP SRAU04SL330JI 

Ceramic, 16V, 0.047uF, +80/—20% CC473ZDCP SRXE—-06D4 73Z 

Tantalum Electrolytic, 16V, 4./7uF, CC475MDTP SDN1C4R7M15S 

+204 

Connectors 

BCP209434, Male, 34 pins AJO003 SBCP209434 

or PS34PED4LTIPNI 

BCP209304, Male, 4 pins 
or 171826-4 

BCP203405, Male, 5 pins 
or 65532-405 

BCP202304, Male, 4 pins 
or ILG-4P-S3T2E 

BCP202306, Male, 6 pins 
or ILG-6P-S3T2E 

AJ0004 SBCP209304 

AJO005 SBCP203405 

AJ0006 SBCP202304 

AJO007 SBCP202306 

* Mylar is a registered trademark of E.I.Du Pont de Nemours and Company. 
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Sc a csi 

| 

Ref. 

No. 

F-CSC 1 | Ceramic, KMFCIOOIT, 3.58 MHz 

Description RS Part No. 

CA0012 

Mfr's Part No. 

SKMFC1OO1T 

Silicon, 1SS-176 F-D l- 

F-D10 
DX2331 S1SS-176 

Diode Arrays 

F-DA 1- 
F-DA 6 | Common 

MAI54WK, Cathode, 

HA16642NT, Read Write 
WPD1514C, N channel, N-MOS, 

4 Bit CPU 
MB3763P, Motor Drive 

TC4023BP, Triple 3-Input, NAND 
Gates, C-MOS or MC14023B 

HD-74LS14P, Hex Schmitt 
Trigger Inverters or SN74LS14N 

HD-14584BP or MC14584B, Schmitt 
Trigger Inverters, C~MOS 

HD-7438P, Quand 2-Input NAND 

Buffer (Open-Collector) or SN7438N 
74LSO08P, Quand 2-Input AND 
Gates or SN74LSO8N 

Inductor, 330uUH 

Inductor, LALO4-NA1OIK, 100uUH +102 

DX2597 

MX2022 
MX 2023 

MX2024 

MX2039 

MX2040 

MX2041 

MX2042 

MX2043 

CA0013 

CAOOL5 
CA0014 

SMA1 54WK 

SHA16642NT 

SuPD1514cC 

SMB3763P 

STC4023BP 

SHD74LS14P 

SHD14584BP 

SHD7438P 

SHD74LSO08P 

SLALO3KH3 91K 

SLALO3KH331K 
SLALO4NA101K 

| FLED 1 | | FLED 1 | Red, GL-9PR2 Suse 

Resistor Array 

0. 12501, 10% 
RX0004 

| 11374 | sc-9pR2 

SM09-1-R1K 

F-PT 1 Photo-Micro, EE-SJ3WB Acsoool SEE-SJ3—-WB 



Ref. 
No. Description 

wpl6o4-470, Carbon, 4702, 0.16W, 

RDLESHA2. 2K, Carbon, 2.2k, 0.16W, 

RDI6SY-10K, Carbon, 10kQ2, 0.16W, 

BDI 6H-6.7%, @atboansche en: 0.16W, 

RD16S¥-6.8K, Carbon, 6.8k, 0.16W, 

RD258-330, Carbon, 3302, 0.16W, 52 
RDLOSM- 22K, Carbon, 22k2, 0.16W, 

ial ae. Carbon, 1kQ, 0.16W, 5% 

| RD16SM-10K, Carbon, 10k, 0.16W, 
5h 

RD16SM-4. 7K, Carbon, 4.7kQ, 0.16W, 
5h 

bys 

RD16SM-100K, Carbon, 100k, 0.16W, 
by 

5h 

RD16SM-1K, Carbon, 1k, 0.16W, 5% 

RD16SM-10K, Carbon, 10k, 0.16W, 
by, 

RD16SM-470, Carbon, 4702, 0.16W, 
by 

RD16SM-470K, Carbon, 470k, 0.16W, 
bys 

RDI16SM-2.2K, Carbon, 2.2k2, 0.16W, 
5h 

RD16SM-470, Carbon, 4702, 0.16W, 5% 
RD16SM-200K, Carbon, 220kQ, 0.16W, 
5h 
RD16SM-10K, Carbon, 10k, 0.16W, 5% 

Sh 
RD16SM-2.2K, Carbon, 2.2k2, 0.16W, 
5h 

RD16SM-10K, Carbon, 10k, 0.16W, 52 
RD16SM-470, Carbon, 4702, 0.16W, 5% 
RD16SM-10K, Carbon, 10k2, 0.16W, 52 

RD16SM-470, Carbon, 4702, 0O.16W, 5% 

Resistors 

RD16SM-33K, Carbon, 33k2, 0.16W, 5% 

RD16SM-4.7K, Carbon, 4.7k2, 0.16W, 

RS Part No. Mfr's Part No. 

NO324EAC SRD16SM-33K 

NO247EAC SRD16SM-4. 7K 

NO169EAC SRD16SM-470 

NO216EAC SRD16SM-2. 2K 

NO281 EAC SRD16SM-10K 

NO247EAC SRD16SM-4. 7K 

NO262 EAC SRD16SM-6. 8K 

SRD25S-330 

SRD1L6SM—-22K 

NO159EAC 

NO196EAC SRD16SM-1K 

NO281 EAC SRD16SM-10K 

NO247EAC SRD16SM-4. 7K 

SRD16SM-22K 

NO3 71 EAC SRD16SM-100K 

SRD16SM-22K 

SRD16SM-1K 

SRD16SM-10K 

NO1 96EAC 

NO281EAC 

NO1 69EAC SRD16SM-470 

NO4.2 3EAC SRD16SM-4 70K 

NO216EAC SRD16SM-2. 2K 

SRD16SM-470 

SRD16SM—220K 

NO169EAC 

NO3 96EAC 

SRD16SM-10K 

SRD16SM-4. 7K 

NO281 EAC 

NO247EAC 

NO216EAC SRD16SM—2.2K 

NO281EAC SRD16SM-10K 
NO169EAC SRD16SM-470 
NO281EAC SRD16SM-10K 
NO169EAC SRD16SM-470 



=a Description 

a Carbon, 100k, 0.16W, 

RDL6SH-22K, Carbon, 22k, 0.16W, 

RDL6SH-2. 2K, Carbon, 2.2k2, 0.16W, 

RD16SM-22K, Carbon, 22k, 0.16W, 

ee RD16SM-100K, Carbon, 100k, 0.16w, 
Pe 5% | 

i RD16SM-10K, Carbon, 10kQ, 0.16W, 
5% 

Connectors 

BCP208105, Male, 5 pins 
or IMSA9202B-1-5T 

BCP208103, Male, 3 pins 
or IMSA9202B-1-3T 

DTC114, NPN TR 
Resistor Include or UN1211 

2SB790, PNP TR 

DTA114, PNP TR 
Resistor Include or UNI111 

2SD636R, NPN TR 

Semi-Fixed, GFO6P50K, 
i F-VR 2} Carbon, 50k2, 0.5W, B Type, 50k 

i Miscellaneous 

2 Guide, Lead Wire 
; F-26 Insulating Plate 

F-TPG Pin, Test, MRAMCO02701 

ADOO0O01 

RS Part No. Mfr's Part No. 

NO371EAC SRD16SM- 100K 

SRD16SM-22K 

NO216EAC SRD16SM-2. 2K 

SRD16SM-22K 

NO371EAC SRD16SM-100K 

NO281 EAC SRD16SM—10K 

i BSD200504, Device Select or PSS704 AS0003 SBSD200504 

AJO009 SBCP208105 

AJ0008 SBCP208103 

MX2053 SDTC114 

2SB790 S2SB790Q,S 

MX 2050 SDTAI14 

2SD636R $2SD636R0,S 

SGFO6P50K 

SMYA201701 
SBVS200601 

ARTO0004 



LCD UNIT ASSEMBLY 

Ref. 3k 

Capacitors 

LU-C 1 Tantalum, 10V, 15uF, +20% CC156MCTP H20531150 

LU-C 2 Tantalum, 50V, 3.3uF, +202 cc 335MJTP H20535033 

Diodes 

1$2348 DX2633 H27101100 LU-D 1/ |Silicon, 

LU-D 2 

ICs 

LU-Ic 1/|HD61103, 100 pin, Common Driver , MX2019 H28420086 

LU-IC 2|C-MOS 
; 

HD61100, 100 pin, Segment Driver, MX2020 H28420087 

LU-1IC14 | C-MOS 

LU-IC15 |HA17902MP, Ope. AMP., Linear IC H28420028 MX2021 

Metal, 3k, 1/8W, +1% NO224BBD H19531302 

Metal, 9.1k2, 1/8W, +12 NO276BBD H19531912 

Metal, 15, 1/8W, +12 NOO74BBD H19531150 

LU-TR 1 | 2SA673APKC, PNP 2SA673A H27207072 

Miscellaneous 

Connector, Male, 12 pins AJOOO1 224A3358P0120 

~171- 



MECHANICAL AND ASSEMBLY PARTS 

Description RS Part No. Mfr's Part No. 

Upper Cover w/Nameplate AZ7224 2PA4016-2018G1 
Top Cover Kit AZ7225 4YA3516-1089G1 
LCD Cover Kit AZ7226 4YA3516-1090G1 
Ass'y, LCD Unit AXX0242 4YB4060-4002P1 

AW3295 3¥S4011-4643¢1 

4YA3516-1092G61 
2YX4014-1113G61 
2YU5006-1021G1 

4YB4014-1131G61 
4YA3516-1091G1 

4YS4011-4640G61 
2YU5003-4004G61 

4YA3516-1048G1 
4YA4030-1011G1 

4Y¥X3516-105461 
4YA3516-1087G1 

Cable, LCD Connection 

Fulcrum Bracket Kit 
Ass'y, Keyboard Unit 
PCB Ass'y, Keyboard 
Key Top (56 Keys) 
Lower Cover Kit 

Cable, FDD Power 

PCB Ass'y, Main 
PCB Ass'y, LCD Controller 
Ass'y, FDD Unit 
Ass'y, IC Carrier 

Keyboard Maintenance Kit 

AX9524 

AZ7228 

AW3297 
AX9525 

AX9526 

Case, Shield SMBB212801 
Ass'y - Front Bezel AZ0006 SSBM045601 
PCB Ass'y, FDD AXX5047 SSBP018605 
Button, Eject AK2097 SMYB219001 
Ass'y -— Spindle Motor AMOOO1 SSBE017601 
Lever, Write-protect ARTO005 SMYB225801 
Spring, Leaf, Write-protect Lever ARBOOOI] SMBA2 23101 
Stepping Motor, MSHD200A71 AM0002 SBMP200801 
Snap, Stepping Motor AHC0008 SMFA213101 
Guide Plate, A, Carriage M SMBF211801 
*Ass'y, Carriage, Head seek SSWB001803 
*Shaft, Long, Head seek SMRF207801 
*Shaft, Short, Head seek SMRF207901 
Snap, Shaft SMBA222701 
Belt, Head Carriage ABO0001 SMFB203701 
Fitting, Belt AHCO0009 SMBA2 26202 
Stopper Plate, Stepping Motor ARTO006 SMFA213602 
Sensor, TROO Position ACS0002 SSBE018001 
Lever E, Eject SMBB214401 
Carriage M, Disk Guide SSBM054201 
Ass'y — Damper, Disk Drop Shock SSBM032701 
Absorber 

Ass'y - Guide Plate B, Carriage M SSBM032101 
Spring, Coil, Carriage M SMST204002 
*Ass'y, Frame SSBM032401 
Screw, M3 x 6, Flat Head AHDO003 SKSC13006010 
Screw, M2.5 x 6, Binding Head AHD0004 SKSB12506010 
Screw, M2.5 x 4, with SW, Pan Head AHDO005 SKDP12250410 

Note: * shows the part not included in the whole Parts List. 
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Ref. Sues ; 
No. Description RS Part No. Mfr's Part No. 

F-54 Screw, M2.5 x 6, with SW, Pan Head 

Screw, M2.6 x 6, with SW, Pan Head 

Screw, M2.5 x 6, with SW+tW, Pan 
Head 

Screw, M3 x 8, with SW, Pan Head 

LCD Cover © 
Holder, LCD Cable 

Cover, LCD Cable 

Cushion, LCD Unit 
Up/Down 

Cushion, LCD Unit 
Right/Left 
Spring, Cable Protection 

*Button Holder 

*Lock Button (R) 

*Lock Button (L) 

Battery Mounting Plate 
Tube, Transparent, Vinyl, Spring 

Cover 

E-Ring, LCD Hinge 

Fulcrum Shaft, LCD Hinge 
Battery Pack 

Lower Cover 

ROM Cover 

FDD Mounting Plate 

Rubber Foot, Bottom Case 

Connector Cover, FDD 

Connector Cover, Printer 

Adapter 

Label, User ID 

ROM, Mask, HN613256PS66, 256K 
ROM, Mask, HN613256PS67, 256K 
ROM, Mask, HN613256PS68, 256K 
ROM, Mask, HN613256PS98, 256K 
ROM, Mask, HN613256PS99, 256K 
Carrier, IC Chip 
Screw, Machine, Braizer with Spring 

Washer & Washer, 3 x 8 

Screw, Machine, Braizer with Spring 

Washer & Double Size Washer, 3 x 8 

Screw, Machine, Braizer with Spring 
Washer & Double Size Washer, 3 x 10 

Hardware Kit 

=o 

AHDO0006 
AHDO007 

AHDO0008 

SKDP12250610 
SKDP12606012 

SKDP82250625 

AHDO009 SKDP12300810 
AHC 3165 3PP4020-5051G1 

~ AHC3166 4PP4020-5054P1 
4PB4020-5055P1 
4LM-13685-125 

AZ7227 

4LM-13685-126 

ARBOO002 4LB-192700—7 
3PB4020-5058P1 

03PB4020-5056P1 
03PB4020-5057P1 

4PP4020-5059P1 
65 = 29 

RE4-SK 
4PP4020-5060P1 

4YB3516-1027G1 
2PB4020-5065P1 
3PB4020-5066P1 
4PP4020-5068P1 

AZ7229 
ART5629 

AF0378 4PB4018-1883P1 
AHC 3168 4PB4020-5069P1 
AHC3169 4.PB4020-5070P1 

4YB4049-1028P1 
4PB4012-5080P1 

AW 3298 

MX 3339 817A8322F01 66 

MX3342 817A8322F0167 
MX 3343 817A8322F0168 
MX3344 817A8322F0198 
MX 3322 817A8322F0199 
MX3323 4LP-5461-2 
AHDO012 4) P(SW+W) 3-8—-HHC 

4) P( SW+2W )3-8—-HHC 

@ PC SW+2W )3-10-HHC 

AHW2603901 | 4YA3516-1088c1 
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SECTION 8 — — CIRCUIT DIAGRAMS 

(Option) (Option) 

8.1 Circuit Diagrams 
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OPMP PRINTED CIRCUIT BOARD CIRCUIT DIAGRAM 
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CIRCUIT BOARD 
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SECTION 9 — PCB VIEWS 

9.1 Main PCB Views 

9.1.1 Silk Screen Print Side (Top view) 

eee 
wrt Nt | Ww 165 

ene | 183 
~ ¥ i 2 wi162 

—— 3 un N CTT] wiéi cv2 160 
CNT TOE ZF we07 ST ree wo + ° 7 a “ 

Ww ek +¢ 3 (op) foe) 
CN14 a 108 109 5 ~% 1 

. ral, wn o $5 ij 
—_—a | rag 0 ee], | wile C] = ai 

- Ww 

ie PS seq ot 
a fae Ea Po = ot,'3 se +h 

~~ co 
WA 

e =] ad 101 23 ot + tr 

So as We, Se gk ee 0G 
woe, wn a 24 wiz 3 ) 

a - W393 88 “126 ) 
c+ P42 89 127 
M$ ea a7 917 | 92 a 

= 5 86 ,m390 X4 38 704 
(=) i oO + tr 

a $03 2 + oF 314 
vk F a+ | * wise es 

20%4 vm] 4a tw 
+h + ts Ww 

73 T 74 + ws 
-ge i 44 wn O ss 

» 4 je 
ae ae O 
$ as ™0o 3 

E + [ss ot ag + wo 

aad 4b 4k 
Lz aa = ; co) fF 7AS owas FFSTTSES —No@ 

DORK-NMOTINCO 

easy N WO @D 

wi a _ m~ CL 
(oe) Ww Ww 

CNS S 5 {Ut — S 2 @ 

36 4 wy 43, 249 4F a 
4 39 i: a || © S ieee 

+ 8 Ww whee e+ #1 * 

# 930 "= wt 
5 ——-— Se |; fs 

oi —_ | re bp J a_i 
4h 

| = 

4S Yn oe —O WW © 2 =o pe ped nd ENT, = © 

X1 fot T ie + mt} 
rT TT £ , $$ =e *s 23825, 888 °992% 0 ese 0 Fog - 

2 o o N 

QBISs - 7 a NOK VNO A 
$$$ 

$ $$££3544 

10 11 | 

1PU4003-4004 S 59.9.12 

— 193 - 





we, 

(79 ne 

e ® e e 

ecoccecccce 
‘700000000 

money 
Ld 

\ 
~ 

@e's 
c@@ 

2 
©.” 
C
O
 

° 
ee 

e
e
e
 

e
,
!
 
ee eo, 

oe @” 
e
e
e
 

eco: °° 
® 

ae 

B 
ee 

® 
@
 

¢@, 
e
 

e
 

e
 

e 
@
 

| 
r) 

0
0
g
 

@ 
e 

8
 

e
e
 

e
+
 
e
e
e
 

a
 

°
 

e
 

e
c
e
c
c
c
e
 

2. 
8
 

©
 
e
s
,
 

°
 

°
 

eccccce 
© 

e
 

ee 
2 

8 
S328) “18 foo! 

; 
8 

: 
we 

e
 

e
 

hee 
ae 

; 
© 

° 003,00 
200 

+00 
¢e 

© 
. o
 

0
0
.
 

‘
s
e
 

ses. 
o
e
 

o
.
 

°
 

ecoccece 
@e 
00% 
00 
t
e
e
 

» ce
 

x) 
ry @
,
 

O
0
4
 

e
o
s
 

e
e
 

°ee 
@
 

e 

eo, 
g
e
r
 

set 
cece. 
e
e
 

°
.
 

°
 

e
c
c
c
o
c
e
 

: 
e
 

: 
e 

e
e
 
e
e
e
 

: 
e
e
 

e
 

&
%
 

e e e eo’ 
@: 
© om, 
© ee. 
h6°8 
° ee° 
e av
r
 

FF 
@ 

e 8 ee
 

..0 
“*~. 

® e e 8 @ 
e 

e 
e: 

® @ @ @ 8 

% 

e
e
 

. 
@ 

% 
e
o
 

.°*.0 
: 

e
e
 

® 
e
e
 

8 ee
 

e
e
 

e
 

e
 

°® e 6° ee
 

e e 6° 
©
0
0
0
0
0
0
0
0
0
0
C
0
0
:
 0
 
© 

3. 
@ 

e 
e
e
 
ee 
® @ é e 8 

e@ 
@
e
8
@
 

@ 
e 

e 
8
 

+ 
e
e
 

@ ee 
e
c
c
c
c
e
 

e e {jie 
A 0 e@ @ 

e
e
e
e
c
e
 

® 
e 

ao 
@ 

@ 
e
c
o
.
 

Ce 
° 

fe 
e
e
 

e 
.
 

e 
e 

eo 
@e°@ 

e e e ® @ e
 

ee 

C008 6000 

CMON ND) 

°” 

9.1.3 Intermediate Layers (1/2) 
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Sa nsttersarabetiad Si 

9.1.3 Intermediate Layers (2/2) 
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9.1.4 Circuit Side 
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9.2 Keyboard PCB Views 

9.2.1 Component Side (Top view) 

9.2.2 Circuit Side (Bottom view) 

a 

w SWI2 



9.3 LCD Controller Board Views 

9.3.1 Component Side (Top view) 

9.3.2 Circuit Side (Bottom view) 
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APPENDIX A — — DESCRIPTION OF I/O COMMANDS 

(1) Instruction Format 

There are two types of CPU I/O commands: IN (input) commands and OUT (output) 

commands. Data is passed between I/O devices in 8-bit length via the AL register. I/O 

devices are specified (DVA: device address) using the DX register. 

(2) Device Address | 
Device addresses are expressed in 16 bits and are not fully decoded. The values shown in 

the table are only representative values. The “don’t care” address bit (symbol “X” in the 

table) may be either a “O” ora “1.” 
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fe 

(3) Device Address Map 

em tke 
OUT 

yi ee err A190 Ag Ag A7 Ag Ag Aq Ag AQ Ay | 

3000 X | X FDC Command |FDC Status Reg. 
Reg. Set Read 

Read 

3002 FDC Sector Reg. ae Sector Reg. 
Set Read 

ie reel PPPS sae Mees eat 
| 3015 5 | DMACTC Set TC Set 

ome 8 canaries Mode Set} DMAC al 
eas Read 

| 3050 ies x, x ES EXT FF | EXTFFSet 

i DMA us 
Reg. Set 

4000 Port 1 Port 1 Status 
7 Command Set |Read 

4001 11X|xX X X X 1 Out Port A Data |Out Port A Data 
Set Read 

4002 1|X|xX X X X 1 Out Port B Data | Out Port B Data 
Set Read 

4003 In Port C Data 
Read 

4004 X| X Timer Count Timer Count 
Low Set Low Read 

4005 Xx Xx X | 1 1 Timer Count Timer Count 
High Set High Read 

8000 X | X LCDC1 Data Set =e Data 
Read 

8010 LCDC1 
Instruction Set 

LCDC2 
Instruction Set 
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Representative 

82C51 i 
O A O 

E px es E OC OW 3 3 — =) oO ep Mm + a5 83 | oH = Cc 6) 

Set 

evo [rfl fefsforrfx) |x| Kesrobe | 
Saad 0000 IPT Clear 

reooo [afr ix]x] x [e[e]ofolo[o[o[o | seconds Sevmead 
coor |r} ]x[x] x _[ejofolo]ofolol: | seconds narm SetRend 
ooo [af ]x>x] x [ejofofo]ofo|t[o| minutes setmeed 
rooos [aft |xpe] x _[eofololofolr[+ | nutes erm Setmeed 
coos [afr /x>x) x []o/ofolo|sfolo| wowesevmeas 
coos [rf efx] x [ofololololsfolr | wowemarmSeifeed 
coos |r) |x) x _[ofololol oli] s/o) cayctthe week SevRead 
[coor [afr fx]x] x [ofo]o[o|o]+[1[1 | osteotte monh sevmead 
coos [a[r]x]x) x []o/ofo|rfofolo| moni seumeed 
coe [rit ]xx[ x [ofejolo)ilolo)1 | veerseimeed 
Feoon [a[rfx]x] x [efelo[o|s]o|i[o| contoinesitera 
ooo [sft ]xpe x [e]o/ofo|+fofs|+| conrerResiiers 
Feooc [afr fx]x] x [efe]ofo|+]+[o[o| contoinegitere 
coon [fr [x/x] x [ejofolols|i]ol+ | conrerresiter 

COOE 
§ 1}1)X|X X OE ~ 3F User RAM 

CO3F . 

aa 
ae 

Out Port D Data ee | 

ee 

/O 

FE 
OD © © 

x E 
ss 

HD146818 

x |x| «KX | KL x] KL KY] KK] x | KY] Xx 
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TYPE | TYPE Il | TYPEM Hl | TYPEIV IV 

Write Read Read Write 
Data Address | Track Track 

Executed | Executed 

STR 7 Not — 
Ready 

STR 6 Write Write Write Write 
Protect Protect Protect | ’ Protect 

Command Command 

WW 
STR 5 | Head Record | Write Write Zo Head = 

Engaged Type Fault Fault s = Engaged 
“) 2 < 

STR4 | Seek = = = Oe S 
Error Gs x0) 

” —= O 
=) = 

S50 § 
STR 3 CRC = = — nO 2 > 

Error ec 9 © 

Oi x w 
Yow = STR 2 Track Lost 

at aa Data 

Table A-1. Contents of WD2797 Status Register 

Status Bit Meanings 

Not Ready NOT READY = ‘'1” indicates that the FDD is not operational. 

Write Protect WRITE PROTECT = “1” indicates that the FDD is write disabled. 

| Seek Error SEEK ERROR = “1” indicates that a seek error has occurred. 

CRC Error CRC ERROR = “1” indicates that a CRC error has occurred in the ID field or 
the DATA field. 

| Busy BUSY = “1” indicates that the FDC is currently executing a command. 

Record Not Found | Indicates that the track and sector specified by RECORD NOT FOUND = “1” 
could not be found. 

Lost Data LOST DATA = “1” means that read or write (1 byte) could not be performed. 

WRITE FAULT = “1” indicates that the WRITE FAULT FOCUS signal was 
received from the FDD while writing onto the disk. 
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Command FDC Command Reg. Set 

Address 3000H 1/0 OUT 

This command is used to set the WD2797 command register. There are four types of 

command, types I-IV. 

Command FDC Status Reg. Read 

Address 3000H 1/O INP 

D7 6 5 4 3 2 1 O 

mata {| | | | | | | 

This command is used to read the status register for WD2797. 

The contents of the status register are shown in Table A-1. 

Command FDC Track Reg. Set/FDC Track Reg. Read 

Address 3001H 1/O OUT/INP 

This command is used to read from or write into the track register for WD2797. 
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i | ' Command FDC Sector Reg. Set/FDC Sector Reg. Read 

Address 3002H 1/O OUT/INP 

if | a: ee No.: 1-16 

This command is used to read from or write into the sector register for WD2797. 

| 

; ‘ Command FDC Data Reg. Set/FDC Data Reg. Read 
Cam 

Address 3003H 1/O OUT/INP 

D7 6 5 4 3 2 1 0 

8 : | This command is used to read from or write into the data register for WD2797. The FDD 
tei read/write data is stored in this register. 

Command DMAC Address Set 

vi Address 3014H 1/0 OUT 

1st Byte 

io This command is used to set the memory address (16-bit) for DMA transfer on DMAC 
a4 (wuPD8257C). DMA channel 2 is used for the transfer. 

Me oe 
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Command DMAC TC Set 

Address 3015H 1/O OUT 

D7 6 5 4 6 2 1 O 

oe [oro] oo fo [elon 
1st Byte 

[Rd [wr [Operation 
[0 | 0 | Verify DMA cycle 
| O | 1 | Write DMA cycle 

Read DMA cycle 

rm [w [oo] os [ou Jou] oJ 
2nd Byte 

This command is used to set the initial value in the DMAC (uPD8257C) terminal 

counter (14-bit). 
DMA channel 2 is used. 

Command DMAC Mode Set 

Address 3018H I/O OUT 

D7 6 5 4 3 2 1 O 

pate | of | | te fx 
- Enable DMA CH2 

: Disable DMA CH2 

: Enable Rotating Priority 

: Disable Rotating Priority 

: Enable Extended Write 

‘ Disable Extended Write 

- Enable TC Stop 

: Disable TC Stop 

: Enable Auto Load 

‘ Disable Auto Load o- o7 O77 02-02 

This command is used to set the mode set register for DMAC (uPD8257C). Normally, 

DISABLE TC STOP and DISABLE AUTO LOAD are set. 
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Command DMAC Status Reg. Read 

Address 3018H 1/O INP 

TC STATUS FOR CH2 

UPDATE FLAG 

This command is used to read from the DMAC (wPD8237C) status register. 

Command EXT FF Set 

Address 3050H 1/O OUT 

O: Motor OFF 

1: Motor ON 

QO: DRIVE O IDLE 

1: DRIVE O SELECT 
Reserved 

O: DRIVE 1 IDLE 

1: DRIVE 1 SELECT 

This command is used to turn the floppy-disk unit motor on and off, and to select the 

drive mode. 
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Command DMA Transfer Reg. Set 

Address 3060H 1/O OUT 

D7 6 5 4 3 2 #41. «0 

Sets the 4 most significant 

address bits for DMA transfer. 

This command is used to set the 4 most significant memory address bits for use during 

DMA transfer. : 

The configuration of the memory address is shown below. | 

Four bits from the DMA _ Sixteen address bits output by DMAC. The 

transfer register. address is incremented each time a DMA 

These bits are the transfer occurs. 

same whether or not 

DMA transfer takes 

place. 
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Command Port 1 Command Set 

Address 4000H VO OUT 

D7 6 5 4 3 2 1 O 

Port A Output Set 

Port B Output Set 

Port C Input Set 

Timer Command 

No Operation 

Timer Stop 

Stop after TC 

Timer Start 

This command is used to define the 81C55 general-purpose port as an input or an 

output port, and to start and stop the built-in timer. 

Command Port 1 Status Read 

Address 4000H 1/O INP 

Timer TC status 

@ 0: Non TC 

@ 1: Reached TC 

The timer TC status bit is set to “1” when the 81C55 timer is set. 

The bit is automatically reset to ‘“O” after the status bit is read. 
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Command Out Port A Data Set/Out Port A Data Read 

Address 4001H 1/O OUT/INP 

EL X-select 

@ Capacitive key: 0-6 

@ Mechanical key: O-1 

Y select 

Capacitive/mechanical selection 

@ Capacitive key: Fixed to “1” 

@ Mechanical key: Used as KB STB2 

signal (‘‘1”—ON; 

“O”— OFF) 

rs Printer Data 

OUT PORT A is assigned to port A of 81C55, and handles two types of data: 

(1) KB address set. Sets the address and executes the KB strobe command. 

(2) PRINT data set. Sets the data and executes the printer strobe command. 

Note: The data that is set by the OUT PORT A DATA SET command is read by the OUT 

PORT A DATA READ command. 
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Command Out Port B Data Set/Out Port B Data Read 

Address 4002H 1/O OUT/INP 

D7 6 5 4 3 2 1 O 

mata | | TE | Ex] fx 

Keyboard Clear 

O: Inactive 

1: Active Timer Select 

Pa Not Select 
you Sound/baud-rate 
ia frequency 
peat Not Select 
es He 81C55 timer 

Sound Control 1 

Sound Control 2 

81C55 port B is assigned as OUT PORT B. Various I/Os are controlled through this port. 

The OUT PORT B DATA READ command is used to read the data that was set using the 

OUT PORT B DATA SET command. 
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Command In Port C Data Read 

Address 4003H I/O INP 

D7 6 5D 4 3 2 1 O 

Printer Busy 2 status 

Printer Busy 1 status 

Keyboard status 

81C55 port C is assigned as IN PORT C. 

The command is used to read the printer and keyboard status. 

Command Timer Count Low Set/Timer Count Low Read - 

Address 4004H | I/O OUT/INP 

a Timer Count Low 8 bit 

This count value of the 81C55 built-in timer is comprised of 14 bits. 

e TIMER COUNT LOW SET. Sets the 8 least significant bits. 

e TIMER COUNT LOW READ. Reads the 8 least significant bits of the current count 

value. 
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Command Timer Mode Count High Set/Timer Mode Count High Read 

Address 4005H 1/O OUT/INP 

an Timer Count High 6 bit 

Timer mode 

Single square wave 

Continuous square wave 

Single pulse on TC 

Continuous TC pulse 

The data set in DO-D5 is used as the 4 most significant bits of the built-in timer’s count 
value. 

The data set in D6 and D7 defines the timer mode. 
@ TIMER MODE-COUNT HIGH SET. Sets the timer mode and the 4 most significant 

bits. | 
ee TIMER MODE-COUNT HIGH READ. Relationship between the mode and output 

waveform: 

pu Single pulse a 

Start Tc Start 
TC 

aoe ea Continuous pulse ee 

Single square wave 

Continuous square wave 
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Command LCDC1 Data Set/LCDC1 Data Read 

Address 8000H 1/O OUT/INP 

See Appendix C.13 (page 287) on 
HD61830 for more details. 

This is the data register for the master HD61830. 

Command LCDC1 Instruction Set 

Address 8010H 1/O OUT 

See Appendix C on HD61830 | 

for more details. 

This is the instruction register for the master HD61830. 

Command LCDC2 Data Set/LCDC2 Data Read 

Address 9Q000H 1/O OUT/INP 

See Appendix C on HD61830 

for more details. 

This is the data register for the slave HD61830. 
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Command LCDC2 Instruction Set 

Address 9020H I/O OUT 

See Appendix C on HD61830 

for more details. 

This is the instruction register for the slave HD61830. 

Command USART Data set/USART Data Read 

Address AOOOH 1/O OUT/INP 

a Transmission/reception data 

This is the data register for 82C51. 

Command USART Command Set/USART Status Read 

Address AO40H 1/O OUT/INP 

4 3 2 5 1 O 

Data Stop bit PE/PO BAUD RATE | Mode command write 

Rx Tx Data FE OE PE TxE read 

This is the control register/status register for 82C51. 
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Command DTMEFE Set 

Address BOOOH 1/O OUT 

rn Tone Data 

This command controls DTMF of MSM6234RS. 

Telephone 

number 
Tone Data High frequency Low frequency 

948.0) 
699.1 
699.1 
699.1 

1336 (1331.7) 9A1 ( 
1209 (1215.9) 697 ( ) 
1336 (1331.7) 697 ( ) 
1477 (1471.9) 697 ( ) 
1209 (1215.9) 770 (766.2) 
1336 (1331.7) 770 (766.2) 
1477 (1471.9) 770 (766.2) 
1209 (1215.9) 852 (847.4) 
1336 (1331.7) 852 (847.4) 
1477 (1471.9) 852 (847.4) 
1209 (1215.9) 941 (948.0) 
1477 (1471.9) (948.0) 

*OONOOBPWN- O 

941 + 

Note: The standard frequency is listed outside the parentheses. The designed : 

frequency is enclosed in parentheses. 
. 
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CD (Carrier Detect) 

{ 0: CD =ON 
1: CD = OFF 

RI (Ring Indicator) 

Interrupt enabled when set to 
a | 3 

TXxR (Tx-READY) 

1: Interrupt from 82C51 Tx-READY 

terminal. The Tx READY terminal is 

set to “1” only when all of the 

following conditions are met: 

@ Tx-RDY = “1” (status register) 
@ RTS terminal = “1” 

@ CTS terminal = ‘1” 

IN PORT E is assigned to an external register. The port senses a communication I/O 
interrupt generated by this command. 

Command TRC IPT Clear ae 

Address B200H OUT 

D7 6 -e) 4 3 2 1 O 

This command clears the communication I/O interrupt. 
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Command IPT Mask Set 

Address B400H 1/0 OUT 

81C55 timer interrupt mask 

FDD mask 

Communication interrupt mask 

Real-time clock interrupt mask 

This command is used to mask interrupts. 1 

By setting “1” in the bit for the appropriate interrupt to be masked, the corresponding I/O i 

interrupt is disabled. All the bits are set to “O” when the power is turned on or when the | 

system is reset. 
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Command Out Port D Data set 

Address B600H I/O OUT 

D7 6 5 4 3 2 1 @) 

con 
Main Power Off | 

FDD Power 

O: OFF 

1: ON 

NMI INHIBIT 

O: INHIBIT 

1: NOT INHIBIT 

Tone Enable 

{ 0: Disable 
1: Enable 

Loop Protect (line switching) 

O: Telephone connect 

1: Telephone disconnect 

Dial Pulse 

O: Break 

1: Make 

RS/M 

O: RS232C select 

1: Modem select 

ANS/ORG 

O: Answer mode 

1: Originate mode 

OUT PORT D is assigned to an external register, and is used to control communication 
and the power supply. 
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Command Printer Strobe 

Address B800H 1/0 | OUT 

D7 6 5 4 3 2 1 O 

This command is executed to output the PR STROBE pulse for the printer interface. 

1.1-1.4 ps 

PR STOROB 

Command KB Strobe (for capacitive keys) 

Address BAOOH 1/O OUT 

D7 6 5 4 3 2 1 0 

Keyboard KBSTB1 pulse is generated when this command is executed. 

pees ans a cel 0.5 ws MIN 

Command 81C55 Timer IPT Clear 

Address BCOOH 1/0 INP i 

D7 6 9S 4 3 2 1 O 

If the 81C55 timer is used as a general-purpose timer, the terminal count pulse is 

latched and the latched terminal count pulse is used as the interrupt signal. This 

command is used to clear the interrupt signal. 
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1p Command HD146818 (RTC) Related Command | 

oh Address COO0H ~ CO3FH 1/0 OUT/INP 

D7 6 5S 4 3 2 1 0 
rely 

aS Data 

a ca This command is used to access the HD146818 (RTC) 64-byte internal RAM. See 

Le Appendix C.4 (page 249) for details. 
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APPENDIX B — — CHARACTER CODE TABLE 

Hexa- Printed | Key Top ; 
Decimal Binary a 

decimal | Character Character c 

0 00 00000000 Space [CTRL] +12] i 
1 01 00000001 S [CTRLI+IAl i 
2 02 00000010 a [CTRL]+1B] : 
3 03 0000001 1 © [CTRL]+{C] : 
4 04 00000100 * [CTRL]+10) : 
5 05 00000101 + [CTRL+IE] : 
6 06 00000110 @ [CTRLI+IFI | 
7 07 00000111 ° [CTRL]+[G] | } 

8 08 00001000 Backspace [CTRL]-+IHI | 
9 09 00001001 Tab [CTRL+{1] : 

10 OA 00001010 o) [CTRL +d) i 
11 OB 00001011 a [CTRL]+{K} | 
12 fe 00001100 $ [CTRL +L] i 
13 OD 00001101 Carriage Return [CTRL]-+IMI : 
14 OE 00001110 Ai [CTRL]+INI ' 
15 OF 00001111 aK [CTRL] +10] i 
16 10 00010000 > [CTRL] +P] { 
17 11 00010001 . [CTRL] +1Q] | 
18 12 00010010 4" [CTRL]+IRI : 
19 13 0001001 1 It [CTRL]+IS] 

20 14 00010100 TI [CTRLI+IT] 
21 1S 00010101 =, [CTRL] +[U] 

22 16 00010110 - [CTRL]+IV] 

23 17 00010111 L [CTRL] +{W] 
24 18 00011000 4 [CTRLI+IX1 
25 19 00011001 4 [CTRLI+IYI 
26 1A 00011010 > [CTRL] +1Z] 

27 1B 00011011 a [ESC] 

28 1C 00011100 L [CTRLI+I>] 

29 1D 00011101 tr [CTRL+11] 
30 1E 00011110 A [CTRL] +16] 



Decimal 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

90 

D1 

92 

93 

54 

ete 

06 

O/ 

08 

09 

60 

61 

62 

63 

Hexa- 

decimal 

1F 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
2A 
2B 
2C 
2D 
2E 
2F 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
3A 
3B 
3C 
3D 
3E 
3F 

Binary 

00011111 

00100000 

00100001 

00100010 

00100011 

00100100 

00100101 

00100110 

00100111 

00101000 

00101001 

00101010 

00101011 

00101100 

00101101 

00101110 

00101111 

00110000 

00110001 

00110010 

00110011 

00110100 

00110101 

00110110 

00110111 

00111000 

00111001 

00111010 

00111011 

00111100 

00111101 

00111110 

00111111 

Printed 

Character 

vV 

(Space) 

0 oN nwnauwnrvAwWpPporP Ss \ | 

WN -- 

oO VY 
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Key Top 

Character 

[CTRL] +[_] 

[Space] 

[1] 

["] 

[#] 

[$] 

[%] 

[&] 

["] 

[(] 



a 

Printed 

Character 
Decimal 

64 

65 

66 

6/7 

68 

69 

70 

71 

72 

73 

74 

15 

76 

Tf 

78 

79 

80 

81 

82 

83 

84 

85 

86 

8/ 

88 

89 

90 

91 

92 

93 

94 

Hexa- 

decimal 

40 

At 

42 

43 

44 

45 

46 

47 

48 

49 

4A 

4B 

4C 

4D 

4E 

4F 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

BA 

5B 

5C 

5D 

5E 

Binary 

01000000 

01000001 

01000010 

01000011 

01000100 

01000101 

01000110 

01000111 

01001000 

01001001 

01001010 

01001011 

01001100 

01001101 

01001110 

01001111 

01010000 

01010001 

01010010 

01010011 

01010100 

01010101 

01010110 

01010111 

01011000 

01011001 

01011010 

01011011 

01011100 

01011101 

01011110 

01011111 

01100000 

= 229 = 

TonmogwdWddD & 

HH Yeon « X Fe corartwinavAnanowvedsrcaza sF na 

? 

Key Top 

Character 

[Z] 

[T] 

[CTRL] +1/] 

[]] 

[é] 

[_] 

[e] 



 —— 

Key Top Decimal 

-—Sss Eee 
97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

Hexa- Printed 

decimal een Character 

61 01100001 a 

62 01100010 b 

63 01100011 C 

64 01100100 d 

65 01100101 e 

66 01100110 f 

67 01100111 9 
68 01101000 h 

69 01101001 i 

6A 01101010 J 
6B 01101011 k 
6C 01101100 1 

6D 01101101 m 

6E 01101110 n 

6F 01101111 O 

70 01110000 
71 01110001 g 

72 01110010 r 

73 01110011 S 

74 01110100 t 
75 01110101 v 

76 01110110 y 

77 01110111 W 

78 01111000 x 

79 01111001 y 

7A 01111010 Z 

7B 01111011 { 

7C 01111100 ! 
7D 01111101 } 

7E 01111110 ~ 

TF 01111111 Space 

80 10000000 C 

81 10000001 U 
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Character 

[a] 

[b] 

[c] 

[d] 

[e] 

[f] 

[g] 

[h] 

[i] 

[j] 

[k] 

[1] 

[m] 

[n] 

[o] 

[p] 

[d] 

[r] 

[s] 

[t] 

[u] 

[v] 

[w] 

[x] 

ly] 

[z] 

[CTRL] +19] 

[CTRL] +1:] 

[CTRL]+[0] 

[CTRL] +[=] 

[CTRL]+[BKSP] 

[SHIFT] +[ALT]-+[F] 

[SHIFT] +[CTRL]+[U] 



a 

Decimal 

ee 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 

162 
I 

Hexa- 

decimal 

82 

83 

84 

85 

86 

87 

88 

89 

BA 

8B 

8C 

8D 

8E 

8F 

90 

91 

92 

93 

Q4 

95 

96 

97 

98 

99 

9A 

9B 

9C 

9D 

9E 

OF 

Binary 

10000010 

1000001 1 

10000100 

10000101 

10000110 

10000111 

10001000 

10001001 

10001010 

10001011 

10001100 

10001101 

10001110 

10001111 

10010000 

10010001 

10010010 

10010011 

10010100 

10010101 

10010110 

10010111 

10011000 

10011001 

10011010 

10011011 

10011100 

10011101 

10011110 

10011111 

10100000 

10100001 

10100010 

Printed 

Character 

Vows go: Oo 

0 

M- M: MM 

A Rm DD oe De 

O> 

0: 

K fh GBC Ow co & & 

eS 

Ox 
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Key Top 

Character 

[SHIFT]+[CTRL]+ID] 

[SHIFT]+ICTRL] +11] 

[SHIFT] +[CTRL]+[Q] 

[SHIFT]+{CTRL] +{Z] 

[SHIFT]+[CTRL] +A] 

[SHIFT]+[CTRL] +F] 

[SHIFT]+[CTRL] +13] 

[SHIFT]+[CTRL]+(E] 

[SHIFT]+[CTRL]+1C] 

[SHIFT] +1CTRL] + 1] 

[SHIFT]+I[CTRL] +18] 

[SHIFT]+ICTRLI+[<] 

[SHIFT]+[ALT]+[Q] 

[SHIFT] +[ALT]+[W] 

[SHIFT]+[ALT]+I[D] 

[SHIFT]+[CTRL]+[X] 

[SHIFT]+[ALT]+1X] 

[SHIFT]+[CTRL] +19] 

[SHIFT] +[CTRL]+1[0] 

[SHIFT] +I[CTRL]+I[>] 

[SHIFT]+[CTRL]+17] 

[SHIFT]+[CTRL]+{M] 

[SHIFT]+ICTRLI+1Y] 

[SHIFT]+[ALT]+[0] 

[SHIFT] +[ALT]+[U] 

[SHIFT]+[ALT] +14] 

[SHIFT]+[ALT]+[3] 

[SHIFT] +[CTRL]+16] 

[SHIFT]+[CTRL] +14] 

[SHIFT]+[ALT]+1C] 

[SHIFT]+[CTRL] +A] 

[SHIFT]+ICTRL]+IK] 

[SHIFT]+[CTRL]+[L] 



ee 

Decimal 

errs 

Hexa- 

decimal 
Binary 

Printed 

Character 

Key Top 

Character 

163 A3 10100011 4 [SHIFT] +[CTRL]+[u] 
164 A4 10100100 [SHIFT]+[CTRL]+IN] 
165 A5 10100101 ~ [SHIFT] +[ALT]+I[N] 
166 A6 10100110 a [SHIFT]+[CTRL]+[2] 
167 A7 10100111 =) [SHIFT] +[CTRL] +[0] 
168 A8 10101000 é. [SHIFT]+[ALT]+[?] 
169 AQ 10101001 = [SHIFT] +[ALT] +16] 
170 AA 10101010 = [SHIFT]+[ALT] +17] 
171 AB 10101011 ly, [SHIFT]+[CTRL] +[?] 
172 AC 10101100 Ky [SHIFT] +[CTRL] +IP] 
173 AD 10101101 [SHIFT]+{ALT]+[1] 
174 AE 10101110 xe [SHIFT] +[ALT] +[K] 
175 AF 10101111 Ss [SHIFT] +[ALT]+[L] 
176 BO 10110000 + [CTRL]+[ALT] +11] 
177 Bt 10110001 or [CTRL]+I[ALT]+[Q] 

178 B2 10110010 == [CTRL]+[ALT]+[DEL] 
179 B3 10110011 | [CTRL]+[ALT]+I[M] 
180 B4 10110100 ; [CTRL]+[ALT]+[B] 
181 B5 10110101 = [CTRL]+[ALT]+[5] 
182 B6- 10110110 4| [CTRL]+[ALT]+IT] 
183 B7 10110111 - [CTRL]+[ALT]+[7] 
184 B8 10111000 A [CTRL]+[ALT]+[P] 
185 BO 10111001 5 [CTRLI+[ALT]+IG] 
186 BA 10111010 | [CTRLI-+IALT]+1u] 
187 BB 10111011 1 [CTRL]+I[ALT]+IK] 
188 BC 10111100 = [CTRL]+[ALT] +11 ] 
189 BD 10111101 U [CTRL]+[ALT] +18] 
190 BE 10111110 4 [CTRL]+[ALT]+[+] 
191 BF 10111111 7 [CTRL]+[ALT]+[<] 
192 CO 11000000 L [CTRL]+{[ALT]+I ”] 
193 C1 11000001 1 [CTRL] +[ALT]+1X] 
194 C2 11000010 oF [CTRL] +[ALT]+1C] 
195 C3 11000011 - [CTRL] +[ALT]+IV] 
rrr eee 
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Decimal 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

225 

226 

22/ 

228 

Hexa- 

decimal 

C4 

C5 

C6 

C7 

C8 

C9 

CA 

CB 

CC 

CD 

CE 

CF 

DO 

D1 

D2 

D3 

D4 

DS 

D6 

D7 

D8 

D9 

DA. 

DB 

DC 

DD 

DE 

DF 

EO 

E1 

E2 

E3 

E4 

Binary 

11000100 | 

11000101 

11000110 

11000111 

11001000 

11001001 

11001010 

11001011 

11001100 

11001101 

11001110 

11001111 

11010000 

11010001 

11010010 

11010011 

11010100 

11010101 

11010110 

11010111 

11011000 

11011001 

11011010 

11011011 

11011100 

11011101 

11011110 

11011111 

11100000 

11100001 

11100010 

11100011 

11100100 

Printed 

Character 

Ma WR Dom EMS et tea Fa ade tr 

2.220 = 

Key Top 

Character 

[CTRL]+[ALT]+IZ] 

[CTRL]+[ALT]+IN] 

[CTRL]+[ALT]+[4] 

[CTRL]+[ALT]+I[R] 

[CTRL]+[ALT]+[0] 

[CTRL]+[ALT]+[L] 

[CTRL]+[ALT]+[S] 

[CTRL]+[ALT]+[D] 

[CTRL]+[ALT]+IF] 

[CTRL]+[ALT] HA] 

[CTRL]+[ALT]+[H] 

[CTRL]+[ALT]+[W] 

[CTRLI+[ALT]+1[2] 

[CTRL]+[ALT]+[E] 

[CTRLJ+[ALT]+[3] 

[CTRL]+[ALT]+[0] 

[CTRLI+[ALT]+1] ] 

[CTRL]+[ALT]+[_] 

[CTRL]+[ALT]+19] 

[CTRL]+[ALT]+1[Y] 

[CTRL]+[ALT]+1[6] 

[CTRL]+[ALT]+1 : ] 

[CTRL]+[ALT]+[>] 

[SHIFT]+[ALT] +E] 

[SHIFT]+[ALT]+I[R] 

[SHIFT] +[ALT]+[H] 

[SHIFT]+[ALT]+LY] 

[SHIFT]+[ALT]+IT] 

[SHIFT] +[CTRL] +15] 

[SHIFT] +[CTRL]+1[B] 

[SHIFT]+[CTRL]+1[G] 

[SHIFT]+[CTRLI+41] ] 

[SHIFT]+[ALT]+[S] 



L Hexa- — Printed Key Top 
a Decimal Binary 
He decimal | Character Character 

| 229 ES 11100101 ci [SHIFT] +ICTRL+I8] 
| 230 E6 11100110 a [SHIFT]HALTI]H 1] 

231 ET 11100111 7 [SHIFT] +{CTRLHT] 
232 ES 11101000 S [SHIFT] +[ALT]+1V] 
233 EQ 11101001 8 ~ [SHIFT]+{[ALT]+1G] 
234 EA 11101010 ? [SHIFT] +[CTRL] +[H] 

235 EB 11101011 § [SHIFT] +{CTRL]+IRI 
236 EC 11101100 00 [SHIFT] +[ALT] +15] 

237 ED 11101101 Z [SHIFT] +[CTRL]+IV] 

- 238 EE 11101110 E [SHIFT] +[ALT]+1” |] 

| i 239 EF 11101111 n [SHIFT] +ICTRL]+[” 

yl 240 FO 11110000 = [SHIFT] +[CTRL]+[4] 
: : 241 F1 11110001 = [SHIFT] +[ALT] +[+] 

: | 242 F2 11110010 : [SHIFT]-+[ALT] +>] 
pal 243 F3 11110011 a [SHIFT] +[ALT]+[<] 

i 244 FA 11110100 : [SHIFT] +ALTI+41 : ] ( 
| 245 FS 11110101 : [SHIFTI+ICTRL+1 |] 
| 246 F6 11110110 = [SHIFT] +1ALT]+{9] 
| 247 F7 11110111 e [SHIFT] +{CTRLI+1_] 
/ 248 F8 11111000 : [SHIFT] +[ALT] +10] 
‘| 249 FO 11111004 y [SHIFT]+IALT]+1 1] 
i‘ 250 FA 11111010 : [SHIFT] +[ALT]+IP] 
‘ 251 FB 11111011 J [SHIFT] HALT] +1] 
i 252 FC 11111100 ‘ [SHIFT]+{ALT]+18] 
7 253 FD 11111101 e [SHIFT] +[ALT] +12] 
i 254 FE 11111110 . [SHIFT] +[ALT]+(ul 
. 255 FF 14411111 Space [SHIFT]+[CTRLI+[BKSPI 
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APPENDIX C — — DOCUMENTATION OF : 
MICROPROCESSOR AND LSI ; 

C.1 MSM80C88 

8-BIT CMOS Microprocessor 

(1) Overview 

— 8-bit data bus interface i 

— 16-bit internal architecture 
: 

— 1M byte directly addressable memory . 

— Software compatible with MSM80C86 
- 

— Internal 14-word by 16-bit register set : 

— 24 operand addressing mode 
: 

— Bit, byte, word and string operations 

— 8- and 16-bit signed and unsigned arithmetic operation 

— 5 MHz clock rate 

— Low power dissipation 

(2) Terminal Connection and Circuit Layout 

EXECUTION UNIT BUS INTERFACE UNIT 

RELOCATION A 
REGISTER FILE REGISTER FILE in 

SEGMENT 
DATA REGISTERS ; 
POINTER AND (Top View) 40 Lead PLASTIC DIP 

AND INDEX INSTRUCTION 
REGS POINTER 
(8 WORDS) (5 WORDS) 

Ea _ 
16-BIT ALU 

| 

(RQ/GTO) i 
FLAGS 

f 
(RQ/GT1) : 
(LOCK) : 
(S2) HN 
(S1) | 
(SO) : 
(QSO0) ' 
(QS1) 7 

INSTRUCTION | 
QUEUE 

| 

INTR 
LOCK 

| | 

aaeTs (— CONTROL & TIMING |) aso, ast Figure C-2. MSM80C88 Pin Configuration i 
ia 

HOLD 
i 

HLDA a, $2, 81, S0 H 
’ ’ rt 

| 
|, 

V3 
it 
i] 

f ped 
+ % 

i 
ih 
ia 

if 
CLK RESET READY MN/MX GND 

Vcc 

Figure C-1. MSM80C88 Block Diagram 
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(3) Pin Description 
ADO-AD7 

ADDRESS/DATA BUS: Input/Output 

These lines form a multiplexed address and data bus. The address bus uses the T1 cycle 
and the data bus uses the T2, T3, TW and T4 cycles. The impedance level on these lines is 
HIGH during interrupt acknowledge and hold acknowledge. 

A8-A15 

ADDRESS BUS: Output 

These lines form an address bus for bits 8-15 at all cycles and need not be latched by the 
ALE signal. The impedance level is HIGH during interrupt acknowledge and hold 

acknowledge. 

A16/S3, A17/S4, A18/S5, A19/S6 

ADDRESS/STATUS: Output 

These lines are for the four most significant addresses at the T1 cycle. When the impedance 

is LOW in the T1 cycle, they access the I/O port address. In the T2, T3, TW and T4 cycles, 

they are status lines. S5 indicates the interrupt enable flag. S38 and S4 are encoded as 

follows: 

Table C-1. S3 and S4 Signals 

These lines are at a HIGH impedance level during hold acknowledge. 

RD 
EAD: Output 

This line indicates that the CPU is in the memory or the I/O read cycle. The line carries a 
read strobe signal when the CPU is reading data from memory or an I/O device. The line is 
active when the impedance level is LOW; it is on hold acknowledge when the impedance is 
HIGH. 

READY 

READY: Input 

This line indicates to the CPU that an addressed memory or I/O device is ready to read or 
write. When the signal is HIGH, the line is active. If the setup and hold time are outside the 
specified range, an error results. 

aoe = 



INTR 

INTERRUPT REQUEST: Input 

This line is for a level-triggered-interrupt-request signal that is sampled during the last clock 

cycle of an instruction or a string manipulation. It can be internally masked by software. The 

line is active when the signal is HIGH and internally synchronized. 

TEST 

TEST: Input 

This line is checked by the WAIT instruction. When TEST is HIGH, the CPU enters the idle 

cycle. When TEST is LOW, the CPU exits the idle cycle. 

NMI 

NON MASKABLE INTERRUPT: Input 

This line causes a type-2 interrupt and is not maskable. 

This signal is internally synchronized with the pulse width equal to two clock cycles. 

RESET 

RESET: Input 

This signal causes the CPU to initialize immediately. This signal is active at HIGH and must 

be at least four clock cycles. 

CLK 
CLOCK: Input 

This signal provide the basic timing for the internal circuits. 

MN/MX 
MINIMUM/MAXIMUM: Input 

This signal selects the CPU’s operating mode. When Vcc is connected, the CPU operates in 

the minimum mode. When GND is connected, the CPU operates in the maximum mode. 

VCC 

VCC: 

+3 — +6V supplied. 

GND 
GROUND 
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The following pin-function descriptions are for the minimum mode only. Other pin functions 

have already been described. 

10/M 
STATUS: Output 

This line selects the memory or I/O address. When the signal on this line is LOW, the CPU 

selects a memory address. When this line is HIGH, the CPU selects an I/O address. The 

impedance level is HIGH during hold acknowledge. 

WR 
WRITE: Output 

This line indicates that the CPU is in a memory or I/O write cycle. When the CPU is writing 

data into memory or to an I/O device, the line is characterized by a write-strobe signal. A 

LOW signal indicates that the line is active. A HIGH impedance level indicates hold 

acknowledge. 

INTA 

INTERRUPT ACKNOWLEDGE: Output 

It is active at a LOW signal. A HIGH impedance level indicates hold acknowledge cycle. 

ALE 

ADDRESS LATCH ENABLE: Output 

This line is used for latching an address into the 82C12 address latch. The pulse is positive 

and the trailing edge is used to strobe the address. This line is never floated. 

DT/R 

DATA TRANSMIT/RECEIVE: Output 

This line is used to control the direction of the bus transceiver. When the signal is HIGH, the 

CPU is transmitting data. When it is LOW, the CPU is receiving data. The impedance level is 

HIGH during hold acknowledge. 

DEN 
DATA ENABLE: Output 

This line is used to control the output enable for the bus transceiver. It is active at a LOW 

signal. The impedance level is HIGH at hold acknowledge. 

HOLD 

HOLD REQUEST: Input 

This is the bus request line from other devices and is active at a HIGH signal level. 

HLDA 

HOLD ACKNOWLEDGE: Output 

This is the bus grant line to other devices and is active at a HIGH signal level. 

SSO 

STATUS: Output 

This line is logically equivalent to SO in the maximum mode. 
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So, $1, $2 

STATUS: Output 

These lines indicate bus status and are used by the 82C88 bus controller to generate all 

memory and I/O access control signals. These lines are HIGH level during hold 

acknowledge. The status is encoded as follows: 

se [| 8° | ewARAcrenisTic 
co Interrupt acknowledge 

Halt 

Code access 

a reasinoneny 
oP witemenoy 
ee 

Table C-2. SO, S1 and S2 Signals 

RQ/GTO 
RQ/GT1 
REQUEST/GRANT: Input/Output 

These lines are used for bus requests from other devices and bus grants to other devices. 

They are bidirectional and active when the signal is LOW. 

LOCK 

LOCK: Output 

This line is active when the signal is LOW, which indicates that another device could not 

gain control of the bus. The impedance level on this line is HIGH during hold acknowledge. 

QSO0/QS1 

QUEUE STATUS: Output 

These lines indicate the internal instruction queue status, as follows: 

a 
a 
ee 
poster [| Empty ques 
es 

Table C-3. QSO and QS1 Signals 
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(4) Functional Description 

m General operation 

The MSM80C88 consists of the Bus Interface Unit (BIU) and the Execution Unit (EU). These 
units operate together, but function as separate processors. 

The BIU performs instruction fetch and queuing, operand fetch, DATA read and write 
address relocation, and basic bus control. By issuing a prefetch instruction while waiting for 
decoding and execution of the previous instruction, CPU performance is enhanced. 

Up to four bytes of instruction stream can be queued. 

The EU receives a prefetch instruction from the BIU queue, decodes and executes it, and 

provides an unrelocated operand address to the BIU. 

= Memory organization 

The MSM80C88 is based on 20-bit, memory-addressing. Each address includes eight 
bytes of data. Memory is organized from OOOOOH to FFFFFH and is logically divided into 
four segments: code, data, external data and stack. The size of each segment is 64K bytes, 
located at a 16-byte boundary (see Figure C-3). 

All memory references are relative to the segment register, based on the segment selection 
rule. Memory location FFFFOH is the beginning address after reset, while OOOOOH through 
OOSFFH are reserved for interrupt pointers, of which there are 256. 

Each interrupt type has a 4-byte pointer element consisting of a 16-bit segment address 
and a 16-bit offset address. 

-—J FFFFFH 

FFFFFH 
RESET BOOTSTRAP 

64 KB CODE SEGMENT PROGRAM JUMP 
FFFFOH 

XXXXOH 

as 3FFH | STACK SEGMENT 
OFFSET _—_ INTERRUPT POINTER 

FOR TYPE 255 
SEGMENT 3FCH 
REGISTER FILE : 

Le oh DATA SEGMENT : 
ee) 7H 
ES. - INTERRUPT POINTER 

L es) aes He 
INTERRUPT POINTER | 3H 

EXTRA DATA SEGMENT PORNO ae 

CHT qoo00H 

Figure C-3a. Memory Organization Figure C-3b. Reserved Memory Locations 
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Memory Reference Segment Register Segment Selection Rule 

Instructions CODE (CS) Automatic with all prefetch instructions 

Stack STACK (SS) For all stack pushes and pops. Memory 
references are relative to BP base register 
except for data references. 

Local Data DATA (DS) Data references when relative to stack, 
destination of string operation are 
explicitly overridden. 

External (Global) EXTRA (ES) Destination of string operations: Explicitly 
Data selected using a segment override. 

Table C-4. Segment and Resister 

= Minimum and maximum modes 

The 80C88 has two system modes: the minimum and the maximum mode. With the 

maximum mode, a multi-CPU system can be organized with the 82C88 bus controller 

generating the bus control signals. 

The minimum mode is appropriate for a simple system that generates its own bus control 

signals. MN/MxX is the mode-select pin. The definitions of pins 24-31 and 34 depend on the 

MN/MxX pin. 

= Bus operation 

MSM80C88 has a time-multiplexed address and data bus. If a non-multiplexed bus is 

desired for the system, it is only necessary to add address latching. 

The CPU bus cycle consists of at least four clock cycles, T1, T2, T3 and T4 (see Figure C-4). 

Address output occurs during T1 and data transfer occurs during T3 and T4. T2 is used for 

changing the direction of the bus for a read operation. When the device that is accessed by 

the CPU is not ready to transfer data and sends to the CPU NOT READY, TW cycles are 

inserted between T3 and T4. 

When the bus cycle is not needed, T1 cycles are inserted. In the T1 cycle, the ALE signal is 

output from the CPU or the 82C88, depending on MN/Mx. At the trailing edge of this pulse, 

a valid address may be latched. Status bits SO, S1 and S2 are used in the maximum mode 

by the bus controller to recognize the type of bus operation, based on the following table: 

= 2or = 



a 
a 

Table C-5. SO, S1 and S2 Signals 

Status bits S3 through S6 are multiplexed with A16-A19, and are therefore valid during T2 

through T4. S38 and S4 indicate which segment register was selected in the bus cycle, 

according to the following table: 

S5 indicates the interrupt enable flag. 

Table C-6. S3 and S4 Signals 

m 1/O addressing 

MSM80C88 has 64K byte I/O. When the CPU accesses an I/O device, addresses AO-A15 

are in the same format as a memory access and A16-A19 are LOW. 

I/O port addresses are the same as the memory. 
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(4 +N WAIT) = TCY 

T1 T2 T3 TWAIT | T4 T1 

DLK 

ALE 

aan ee | )/ 
A19-A16 

(4 +N WAIT) = TCY 

T2 T3 | TW4IT 

GOES INACTIVE IN THE STATE 

JUST PRIOR TO T4 

eS 

LI 
A19-A16 

T4 

srs KK rss KK 

ADDR A15-A8 A15-8 : 

A7-AO 

cy a Ge an) CLD a0 
RD.INTA \ 

READY 

BUS RESERVED 

FOR DATAIN 

a 
® 

D7-00 

VALID 

READY 

aan || i 

DT/R 

3 
MEMORY ACCESS TIME 

Figure C-4. Basic System Timing 
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External Interface 

m RESET 

CPU initialization is executed by the RESET pin. In the 80C88, the RESET signal must be 

HIGH for more than four clock cycles. The rising edge terminates the present operation 

immediately; the falling edge triggers an internal reset sequence for approximately 10 clock 

cycles. Once the internal reset sequence is completed, normal operation begins from 

absolute location FFFFOH. 

mg Interrupt Operations 

An interrupt operation is classified as a software or a hardware interrupt. A hardware 

interrupt is further classified as maskable or nonmaskable. 

An interrupt branches to a new program location, as defined in the interrupt pointer table on 

the basis of the type of interrupt. Absolute locations OOOOOH through OOSFFH are reserved 

for the interrupt pointer table, which consists of 256 elements. Each element is four bytes in 

length and corresponds to an 8-bit number sent from the interrupt request device during the 

interrupt acknowledge cycle. | 

= Nonmaskable Interrupt (NMI) 

A nonmaskable interrupt (NMI) is of higher priority than a maskable interrupt request (INTR). 

An NMI request pulse width requires a minimum of two clock cycles. NMI is serviced at the 

end of the current instruction or between string manipulations. 

m Maskable Interrupt (INTR) 
A maskable interrupt request (INTR) can be masked by software. INTR is triggered by the 

signal level, so it must be held until the interrupt request is acknowledged. 

INTR is serviced at the end of the current instruction or between string manipulations. 

= Interrupt Acknowledge 

During an interrupt-acknowledge sequence, further interrupts are disabled. The interrupt 

enable bit is reset by any interrupt after the flag register has been automatically pushed onto 

the stack. During an acknowledge sequence, the CPU issues a lock signal from T2 of the 

first bus cycle to T2 of the second bus cycle. In the second bus cycle, a byte is fetched from 

the external device as a vector for identifying the type of interrupt. This vector is multiplied 

by four which produces the interrupt pointer address (INTR only). 

The interrupt return (IRET) instruction includes a flag pop operation that restores the original 

interrupt enable bit at the same time that it restores the flag. 

m Halt 

When a halt instruction is executed, the CPU enters halt status. An interrupt request or 

RESET will force the 80C88 out of halt status. 
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m System Timing—Minimum Mode 
The T1 bus cycle begins with the ALE signal. The trailing edge of ALE is used to latch the 

address. From T1 to T4, the 1O/M signal indicates a memory or I/O operation. From [2 to T4, 

the address data bus changes the address bus to a data bus. 

The read (RD), write (WR) and interrupt acknowledge (INTA) signals cause the addressed 
device to enable the data bus. These signals become active at the beginning of T2 and 

inactive at the beginning of T4. 

m System Timing—Maximum Mode 
For the maximum mode, the 82C88 bus controller is incorporated into the system. The CPU 

sends status information to the bus controller, which generates bus timing signals. The bus 

timing is virtually the same as in the minimum mode. 

INTA — \ ff 

ADO-AD7? oA ___ TYPE VECTOR 

Figure C-5. Interrupt Acknowledge Sequence 

C.2 MSM82C84ARS 

(1) Overview 
The 8086 clock generator supplies the clock signal to the 8086 and peripheral circuits, and 

synchronizes the READY signal from the peripheral circuits. 

(2) Terminal Connection and Circuit Configuration 

(Top View) 40 Lead Plastic DIP 

Figure C-6. MSM82C84ARS Terminal Connection 
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RES LS bD 6a RESET 

Liquid 
X1 crystal OSC 
X2 aaa 5 | 

re — boy +s poLk 
Ly 

CLK 

D Q READY 

Figure C-7. MSM82C84ARS Circuit Configuration 

(3) Terminal Description 

A synchronization signal used when outputting clocks with the same 
phase using two or more MSM82C84As. When this signal level is 
high, the internal counter is reset and the CLK level will be high. The 
internal counter starts its operation and a 1/3 duty CLK is output 
when the signal level is set to low. 

A clock signal used by the peripheral circuits. This clock is output 
with a 50% duty cycle and its frequency is one-half that of the CLK 
Signal. 

AEN1 and AEN2 are signals used to enable RDY1 and RDY2, 
respectively. 

A RDY1 or RDY2 level set to high indicates that the connection to 
the system data bus has completed the data reception or is ready 
for data transmission. RDY is valid only when its corresponding AEN 

RDY1, RDY2 

is enabled. 

READY This signal is the product of synchronizing the bus READY signal 
with the CLK signal. The READY status is represented by a high 
level with the same phase as the RDY input. Issuance of this signal 
guarantees the MSM80C86/80C88 CPU that the hold time will be 
maintained. 
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CLK This is a clock signal used by the CPU and the peripheral devices 
connected to the CPU local bus. The frequency of the output 
waveform will either be one-third of the oscillation frequency of the 
quartz oscillator connected to X1 or X2, or one-third of the EFI input 
frequency. The waveform will have a one-third duty cycle. 

An input whose low level is used by the CPU to generate a reset 
signal. Since a Schmitt trigger circuit is used for this signal’s input 
circuit, power on and reset can be performed by connecting a simple 
RC circuit. 

RESET A signal that is produced by synchronizing the signal that is input to 
RES with the CLK signal. This signal is output with the high level 
being active. This signal is used by the CPU as a system reset 
signal. 

This signal is used in selecting the basic signal to be used for 
producing the CLK signal. When a low level is selected, the CLK 
signal will use the output of the quartz oscillator circuit as the basic 
signal. When a high level is selected, the CLK signal will use the 
input signal to EFI as the basic signal. 

When the F/C level is high, the CLK signal is generated using the 
signal that is input to this terminal. The frequency of the signal that 
is input is three times that of the required frequency of the CLK 
Signal. 

Quartz to be used as the quartz oscillator is connected here. The 
frequency of the quartz must be three times that of the required 
frequency of the CLK signal. | 

This is the output of the quartz oscillator, and the frequency of the 
output will be the same as the oscillation frequency of the quartz 
that is connected to X1 and X2. Even if the F/C level is high (for 
using the EFI input for generating the CLK signal), the quartz 
oscillation signal can be received from this terminal as long as a 
quartz is connected to X1 and X2. 

A signal used to select the synchronization mode for the READY 
signal generation circuit. If this signal level is low, the READY signal 
will be generated using two synchronization steps. If the level is 
high, the READY signal will be generated using one synchronization 
step. If this signal is open, the signal must be processed by an 
external device since the Tandy 600 is not equipped with built-in 
pull-up resistance. 

(4) Operation Description 
[Omitted] 
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re | (5) Timing Chart 

(a) RESET and various clock signals 

NAME tELEL tELEH tEHEL 

EF 1 

OSC 

CLK 

PCLK 

CSYNC 

RES 
tCLIL 

RESET 0 

Note: All timing measurements are made at 1.5 volts, unless otherwise noted. 

Figure C-8. MSM82C84ARS CLOCK and RESET Signals Timing Chart 

(b) READY signal (when ASYNC level is low) 

CLK 
{CLR1X 

tR1VCH 

RDY1, 2 
tCLR1X 

_ taA1R1V 
AEN1, 2 

pe tAYVCL tCLATX 

ASYNC 

tRYHCH tRYLCL 
READY 

Figure C-9. MSM82C84ARS READY Signals Timing Chart 
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C.3 MSM81C55RS (PIO) 

(1) Overview 

The MSM8155RS/8156RS is a combination RAM and I/O device used by the 

microcomputer system. The RAM is a 2-Kbit static RAM with a 256-word by 8-bit 

configuration. The I/O is accomplished by two 8-bit ports and one 6-bit, general-purpose I/O 

port. If programming is performed using this general-purpose port (port C), two other ports 

(port A and port B) can be used in the handshake mode, etc. The MSM8155RS/8156RS is 

equipped with a built-in 14-bit programmable counter/timer that is used for counting the 

terminal counter pulse. 

(2) Terminal Connection and Circuit Configuration 

(Top View) 40 Lead Plastic DIP 

*: 8155 =CE, 8156 = CE 

ADo~7 

; <B> PBo~7 
ALE 

RD 

ba (a=. ) PCo~s 
RESET 

TIMER CLK Voc (—5V) 
TIMER OUT Vss (OV) 

*: 8155 = CE, 8156 =CE 

Figure C-11. MSM81C55 Circuit Configuration 

Figure C-10. MSM81C55RS Terminal Connection 
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(3) Terminal Description 

Terminal name 

RESET The signal that is fed from the 8085A. When the es level is high, 
the system is reset and the three I/O ports are set to the input mode. 

LE The falling edge of ALE (address latch enable) is used by the 
corresponding latch circuits as the timing for fetching ADo-7 , |O/M 
and CE (or CE) signals. 

ADo-7 A bidirectional address/data bus with three states. An 8-bit address 
information is fetched by the latch circuit using the falling edge of 
ALE as the fetch timing. Depending on the status of the WRITE or 
READ input signal, it is possible to read an 8-bit data from or write 
an 8-bit data into a chip. 

Reading and writing are not performed when the CE level is high or 
the CE level is low. 

I/O is selected when the level is high, and memory is selected when 
the level is low. 

lf the level is low, the memory information is written into ADo-7 when 
in the memory cycle, and the selected port information is written into 
ADo-7 when in the IO cycle. 

If the level is low, the information in ADo-7 is written into the 
memory when in the RAM cycle, and the information in ADo-7 is 
written into the selected port when in the IO cycle. 

PAO ~7 General-purpose I/O terminals. The I/O direction is selected by 
(PEo ~ 7) programming the command/status register (C/S register). 

PCo ~7 

=| 

The terminals are used either as general-purpose I/O terminals or as 
control terminals for the PA or PB port. The following usages are 
possible when used as control terminals: 

PCo: A INTR (port A interrupt) 
PC1: A BF (port A buffer full) 
PC2: A STB (port A strobe) 
PCs3: B INTR (port B interrupt) 
PC4: B BF (port B buffer full) 
PC5: B STB (port B strobe) 

TIMER IN Input signal for counter/timer. 

TIMER OUT Timer output. A square wave pulse is issued in accordance with the 
control signal specification when the total count reaches a specified 
value. 

< —5V power supply 

< % 
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(4) Operation Description 
[Omitted] 

(5) Timing Chart 

(a) Read cycle 

OE 8185 i S 

orm SEE 
b sxceamneresio! so- {wows} _—{“Yonravnn} 

tAL tLA 

AD e 
RD tRD 

tLe tCL 

tcc — tRV 

Figure C-12. MSM81C55 Read Cycle Timing Chart 

(b) Write cycle 

CE 8155 

or Deseo el 

om i | EN 
| 7 

— tLA tDw tCL 

ALE 

tLL tLc | ; twD 

WR 

tcc tRV 

Figure C-13. MSM81C55 Write Cycle Timing Chart 
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(c) Strobed input mode 

BF 
tSBF 

STROBE -. 
ee 

_ are. / 

RD =e : 
tess | tPHs 

INPUT DATA xX | 

FROM PORT [*s e\ 

Figure C-14. MSM81C55 Strobed Input Mode Timing Chart 

(d) Strobed output mode 

BF \ 

STROBE an | 
tWBF : 

INTR 
twi Ly 

: twP 

OUTPUT DATA Yi 
TO PORT a. 

Figure C-15. MSM81C55 Strobed Output Mode Timing Chart 

(e) Basic input mode 

tPR 

INPUT 

DATABUS KX 

Figure C-16. MSM81C55 Basic Input Mode Timing Chart 
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(f) Basic output mode 

WR 
twP 

DATABUS ae {eae 

OUTPUT | 4 

Figure C-17. MSM81C55 Basic Output Mode Timing Chart 

* The data bus timing is the same as that for the read cycle and the write cycle. 

(g) Timer waveform 

~ Count length register —— Count length register —— 

| 2 | 1 | 5 | 4 | 3 | 2 | 1 | 5 | 
tr is 

TIMER IN 

tf t1 

tcyc 

=F \ / 

TIMER OUT \ (Note 3) / ) 

(pulse) ay 

Sana Rie \ TIMER OUT ‘(Note 3) / 
Ne ee a ; tTL {TH (square wave) 

Note: Output periodically depending on the contents of the output mode (M = 1) program. 

Figure C-18. MSM81C55 Timer Timing Chart 

C.4 HD146818 (Real-Time Clock Plus RAM) 

(1) Overview 
The HD146818 RTC is a peripheral LSI for use with the HUYCS6800 microprocessor. It is 

equipped with a clock and a calendar function for keeping track of the year, month, day, day 

of week, time, etc. 

The HD146818 RTC is equipped with a 50-byte user RAM area and timer functions that 

enable it to generate square waves and periodic interrupts. 
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Clock 

OSC; Generation 

of reference 

Divider 

control 

ee register CE 
(4 bytes) 

DS 

ae Clock, alarm 
— <>} calendar RAM R/W Bus update (10 bytes) 

interface BCD/ 
binary 

AS increment 

ADo 
( c= User RAM 

(50 bytes) AD7 

Circuit Configuration 

Figure C-19. HD146818 Circuit Configuration 

(TOP VIEW) 24 Lead Plastic DIP 
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(3) Terminal Description 

Vcc is the positive power supply voltage; VSs is the ground. 

OSC1, OSC2 Input terminal for connecting a quartz oscillator or an external 
(Reference clock) reference clock. 

CKOUT Clock with the same or 1/4 frequency of the reference clock is 
(Clock out) issued from this terminal. The frequency ratio is specified by 

CKFS. 

CKFS 
(Clock out Frequency 
Select) 

Connect this terminal to Vcc to direct to CKOUT a clock with 
the same frequency as that output from the OSC1 pin; connect 
this terminal to Vss to direct to CKOUT a clock with a 1/4 
frequency. 

SQW Square waves generated in the internal divider circuit are 

(Square Wave) output from this terminal. Bits RSO-RS3 of control register A 
select a 15-step output from the 22-step divider circuit, and 
direct the output to this terminal. 
The SQW output is enabled by setting the SQWE bit in control 
register B to 1. The output from this terminal will have a low 
level if the SQWE bit is set to O. 

ADo through AD7 are bidirectional buses used for data I/O and 
for transferring address information used by the processor for 
accessing RTC. The first half of the cycle is used for 
transferring the address information, and the last half is used 
for data transfer. Address information that is to be transferred 
must be established before the arrival of the falling edge of the 
AS signal. 
The three-state output buffer is used as the data bus driver. 
Unless data is being output by RTC, the impedance will be high. 

ADo-AD7 
(Multiplexed 
Address/Data Bus) 

AS 
(Multiplexed Address 
Strobe) 

A strobe signal used for fetching the address information from 
the multiplexed address bus. The falling edge of this signal is 
used as the RTC address information fetch timing. 

An input terminal for the HMCS6800 system #2 clock (E: 
enable) signal. Data to be read by the processor from RTC is 
output while the signal level is high. Data is written by the 
processor when the signal level falls. With the 8085 series, the 
terminal is used as the input terminal for the RD signal. 

DS 

(Data Strobe) 

R/W An input terminal for the HMCS6800 system R/W signal. The 
(Read/Write) signal level is set to high for the processor to read RTC. The 

signal level is set to low for the processor to write data in RTC. 
With the 8085 series, the terminal is used as an input terminal 
for the WR signal. 

An input terminal for setting the level to low for accessing this 
LSI. With this signal, the level must be set for one cycle. RTC is 
not accessed when this signal level is high. 

CE 
(Chip Enable) 
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Terminal symbol 

IRQ 
(Interrupt Request) 

RES 

(Reset) 

PS 
(Power Sense) 

An active low-level signal for requesting an interrupt to the 
processor. The signal level becomes low and stays low if the 
interrupt enable bit is set and if an interrupt cause is set in the 
status bit. Normally, the processor reads control register C to 
release this signal. When the RES signal level is low, all 
pending interrupt causes are cleared, and this signal is 
released. If there is no interrupt request, this terminal will have 
a high impedance. This terminal can be connected to other IRQ 
Signals by connecting a pull-up resistance. 

An input signal that resets RTC. Reading from and writing into 
the internal registers and RAM are disabled when this signal 
level is low. Instead, the following operations are performed: 
(1) The periodic interrupt enable bit (PIE) is cleared to O. 

The update ended interrupt enable bit (UIE) is cleared to O. 
The interrupt request status flag is cleared to O. 
The periodic interrupt flag (PF) is cleared to O. 
The alarm interrupt flag (AF) is cleared to O. 
The update ended interrupt flag (UF) is cleared to O. 
The IRQ terminal will be in a high impedance state. 

(9) The square wave output enable bit (SQWE) is cleared to O. 
The RES signal has no effect on the clock calendar or RAM 
functions. 

The PS input signal is used along with the valid RAM and times 
(VRT) bit of control register D. When this signal level is low, the 
VRT bit is cleared to 0. Signal from the external power sense 
circuit is entered from this terminal. 



C.5 MSM825C51ARS 

(1) Overview 

The MSM82C51ARS is a CMOS-type USART (universal synchronous/asynchronous 

receiver/transmitter) for data communication use. 

(2) Terminal Connection and Circuit Configuration 

= Data bus 

Do ~ D7 buffer 

Transmission TXD 

data buffer 

Avg Transmission TxRDY 
C/D Control control TXEMPTY 

a ° circuit circuit TxC 

CS O 

DSR O 
OTE | Modem Reception 

_ control data RxD 
1 circuit buffer 

RTS : 

Reception RxRDY 

control RxC 
circuit SYNDET/BD 

Figure C-21. MSM82C51ARS Circuit Configuration 

(Top View) 
28 Lead Plastic DIP 

D1 

DO 

Vcc 

RxC 
DTR 

RTS 

DSR 

RESET 

CLK 

TxD 

TXEMPTY 

CTS 

SYNDET/BD 

TxRDY 

Figure C-22. MSM82C51ARS Terminal Connection 
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(3) Terminal Description 

Terminal symbol 

Do- A bidirectional data bus used for CPU I/O of data, commands, 
Status, etc. 

4 

| 

RESET An active high terminal that resets 82C51A. 

CLK An input terminal for the 82C51 master clock. 

A signal terminal for writing data or command. 

A signal terminal for reading data or status. 

C/D A signal terminal used in specifying whether the content of the 
data bus is data, command or status during read or write. 

A terminal used for selecting 82C51A. 

TxD _A transmission data output terminal. 

TxRDY A terminal that indicates that transmission data can be received 
from the CPU. | 

A terminal that indicates the absence of data to be sent by 
B82C51A. 

— © bas | 

A transmission clock input terminal. 

A reception data input terminal. 

RxRDY A terminal that indicates the presence of reception completed 
data in 82C51A. 

A reception clock input terminal. J * ©) 

SYNDET/BD An input terminal for external synchronization detection, if in 
the external synchronization mode. 
An output terminal indicating synchronization detection, if in the 
internal synchronization mode. 
An output terminal for indicating break status detection, if in the 
asynchronous mode. 

An input port for modem interface. 

] —_| =e An output port for modem interface. 

An input terminal for modem interface used for controlling 
transmission. 

a dl w An output port for modem interface. 

< O Oo Vcc power supply terminal. 

GND power supply terminal. 

(4) Operation Description 
[Omitted.] 
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(a) Write Cycle (CPU-USART) 

TXRDY 
tTXRDY CLEAR 

{ww 

twD 

DON’T CARE DON’T CARE 
DATA IN (D.B.) ( DATA STABLE y 

tAW twa 

” Jj 
tAW tWwAa 

Figure C-23. MSM82C51ARS Write Data Cycle Timing Chart | 

(b) Read Cycle (GPU-USART) 

RXRDY 
tRXRDY CLEAR 

tRR 

| 
{DF : 

DATA FLOAT DATA FLOAT 4 
DATA OUT (D.B.) (DATA OUT ACTIVE B: i 

” a t\ f I : 

Figure C-24. MSM82C51ARS Read Data Cycle Timing Chart 
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(c) Transmitter Control and Flag Timing (ASYNC MODE) 

CTS fp 

¥) 

(STATUS BIT) 

TXRDY Vea ; — ft, ’ 
oe WrDATAINT PATA2 | WrDATA3_WrDATA4 i os eee eels eee ee 

ae __Wr TxEn nn a pa sane WR P C e Q e e 

vi Nv : a eee nooogood”_accaaoag 20000007 LOOK 
DATA CHAR1: DATA CHAR2 DATA CHAR3 Or ANMNTOO 

START BIT DATA BIT STOP BIT 

Note: The waveform diagram applies to the case of a length of 7 data bits + parity bit + 2 
stop bits. 

Figure C-25. MSM82C51ARS Transmitter Control and Flag Timing Chart (ASYNC MODE) 

(5) Timing Chart 
(a) Transmitter Clock and Data 

tTPw tTPD 
TXC (1 X MODE) 

TXC (16 X MODE) 

tDTX tDTX 

Figure C-26. MSM82C51ARS Transmitter Clock and Data Timing Chart 
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(b) Receiver Clock and Data 

| (RX BAUD COUNTER STARTS HERE) | H 
axon YY START BIT f-———SCATACBIT —————CX_CDATABBIT i 

tRPD 

RXC (1 X MODE) ee : 
8 RXC PERIODS __|__ x oe 16 RXC PERIODS (16 X MODE) 

~ RXC (16 X MODE) 

Latey tev | 
INT SAMPLING 

] 

PULSE i | | | 

Figure C-27. MSM82C51ARS Receiver Clock and Data Timing Chart 

(c) Receiver Control and Flag Timing (ASYNC MODE) | 

BREAK DETECT 
: 

OVERRUN ERROR 

(STATUS BIT) : | - {RxRDY © —ee CHARZ | 
sty q i | 

RXRDY pe pr: ol ' 
C/D - Nees ee et = —- ai oe \__/ a 

a el = 
ale ah, RxEn 

RXDATA DOOOOOOT .DOOOIOOT es p 

DATA CHAR? DATA CHAR3 OH NOTHO OH ANYTOHO 

DATA CHAR2 BREAK RxEn Err Res 

FRAMING ERROR ae, . | 

PARITY BIT START BIT DATA BIT PARITY BIT STOP BIT START BIT DATA BIT STOP BIT 

Note: The waveform diagram applies to the case of a length of 7 data bits + parity bit + 2 

stop bits. 

Figure C-28. MSM82C51ARS Receiver Control and Flag Timing Chart | 
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(d) Write Control or Output Port Cycle (CPU—-USART) 

DTRATS 

twc _ tww 
WR 

, two | heck coos | DATA IN (D.B.) DON'T CARE ~ DATASTABLE } DON'T CARE 

aw 1 

twa 

CS 

Figure C-29. MSM82C51ARS Write Control or Output Port Timing Chart 

(e) Read Control or Input Port (CPU—USART) 

DSR.CTS 

tcr 
ee RR 
RD j 

DATA OUT (D.B)) DATA FLOAT { DATA OUT ACTIVE } DATA FLOAT 

tar tRA 

C/D 

tAR tRA 

CS 

Figure C-30. MSM82C51ARS Read Control or Input Port Timing Chart 



C.6 MSM6946RS 

(1) Overview : 
The MSM694RS is a 300-BPS FSK modem. u| 

(2) Terminal Connection and Circuit Configuration 

Figure C-31. MSM6946RS Terminal Connection 

SG1 © ©) SG2 

OQ ne SG1 SG2 C) CDR2 

VD OQ, 

ss O- 0 
DG OQ-- 

: | 
F 

VA 

ram 

M © SW C) RD2 

va ” i FT O O D2 

pea ye Sar ee 7 

| TRANSMIT 

C) XD 

() RS1 

C) RS2 

O cs 

Sree 

OC) LT 

Figure C-32. MSM6946RS Circuit Configuration 
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(3) Terminal Description 

X1 X1 and X2 are connected to crystal oscillators with a 
resonance frequency of 3.57954 MHz. The clock necessary for 
the IC operation is output from this terminal. X1 is used as an 
input terminal when an external clock is used. 

X2 See the above description for X1. This terminal is opened when 
an external clock is used. 

CLK Output terminal for an 873.9 Hz clock. This terminal is mainly 
used when an external timer is used. 

LT A control input terminal used for performing a loop test. When a 
digital 1 is entered, the data that is entered to XD and R$1 is 
output to RD and CS, respectively. At this time, the 
demodulated data of the AIN reception carrier signal is not 
output to RD but is used as the input data for the modulator. A 
modulation carrier signal is generated in accordance with the 
operation mode specified for the modulator. Whether or not the 
modulation carrier signal that is output to AO is controlled by 
CC, and not by RS1. Enter a digital O to LT for a normal 
operation. 

Controls whether or not a modulation carrier signal will be 
output to AO during loop test (LT = digital 1). A modulation 
carrier signal is output to AO if a digital O is entered, and the 
signal is not output if a digital 1 is entered. This terminal has no 
effect on the operation if a digital O is entered to LT. 

A clear to send output terminal that indicates whether or not the 
modulator is in a data transmittable status. A digital output of 1 
indicates that the modulator is not in a data transmittable status 
(OFF). A digital output of O indicates that the modulator is in a 
data transmittable status (ON). A digital O is output from this 
terminal after the elapse of the RS/CS delay time subsequent to 
the input of a digital O to the RS1 terminal. A digital 1 is output 
from the CS terminal when a digital 1 is entered to the RS1 

— terminal, without any delay. 

A request to send input terminal. A digital O is entered to set 
the modulator to data transmission status (ON). A digital 1 is 
entered to disable (OFF) the modulator from data transmission. 
A digital O must be maintained while data transmission Is in 
progress. 

The output of an external delay timer, if used, is input to RS2. 
Fix the input to a digital O or 1 if the built-in delay timer is used. 

A transmission data that is FSK modulated and sent to the line 
via AO. A digital 1 specifies a mark side frequency signal, anda 
digital O specifies a space side frequency signal. Signal 
reaches AO when digital O is entered to RS1. 
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A reception data. FSK modulated signal that is received by AIN 

is demodulated and is output as a serial data. A digital 1 
indicates mark, and a digital O indicates a space. If the carrier 

detector output (CD2) is a digital 1 (that is, OFF), a mark status 
(digital 1) is maintained. 

The carrier detection circuit is connected to the built-in delay 
timer with an internal connection. CD1 outputs the carrier 

detection signal prior to it passing through the delay timer. 

When an external delay timer is used, the input for the timer is 
connected to CD1, and the output from the timer is connected 
to CD2 (I/O terminal). When this is done, CD2 functions as an 

input terminal. 

An output data from the carrier detector. CD2 is used as an 

input terminal for connecting the output of an external delay 

timer, if one is used. Whether or not an external delay timer is 
used, the CD2 status indicates the status of the carrier 

detector. A digital O indicates the presence of a carrier, while a 

digital 1 indicates the absence of a Carrier. 

RD1 is an output from the modulator. The output is normally 

entered directly to RD2 in the logical interface circuit where it is 

controlled and subsequently output to RD. When an output data 

from the modulator that has been controlled by NCU 
(network-control unit) is necessary as the RD2 signal, RD1 and 
RD2 are connected through an external gate circuit. 

See the description for RD1. 

A ground for the digital circuit power supply (VD). Shares DG 

CDR1 

with AG at a point sufficiently close to the system ground. 

CDR2 

A reference voltage output for the carrier detection circuit. The 

- carrier detection level is set using an external resistance. An 

approximate +3V with respect to SG2 is used as the reference 

voltage. 

An inverse input terminal for the built-in operational amplifier 

used in setting the carrier detection level. 
Normally, two external resistances are connected. A suitable 

carrier detection level is set by adjusting the ratio between the 

two resistances. The implication is that the reception signal 
level loss caused by the line transformer can be compensated 
for. Select the two resistances so that the sum of the 
resistances is at least 50k ohms. 

A built-in signal ground used only by the carrier detection 
circuit. To keep the impedance low so that high performance 
can be obtained, it is better to bypass to AG, at a point close to 

the device, using a capacitor with a capacitance of at least 0.01 

microfarads. 

A ground for the analog circuit power supply (VA). Shares the 
ground with DG at a position close to the system ground. 
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A built-in signal ground used as a ground for all analog circuits 
other than the carrier detection circuit. To reduce the 
impedance so as to assure high performance, it is better to 
bypass to AG, at a position close to the device, using a 
capacitor with a capacitance of at least 1 microfarad. 

A reception signal input terminal for the Tandy 600. A modem 
will fetch only the digital information from the AIN FSK 
modulated signal, and output the information as a serial data to 
RD. 

An input for specifying the selection between originate mode 
and answer mode. The originate mode (transmission carrier 
frequency less than the reception carrier frequency) is selected 
if itis a digital 1, and the answer mode (transmission carrier 
frequency higher than the reception carrier frequency) is 
selected if it is a digital O. When used with FT, this terminal can 
be used for testing the transmission and reception filters. 

An input terminal used for device testing. When a digital 1 is 
entered, AO is disconnected from the transmission filter output 
and is connected to the reception filter output. To use this 
terminal, connect the terminal to a digital O. 

| A power supply for the analog circuits. The recommended 
voltage is +12V. To eliminate noise, bypass to AG using a 
capacitor with a capacitance of approximately 10 microfarads. 

A transmission signal output terminal for the Tandy 600. The 
transmission binary information entered to XD is FSK 
modulated by the modem, and is transmitted to the line from 
AO. The DC potential is approximately one half that of VA. Set 
the load resistance to at least 50k ohms. Since the 
transmission signal level will change mainly with VA, it is 
necessary to adjust the level using two resistances. 

A power supply for the digital circuits whose recommended 
voltage is +5V. To reduce noise, bypass to DG using a 
Capacitor with a capacitance of approximately 10 microfarads. 

TS1 and TS2 are input terminals used for selecting the value 
for the built-in delay timer. By entering a digital 1 to both 
terminals, an external delay timer may be connected. If this is 
done, however, all delay timers must be external. When this 
mode is selected, CD2 will function as an input terminal. The 
built-in delay timer is used for RS/ON--CS/ON, CD/ON and 
CD/OFF. 

See the description above for TS1. 

(4) Operation Description 
[Omitted] 

FT 

VA 

VD 

TS1 

$2 

202 



(5) Timing Chart 

= TRCOFF 

“~~ fA a: ——— PT Se 

CD/OFF en ee 
CD/ON LEVEL 

Ser itiititt i. a 
LJ VY 

oe = 
CD 

Figure C-33. MSM6946RS Timing Chart 
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C.7 MSM6234RS 

(1) Overview 
The MSM624RS is a DTMF (dual-tone multifrequency) signal generation C-MOS LSI for 

push-button-type telephones. 

(2) Terminal Connection and Circuit Configuration 

Vpp 

TONE DISABLE 

3.579545 MHz Oscl 

yy VoD 

: cd KEYBOARD 
a 

i Figure C-35. 

(Top View) 
16 Lead Plastic DIP 

TONE OUT 

SINGLE TONE INHIBIT 

Figure C-34. MSM6234RS Terminal Connection 

| MUTE 
1/2 LOGIC o AKD 

8 STAGE 
CK! JOHNSON 

160, 146,132, | | | R| COUNTER 
118 Vpp 

ADDER 

_TONE 
OUT 

8 STAGE 

JOHNSON 

COUNTER 
92, 84, 76, 68 

[HIGH] 

MSM6234RS Circuit Configuration 
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(3) Terminal Description 

OSCI, OSCO A terminal to which a 3.579545 MHz quartz oscillator is 
connected. _ 

A DTMF selection input terminal. R1-R4 selects the low 

frequency, and C1-C4 selects the high frequency. The 

relationship between the input signal and frequency is shown in 

Table C-7. 

This terminal will have a low level while a DTMF selection signal 
is being input. Otherwise, it will be open. 

An input terminal that controls the TONE OUT terminal. With a 

high level input, the tone is output to the TONE OUT terminal, 

and with a low level input, tone output is disabled. 

TONE DISABLE 

SINGLE TONE A single tone is output when two or more columns are selected 

INHI BIT for a single row or when two or more rows are Selected for a 

single column. This is an input terminal for controlling the 

output of the TONE terminal. 

High level input: Outputs a single or dual tone; 

Low level input: Disables output of only the single tone to the 

TONE OUT terminal; DC level takes effect. 

An input terminal for DTMF selection. The low frequency and 

high frequency selected by (row,column) are combined and are 

output from this terminal. 

TONE OUT 

Note: R1i-R4: Row input 

C1-C4: Column input 
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699.1 Hz 1215.9 Hz 

766.2 Hz i 1331.7 Hz 

847.4 Hz C 1471.9 Hz 

948.0 Hz | 1645.0 Hz 

Table C-7. Relationship between TONE OUT Terminal and Output Frequency 

(4) Operation Description 
[Omitted.] 

(5) Timing Chart 

(a) TONE OUT Terminal Output Control 

Ri~ Ra 

Ci ~ C4 | | 

TONE DISABLE as ee 

AKD a Se in 

TONE out —————JW/UWMML__ 

Figure C-36. MSM6234RS TONE OUT Terminal Output Control Timing Chart 
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(b) Relationship between R1-R4 and TONE OUT 

TONE OUT A 

Figure C-37. MSM6234RS Relationship between Ri-R4, C1-C4 and TONE OUT Timing Chart 
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C.8 HM6264LP-15 

(1) Overview 
The HM6264LP-15 is an 8192-word by 8-bit, DIP-type CMOS static RAM. 

(2) Terminal Connection and Circuit Configuration 

(Top View) 

28 Lead Plastic DIP 

A3 © 
A4 o 

he O 
—o Vcc 

fe Row Memory Matrix ——o GND 

he : Decoder 256 X 256 

Ai1 © 
Ai20 f 

1/010 
Column I/O 

Input 
a Column Decoder 

Control YW | 
l/Ogo J lt 4 

Ai A2 A3_At10 

7 
1 | 

oe 

CS20 

CSi0 

“ates Read, Write Control 
WE o 

OE o 

Figure C-39. HM6264LP-15 Circuit Configuration 
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(3) Terminal Description 

[eminem [Rincon 
[poate atari 
ees Chip select input terminal 

(a Ometeitiemi 
We cesiniemin 
a 
(4) Operation Description 
[Omitted.] 

(5) Timing Chart 

(a) Read Cycle 

so ) a =i WOM 
{tHZ2 

= (I “| mmr 
- OK wate KD) 

Figure C-40. HM6264LP-15 Read Cycle Timing Chart 
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(b) Write Cycle (OE Clock) 

twc 

OE re 

OST QQ OOO WLLILLLLLLLLLL. 

C82 YLLILNMILLLLL INSNAN 
tas(3) an 

SON WLI 
tOHZ(5) 

Si oS 
ee ELE tow tDH 

° Ko XXX 
Figure C-41. HM6264LP-15 Write Cycle (OE) Timing Chart 
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C.9 HM6264LFP-15 | : 

(1) Overview 
The HM6264LFP is an 8192-word by 8-bit, FLP-type CMOS static RAM. 

(2) Terminal Connection and Circuit Configuration 

(Top View) 

40 Lead Plastic FLP 

Vcc 

WE 

CS2 

Aé 

Ag 

Ait 

OE 
A10 

CSi 
[/Os 

|/O7 

I/O6 

1/05 

1/04 

—o Vcc 

Memory Matrix —° GND 
256 X 256 

1/01 0 
Column I/O 

Column Decoder 
Input 

Data 

Control 

1/08 o 

_ Read, Write Control 

Figure C-43. HM6264LFP-15 Circuit Configuration 
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(3) Terminal Description 

[terminator [Pon 
Bla [oetmme 1/01-1/08 Data I/O terminal 

(EP outenabiinputternin 
We ite crate input 
eno ons 
(4) Operation Description 
[Omitted] 

(5) Timing Chart 

(a) Read Cycle 

Address 

tAA 

tz 

tco2 tHZ1-- 

08 TMM | | WX 
TI | TE 

- OK __saevene |XX) 
{tOHZ 

Figure C-44. HM6264LFP-15 Read Cycle Timing Chart 
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(b) Write Cycle (OE Clock) 

Address 

twc 

AAAS A GI ILI III ITIL 

PO TILL. 

erence ee 
EEE MEE aaa ae 2“ fe 

tow 

KKK 

Figure C-45. HM6264LFP-15 Write Cycle (OE) Timing Chart 
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C.10 HN613256P 

(1) Overview 
The HN613256P is a 32768-word by 8-bit, DIP-type mask programmable ROM. 

(2) Terminal Connection and Circuit Configuration 

(Top View) 

28 Lead Plastic DIP 

8-State A Memory 

: Output As Matrix 

Ae (32768 X 8) 
A Address 

7 
As Decoder 

Buffer 

Figure C-47. HN613256P Circuit Configuration 
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(3) Terminal Description 

a 

a 
(oe ont emtienoutomne 

(4) Operation Description 
[Omitted.] 

(5) Timing Chart 

tRc 

& SY, AIL 
=o WA : | ae 

Dout tacs 

Figure C-48. HN613256P Timing Chart 
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le C.11 WD2797 

(1) Overview \ 

The WD2797 is a floppy-disk drive control LSI of the WD279X series. This FDC is 

software-compatible with the FD179X series, and is equipped with a built-in write 

precompensation function, VFO, data separator, etc. 

(2) Circuit Configuration and Terminal Connection 

Output 

buffer 

COMMAND 

REG. 

SECTOR 

REG. 

TRACK STATUS 

i REG. Th REG. 

RAWREAD 

le a ye ee ALU 
ccaienneets! x aaeny en) a! 

PLL 

DATA SEPARATOR 

C 

RE. Computer Gonirel PLA Control Disk TROO 
WE interface —| control interface 
AO control (230 X 16) control DIR 

ns Figure C-49. WD2797PL-02 Circuit Configuration 
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WD2797PL-02 WD 

WG 

TG43 

128} HLD 

RAWRD 

5 | 26] VCO 

DIRC Lis SSO/ ENMF 

5/8 Uz 241 CLK 

RPW PUMP 

MR TEST 
GND VCC 

On kR W NY 

DAL7 1 

STEP 

a ee 9 

— 

— — —)/ ju ; 

ABABEERARAEAE 

Figure C-50. WD2797PL-02 Terminal Connection 

(3) Terminal Description 

Terminal symbol 

An abbreviation for enable precompensation. Write 
precompensation is performed when ENP = 1. 

WD2797 is reset by entering a negative pulse to MR for more 
than 50ms. 

i 
A power supply (+5V) terminal. 

[We awe pe soa erwin tothe GPU to WO2TaT. 
: 
c 

ce a ae 



An internal register select signal. 

DALO-DAL7 A bidirectional data bus used for data transfer, status read, etc. 

A 1 MHz clock input terminal. 

A data request terminal for read/write operation. This signal is 
automatically reset if a read or write is not performed. 

A signal that determines the seek operation direction. The head 
seeks inward when the signal is 1 and seeks outward when the 
Signal is O. 

The VCO frequency differs between a 5-inch floppy-disk drive 
and an 8-inch floppy-disk drive. The frequency selection is 
made from this terminal. 

The VCO central frequency and write precompensation 
calibration are performed with this signal set to O. 

A terminal used to set the VCO output charge pump constant. 
SSO = O for head No. 0, and SSO = 1 for head No. 1. 

The VCO central frequency is determined by the capacitance of 
the capacitor connected to this pin. 

VCO An abbreviation for read pulse width. The phase comparator in 
the data separator is controlled by this terminal. 

| RPW Read data from the floppy-disk drive is entered to this terminal. 

HLD An output signal to the floppy-disk drive. The head contacts the 
disk surface when this signal level is HIGH. 

TG43 TG43 level is LOW for track numbers O through 43, and is 
, HIGH for track numbers above 43. 

RAW READ Read data from the FDD is entered to this terminal. 
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An abbreviation for write gate. WG level is HIGH when writing to 
a floppy-disk drive. 

An abbreviation for write data; a write signal to a floppy-disk 

An abbreviation for write precomp width. A terminal used for 
setting the write compensation value. 

An abbreviation for write protect. An input terminal for the 
WRITE PROTECT signal from the floppy-disk drive. 

An abbreviation for double density. Double-density is selected 
if the DDEN level is LOW; single-density is selected if the 
DDEN level is HIGH. 

A timing signal for indicating termination of head load. An HLT 
level of HIGH indicates termination of head load. 

(4) Operation Description 
[Omitted.] 

(5) Timing Chart 

(a) CPU Interface Timing 

DALO~7 C VALID 

Figure C-51. WD2797LFP-02 CPU Interface Timing Chart 
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(b) SEEK operation 

Figure C-52. WD2797 SEEK Timing Chart 

(c) WRITE DATA Timing 

Figure C-53. WD2797 WRITE DATA Timing Chart 

(d) READ DATA Timing 

READ | | | 

DATA 

Figure C-54. WD2797 READ DATA Timing Chart 
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C.12 uPD8257 

(1) Overview 
uPD8257 is a 4-channel DMA (direct memory access) controller. Its main function is to 

control data read/write operation between the storage and the peripheral devices without the 

intervention of the CPU, by generating R/W control signals and continuous memory 

addresses. 

(2) Terminal Connection and Circuit Configuration 

DREQO 

Data 
bus 
buffer 

DACKO ine DREQ1 A ZA 

DREQ2 

—_ ia 

fief? 

ae 

Control 
logic 
and mode 
set 
register 

READY 
HRQ 

HLDA 
MEMR 
MEMW 

AEN 
ADDSTB 

DREQ3 

DACK3 

Figure C-55. uPD8257 

Terminal Connection 

Priority 
determina- 
tion 
circuit 

TC 

MARK 

Figure C-56. ,«PD8257 Circuit Configuration 
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(3) Terminal Description 

/ aa A terminal used as an input terminal when in the slave mode. 
By entering a low level, the 8-bit status register, the 16-bit DMA 
address register, or the most or least significant byte of the 
16-bit TC register is read. A control output signal is output 
when in the master mode. It is used for receiving data from the 
peripheral devices during the DMA write cycle. 

5 z A terminal used as an input terminal when in the slave mode. 
By entering a low level, loading is enabled for the 8-bit mode 
set register, the 16-bit DMA address register, or the most or 
least significant byte of the TC register. When in the master 
mode, it is used for the control output signal that allows data to 
be written to the peripheral devices. 

When in the DMA read cycle, the terminal is used for reading 
the data from the storage location that is addressed. The 
terminal will have a high impedance when in the slave mode. 

When in the DMA write cycle, the terminal is used for writing 
the data to the storage location that is addressed. The terminal 
will have a high impedance when in the slave mode. 

A terminal used in notifying the peripheral devices that the DMA 
cycle that is currently being executed is the 128th cycle from 
the previous MARK signal. MARK occurs at every 128th cycle 
from the end of a data block. MARK is issued after the elapse of 
128 cycles from the beginning of a data block, if the total 
number (n) of DMA cycles is divisible by 128, and if n-1 is 
loaded in the TC register. 

If a storage that is used is slow and requires a long cycle, the 
memory read/write cycle can be extended by asynchronously 
entering a low-level signal to this input terminal. Doing so will 
cause the »PD8257 to place a weight on the internal state and 
extend the memory read/write cycle. 

An input terminal for receiving the HLDA signal. This HLDA 
signal is returned from the 8080A when a hold request is 
accepted and indicates that the »~PD8257 has gained control of 
the system bus. When in this state, the bus output from the 
8080A has a high impedance. 

HLDA 

An output terminal for a strobe signal used for sending the most 
significant memory address byte from a data bus to the 
u4PB8218. The terminal is usually connected to the STB input 
of the wPB821 2. 
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The output of this terminal is sent to the system controller bus 
enable (BUSEN) input on the »PB8228. The output also sets 
the data bus and the control bus used for output from the 
uPB8228 to a high impedance. 
To disable devices not involved in DMA from responding during 
a DMA cycle, this terminal signal may also be employed to use 
the address bus driver enable input in the system to disable the 
system address bus. 
The signal is also used to disconnect the »PD8257 data bus 
from the system data bus so that a special timing restriction 
need not be imposed on the system bus when transferring the 
most significant 8 bits of the DMA address from the »~PD8257 
data bus. When the »PD8257 is being used in an |/O device 
configuration (for memory mapping), the AEN output is used to 
prevent an I/O device from being selected when the DMA 
address enters the address bus. The selection of an I/O device 
must be made by outputting a DMA acknowledge to 4 channels. 

An output signal used for requesting control of the system bus. 
The terminal is connected to the HOLD input on the 8080A 
when only one »PD8257 chip is used in the system. When two 
or more chips are used, an additional circuit (priority encoder) 
must be established so that two or more HRQ signals are 
summarized by one HOLD request signal. 

When the »PD8257 is being programmed or read in the slave 
mode, the I/O read and I/O write inputs are enabled. CS is 
automatically disabled in the master mode so that CS itself is 
not selected during DMA operation. 

A clock input. Normally, the 2 (TTL) signal output by the 
uPB8224 (clock generator) is fed to this terminal. 

Normally, receives the asynchronous reset output from the 
uPB8224 to clear all the registers and control signal of the 
uPD8257, and to implement the slave mode. Also, any and all 
operations are suspended when a reset signal is entered, 
regardless of the »PD8257 state, and idle state (S1) is entered. 

An asynchronous channel request input that is used 
independently by the peripherals to request a DMA cycle from 
uwPD8257. 
Unless in the rotation priority mode, DRQ3 has the lowest 
‘priority and DRQO has the highest priority. 
DRQn input will cause a high level to be maintained until 
DACKn is received. For a multi DMA cycle (burst mode), DRQn 
input will cause a high level to be maintained until a DACKn of 
the last cycle is received. 
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Terminal symbol 

When the »PD8257 is being programmed by the 8080A (CPU), 
data that is output from the 8080A to be coded in the DMA 
address register, the most and least significant 8 bits of the TC 
register, or the 8 bits of the mode set register is received from 
the data bus. 
When the 8080A is reading the contents of the DMA address 
register, the TC register, or the status register, the data is sent 
to the 8080A over the data bus. (This description is for the 
slave mode.) 
During the DMA cycle (uPD8257 is the bus master), the most 
significant 8 bits of a memory address are sent from the 
44PB8218 from one DMA address register over the data bus. 
These address bits are transmitted at the start of the DMA 
cycle. After the transmission, the address bits are used for the 
memory data transmission which occurs during the remaining 
portion of the DMA cycle. 

In the slave mode, this input terminal is used to select the 
register that is to be read out or programmed. In the master 
mode, the least significant 4 bits of the 16-bit memory address 
from the 1.PD8257 are output from this terminal. 

In the master mode, bits 4-7 of the 16-bit memory address from 
the ~PD8257 are output from this terminal. 
In the slave mode, the terminal will have a high impedance. 

a The TC output informs the currently used peripherals that the 
| DMA cycle that is currently being executed belongs to the last 

cycle of the data block. If the TC stop bit in the mode set 
Po register is set, the channel that is selected is automatically 
| | disabled at the end of the DMA cycle. 

The TC signal is output when the value of bit 14 of the TC 
register of the selected channel becomes O. It is necessary for 
n-1 to be loaded in the least significant 14 bits of the TC 
register, where n is the number of DMA cycles to be executed. 

(4) Operation Description 
[Omitted.] 
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(5) Timing Chart 

(a) READ Timing 

CS 

RA 

TAR~ 

VORD TRws 7 
I/ORD : 

TRDE TRDF 

Do~D7 | 
l 
i 

Figure C-57. «PD8257C-5 READ Timing Chart 

(ob) WRITE Timing 

TAW TWA 

eS 

iii cif 

I/OWR 

Figure C-58. «PD8257C-5 WRITE Timing Chart 
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(c) DMA Mode Timing 

fe ee ee eae AND BURST MODE SEQUENCE —+.+—_——_—_ 
S1 S4 Si S2 S38 S4 S1 | $1 SO. Si SO S1 S2 

CLOCK SAS Pecos cee 
DRQO-3 feb Liar | rr 

AEN en 
ADRO-7 (LOWER ADR) eee ee 

DATA 0-7 (UPPER ADR) 

ADR STB 
TASC 

DACK 0-3 

MEMRD/I/ORD----—7 [VY |. | 7 WY l™M------ 
TAFC 

MEM WR/I/O WR -----— een ea Gee Ge 
ae TRS = TRH TWWME 

READY ____ a 
TAK 

TAK 

TC MARK ____ 

Figure C-59. «PD8257C-5 DMA Mode Timing Chart (a) 

~CONTROL OVERRIDE SEQUENCE NOT READY ae 
S1 S2 S38 S84 S1 S81 SO /[S1 S2 S3 SWSW S4 S81 |S1. S1 

Seniesa cae : ns cc eee ee DRQ 0-3 

= a = 
THS THS 

“7 sHLDA 
TAEL 

AEN 

Ue ADR 0-7 
--{ > - -- == -- ee = (OWER ADA) 

DATA 0-7 
x OO ai Care eae ee | a eae Err ae e (UPPER ADR) 
SW 

on | aera ai ay an me aan 
TpDBC TAHR ra 4 

--/— YF -- === 7 ~------ MEM RD I70 RD 
TAHW 

= ete coe ey ----- MEM WR1I/O WR 
TwwM TRS TRS 

ee Ee oI OR E> ree 

____ TC/MARK 

Figure C-60. «PD8257C-5 DMA Mode Timing Chart (b) 
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C.13 HD61830 

(1) Overview 

The HD61830 is an LSI for controlling the liquid crystal dot matrix graphics display. A 

display data sent from an 8-bit microprocessor is stored in an external display RAM. A dot 

matrix liquid crystal drive signal is then generated. 

Either of two modes, the graphics mode or the character mode, may be selected. With the 

graphics mode, one bit of data in the external RAM corresponds to lighting or not lighting a 

single dot. With the character mode, a character code is stored in the external RAM. The 

character code is expanded into a character display by a built-in character generator ROM. 

(2) Terminal Connection and Circuit Configuration 

(Top View) 60 Lead Plastic DIP 

9) 
W 
on 

NOETPNOTPNOPI NO Pi FP app a Ff app aia pp a pp appa a 

allrlallollaol| collNiolicl [alfollrol[af{fo ™“ 

DB4 

DB3 /5 ]MB 
DB2 | 4]MAO 
DB1 3] MA 
DBO | 2 |MA2 
VCC [29] | 1 }MA3 

MD7 [80] }60} MA4 
MD6 [31] 59] MA5 
MD5 [321 58] MAG 
MD4. [33. [57] MA7 
MD3 [34] 56] MAS 
MD2 [35) '55| MAQ 

SZfVIVIIIIIIIIOVOVZZzZzZzZ2ZZz2 

Deano on oe 
ah WN —- Oo 

Figure C-61. HD61830 Terminal Connection 
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Terminal name 

Data bus: Three-state |/O common terminal DBO-7 
DBO-DB7 are used for transmitting data to and receiving data 
from MPU. 

ony GO a ry = 

7 3. 

a ) » 0 @ wo © ane xe) = © a | 

Chip select: Select mode when CS = 0. '?) 0) 

R/W Read/write: R/W = 1: HD61830 to MPU 
R/W = 0: MPU to HD61830 

Register select: RS = 1: Instruction register 
RS = 0: Data register | 

Enable: Data is written using the rising and falling edge timing of 
E. Data can be read while E = 1. 

CR, R, C CR oscillator. | 

Reset: Set the reset to O to turn off the display and to enter the 
slave mode. 

Display RAM address output. 
When using the character display, MA12-MA15 display the line 
codes for the external CG MA12-MA15 select the character cells 
and the low address bits select the individual dots of the 
character. 
(O: 1st line of character; F: 16th line of character) | 

MDO-7 Display data bus: Three-state |/O common terminal 

RDO-7 ROM data input: Dot data from the external character generator Is 
entered here 

© i= Nn 

Write enable: RAM write signal 

Display data shift clock. 

1 Display data latch signal - 

"Tl = = 

SYNC Parallel operation synchronization signal: Three-state |/O common 
terminal (with pull-up MOS): 
Master: Synchronization signal is output 
Slave: Synchronization signal is input 
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(4) Operation Description 
Description of Block Functions 

m Register 

The HD61830 has five different registers: instruction register (IR), data input register (DIR), 

data output register (DOR), dot register (DR) and mode control register (MCR). 

The IR register stores instruction codes such as the start address, the cursor address 

specification, etc. The register is comprised of four bits, and the least significant four bits of 

the data bus are written into DBO-DB3. 

The DIR register is used for temporary storage of data that is to be written to DR, MCR, etc. 

The register is comprised of eight bits. 

The DOR register is used as temporary storage when reading data from an external RAM. 

The register is comprised of eight bits. After cursor address information is written to CAC 

from DIR and a memory read command is set in IR (falling edge of E is the latch timing), an 

internal operation will cause the data in an external RAM to be read into DOR. Data 

transmission to MPU is completed when MPU reads DOR in the next instruction (the 

contents of DOR when E has a high level are output to the data bus). 

The DR register stores the dot information, such as the character pitch or the number of 

vertical dots, etc., necessary for displaying data on the liquid crystal display. All information 

sent from MPU passes through DIR before it is written. 

The MCR register stores the display status of the liquid crystal, such as whether the display 

is on or off, or whether the cursor is on, off or blinking. The register is comprised of six bits. 

Information sent from MPU passes through DIR before it is written. 

= Busy Flag (BF) 
The HD61 830 is engaged in an internal operation if the busy flag is 1. Hence, the next 

instruction will not be accepted. The busy flag status is output to DB7 only if RS = and R/W 

= 1. Check that the busy flag is O before writing the next instruction. 

= Dot Counter (DC) 
The dot counter generates liquid crystal display timing in accordance with the contents of 

DR. 

m= Refresh Address Counters (RAC1, RAC2) 
The refresh address counters control the addresses of the external RAM, the character 

generator ROM (CGROM), and the extended ROM. There are two types: RAC1 and RAC2. 
RAC1 is for the upper screen, and RAC2 is for the lower screen. When in the graphics mode, 

a 16-bit data which is used as an address signal for the external RAM is output. When in the 

character mode, the most significant four bits are ignored, and the four bits from the line 

address counter are output instead. These four bits are used as the extended ROM address. 
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m Character Generator ROM 

The character generator ROM has a total bit size of 7360 bits and stores data for 192 types 

of characters. A character code from the external RAM and a line code from the line address 

counter are added to the address Signal to output a 5-bit dot data. 

There are 192 character fonts: 160 5X 7 fonts and 32 5X 10 fonts. By using an 

external-extended ROM, it is possible to use an 8X 16 format (maximum of 256 types). 

m Cursor Address Counter 

A 16-bit counter that can be preset by instructions and which stores the address for reading 

or writing either dot data or character code data in an external RAM. The value of the cursor 

address counter is automatically incremented by one when a display data is read or written, 

or when a bit set or a bit clear instruction is executed. 

= Cursor Signal Generator 

When in the character mode, the cursor display can be controlled by an instruction. A cursor 

is displayed when the cursor address counter and the line address counter reach a 

prescribed value. 

m Parallel/Serial Conversion 

Parallel data from an external RAM, the character generator, or the extended ROM is 

transmitted simultaneously to the liquid crystal drive circuits for the upper screen and the 

lower screen after being converted to serial data by two parallel/serial converter circuits. 

Display Control Instructions: 

Display is controlled by writing data into the instruction register and into the 13 data 

registers. The RS signal is used to distinguish the instruction register from the data 

registers. An 8-bit data is first written into the instruction register with RS = 1 to specify the 

data register code. Next, with RS = O, an 8-bit data is written into the data fedietcl to 

execute the prescribed instruction. 

New instructions are not accepted while an instruction is being executed. Since the BUSY 

flag is set to 1 when an instruction is being executed, read and check that the BUSY flag is 

O before writing in a new instruction. : 
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1. Mode Control 

Write code $“00” in the instruction register to specify the mode control register. 

(Hexadecimal notation is used for $“‘00”.) 

resets TRw] i [er [on [ns [ba [ns [oes [08 [ome 
vanwtineie [of [ef ef elololols |e 
Mode control register po MODE Data 

Cursor/blink Graphics/ 
character display 

Cursor OFF | OFF 

Internal 

1 Cursor OFF CG 
omcak | blink 

a blink Character display 
1/0 1/0 

External 

CG 

RaEx 
4 Cursor OFF 

Gee blink 

[Cursor blink blink 

ee 
Display | Master/ 

| oe Yee" 

(1: Master mode 

lO: Slave mode 

f1: Display ON 

| 0: Display OFF 

Figure C-63. Mode Control Register 
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2. Character Pitch Set 

[reser [ans [os [oes os [a [ss [ons [a> 
vanwicnwoner [© | [ef o[olololelaly 

peje (Vp-1) binary oO (Hp — 1) binary 

Vp is the number of dots per character in the vertical direction. Vp must be set considering 

the spacing necessary between the characters above and below. This value is only 

meaningful when in the character display mode; it is ignored in the graphics mode. 

Character pitch 

register 

Hp represents the number of dots per character in the horizontal direction when in the 

character display mode. It also includes the space between the subject character and the 

character to the right. When in the graphics mode, Hp indicates the number of bits that 

appear in one byte of display data from the RAM. 

The Hp value may be one of the following: 

Hp [Pe[oe [oe 
1S 1S) 
Pe aS ee 
eit tis Seow 

3. Character Count Set 

rer [RoW] [or [oa [oss [os [Bo [oo ome 
ren fame ole refeleteret ete 

Hj represents the number of characters in the horizontal direction when in the character 

display mode. When in the graphics mode, Hnrepresents the number of bytes in the 

horizontal direction. Let n be the total number of dots in the horizontal direction on the 

screen. 

Character count 

register 

= HpxHy 

Any number from 0 to 127 (decimal) may be set for Hy. 
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: 

mth 

4. Time-Division Count Set (Display Duty) 

toaster [Rw] 9 [oes [oa [ss [eos] a: [55 [oe 
rena DIRvCACACICAEICARIEE 

Ny represents the time-division count for the display. The display duty will, therefore, be 

1/Ny. Any value from 0 to 127 (decimal) may be set for Nx. 

Time division count 

register 

5. Cursor Position Set 

—resser [Rw] [oar [oe [ns [oa [ons [08s [08 [os 
ronetinessir | f+ fete lelels | ole 
Time division count 

(Ny — 1) binary 
register 

Cp represents the line where the cursor is to be displayed, when in the character display 

mode. For example, if Cp = 8 (decimal) is specified, the cursor will appear at the bottom of 

the character if a 5X 7 dot font is being used. The horizontal length of the cursor is 

equivalent to Hp, the horizontal-direction character pitch. Any value from 1 to 16 (decimal) 

may be specified for Cp. However, if the Cp value is less than or equal to Vp: the 

vertical-direction character pitch, the cursor will be given priority. If the cursor display is ON, 

or if Cp is larger than Vp, the cursor is not displayed. The horizontal length of the cursor IS 

equivalent to the value of Hp. 

6. Display Start Least Significant Address Set 

seem [RW [os [oe [os [oe os [os [os [os 
Co Onn onG 
Display start address 

register (most 

significant byte) 

Least significant start address 
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7. Display Start Most Significant Address Set 

reo Tarn [98 [06 oes [00s [on [os [oes [oar 
panama fos elelele|sjele[: 
Display start address 

register (most 
significant byte) 

Most significant start address 

This instruction writes the value of the display start address in the display start address 

register. The display start address represents the storage address in the RAM of the data 

that is to be displayed at the upper-left corner of the screen. 

In the graphics mode, the start address is comprised of 16 bits, divided into the most 

significant and least significant 8 bits. When in the character display mode, the start 

address is comprised of 12 bits, divided into the 4 least significant bits (DBs— DBo) of the 

most significant address, and 8 bits of the least significant address. The most significant 4 

bits of the most significant address are ignored. 

8. Cursor Address (Least Significant) Set (RAM Write Least Significant Address) 

jane [RW [br [boas ss [om] 508 [om 
Neues Ta telntele sitet 
Display start address 

register (most 

significant byte) 
(Least significant cursor address) binary 

9. Cursor Address (Most Significant) Set (RAM Write Most Significant Address) 

—reonor Tar  [o0 [on ons [oes [on [om [oes [oa 
wanwtinwaie fo | + fe lelelalsfels|+ 
Display start address 

register (most 
significant byte) 

(Most significant cursor address) binary 

This instruction writes a value of the cursor address in the cursor address counter. The 

cursor address indicates the address to be used when passing display data and character 

code to and from the RAM. The data in the storage address specified by the cursor address 

is read or written. In the character display mode, the cursor is displayed at the position 

specified by the cursor address. 
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10. Display Data Write 

reser [ow [8 [00 [on [oes [on [oes [00 [e: [one 
Sl CM CC CC 

MSB (pattern data character code) 

By writing in code $’0C’ in the instruction register and writing an 8-bit data with RS = 0, the 

data is written into the RAM address specified by the cursor address counter as a character 

data or a character code. After the data is written, the cursor address counter is 

incremented by one. 

11.Display Data Read 

Resor [RW] 5 [or [oa [oss [os [om ]om5| os [os 
ron Tamer [tee pe Tro 

MSB (pattern data character code) 

By writing $’0D’ in the instruction register with RS = O, data in the RAM may be read by 

entering the read out mode. The read out procedure is shown below: 

a 

Busy [Cursor |Cursor | Busy |Cursor [Cursor | Busy Data Busy |Dummy| Busy |Nth Busy |N+1 
check Jaddress|address| check |addressjaddress| check | read check |read check |address| check | address 

set least set most out data data 
mode __ |signifi- mode _|signifi- mode read read 

cant cant 
write write 

address 

Data Nth N+1 ne 
output address data| address data ik 
register 

With this instruction, the contents of the data output register are output to OBo-7, and the 

data in the RAM specified by the cursor address is then transferred to the data output 

register. The cursor address is then incremented by one. Therefore, after setting the cursor 

address, the correct data is not output for the first read operation. The correct value is 

output during the second read operation. Therefore, when reading a data after setting a 

cursor address, a dummy read operation must be performed once. 
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12.Bit Clear 

fog [ NW [RB [Oar] as [oes [ee] oes] ms] mi [ 
Nodes Tetris) aa ests 
pao pe fe fete fele| e| vein 
13.Bit Set 

pegoer [W/W [RS [Ber] ome [ons [08+] 085] BBs] Om: [DB 
ran a faa 

Bit set (NB—1) binary 

The bit clear and bit set instructions set one bit of the display data RAM byte to O or 1. The 

bit clear instruction will set the bit specified by Np to O, and the bit set command will set the 

bit to 1. The RAM address is specified by the cursor address, and the cursor address is 

automatically incremented by one when the instruction is executed. Np must be a value 

from 1 to 8. NB = 1 indicates the least significant bit, and Ng = 8 indicates the most 

significant bit. 

14.BUSY Flag Read 

restr [Ww] [OB [OB [oB: [98s] OB BBS BB,—OB 
ere fem] 

When read-out mode is selected with RS = O, a busy flag is output to DB7. The busy flag is 

set to 1 while any of the instructions a through m are being executed. The flag is set to O 

when the instruction is executed, and the next instruction can then be accepted. 

A new instruction is not accepted if the busy flag is 1. The busy flag must be checked to see 

that it is O before writing in a new instruction or data. The busy flag status is not changed by 

writing (RS = 1) data in the instruction register. Therefore, it is not necessary to check the 

busy flag immediately after writing to the instruction register. 

The instruction register need not be specified for reading the busy flag. 
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Bee 
OO0OmoOoo 
‘Ooosooog 
‘OOsOOO000 
'OMOUOUUO0U 
m@0O00000 
(TTT ee 
OOOOO0O000 
ELIE] 

Number of characters (digit count) 
per horizontal line, or (in the 

graphics mode) the number of 2-128 digits 

words per line 

Vertical character Character pitch in the 

Cursor position Line number where the cursor Line 1—16 
is displayed 

Vertical- direction 

Note: Let m be the number of dots in the vertical direction, and n the number of dots in the 

horizontal direction. Then: 

Horizontal character 

count 

1/m = 1/Ny = Display duty 
n=HpXHy 

m/VP = number of lines displayed 

Co SVp 
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Hp 

Display pattern 

(8 bits) 
Graphics 

Start 

address 

Oo} tfola fol 

Character Character code Fof1fo{1fofofo]1 
display (8 bits) }of1/O/o0}o}o}1]o 

Pw eae gy 
Pa oe ae ane 
be Ui ate ae 
WS BRS ahs ap as Ti 

Start 

address 

ooo 
b7 be bs b4 b3 b2 bi bo 

Otay 
| 

I 

> si 
| | 

| | 

| | 
| | 

Display mode ee 
Display mode ae ap Liquid crystal panel 

Hp 
b7 be bs b4b3 b2 bi bo 

Hp: 6, 7 or 8 dots 

bo b7 Hp 

8 dots 8 dots 

Hp: 8 dots 

Table C-8. Character Display and Graphics Mode 
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(5) Timing Chart ( 

(a) CPU Interface 
{tcYc 

tWEH {WEL 

: 2.2V 

0.8V 

tEf tEr 

tas tAH 

2.2V corms NLT 
DBo~7 2.2 i: 

(PU—HD 61830) ( 0.8V 

_ 
: DBo~7 ( 2.4 

(PU-HD 61830) 0.4V 

Figure C-64. HD61830 CPU Interface Timing Chart 

(b) External RAM and ROM Interface 

a Wee 
SYNC 2 

tDSY twsy tCCPO 

1 

CPO aa 

tWCPOL 

MAo~15 x 0.4V 

\ 2.4V 

MDo~7 0.4V 

Figure C-65. HD61830 External RAM and ROM Interface Timing Chart 
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(c) Data Transmission to Driver LSI 

tWCL: 

, 

> Voc 

CL1 a 
tDCL2 tWCLz2 

CL2 

tWCL _ 

MA, MB | 

tDF 

D1 aay v 5 cc 

tDD 

D2 -\ yy 5 CC 

Figure C-66. HD61830 and LCD Unit Interface Timing Chart 
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APPENDIX D 
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APPENDIX D — INSTALLATION OF OPTIONAL RAM 
AND ROM 

D.1 Installation of Optional RAM Card 

(1) Remove the top cover assembly (see section 3). 

(2) Connect the optional RAM card to the white CN1 or CN2 connector. 

j 

Figure D-1. Optional RAM Installation 

Note: Turn off the Memory Power Switch when you install or remove the RAM Card. 

— 303 — 



D.2 Installation of Optional ROM Chip 

(1) Remove the ROM cover from the rear of the unit using a slot-head screwdriver. 

(2) Install the optional ROM chip. 

Rear 

ROM Cover 

Optional ROM Chip 

Figure D-2. Optional ROM Installation 

Note: Do not touch the other ROM chips. | 
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