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1. System Outline 

This manual mainly explains the MultiSpeed hardware 

features so that MultiSpeed users can figure out the 

basic concept of its architecture. 

1.1 Construction of System Board 

The MultiSpeed system unit board is divided into four 

sections called the main section, memory section, FDC 

(floppy disk controller) section, and PS (power supply) 

section, as follows: 

· Main section: MultiSpeed's core board which comprises 

the CPU, timer, interrupt controller, etc. 

Memory section: Board which comprises main RAMs and ROMs 

FDC section: Board which comprises the FDC, DMA 

controller, etc . 

. PC section: Board which supplies necessary power 

levels . 
• 
These four sections PC boards (printed-circuit boards) 

must all be connected mutually and correctly; otherwise, 

the Mu1tiSpeed will malfunction. Pin assignment for the 

connectors which connect these PC boards are described 

later. 
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1.3.2 MEMORY Board 
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1.3.3 FDC Board 
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1.3.4 List of Parts on Boards* 

(D Processor ).lPD70116-10 

G) Character Generator ROM 

G) Power SW 

0 GATE ARRAY SLA6170FIJ 

® MAIN-MEMORY Connector 

G) Speaker Connector 

(j) LED Connector 

® GATE ARRAY SLA6170FIK 

® KEY BOARD Connector 

~ MODEM Connector 

(Y MAIN-FDC Connector 

~ GATE ARRAY SLA6170FIL 

~ FDD POWER Connector 

~ LCD Panel Connector 

~ POWER SUPPLY Connector 

~ Real Time Clock RTC 58321 

~ PRINTER Connector 

~ Backup Battery SW 

~ CRT Connector 

~ Configuration SW 

@ 
@ 
@ 
@ 
@ 
@ 
@ 

@ 
@ 
@ 
@ 
@ 

RESET SW 

Interrupt Controller 
).lPD71059 

Ti mer Counter ).lPD71054 

LCD/CRT Controller V6355 

VRAM 

GATE ARRAY SLA6170FIM 

MAIN-MEMORY Connector 

DMA Controller 82C37-5 

Floppy Disk Controller 
).lPD72065 

Asynchronous Communication 
Element 82C50 

RS-232C Connector 

EXT-FDC Conne ctor 

FDD Connector 

MAIN-FDC Conne ctor 

GA'TE ARRAY ).lPD65013G-09 6 

* The numbers in front of part names correspond to the 

numbers shown in the figures o f 1.3.1 to 1.3.3. 
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1.4 Pin Assignment of Connectors (MAIN) 

* The direction of I/O of each pin is based on the MAIN 

Board. 

1.4.1 LCD Connector 

Pin number Signal name I/0 Remarks 

1 UDO 0 Upper Screen Data 0 
2 UD1 0 Upper Screen Data 1 
3 UD2 0 Upper screen data 2 
4 UD3 0 Upper Screen Data 3 
5 ECLK 0 Chip Enable 
6 FLMU 0 Upper Screen Frame Signal 
7 DF 0 AC Signal for Liquid Cristal 
8 LOAD 0 Data Latch 
9 CP 0 Data Shift 
10 LDO 0 Lower Screen Data 0 
11 LD1 0 Lower Screen Data 1 
12 LD2 0 Lower Screen Data 2 
13 LD3 0 Lower Screen Data 3 
14 FLML 0 Lower Screen Frame Signal 
15 +5 Power Supply for Logic Drive 
16 Vss Ground 
17 -15 Power Supply for Liquid Crista! 
18 FG Frame Ground (connected No.16 Pin) 
19 L5 0 Reserved 
20 L4 0 Reserved 

1.4. 2 Key Board Connector 

Pin number Signal name I/O Remarks 

1 KBD I/0 Serial Data Line to sub CPU on the Keyboard 
2 DI I/0 DATA Enable 
3 RESET 0 Reset to sub CPU 
4 GND Ground 
5 +5 Power Supply 
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1.4.3 Power Connector 

Pin number Signal name I/0 Remarks 

1 GND Ground 
2 -20 Power Supply for LCD 
3 -12 Power Supply for RS232C and MODEM 
4 +12 Power Supply for RS232C and MODEM 
5 -5 Power Supply for MODEM 
6 +5 Power Supply for Logic Circuits 
7 REMOTE 0 enable PS Board 
8 BB CHARGE I Power Supply for Backup Battery Charge 

1.4.4 FDD Powe r Connector 

Pin number Signal name Remarks 

1 +5 Power Supply for FDD 
2 GND Ground 
3 GND Ground 
4 +5 Power Supply for FDD 

1.4.5 SP Connector 

Pin number Signal name Remarks 

1 - Amplified Audio Output (-) 
2 + Amplified Audio Output (+) 

1.4. 6 MEMORY PWB Co nnector 

Pin number Signal name I/0 Remarks 

1 MAl 0 Address Bus for Memory 
2 MA2 0 t 
3 MA3 0 t 
4 HA4 0 t 
5 HAS 0 t 
6 HAS 0 t 
7 HA7 0 t 
8 MA8 0 t 
9 MA9 0 t 
10 MAlO 0 t 

·-
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Pin number Signal name 

11 MAll 
12 MA12 
13 MA13 
14 MA14 
15 MA15 
16 UBE 
17 Al5 
18 Al6 
19 Al7 
20 AlB 
21 Al9 
22 AO 
23 ADD16 
24 ADD17 
25 ADD18 
26 ADD19 
27 UBEN 
28 LBANKO 
29 HRA16 
30 BANKO 
31 MA16N 
32 MA16 
33 EXRCSl 
34 EXRCS2 
35 AEN 
36 ASTB 
37 lOR 
38 WIOR 
39 CLKN 
40 MSEL 
41 OUTl 
42 DRQO 
43 UMDEN 
44 LMDEN 
45 DACKO 
46 XDECO 
47 XDECR 
48 ADECR 
49 Wi{EHR 
50 HEMR 
51 HEMW 
52 HDO 
53 HDl 
54 HD2 
55 HD3 
56 HD4 
57 HD5 
58 HD6 
59 MD7 
60 HD8 

I/0 Remarks 

0 t 
0 t 
0 t 
0 t 
0 t 
0 Upper Byte Enable (-) 
0 Address Bus from CPU Directly 
0 t 
0 t 
0 t 
0 t 
0 Address Bit 0 (LSB) 
I Latched Upper Bus 
I t 
I t 
I t 
I Latched Upper Byte Enable (-) 
0 External ROM Bank Select 
0 External ROM Bank Select 
0 inverted BANK SELECT BIT 0 in Port EOh 
0 inverted Memory Address Bit 16 
0 Memory Address Bit 16 
0 External ROM Chip Select 1 
0 External ROM Chip Select 2 
0 Address Enable 
0 Address Strobe 
0 I/0 Read 
I Wide I/0 Read 
0 inverted System Clock 
0 Memory Select 
0 OUT Signal from Timer {for Memory Refresh) 
0 DliA Request Channel 0 (for Memory Refresh) 
0 Upper Memory Data Enable 
0 Lower Memory Data Enable 
I DMA Acknowledge Channel 0 for Memory Refresh 
0 ROM Bank #0 Select 
0 ROM Bank #1 ,#2 Select 
I Decoded Upper Address 
I Wide Memory Read 
0 Memory Read 
0 Memory Write 
I/0 Data Bus for Memory 
I/0 t 
l/0 t 
l/0 t 
l/0 t 
l/0 t 
I/0 t 
I/O t 
I/0 t 
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Pin number Signal name I/0 Remarks 

61 HD9 I/O t 
62 HDlO I/O t 
63 HDll I/0 t 
64 HD12 I/0 t 
65 HD13 I/0 t 
66 HD14 I/O t 
67 HD15 I/0 t 
68 HEMRST 0 Reset to Protect the Data in Backup Memory 
69 +5 Power Supply 
70 +5 Power Supply 
71 +5 Power Supply 
72 +5 Power Supply 
73 B+5 Power Supply for Memory Backup 
74 B+5 Power Supply for Memory Backup 
75 GND Ground 
76 GND Ground 
77 GND Ground 
78 GND Ground 
79 NC 
80 NC 

1 .4.7 LED Ind i cator Conne ctor 

Pin number Signal name Remarks 

1 LED1 Floppy Disk Drive A Select indicator 
2 LED2 Froppy Disk Drive B Select indicator 
3 LED3 Low power indicator 
4 +5 Power Supply 
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1.5 Pin Assignment of Connectors (FDC) 

The Direction of I/O of each pin is based on the FDC 

Board. 

1.5.1 FDC PWB Connector 

Pin number Signal name 

Al GND 
A2 GND 
A3 +5 
A4 A+5 
A5 -12 
A6 Al 
A7 A3 
A8 A5 
A9 A7 
AlO A9 
All All 
A12 A13 
A13 A15 
!14 ADD17 
A15 ADD19 
A16 AEN 
A17 HRQ 
A18 DHACLK 
A19 WRDHA 
A20 COHl 
A21 XDl 
A22 XD3 
A23 XD5 
!24 XD7 
A25 HEMW 
A26 lOW 
A27 DRQO 
A28 DRQ2 
A29 DACKO 
A30 DACK2 
A31 LCDRDY 
A32 IRQ6 
A33 NC 
A34 LEDl 

I/0 Remarks 

Ground 
Ground 
Power Supply 
Power Supply for Analog Circuits 
Power Supply for RS232C 

0 Latched I/0 Address Bus 
0 t 
0 t 
0 t 
0 t 
0 t 
0 t 
0 t 
0 t 
0 t 
0 Address Enable 
I Hold Request 
0 Clock for DXA Controller (4.77MHz) 
0 enable Data Bus to write to I/0 when in DMA 
0 Serial I/F Chip Select (RS232C) 
I/0 8 Bits Data Bus for I/0 Devices 
I/0 t 
I/0 t 
I/0 t 
0 Memory Write from CPU 
0 I/0 Write from CPU ' 
I DHA Request Channel 0 (for Memory Refresh) 
I DHA Request Channel 2 (Floppy Disk Control) 
0 DHA Acknowledge Channel 0 for Memory Refresh 
0 DXA Acknowledge Channel 2 for FD Control 
0 WAIT to CPU when LCD Controller is active 
I Interrupt Request #6 (for FDC) 

No Connection 
0 Floppy Disk Drive A Select 
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1.5.1 FDC PWB Connector (continued) 

Pin number Signal name I/0 Remarks 

B1 GND Ground 
B2 GND Ground 
B3 +5 Power supply 
B4 +12 Power supply for RS232C 
B5 AO 0 Latched 1/0 Address Bus 
B6 A2 0 t 
B7 A4 0 t 
B8 A6 0 t 
B9 A8 0 t 
B10 A10 0 t 
Bll A12 0 t 
B12 Al4 0 t 
B13 ADD16 0 t 
B14 !DD18 0 t 
B15 UB~N 0 Latched Upper Byte Enable 
B16 DMAAEN 0 DMA Address Enable 
B17 HOLDA 0 Hold Acknowledge 
B18 DMACS 0 DMA Controller Chip Select 
B19 FDCS 0 Floppy Disk Controller Chip Select 
B20 XDO I/0 8 Bits Data Bus for I/0 Devices 
B21 XD2 I/0 t 
B22 XD4 I/0 t 
B23 XD6 I/0 t 
B24 HEHR 0 Memory Read from CPU 
B25 lOR 0 I/0 Read from CPU 
B26 CPURST 0 System Reset 
B27 DRQ1 I DMA Request Channel 1 
B28 DRQ3 I DHA Request Channel 3 
829 DACK1 0 DMA Acknowledge Channel 1 
B30 DACK3 0 DMA Acknowledge Channel 3 
831 IRQ4 I Interrupt Request #4 (RS232C) 
832 NC No Connection 
833 NC No Connection 
834 LED2 0 Floppy Disk Drive 8 Select 

- 13 -



1.5.2 Floppy Disk Drive Connector (Same A and B) 

Pin number Signal name 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

NC 
NC 
GND 
NC 
GND 
+LED 
GND 
IDX 
GND 
-DS 
GND 
NC 
GND 
NC 
GND 
-HTR 
GND 
DIR 
GND 
STEP 
GND 
WD 
GND 
-WREN 
GND 
-TKO 
GND 
-WP 
GND 
RDIN 
GND 
HS 
GND 
-ROY 

1/0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 

0 

0 

Remarks 

No Connection 
No Connnection 
Ground 
No Connection 
Ground 
lights on LED when Drive Selected 
Ground 
Index(min.1ms Low level Pulse) 
Ground 
Drive Select 
Ground 
No Connection 
Ground 
No Connection 
Ground 
Motor ON 
Ground 
Direction of Head Seek 
Ground 
Step Pulse(min.1ms Low level pulse) 
Ground 
Write Date 
Ground 
Write Enable 
Ground 
Track 0 
Ground 
Write Protect 
Ground 
Read Date 
Ground 
Head Select."L"when head1(upper)selected. 
Ground 
Ready 

* A is the terminal for drive A and B for drive B. 
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2. Explanation of IC and I / 0 

2.1 Processor (CPU) 

The MultiSpeed employs a ~PD70116D-10 16-bit micropro

cessor. This processor has a 16-bit data bus and a 20-bit 

address bus, supporting the 1M-byte address space. 

This processor has two built-in 16-bit data buses. This 

processor operates these two buses in parallel, to reduce 

the number of processing steps required to execute instruc

tions. This processor, besides, is provided with a built-in 

EAG (effective address generator) , which enables high-speed 

calculation of effective addresses in all addressing modes, 

which is required for memory accessing. This processor, 

moreover, has a 16/32-bit temporary register/shifter (hard

ware) to process multiplication, division, and shift/ rota

tion instructions for the purpose of higher processing. 

The user can select as this processor clock frequency 

4.77 MHZ or 9.54 MHZ. 

* Programming considerations 

This processor uses four 16-bit general registers, 

AX, BX, ex, and DX. Each can be use d as a 16-bit r e giste r 

and can also be divided into two 8-bit registers of high

order and low-order (AH, AL, BH, BL, CH, CL, DH, and DL). 
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Those general registers can also be used as the default 

register to process special instructions as shown in 

Fig. 2.1.1 below. 

Fig. 2.1.1 Default registers 

AX Word multiplication/division, word input/ 

output, interpretation, BCD (binary coded 

decimal) rotation, data conversion 

AL Byte multiplication/division, byte input/output, 

BCD rotation, byte conversion 

AH Byte multiplication/ division 

BX Interpretation 

ex Loop control branch, repeat prefix 

CL Shift instruction, rotation instruction, BCD 

operation 

DX Word multiplication/ division, indirect address-

ing input/ output 

Be sides those general r egisters, this processor has a 

16-bit register called program status word. This register 

consists of two flags: control f lag which controls pro

cessor operation and status flag which automatically 

changes based on the result of instruction execution so 

as to indicate the s y stem status. 

The control f lag comes in four t ypes: MD (mode), DIR 

(dire c tion), IE (i n terrupt e na ble ), and BRK (break ); 
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while the status flag comes in six t ypes: V (overflow), 

S (sign), Z (zero), AC (auxiliary carry ), P (parity ), and 

CY (carry). Out of these, the CY flag can directly be 

set, reset, and reversed b y instructions. These f lags 

are arrayed on the pr ogram status word in the configura -

tion shown in Fig. 2.1.2. 

15 14 1 3 12 11 10 9 8 7 6 5 4 3 2 1 0 

I ~ 11 1111 H ~ I ~ I ~ Is I z I o I~ I o I p 11 1~ I 
F i g. 2 .1. 2 Pr ogram s t a tus word 
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2.2 Clock Pulse Generator 

This clock pulse generator is built in the IC SLA6170FIK 

gate array to generate the clock pulse used by the processor 

or other devices. This clock pulse may come in a frequency 

of 4.77 MHz or 9.54 MHz, which can be switched by turning 

bit 4 of the dip switch on the rear panel of the MultiSpeed 

body on and off respectively. Moreover, when bit 4 of the 

dip switch is set to off to provide a frequency of 9.54 MHz, 

the clock frequency can be switched by software. 

This clock pulse generator divides the source frequency 

of 19.090906 MHz by four into 4.77 MHz and by two into 

9.54 MHz. Both frequencies have the same duty ratio of 50%. 

* Programming considerations 

To switch the clock frequency by software, the above

mentioned dip switch (bit 4) must be set to OFF (9.54 MHz) 

beforehand. Then, the operator can switch the frequency 

by setting or resetting the MSB (D7) of the clock/character 

generator (CG)/ROM mapping register in I/O address EO 

(hex). By setting the MSB to 0, the clock frequency is 

switched to 4.77 MHz, and by setting it to l, 9.54 MHz. 

The other bits of this register are detailed later. 
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2.3 System Timer 

As the system timer this processor employs a ~PD71054 

programmable timer counter. This timer has three counters 

which operate mutually independently : counter #0 as .soft

ware interrupt counter, counter #1 to control the refresh 

timing for the direct memory access controller, and counter 

#2 to support the tone generator for the speaker. 

These three built-in counters use the same clock fre

quency obtained by dividing a frequency of 4.77 MHz by 

two. With this, those counters have the same minimum timing 

resolution of 420 nse c. 

* Programming considerations 

This s y stem time r c a n be programmed by wr i ting both 

the control word which specifies the operation mode of 

each built-in counter and the upper limit count value. 

With this, those built- in counter s o pera t e a s a count

down counter. 

Be f ore use, first specify the desired operation mode 

of e a ch counte r wi th t he control word. A mode o nce pro

grammed into the counter remains unchang e d until it is 

switched to a different one . 
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Next, write a count value to the count register for 

each counter. Immediately after the count value thus 

written is transferred from the count register to the 

down counter, it starts counting. 

The control word must be written to I/0 address 043 

(hex) and the count value, to 040(hex) through 042(hex). 

The operator can read out the current count data during 

counting. To do so, he must use the count latch command 

or multiple latch command. With this, he can read it out 

without affecting timer operation. 

Some bits of the 06l(hex) port B or 062(hex) port C 

are used to stop, start, and detect the output of the 

counting by counter #2 (for tone generator) . 

Fig. 2.3.1 Timer control register 

Address (hex) R/W Usage 

040 R/W Counter # 0 
041 R/ W Counter #1 
042 R/ W Counter #2 
043 w Timer control word r egister 
061 w Port B 
062 R Port C 
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Bit 

7 - 6 

5 - 4 

Timer Control Word Register: 043(hex) 

D7 D6 DS D4 D3 D2 Dl DO 

SCl sco IRWMl IRWMO CM2 I CMl I CMO BCD 

Usage 

Counter selection or multiple latch command 

SCl SCO 
0 0 
0 1 
1 0 
1 1 

Counter 
Counter 
Counter 
Multiple 

#0 
#1 
#2 
latch command 

Read/ Write mode 

RWMl 
0 
0 
1 
1 

RWMO 
0 
1 
0 
1 

Count latch command 
Low-order byte read/write 
High-order byte read/write 
Read/ write of low-order and high
order bytes in this order 

3 - 1 Count mode 

CM2 CMl CMO 
0 0 0 Mode 0 
0 0 1 Mode 1 

1 0 Mode 2 
1 1 Mode 3 

1 0 0 Mode 4 
1 0 1 Mode 5 

0 Binary or BCD counting 
0 Binary counting (16 digits) 
1 BCD counting (4 digits) 

Port B 06l(hex) 

Some bits of the port B register are used for the 

s ystem timer. The other bits are e xplained as 

required. 
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Bit 

0 

Port C 

Usage 

Enables output of the counter #2 content. 
Counter #2 is stopped by setting this 
bit to 0. 

062 (hex) 

Some bits of the Port C register are used for the 

system timer. The other bits are explained as 

required. 

Bit Usage 

5 Counter #2 output. When this bit is 
detected, the application program can 
monitor the output of counter #2. 
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2.4 Interrupt Controller 

As the interrupt controller the MultiSpeed employs the 

~PD71059G interrupt control unit. 

This programmable interrupt controller enables the operator 

to change the priority of interrupt requests, mask interrupts 

at a desired interrupt level, and set the interrupt routine 

address, etc. by transferring the command word from the 

processor. This interrupt controller is used in the edge 

trigger mode by the MultiSpeed. 

The MultiSpeed hardware interrupt comes 1n eight levels 

of maskable interrupts (levels 0 to 7) and one nonmaskable 

interrupt (NMI) that cannot be masked by software. As for 

the priority order of those interrupt levels, the NMI has 

always the highest one, followed by levels 0 to 7 which 

can be programmed. Upon power application, the NMI is auto

matically given the highest priority, followed by levels 

0 to 7 in this order as a result of initialization. 

Levels 0 through 7, which are programmable, are of the 

rotating priority system, so that once the lowest level is 

specified, the other levels are automatically determined. 

Note here that interrupt levels 0 to 7 are assigned to pro

cessor interrupt vectors 8 to 15 respectively. Fig. 2.4.1 

below gives the hardware interrupt l e v e ls. 
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Fig. 2.4.1 Hardware interrupt levels 

Interrupt Usage 

NMI Power fail/Power switch 

0 Timer 

l Keyboard 

2 Reserved 

3 Asynchronous Communications (RS-232C) 

4 Asynchronous Communications (Modern) 

5 Reserved 

6 Diskette 

7 Printer 

* Programming considerations 

The control words used by this interrupt controller can 

roughly be divided into two groups: 

command word. 

initialize word and 

The initialize word comes in four types, IWl to IW4, 

for initialization of the interrupt controller, which 

requires for starting general processing that proper 

information should be written to those four words. In 

the MultiSpeed, however, IW3 is not used because the 

interrupt controller is not connected in a cascade. 

The command word, on the other hand, comes in three 

types: the interrupt mask word (IMW), priority and 
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finish control word (FFCW) , and mode control word (MCW) . 

Those three words are used to give the necessary commands 

to the interrupt controller for the purpose of masking 

interrupt requests, changing the priority, and terminating 

interrupt processing. 

This interrupt controller enters the initialize sequence 

immediately after IWl is written to I/0 address 020 (hex). 

Immediately after IW2 and IW4 are both written to address 

021 (hex), the initialization of the interrupt controller 

is completed. 

Once the interrupt controller completely passes the 

initialize sequence, the operator can give command words 

as he likes. The IMW and the PFCW and MCW are set to 

addresses 021 (hex ) and 020 (hex) respectively. Into 

address 020 (hex) appears the information of the built-in 

register of interrupt controller read out with the MCW. 

The NMI for the MultiSpeed uses some bits o f address 

OAO (hex). Fig. 2 .4.2 lists the interrupt and NMI control 

registers. 
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Fig. 2.4.2 Interrupt and NMI control registers 

Address R/W Usage 
(hex) 

020 w Initial word 1 ( IWl) 

w Priority and finish control word (PFCW) 

w Mode control word (MCW) 

R Interrupt request register 

R Interrupt in-service register 

R Polling data 

021 w Initial word 2 (IW2) 

w Initial word 4 (IW4) 

R/W Interrupt mask word (IMW) 

OA* w NMI Mask Register 

Note: The address marked * is a "don't-care" one. 

NMI Mask Register (OA* (hex)) 

The NMI (nonmaskable interrupt) occurs if the power switch 

is turned off or if the power voltage drops below 9.3 V. 

Such NMis can be masked using some bits of the NMI mask 

register, as follows: 

Bit Usage 

7 '0': Disable NMI 

'1': Enable NMI 
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Command Word Formats 

·Interrupt Mask Word ( IMvJ) 

This word masks the interrupt request register (IRR) 

so as to inhibit interrupt requesting at the relevant 
' 

interrupt level. This word also masks the interrupt 

in-service register (ISR) in the exception nest mode. 

(Address 02l(hex)) 

Inter
rupt mask 

Fig. 2.4.3 Interrupt mask word 

·Priority and Finish Control Word (PFCW) 

Maskinl! relevant 
interrupt level 
Not masking r e l evant 
interrupt leve l 

This word is used to set the command which notifies the 

interrupt controller o f the termination of interrupt 

processing or change (rotate) the interrupt request 

priority. 

- 27 -



D7 D6 DS D4 D3 D2 Dl DO 

RP SIL FI 0 0 112 ILl ILO (Address 020(hex)) 
~ t + 
0 0 0 0 

...-i 0 0 1 1 Q) 

:> 0 1 0 2 Q) 
...-i 

0 1 1 3 
.j..J 

P< 1 0 0 4 
;::l 
H 

1 0 1 5 H 
Q) 

6 .j..J 1 1 0 
~ 

H 1 1 1 7 

~ o· 0 
0 

1 Level no t Not rotated General FI command 
"M 1 0 1 specified Rotated Gener a l rotation FI command 
+J'"O 
ctl ~ 0 1 1 FI Not r o tated Specified FI command .j..J (1j 
0 ~ 1 1 1 command Level Rotated Speci f i ed rotation Fl command H 

0 
!>-,(.) 0 1 0 specified Not rota t ed No operation 
.j..J Non-FI "M H 1 1 0 Rotated Specified rotation command 
H~ 
0 0 0 0 command Level not Not rotated Self-FI mode rotation r esetting "M '"0 
H ~ specified p.. (1j 1 0 0 Rotated Self- FI mode rotation setting 

Fig . 2 .4.4 Priority and Finish Control Word 

·Mode Control Word (MCW) 

This word is used to make p olling , set read-out reg isters, 

or set the exception nest mode. 
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D7 D6 DS D4 D3 D2 Dl DO 
I X SNM ~XCN I 0 I 1 !POL SR IS/Ill 

I 
Polling l 1 l Polling command 

0 I No operation 

Sel ection 0 X No operation 
of 

1 0 Selects I RR r ead- out 
r egis t e r 1 1 Sel ects I SR 

Exception 0 X No ooeration 

nes t mode 1 1 Sets exception nest mode 

1 0 Resets exception nes t mode 

Fig. 2.4.5 Mode control word 
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2.5 Direct Memory Access (DMA) Controller 

As the direct memory access (DMA) controller the Multi

Speed employs the 82C37-5 programmable DMA controller. 

This DMA controller enables high-speed data transfer because 

there need not be intervention by the processor over the 

peripherals mounted for data transfer among memory I / 0 

devices and, moreover, it will not take in data which it 

transfers itself. 

This DMA controller has four programmable DMA channels 

(channel numbers 0 to 3) , each of which can be controlled 

independently. This DMA controller comes in three transfer 

modes, the single, block, and demand transfer modes, so that 

the operator can select and set, for each channel, auto 

initialize inhibition, DMA transfer inhibition, transfer 

address incrementing, or transfer address decrementing. 

Channel #0, however, is exclusively used for memory refre sh

ing and channel #2, for DMA transfer between the floppy 

disk and memory. 

Data transfer in the single mode requires for operation 

six clock pulses (1.25 ms) for each byte. Both the block 

mode and the demand mode require that at least three clocks 

(0.63 ms) each should be given for the second byte and sub

sequent bytes. This DMA controller uses a clock frequency 

o f 4.77 MH Z. 
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The priority for these channels is fixed in such a way 

that channel #0 has the highest priority , followed by 

channel #1 to channel #3 in this order. This system, however, 

does not support- either inter-memory data transfer or cas-

cading. 

* Programming considerations 

This DMA controller has a built-in address register of 

16-bit configuration, so that it supports 20-bit addresses 

by providing a 4-bit page register for each DMA channel 

in addresses 080 (hex) thr ough 083 (hex). Each page register 

is allocated to the high-order four bits of the 20-bit DMA 

transfer address as shown in Fig. 3.5.1. The page register 

for channel #0, however, cannot be used. 

19 18 17 16 15 14 13 12 ll 10 9 8 7 6543210 
.------------------------------------, 

Page I · DMA address 
register ~----------------------------------~ 

DMA address bit configuration 

Fig. 3.5.1 DMA address configuration 

This DMA controller uses such registers as listed in 

Fig. 3.5.2 , to set the DMA operation mode or transfer address 

and the transfer data count value or each read out channel 

status by use of the processor. 
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Fig. 3.5.2 DMA controller registers 

Address R/W Usage 
(he~) 

000 R/W Channel #0 current address register 

001 R/W Channel #0 current word count register 

002 R/W Channel #1 current address register 

003 R/W Channel #1 current word count register 

004 R/W Channel #2 current address register 

005 R/W Channel #2 current word count register 

006 R/W Channel #3 current address register 

007 R/W Channel #3 current word count register 

008 R Status register 

w Command register 

009 Request register 

OOA Single mask register 

OOB Mode register 

ooc w Clear first last F/F 

OOD w Mask clear register 

OOE w Clear-mask register 

OOF w All-mask register 

080 Not used 

081 w Channel #2 page register 

082 w Channel #3 page register 

083 w Channel #1 page register 

DMA Command Register: 008 (hex) 

Only some bits of the DMA command register can be set by 

the user, the other bits being automatically initialized 

upon system start-up. 
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Bit Usage 

2 Disables the DMA controller. If this bit is 

set to l, data transfer is inhibited over all 

DMA channels. 

DMA Status Register: 008 (hex) 

Bit Usage 

7 Channel #3 request 

0: Not requested 

1: Requested 

6 

5 

4 

3 

2 

Channel #2 request 

0: Not requested 

1: Requested 

Channel #l request 

0: Not requested 

1: Requested 

Channel #0 request 

0: Not requested 

1: Requested 

Channel #3 terminal count 

0: Terminal count is not reached. 

1: Terminal count is reached. 

Channel #2 terminal count 

0: Terminal count is not reached. 

1: Terminal count is reached. 
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1 

0 

Channel #1 terminal count 

0: Terminal count is not reached. 

1: Terminal count is reached. 

Channel #0 terminal count 

0: Terminal count is not reached. 

1: Terminal count is reached. 

Request Register: 009 (hex) 

The request register is used to make software requests 

like DMA requests from peripherals. 

Bit 

7 - 3 

2 

1 - 0 

Not used 

Request bit 

0: The request is reset. 

1: The request is set. 

Channel specification bit 

0 0: Channel #0 

01: Channel #1 

10: Channe l #2 

11: Channel #3 

Single Mask Register: OOA (hex) 

Bit Usage 

7 - 3 Not used 

2 Mask bit 

0: Masking is reset. 

1: Masking is set. 
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1 - 0 Channel specification 

00: Not used 

01: Channel #1 

10: Channel #2 

11: Channel #3 

Mode Register 

The mode register is used to set the operation mode for 

·each channel. 

Bit 

7 - 6 

5 

4 

3 - 2 

Usage 

Transfer mode specification 

00: Demand transfer mode 

01: Single transfer mode 

10: Block transfer mode 

11: Cascade mode 

Address incrementing/decrementing 

0: Address incrementing 

1: Address decrementing 

Auto initialization permitted/not permitted 

0: Auto initialization not permitted 

1: Auto initialization permitted 

Transfer direction setting (transfer request) 

00: Verify transfer 

01: Write transfer 

10: Read trans fe r 

11: Transfer inhibited 
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1 - 0 Channel specification 

00: Channel #0 

01: Channel #1 

10: Channel #2 

11: Channel #3 

Clear First/Last F/ F: OOC (hex) 

This F/F (flip-flop) acts as a software command. 

The DMA controller of the MultiSpeed transfers the con

tent ·of the 16-bit address or word count register twice 

for the high-order eight bits and the low-order eight bits each. 

For this purpose, the first / last F/F is used to judge the 

hig h-order bits and the low-order bits in such a way that 

whe n this F/F is r eset the low-order bits a re t r ans f erred 

and when it is set the high-order bits are transferred. 

By r e setting this F/ F, the low-order eight bits can be 

a ccessed. 

Ma ste r Cle ar Register: OOD (hex ) 

This r e g i ster a cts a s a software c ommand , t o set the ma sk 

registe r and reset the contents o f the comma nd, sta t u s 

(low-or der f our bits), r e q ue st, a nd temporar y registe rs a s 

we l l a s o f t he f i rst / l a st F / F . Thi s mas t er cle ar command , 
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when executed, permits the DMA controller to enter the idle 

cycle. 

Clear Mask Register: OOE (hex) 

This register acts as a software command. This command, 

when executed, resets the mask bit of all DMA channels, so 

that DI'.ffi. transfer is accepted. 

All Mask Register: OOF (hex) 

This register gives a direction to permit or inhibit data 

transfer for all channels at a time. 

Bit 

7 - 4 

.3 

2 

1 

0 

Usage 

Not used 

Channel #3 

0: Reset 

1: Set 

Cha nnel #2 

0: Reset 

1: Set 

Channel #1 

0: Reset 

1: Se t 

Not used 

mask 

mask 

mask 
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2.6 Random Access Memory (RAM) Region 

This RN1 region comprises the 512K-byte non-backup RAM, 

128K-byte backup RAM, and 16K-byte video RAM. Addresses 

80,000 (hex) and subsequent are covered by the static RAM, 

while addresses 00,000 (hex) through 7F,FFF (hex) are 

covered by the pseudo-static RAM, which needs refreshing. 

This RAM area of the MultiSpeed does not have a parity bit. 

The RAM address starts with 00,000 (hex), whose subse-

quent addresses are assigned as shown in Fig. 3.6.1. 

Address 
(hex) 

00000 

80000 

AOOOO 

Read/write 
Memory 
512K bytes 

Backup 
Memory 
128 

Reserved 
B8000 
BCOOO 
coooo 

Video Memory 
Reserved 

Fig. 3.6.1 RAM map 
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* Programming considerations 

As many as 128K bytes of addresses starting from RAM 

address 80,000 (hex) are allocated in the backup RAM area, 

which can be used only by the system. In order to not 

destroy the data stored in this system area, the user 

should not use that area. 
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2.7 Read Only Memory (ROM) Region 

This ROM region comprises a 512K-byte area, to cover 

addresses CO,OOO (hex) through FF,FFF (hex). 

A ROM region area of addresses DO,OOO (hex) through 

EF,FFF (hex), which has a capacity of 128K bytes, can be 

switched in three ways as a bank so as to be tised as an 

area having a capacity of 384K bytes. By adding expansion 

ROM devices, this area can be extended to five banks (640K 

bytes), so that the ROM region can be expanded to 768K bytes 

as a whole. 

COOOOH 
C8000H 
CCOOOH 
DOOOOH 

EOOOOH 

FOOOOH 

FFFFFH 

f-

BIOS 

Re s erved 
BIOS 

Bank 0 Bank 1 Bank 2 
128K bytes 

BIOS 

Fi g. 2.7.1 ROM map 
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* Programming considerations 

To access the intra-ROM region bank, the currently used 

bank must be switched to that bank desired. For bank 

switch-over, the CLK/CG/ROM mapping register in address 

OEO (hex) is used. 

CLK/CG/ROM Mapping Register: OEO (hex) 

Some bits of this register are used to specify a desired 

ROM bank (bank switch-over). The other bits are explained 

as required. 

Bit 

2 - 0 

Usage 

ROM bank # 

000: Bank #0 

001: Bank #1 

010: Bank #2 

011: Bank #3 (Expansion ROM) 

100: Bank #4 (Expansion ROM) 
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2.8 Floppy Disk Drives (FDDs) 

The MultiSpeed employs a disk unit which comprises two 

floppy disk drives (FDDs) for handling 3.5-inch micro-floppy 

disks. Both of these drives are compatible with IBM-formatted 

floppy disks, supporting double-sided double-density floppy 

disks to provide a capacity of 720K bytes per drive after 

being formatted. 

When a floppy disk is inserted into the slot of this 

floppy disk drive and set to it, the floppy disk is first 

chucked internally by the spindle motor, which automati

c a lly rotates. This automatic chucking takes 800 ms at 

most. 

After the floppy disk is correctly set to the read/write 

drive, the spindle motor starts rotating to rotate the 

floppy disk. The disk rotating speed is stabilized by the 

frequency servo to a constant value of 300 revolutions per 

minute (RPM) . 

The track movement mechanism which moves the magnetic 

head is d r iven by a stepping motor. The stepping motor 

moves the magnetic head by one track of d i stance per step

ping pulse. It takes 6 ms. 

Data can be recorded to floppy disks by using the modi 

fied f requency modulatio n (MFM) s y stem, s o t hat t he fl oppy 
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disk controller can decode data to be recorded and encode 

the data read out. The effective track width, after record

ing, is 0.115 mm and the track pitch is 0.1875 mm, so that 

the track density is 135 tracks per inch (tpi) . The magnetic 

head can seek ~esired data irrespective of whether the 

spindle motor is rotating or not, so that the system can 

activate the spindle motor and also seek desired data at 

the same time. 

Each floppy disk drive has the following built-in sensors, 

whose output is sent to and used by the floppy disk controller, 

which in turn controls the operation of the drive. 

· Sensor which detects whether the head is positioned 

to track 00 (the outermost track) 

· Sensor which detects the start point of a track 

(This sensor actually detects the index hole.) 

· Sensor which detects whether the write inhibit hole is 

made (write-protected) or not 

· Sensor whether a floppy disk is taken out of the drive 
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2.9 Floppy Disk Controller (FDC) 

The MultiSpeed employs as the floppy disk controller (FDC) 

the ~PD-72065G programmable floppy disk controller. This 

controller is positioned between the system bus and the 

floppy disk drive (FDD) to control the FDD operation and 

relay the data transferred between the FDD and the system 

data bus. 

Data (8-bit parallel data) are transferred from memory 

via the data bus to the FDC, which in turn converts those 

data to serial data and then sends them to the FDD with 

both a timing clock and a cyclic redundancy code (CRC) 

attached to them. At the FDC the serial data read out from 

the FDD undergo such processes as CRC checking, separation 

of clock and data, and conversion into parallel data, which 

are then transferred to memory via the s y stem data bus. 

The direct memory access (DMA) method is employed in 

data transfer between memory and the FDC. The FDC, more over, 

causes a hardware interrupt o f level 6 either when a read/ 

write operation to a floppy disk is terminated or whe n a 

req ue st must be ma de to the processor to rea d the status 

of the FDC itse l f . 

The FDC supports the recording system of such s epcifica

tions as double -side d, double-de nsity , and modi f ied f r e q ue ncy 

mod u lation (MFM), providing t he f loppy disk format c ompa t i 

bilities with the IBM. 
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The FDC is provided with a standby function to reduce 

power consumption. With the standby function, the FDC is 

automatically powered off when it is not accessed by the 

system. In the standby mode, there fore, disk accessing 

takes a long time as compared with that in the general 

mode. The FDC can be set in the standby mode by MultiSpeed 

application 11 Setup 11 as well as by the BIOS routine. 

By connecting the e x ternal f loppy disk contr oller (EXT. 

FDC) connector on the MultiSpeed body rear pannel to the 

IBM personal computer at i ts e xpans i on dr i ve connector, 

the 3.5-inch MultiSpeed FDD can be used as a n expansion 

drive of that IBM machine. In this case, the FDC of Multi

Speed itself is disconnected from the s y stem. 

* Prog r a mming consider at i ons 

The FDC uses the following registers, listed below, 

to provide contr ol by softwa re or r ead out the FDC sta tus 

or da t a . 

(hex ) 

3F 2 

3F 4 

3F5 

R/ W 

w 

R 

R/ W 

Usage 

FDC Co n t ro l Regis t er 

FDC Status Register 

FDC Data Reg ister 

FDC Contro l Regi s t e r : 3F2 (hex ) 

Th e FDC contro l r egister (DOR) i s use d , f or exampl e , 

to selec t drives , t urn t he drive spind l e motor ON / OFF , res e t 
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the FDC, or enable DMA or interrupts. 

Bit 

7 - 6 

5 

4 

3 

Usage 

Not used 

Drive B motor on 

Drive A Motor on 

Enable FDC Interrupt/DMA 

This bit enables both FDC interrupt requests 

and DMA transfer requests. If this bit is 

reset, neither the FDC interrupt request nor 

the DMA transfer request is enabled. 

2 FDC Reset 

1 - 0 

Bit 

10 

00 

01 

10 

11 

This bit, when set to 0, resets the FDC and 

fixes it in idle status. This bit is set by 

the program which enables the FDC. 

Drive Select 

These bits are decoded to select the desired 

drive. These bits, however, are ignored if 

the drive thus selected has already been set 

off by bit 4 or 5. 

Drive 

Drive A 

Drive B 

Not used 

Not used 
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FDC Status Register: 3F4 (hex) 

Bit Usage 

7 Request for master. 

Indicates whether the FDC data register is 

ready for read/write operation. ''lhen this 

bit is 1, the data register is ready. 

6 Data Input/Output 

Indicates the direction in which data are 

transferred between the processor and the 

FDC data register, as follows: 

0: Data are transferred from the processor to 

the data register. 

1: Data are transferred from the data register 

to the processor. 

5 Non-DMA mode 

When this bit is 1, the FDC operates in non

DMA mode. (The DMA system is not used in data 

transfer.) 

4 FDC Busy 

3 - 2 

1 

Indicates that the FDC is in read, write, or 

seek operation. 

Reserved 

FDD-B Busy 

Indicates that drive B is in the seek mode. 

0 FDD-A Busy 

Indicates that drive A is 1n the seek mode. 
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FDC Data Register: 3F5 (hex) 

This 8-bit register actually comprises multiple sub

registers, each of which can be read out for each access. 

These sub-registers store the data, command, parameter, and 

FDD status information. Data bytes read out of or written 

to this register are used to obtain the results of executing 

programs or special commands. 
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2.10 External Floppy Disk Controller (EXT FDC) Interface 

This interface, a 15-pin connector, is used to connect 

the FDD built in the MultiSpeed to the IBM personal 

computer's floppy disk controller. To actually connect 

them, the "IBM cable kit" is employed. What follows will 

explain the pins of this connector. In the following 

explanation, the plus (+) or minus (-) sign immediately 

preceding the signal name indicates the active state of 

the relevant signal. Also, I (input) or 0 (output) given 

in the I / 0 column in the table below indicates the signal 

feeding direction as viewed from the connector. 

8 2 1 

\; 
15 

EXT FDC 
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Pin No. Signal name I/0 Explanation 

l - Inde"x 0 This negative-logic pulse 

signal indicates the start 

point for tracks; as many a one 

is given for each revolution of 

the disk. 

2 - Motor 3 I This signal, when set to the 
Enable low level, turns on the motor 

for MultiSpeed drive A. 

3 - Drive 4 I This signal selects MultiSpeed 
Select drive B. 

4 - Drive 3 I This signal selects MultiSpeed 
Select 

drive A. 

5 - Motor 4 I This signal, when set to the 
Enable low level, turns the motor on 

for MultiSpeed drive B. 

6 - Direction I This signal specifies the direc-

tion in which to move the read/ 

write head, when the step 

signal is received. This 

signal moves the head to the 

center of the disk when it is 

set to low level. When it is 

s e nt to high level, it moves the 

head to the outermost track of 

the disk. 

7 - Step I This signal moves the read/ 

write head by as much as one 

t rack per pulse. 
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Pin No. 

8 

9 

10 

11 

12 

13 

Signal name 

- Write 
Data 

- Write 
Enable 

- Track 0 

- Write 
Protect 

- Read Data 

- Head 
Select 

14 GND 

15 GND 

I/0 Explanation 

I This signal, when the Write 

Enable signal is active, is 

recorded as a change 1n 

magnetism, onto disks. 

I I This signal, when set to low 

level, enables data to be 

written to disks. 

0 

0 

0 

I 

This signal, when set to low 

level, indicates that the head 

for a selected drive is posi

tioned at the outermost track. 

This signal, when set to low 

level, indicates that a selected 

drive is write-pr otected. 

This is t he regene rat ive pulse 

signal which indicates the 

information recorded on disks. 

This signal, when set to low 

level, s e lects the upper head 

of a selected drive. 
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2.11 Real-Time Clock 

As the real-time clock the MultiSpeed employs the 

RTC-58321. The real-time clock has its own built-in 

crystal oscillator, to support the timer function and the 

100-year calendar. 

The timer function enables the user to select the 12-hour 

mode or the 24-hour mode, supply ing the count data for time 

(hour, minute, and second). The calendar, on the other 

hand, supports a function to automatically adjust month-end 

date s and l eap yea r s. 

* Programming conside rations 

On e o r two counters are provide d to corre s pond to 

each o f the year, month, day , day- of-the -week, hour , 

minute, and seco nd data. Each of those counters is 

a s signed a 4-b i t int e rna l a ddress, to count 4-bit data . 

Th e count dat a can b e read or wr itte n by wri ti ng t h e 

corresponding inte rnal address content to I / 0 address 

OE4( hex ) and subseque n t l y spec i fyi n g read o r wri t e 

operation respec tivel y ; one counter of da t a is r e ad o r 

wr itte n eac h t ime t h is ope ratio n i s e xecute d . Howe ver, 

the int e r nal address cords , hex D, hex E a n d hex F , are 

not u sed to specify a n y i n t ernal coun ter . Those i nte rna l 

a ddress cords are int erpre t e d a s the c omma n d f or the 

real-t i me c l ock . 
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Fig. 2.11.1 gives the correspondence between the internal 

counter and the internal address. 

Fig. 2.11.1 Internal counters and internal address 

Internal Internal Count address counter value Usage 
(hex) 

0 Sl 0 - 9 Low-order digit 
Second 

1 S2 0 - 5 High-order digit 

2 Mll 0 - 9 Low-order digit 
Minute 

3 Ml2 0 - 5 High-order digit 

4 Hl 0 ---· 9 Low-order digit 
Hour 

5 H2 0-1/0-2 High-order digit 

6 w 0 - 6 Day- o f -the-we ek 

7 Dl 0 - 9 Low-or der digit 
Day 

8 D2 0 -- 3 High-order digit 

9 MOl 0 ·-· 9 Low-order dig it 
Month 

A M02 0 - 1 Hi gh-or der d igit 

B Yl 0 - · 9 Low-order dig i t 
Year 

c Y2 0 - 9 Hi gh-order digit 

D - Counter r es e tti ng 

E - F - Re f ere nce s ign a l output 
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Real-Time Clock Control Register (Calendar Chip) OE4 (hex) 

This register is used to read the time or date data from 

or write it to the real~time clock, specifically storing the 

counter's internal address, read/write direction, etc. 

When the register is written; 

7 6 54 3 2 10 

1 cs 1 orR 1 Aws IRD{ml D3 n2 Dl no 

Bit Usage 

7 Chip Select bit. This bit is set to l in all 

cases in which data is written. 

6 Direction bit 

1: Data/internal address contents are written 

in. 

0: Data is read out. 

5 Address Write Strobe bit. When this bit is 

set to l, the content of the four low-order 

bits of this register is latched as the 

internal address. 

4 Read/Write Strobe bit. When this bit is set 

to l, the system executes read/ write operation 

to the counte r of an internal address which 

has been latched, with the low-order four 

bits of this register assumed to be the 

count data. 
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3 - 0 These four bits store the internal addre ss of 

count data to be written in. The LSB is bit 0. 

When the register is read: 

7 6 5 4 3 2 1 0 

jBUSY I- I DO 

Bit Usage 

7 Real-time clock busy bit 

6 - 4 Not us e d 

3 - 0 These four bits store count data read out. 

The LSB is bit 0. 

Fig. 2.11.2 below shows a timing chart for interna l counter 

read/ write operation by combination of the high-order four 

b i ts. 

Address Write Data Write Data Read 

• t 

cs 
DIR 

AWS 
R/W 

Data !Addr. Data 1 1 1 \valid High z 

Fig. 2.11.2 Timing c hart for coun t data r e ad/ write 
operation 
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H2 Counter: Internal address S(hex ) 

0 2 

l 

This counter counts the high-order digit ("lOs" digit) 

of the hour data. 

Bit Usage 

3 This bit selects the 24-hour/ 12-hour mode . 

If this bit is set to l I bit 2 is auto-

matically r eset to 0 . 

0 : 12-hour mode 

l : 24-hour mode 

2 0 = AM 

l Pr1 

- · 0 These two bits are used to count the high-

order digit of the hour data. 

Counter : Internal a ddress 8 (hex) 

This counter counts the high-order digit ("lOs" digit) 

of the date. 

Bit 

3 ·- 2 

Usage 

These bits are used to select the leap year 

mode a s follows: 

00: The l eap year mode is e ntered if the 

remainder i s 0 as a result of d i vid i ng t he 

year a ccording to the Julian c a lendar by 4. 

01: The l e ap year mode is ent ere d i f the 

remainder is 3 a s a r e sult of divid ing 

the year value by 4. 

- 56 -



10: The leap year mode is entered if the 

remainder is 2 as a result of dividing 

the year value by 4. 

ll: The leap year mode is entered if the 

remainder is l as a result of dividing 

the year value by 4. 

l - 0 These bits are used to count the high-or der 

digit of the date data. 

Reretting counter: Internal address D(hex) 

The D(hex) internal address content can be written as 

the command to I/O address 0E4(hex) to he latched into 

the real-time clock, then read out to reset all internal 

counters for this clock to 0. Note here that the 

real time clock cannot be reset by pr e ssing the reset 

switch mounted on the rear panel of the MultiSpeed. 

Reference signal 
output: Internal address E(hex ) and F(he x ) 

The E(hex) or F(hex) internal address content can be 

written to I / 0 address OE4(hex) to be latched into 

the real-time clock then r e ad out, to feed the refe-

renee signal to th e low-order fo ur bits of the I/0 

address OE4(hex ). 
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Output Pulse 
frequency width Output logic 

Bit (Hz) ( ws) (positive/negativ e logic) 

3 1 / 3600 122.1 Negative logic 

2 1/60 122.1 Negative logic 

1 1 122.1 Negative logic 

0 1024 488.3 Positive logic 
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2.12 Outline of Gate Arrays 

The SLA6170xxx is a gate array device for 80-pin/ 1700-gate, 

having the following functions. 

SLA6170FlK (CTL) 

1. Bus controller (~PD71088 equivalent) 

2. Clock generator (~PD71011 equivalent) 

3. I / 0 Chip Se lect de code r 

4. Reset circuit 

5. Interrupt/NMI processor 

6. We ight 

7. Exte rnal ROM Chip Select decoder 

8. EO port 

SLA6170FlM (MM) 

1. Main memory Chip Se l ec t decode r 

2. Refresh circuit 

3. Hi ghest-order a ddress lat ch 

4. BIOS/ AP ROM Ch ip Se l ect decoder 

SLA6170FlJ (LD) 

1. Periphe r al cir c uit for LCD/ CRT con troller 

2 . I/0 data bus 16-bit/8 -bit swi tch-over uni t 

SLA6170FlL ( I OP) 

1. Printer/keyboar d por t ( ~PD710 55 equival ent ) 

2 . E4 port/E8 port 

3. Aud i o contr ol 
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The ~PD65013G-096 is a gate array device for 100-pin/1300-

gate, having the following functions: 

o Peripheral circuit for DMAC 

o Peripheral circuit for FDC 

o Other miscellaneous circuits 
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2.12.1 SLA6170F1K (Gate Array #1) Pin Assignment 

Pin number Signal name I/0 

1 MA16 I 
2 LBANKO 0 
3 HRA16 0 
4 EXRCS1 0 
5 EXRCS2 0 
6 EXRCS3 0 
7 EXRCS4 0 
8 WOEO I 
9 ROEO I 
10 C K S W I 
11 DMACLK 0 
12 V s s (GND) P 
13 X 1 I 
14 C L K 0 U T 0 
15 P C L K 0 
16 READY 0 
17 RESET 0 
18 B U F R W 0 
19 D B EN 0 
20 I NT A 0 
21 A S T B 0 
22 B S 0 I 
23 B S 1 I 
24 B S 2 I 
25 I 0 R I/0 
26 ME M R I/0 
27 I 0 W I /0 
28 ME MW I/0 
29 A EN 0 
30 L C DR D Y I 
31 D W A I T 0 
32 L 0 C K I 
33 H R Q I 
34 D M A A EN 0 
35 H 0 L D A 0 
36 P F A I L I 
37 N M 1 0 
38 M R E S I 
39 D A C K 0 I 
40 A D E C 1 2 I 

Remarks 

address bit 16 for memory 
external ROM BANK select(even address) 
external ROM BANK select(odd address) 
external ROM chip select #1 
external ROM chip select #2 
no use 
no use 
write enable to port EOh 
read enable from port EOh 
position of CONFIG SW 4. 9.5MHz when "H" 
clock for D~A controller (4.77MHz) 
ground 
input from clock·osciator (19.09MHz) 
system clock (9.54/4.77MHz) 
2.38MHz 
CPU ready 
no use 
controls direction of data bus buffer 
open the data bus buffer 
inerrupt acknowledge 
address strobe 
bus status from CPU #0 
bus status from CPU #1 
bus status from CPU #2 
I/0 read 
memory read 
I/0 write 
memory write 
address enable from CPU 
WAIT from LCD controller to CPU 
no use 
BUSLOCK from CPU 
Hold Request to CPU when in DMA 
address enable when in DMA 
Hold acknowledge from CPU when in DMA 
"H" when power fail occured 
Non Mascable Interrupt to CPU 
Master reset 
DMA acknowledge #0 for memory refresh 
decoded upper memory address 
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Pin number Signal name I/0 Remarks 

41 XDECO 0 ROM BANK #0 select 
42 XDEC12 0 ROM BANK #1,#2 select 
43 CPUCLK I connect No.14pin 
44 MA16N 0 inverted memory address 16 
45 XD7 I/0 8bits data bus for I/0 devices 
46 XD6 I/0 t 
47 XD5 I/0 t 
48 XD4 I/0 t 
49 XD3 I/0 t 
50 XD2 I/0 t 
51 X D 1 I/0 t 
52 XDO I/0 t 
53 Vdd(+5V) p power supply 
54 BANKO 0 inverted ROM BANK SELECT BIT 0 at EOh 
55 COLOR 0 "H" when LCDC is in color mode 
56 IN TEN 0 "H" when intensity bit is enable 
57 C G S E L 0 select font in CG ROM 
58 L C 0 "L" when screen device is LCD 
59 TEST 1 I TEST pin (connect to ground) 
60 ROMSEL I position of CONFIG SW 3. "L" when 1M ROM 
61 UBE I Latched UPPER BYTE ENABLE 
62 AA9 I address bus for 1/0 devices 
63 AA8 I t 
64 AA7 I t 
65 AA6 I t 
66 AA5 I t 
67 AA4 I t 
68 AA3 I t 
69 AAO I t 
70 DMACS 0 DMA controller chip select 
71 I N T C S 0 interrupt controller chip celect 
72 CNTCS 0 counter chip select 
73 P P I C S 0 parallel 1/F chip select 
74 WRDMA 0 enable data bus to write to I/0 when in DMA 
75 EX 0 enables port EOh,E4h,E8h 
76 ALT232 0 MODEM chip select 
77 PRNEN 0 printer enable 
78 LCDC 0 LCD controller chip select 
79 FDCS 0 Floppy Disk Controller chip select 
80 T P 2 3 2 0 Serial 1/F chip select (to 82C50) 
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SLA6170 FlK (Gate Array #1) Function Diagram 

Bso~Bs 

LOCK 
2 

READY,NM I 

LCDRDY 
HRQ 
DACKO 
PFAIL 

AAO 
AA3~AA9 

XDO ~ XD7 

ROEO WOEO, 
ADEC1 
ROMSE 

X l 

CKSW 
(fm Config SW) 
fm Config SW 

2 
L 

19.09 MHz 

Bus Cont. 

~ 

AEN 

1/0 Decoder 

EO Port & Memory 
Cont . 

Clock Cont. 
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I 
I 
I 

AEN,A STB 
BUFRW DBEN, 

lOR, 10 W,MEMR,MEMW 
HOLDA,DMAAEN ENTA, 

CPUC LK 

I 
1- External Connection 

I 
I 
I 
I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 

I 

I 

I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

I 

I 
I 

I 

I 
I 
I 

Chip Select 

DMACS, I NTCS 
PICS 
EX 

PRNEN 
cs 

CNTCS, P 
WRDMA, 
AL T 232, 
LCDC , FD 
TP232C 
WOEO, RO EO 

BankO, Color 
lnten, CGSEL 
LC, MA16N 
XDECO, XDEC12 

9.54/4.77 MHz 
CLKOUT 

4.77 MHz 
DMACLK 

2.385 MHz 
PCLK 



2.12.2 SLA6170FlM (Gate Array #2) Pin Assignment 

Pin number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Signal name 

UBEN 
A B 1 9 
A B 1 8 
A B 1 7 
A B 1 6 
AEN 
ASTB 
I 0 R N 
WIOR 
Vdd(+5V) 
C L K 1 
V s s (GND) 
URAMEN 
LRAMEN 
MSELN 
V s s (GND) 
TMOUT1 
DREQO 
UMDENN 
LMDENN 
EXTONN 

* * * * MEMRN 
MEMWN 
DACKON 
URCSON 
LRCSON 
URCS1N 
LRCS1N 
XDECON 
XDECRN 
ADECRN 
WEL 
WEH 
WMEMRN 
0 E L 0 
0 E L 1 
0 E L 2 
OEL3 

I/0 

I 
I 
I 
I 
I 
I 
I 
I 
0 
p 

I 
p 
0 
0 
0 
p 

I 
0 
0 
0 
I 

I 
I 
I 
0 
0 
0 
0 
I 
I 
0 
0 
0 
0 
0 
0 
0 
0 

Remarks 

Upper Byte Enable from CPU 
Upper address bus from CPU 

t 
t 
t 

address enable 
address strobe 
I/0 read 
wide I/O read 
power supply 
inverted system clock 
ground 
RAM enable (odd address) 
RAM enable (even address) 
decoded upper address bit 
ground 
output from counter for memory refresh 
DMA request channel 0 for memory refresh 
memory data enable (odd address) 
memory data enable (even address) 
no use 
no use 
no use 
memory read 
mamory write 
DMA acknowledge channel 0 for memory 
ROM chip select 0 (odd address) 
ROM chip select 0 (even address) 
ROM chip select 1 (odd address) 
ROM chip select 1 (even address) 
ROM BANK #0 select 
ROM BANK #1,#2 select 
decoded upper address for memory 
write enable for lower byte 
write enable for upper byte 

refresh 

wide memory read 
RAM output enable 1;0 and 

#1 
refresh (even) 

t 
t 
t 
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Pin number Signal name I/0 Remarks 

41 0 E L 4 0 RAM output enable #4 and refresh (even) 
42 OEL5 0 t #5 t 
43 0 E L 6 0 t #6 t 
44 0 E L 7 0 t #7 t 
45 C E L 0 0 RAM chip enable #0 (even address) 
46 C E L 1 0 t #1 
47 C E L 2 0 t #2 
48 C E L 3 0 t #3 
49 CEL4 0 t #4 
50 C E L 5 0 t #5 
51 C E L 6 0 t #6 
52 C E L 7 0 t #7 
53 Vdd(+5V) p power supply 
54 OEHO 0 RAM output enable #0 and refresh (odd) 
55 0 E H 1 0 t #1 t 
56 OEH2 0 t #2 t 
57 OEH3 0 t #3 t 
58 OEH4 0 t #4 t 
59 OEH5 0 t #5 t 
60 OEH6 0 t #6 t 
61 OEH7 0 t #7 t 
62 * * no use 
63 * * no use 
64 * * no use 
65 CEHO 0 RAM chip enable #0 (odd address) 
66 C E H 1 0 t #1 
67 CEH2 0 t #2 
68 CEH3 0 t #3 
69 CEH4 0 t #4 
70 CEH5 0 t #5 
71 CEH6 0 t #6 
72 CEH7 0 t #7 
73 ABO I address bit 0 (LSB) 
74 V s s ( GND) p ground 
75 A B 1 5 I address bit 15 from CPU 
76 ADD 1 6 I/0 latched upper address bus 
77 ADD 1 7 I/0 t 
78 ADD 1 8 I/0 t 
79 ADD 1 9 I/O t 
80 UBENB I/0 latched Upper Byte Enable 

- 65 -



SLA6170FlM (Gate Array #2) Function Diagram 

CLK1 

ASTB, AE N 

UBEN 
AB16 ~AB1 9 

ABO, AB15 

MEMRN 
MEMWN 

XDECON 
XDECRN 

(Inverted CPU CLK ) 

MSELN 
ADECRN 

DACKON 

T MOUT1 

Address Latch 

Memory Cont . 

Refresh Request 
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UBENB 
ADD16 ~ ADD19 

CE LO ~CEL7 

OEHO ~ OEH7 

OELO ~OEL7 

WEH, WEL 

URCSON, LRCS1N 
LRCSON, LRCS1 N 

URAMEN, LRAMEN 

WMEMRN, WIOR 

UMEDENN 
LMEDENN 

DR EQO 



2.12.3 SLA6170FlJ (Gate Array #3) Pin Assignment 

Pin number Signal name I/0 Remarks 

1 XDO I/0 8bits data bus for I/0 devices 
2 HIGHR I "H" when bit 3 is ON in Grafics mode. 
3 AO I address bit 0 (LSB) 
4 D 1 5 I/O 16bits data bus for I/0 devices 
5 D 1 4 I/0 t 
6 D 1 3 I/0 t 
7 D 1 2 1/0 t 
8 D 1 1 I/0 t 
9 D 1 0 I/0 t 
10 D 9 I/0 t 
11 D8 I/O t 
12 v s s p Ground 
13 v d d p Power supply 
14 D 7 I/0 16bits data bus for I/0 devices 
15 D 6 I/0 t 
16 D5 I/0 t 
17 D 4 I/0 t 
18 D 3 I/0 t 
19 D 2 I/0 t 
20 D 1 I/0 t 
21 D 0 I/0 t 
22 INTA I interrupt acknowledge 
23 WIOR I wide I/0 read 
24 XB I video RAM data enable 
25 VA10 0 CG ROM address 
26 VA9 0 t 
27 VA8 0 t 
28 VA7 0 t 
29 VA6 0 t 
30 VA5 0 t 
31 VA4 0 t 
32 VA3 0 t 
33 UBE I upper byte enable 
34 MSEL I decoded upper address bit 
35 MEMR I memory read 
36 MEMW I memory write 
37 CD 7 I/0 data bus between CPU and LCD controller 
38 CD 6 I/0 t 
39 CD 5 I/O t 
40 CD 4 I/0 t 

- 6 7 -



··-' · 

Pin number Signal name I/0 Remarks 

41 CD 3 I/O data bus between CPU and LCD controller 
42 CD 2 I/O t 
43 C D 1 I/0 t 
44 CD 0 I/0 t 
45 LCD C I LCD controlle r chip select 
46 TEXT I "H" when in TEXT mode 
47 OUT 3D I "H" when CPU outputs data to 3D9h 
48 IN TEN I "H" when intensity bit is enable 
49 QQ 0 for output itensified font 
50 CCL I clock to latch adress of CG ROM 
51 L C I "L" when screen device is LCD 
52 V s s ( GND) p ground 
53 Vdd(+5V) p power supply 
54 L D 0 7 I/0 data bus of lower VRAM 
55 L D 0 6 I/0 t 
56 LD05 I/0 t 
57 L D 0 4 I/0 t 
58 L D 0 3 I/0 t 
59 L D 0 2 I/O t 
60 L D 0 1 1/0 t 
61 L D 0 0 I/0 t 
62 8 D I R I to control data bus between CPU and LCDC 
63 COLOR I "H" when LCDC is COLOR mode 
64 HSEL I upper VRAM select 
65 UD7 1/0 data bus of upper VRAM 
66 UD6 1/0 t 
67 UD5 I/0 t 
68 UD4 I/0 t 
69 UD3 I/0 t 
70 UD2 I/0 t 
71 U D 1 I/0 t 
72 UDO I/0 t 
73 IN V L C 0 inverted No.51pin 
74 XD7 I/0 8bits data bus for I/O devices 
75 XD6 1/0 t 
76 XD5 I/0 t 
77 XD4 I/0 t 
78 XD3 I/0 t 
79 X D 2 I/0 t 
80 X D 1 I/0 t 
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SLA6170FlJ (Gate Array #3) Function Diagram 

D8 ~ D 15---- ---.------<-.j Bi-directional BUFF. 

MSEL 
MEMR-----1--------------~ 

MEMW 

.-.-----------------------...-UDO ~ UD7 

HSEL----_,----------------------~ 

OUT3D9, TEXT 
INTEN , LC 
BDIR, COLOR 

Attribute Cont. 

QQ,CCL ----_,-----------+----------~ 

Mode Selector 
(Color/ Mono) 

.._----------------..-LDO ~ LD7 

C.G. ROM Address 
Gene ~----... VA3 ~ VA10 

1------------ --...- CDO - CD7 

1/ 0 Bus Cont. 

DO ~ 07 -------------1 1*------------------------....,.... X DO - X D7 

- 6 9 -



2.12.4 SLA6170FlL (Gate Array #4) Pin Assignments 

Pin number Signal name 1/0 Remarks 

1 V s s ( GND) p ground 
2 PCLK I 2.38MHz 
3 T1M2GT 0 gating timer counter 2 
4 XD7 I/0 8bits data bus for I/0 devices 
5 XD6 I/O t 
6 XD5 I/0 t 
7 XD4 I/0 t 
8 XD3 I/0 t 
9 XD2 I/0 t 
10 X D 1 I/0 t 
11 XDO I/0 t 
12 V s s ( GND) p ground 
13 S P K 0 output to speaker 
14 RESETN 0 reset to keyboard 
15 HIGHR 0 "H" when bit 3 is ON in graphics mode 
16 AB04 I address bus for I/0 devices 
17 A B 0 3 I t 
18 A B 0 2 I t 
19 A B 0 1 I t 
20 ABOO I t 
21 P P I C S N I parallel I /F chip select 
22 WRN I I/0 write 
23 RDN I I/0 read 
24 RESET I reset for I/0 devices 
25 Vdd(+SV) p power supply 
26 I R Q 1 0 interrupt request #1 
27 P B 6 0 parallel I/F port B bit 6 for K/B control 
28 KBD I key board data 
29 D I I key board data enable 
30 QN 0 data to sub CPU on the keyboard 
31 PRNEN I printer enable 
32 P DB 7 0 data bus for output to printer 
33 P DB 6 0 t 
34 P DB 5 0 t 
35 P DB 4 0 t 
36 P D B 3 0 t 
37 P DB 2 0 t 
38 P D B 1 0 t 
39 P D B 0 0 t 
40 S T B 1 0 strobe to control printer data 
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Pin number Signal name I/0 

41 A .U T 0 1 0 
42 I N I T 1 0 
43 S E L I N-1 0 
44 S T B 2 I 
45 AUT 0 2 I 
46 I N I T 2 I 
47 S E L I N 2 I 
48 E R R I 
49 S E L I 
50 P E I 
51 A C K I 
52 B U S Y I 
53 Vdd(+5V) P 
54 I R Q 7 0 
55 E X N 0 I 
56 R 0 E 0 N 0 
57 W 0 E 0 N 0 
58 TEXT 0 
59 0 U T 3D 9 0 
60 c s 1 0 
61 T C L K 0 
62 L C D C N I 
63 S W 1 I 
64 T P C 2 I 
65 READ 0 
66 ADD R E S 0 
67 W R I T E 0 
68 D 3 I /0 
69 D2 I/0 
70 D 1 I /0 
71 D 0 I /0 
72 CBUSY I 
7.3 L 2 0 
74 L 3 0 
75 L 4 0 
76 L 5 0 
77 L 6 0 
78 L 7 0 
79 L 8 I 
80 L 9 I 

Remarks 

auto feed (printer) 
initialize (printer) 
enable to output data to printer 
to sense STB 
to sense AUTO 
to sense INIT 
to sense SELIN 
to sense Error from printer 
printer select 
to sense paper end 
"L" when printer recieved data 
printer busy 
power supply 
interrupt request #7 
enables port EOh,E4h,E8h 
enables read from port EOh 
enables write to port EOh 
"H" when in TEXT mode 
"H" when CPU output data to 309h 
real time clock chip select 
1.19MHz for Timer counter 
LCD controller chip select 
position of CONFIG SWl. "H" when Test mode 
output of timer counter #2 for speaker 
Data read (real time colck) 
address (real time colck) 
data write (real time clock) 
data bus (real time clock) 

t 
t 
t 

real time clock busy 
PS board control bit 
no use 
no use 
no use 
power control bit for LCD panel (+5V) 
power control bit for LCD panel (-15V) 
position of power SW. "H" when SW is ON. 
bit to sense LOW POWER 
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SLA6170FlL (Gate Array #4) Function Diagram 

WRN,'RDN 

ABOO
AB04 

PRNEN 

LCDCN 

EX NO 

PPICSN 

X DO 
X D7 

ROEON 
WOE ON 

PCLK 

TCLK 

RESET 

DECODER 

1/2 

Display Cont. ----

I Printer 1/F 

~ 

K/ B 1/F 

PPI --

Real Time Clock 
Cont . 

-

ES Port 

72 

TE XT, HIGHR 
OUT3D9 

PDBO- PDB7 

STBT, AUTO! 
N IT! , SE LIN! I 

STB2, AUT02, INIT2 
SELI N2, ERR, SEL 

E,ACK, BUSY p 

I RQ7 

KBD, D l 

PB6, ON , RESETN 

I ROT 

SPK, T IM2GT 

SWT, TPC2 

READ, WR ITE 
CST, ADDRESS 

DO ~D3 

CBUSY 

LS, L9 

L2- L7 



2.12.5 wPD65013-096 (Gate Array #5) Pin Assignment 

Pin number Signal name I/O Remarks 

1 MMR I/0 memory read 
2 MMW I/0 memory write 
3 I R N I/0 I/0 read 
4 IWN I/0 I/0 write 
5 * * no use 
6 AEN I address enable from CPU 
7 X D 7 I/0 8bits data bus for I/0 devices 
8 XD6 I/0 t 
9 XD5 I/0 t 
10 XD4 1/0 t 
11 XD3 1/0 t 
12 XD2 I/0 t 
13 X D 1 1/0 t 
14 XDO I/0 t 
15 GND p ground 
16 UBE I Upper Byte Enable 
17 A 1 9 0 Upper address bus (to output when in DMA) 
18 A 1 8 0 t 
19 A 1 7 0 t 
20 A 1 6 0 t 
21 A 1 5 0 no use 
22 A 1 4 0 no use 
23 A 1 3 0 no use 
24 A 1 2 0 no use 
25 A 1 1 0 no use 
26 A 1 0 0 no use 
27 A9 0 no use 
28 A 8 0 no use 
29 p 7 1 I/0 lower 8bit address bus 
30 p 6 1 I/0 t 
31 p 5 1 I/0 t 
32 p 4 1 I/0 t 
33 p 3 1 I/0 t 
34 p 2 1 I/O t 
35 p 1 1 1/0 t 
36 p 0 1 I/0 t 
37 DCSN I/0 DMA controller chip select 
38 DAEN I/0 address enable when in DMA 
39 ASTB I/O to latch upper 8bits address wh en in DMA 
40 GND p g round 
41 Vdd(+5V) p power supply 
42 D D 7 I/0 data bus for registe r of DMA controll e r 
43 D D 6 1/0 t 
44 DD5 l/0 t 
45 D D 4 I/O t 
46 DD3 1/0 t 
47 DD2 I/0 t 
48 D D 1 1/0 t 
49 DDO I/0 t 
50 E 0 P I indicates the end of DMA 
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Pin number 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

Signal name 

REST 
DAK2 
DAK3 
WRDMA 
DA7 
DA6 
DA5 
DA4 
DA3 
DA2 
D A 1 
DAO 
FRST 
FDCK 
16MH 
GND 
50 0 K 
ENRN 
FDCS 
DAC2 
FDWR 
FDRD 
4 D S 2 
4 D S 1 
MTR1 
MTR2 
WDAT 

* * DQ2 
I R Q 6 
LCTD 
IN T 4 
WREN1 
DKTC 
DRQ5 
p s 0 0 
p s 1 0 
WREN 
FDAT 
GND 
V d d ( +5V) 
ENDR 
LCDRDY 
DAKO 
DMCK 
DWAT 
X I R 
X I W 
XMR 
XMW 

I/0 

I 
I 
I 
0 
I 
I 
I 
I 
1/0 
I/0 
I/0 
I/0 
0 
0 
I 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
I 
0 
0 
0 
I 
I 
I 
I 
I 

0 
I 
I 
I 
0 
I /O 
I/0 
I 
I 

Remarks 

system reset 
DMA acknowledge channel 2 for FD controller 
DMA acknowledge channel 3 
enable data bus to write to I/O when in DMA 
transfer address bus when in DMA 

t 
t 
t 

--~transfer address bus when in DMA and 
address bus for register of DMA controller 

f-. 

reset for floppy disk controller 
4MHz for floppy disk controller 
input from 16MHz oscirator 
ground 
pulse to transfer data when FDC writes 
enables buffer to floppy disk drive (FDD) 
chip select of floppy disk controller 
DMA acknowledge channel 2 for FD controller 
write data to floppy disk by DMA 
read data from floppy disk by DMA 
floppy disk drive select #2 (B drive) 
floppy disk drive select #1 (A drive) 
floppy disk drive Motor #1 ON (A drive) 
floppy disk drive motor #2 ON (B drive) 
data towrite to floppy disk 
no use 
DMA request channel 2 for foppy disk drive 
interrupt request #6 
position of R/W head and direction of seek 
interrupt request #4 
enables write data to FDD 
indicates the end of data transfer to FDC 
DMA request from FD controller 
~input from FDC. pre-shift at HFM mode 

indicates to write to FDD 
write data to FDD 
ground 
power supply 
enables buffer to EXT-FDC connector 
WAIT to CPU when LCD controller is active 
DMA acknowledge channel 0 for memory refresh 
clock for DMA controller (4.77MHz ) 
WAIT to DMA controller 
r ead from I/0 devices and r eg i s t e r of DM AC 
write to I/0 devices and register of DMAC 
read from memory when in DMA 
write to memory when in DMA 
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]JPD65013G-096 (Gate Array #5) Function Diagram 

A16 ~A 19------------1 

DCSN, DAEN,ASTB--------~~ 

RESET, WRDMA 
DAKO, DAK2, DAK3 

P01 ~ P71---------.---~oo~ 

IRN, IWN 
MMR , MMW 

XDO ~ XD7----..---+-+--~oo! 

IR06 ----------~ 

16MH----1 1/4 1/2 

Relation to DMA 

Relation to FDC 

1---------X IR, XIW 
XMR, XMW 

1------ ------ A 16 ~A 19 

1----------- DAO ~ DA 7 

1----- ------ DDO ~ DD7 

1--------DQ2 

~------FRST, DKTC, DAC2 
FDWR,FDRD 

PSOO, PS10, DRQ5, FDAT 
1---------- LCTD, WREN, INT4 

4DS1, 4DS2, WREN1 
I--- -----MTR1 , MTR2, WDAT 

~------- ENDR,ENRN 

I--- - - - --INT4 

1/4 ~-----------500K 

L----------- --- - ---------FDCK 
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2.13 Liquid Crystal Display (LCD) 

As the standard display unit the MultiSpeed employs an 

LCD (liquid crystal display). This LCD is of the dot 

matrix type that has 640 x 200 picture elements (pels) so 

as to display 25 lines x 80 characters on the screen. 

If an optional cathode-ray tube (CRT) is connected to 

the MultiSpeed body, the operator can select either the CRT 

or the LCD as a monitor. The operator , however, cannot use 

the LCD and the connected CRT at the same time. 

2.14 Liquid Crystal Display (LCD) Controller 

As the LCD controller the MultiSpeed employs the V6355D-F 

LCD controller. This LCD controller, which can control both 

the LCD and a CRT, is provided with a built-in register 

bank for function expansion as well as some of the MC68 45's 

built-in registers, and the built-in periphe ral circuit of 

the IBM PC color display adapter which are give n for the 

purpose of providing software compatibility with IBM PCs 

(personal computers) . 

This LCD controller supports 1024 character codes stored 

in the four character f ont memory areas by using the 16K

byte video memory area which starts from address BBOOO(hex). 

These four characte r font memory areas are res ident l n 

the characte r gen e r a tor -ROM (CG- ROM); d i f f e r e n t a r eas 
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store different character fonts. These character fonts are 

the general character set normal font, general character 

set bold font, VT-100 dedicated character set normal font, 

and VT-100 dedicated bold font. The VT-100 dedicated 

character set is used to emulate the VT-100 by using appli

cation programs. 

The LCD controller display operation modes are roughly 

divided into the alphanumeric mode and the graphics mode, 

each of which is further divided based on the display 

feature (resolution) to provide a total of five modes 

supported, as follows: 

o Alphanumeric mode 

· 40 x 25 character display 

· 80 x 25 character display 

o Graphics mode 

· 160 x 200 pels 8-color display (low-resolution display) 

· 32 0 x 200 pels 4-color display (medium-resolution 

display) 

· 640 x 200 pels monochromatic display (high-resolution 

display) 

This LCD controlle r supports two type s of cursors: text 

cursor and sprite cursor. 

The text cursor comes in a rectangle whose width can be 

give n as desired wi thin a 8 x 8 pels characte r box ; the 

width is set by both RlO and Rll data out of 6845-registers. 
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The sprite cursor may come in a desired shape within a range 

of 16 x 16 pels and also can move continually in dot units 

on the screen. In addition, the sprite cursor is capable of 

setting two patterns: one in which the logical product of 

its own display and another screen display is indicated on 

the screen and another in which the exclusive logical sum 

of them is indicated on the screen. 

The sprite cursor can be used in both alphanumeric mode 

and graphic mode, whereas the text cursor can be used only 

in alphanumeric mode. 

This LCD controller has built-in registers called 

palettes in the register bank so as to specify desired 

colors. The palette register consists of 16 words, being 

able to store the 9-bit color code for each palette. 

A desired color on display can be given by indirectly 

specifying the corresponding color code store d in the 

pale tte reg ister by specifying the corresponding color code. 

With this function, the MultiSpeed can select 16 colors out 

of 512 and display them on the screen. Desired colors can 

be set to desired palette registe rs, so that the operator 

can instantly switch the e x isting color to a desired one 

without flickering of the display. 

The se pale tte registers have been preset in such a way 

that they give th e same color as the IBM PCs when the syste m 

is res e t by the reset s witch moun t e d on t h e r e ar pan e l o f 

the MultiSpeed, as shown in Fig . 3 .14.1 b e l ow. 
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Fig. 2.14.1 Palette registers set value upon presetting 

Palette code Color code 

I R G B Color name R z R1 Ro Gz G1 Go B z B1 Bo 

0 0 0 0 Black 0 0 0 0 0 0 0 0 0 

0 0 0 1 Blue 0 0 0 0 0 0 1 0 0 

0 0 1 0 Green 0 0 0 1 0 0 0 0 0 

0 0 1 1 Cyan 0 0 0 
, 

0 0 1 0 0 ~ 

0 1 0 0 Red 0 1 1 0 0 0 0 0 0 

0 1 0 1 Magenta 1 0 0 0 0 0 1 0 0 

0 1 1 0 Brown 1 0 0 1 0 0 1 0 0 

0 1 1 1 Whi te 1 0 0 1 0 0 1 0 0 

1 0 0 0 Gray 0 0 1 0 0 1 0 0 1 

1 0 0 1 Light Blue 0 0 0 0 0 0 1 1 0 

1 0 1 0 Light Green 0 0 0 1 1 0 0 0 0 

1 0 1 1 Li ght Cyan 0 0 0 1 1 0 1 1 0 

1 1 0 0 Light Red 1 0 1 0 0 0 0 0 0 

1 1 0 1 Light Magenta 1 1 0 0 0 0 1 1 0 

1 1 1 0 Yellow 1 1 0 1 1 0 0 0 0 

1 1 1 1 White 1 1 1 1 1 1 1 1 1 
(H i gh intensity) 

. If the palette registers have been set as shown in the 

above table, the 4-bit palette code which specifies palettes 

may logica lly be considered t o consist of the intens i ty (I), 

red (R), green (G), and blue (B) bits. That is, the 

operator can combine the R, G, and B bits to select the 

d e sired e ight color s a nd, moreover, use t h e I bit to switch 

t hose c olors t o e i t h er o f t wo intensitie s . 
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This method of specifying colors with palette s is used in 

all display modes. 

On the LCD screen, the MultiSpeed's LCD controller converts 

colors to eight stages of color shades (intensitie s), then 

displays them. The correspondence between specified colors 

and intensities on the LCD can be found by the following 

formula: 

R z R1 Ro 

R z 

B z B 1 

+) Gz G1 G o Gz 

Out of the five bits obtained above, the MultiSpeed's LCD 

controller uses three b its, Yl thr ough Y3 , t o d e t ermine 

inte nsity . 
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* Alphanumeric mode 

The size of characters displayed in alphanumeric mode is 

not larger than an 8 x 8 pels character box. However, the 

size of one pel on the 40 x 25 characters display is the 

same as that of 2 x 1 pels on the 80 x 25 characters screen. 

In the alphanumeric mode the LCD controller uses character 

codes written in the start 4K-byte area of the video memory 

area which starts from address B8000(hex) to read out the 

corresponding character font of the CG-ROM, then indicates 

the character pattern on display according to the attribute 

specified for each character. 

Both the attribute and the character code of each charac-

t er occupy one byte each in the text area, so that each 

character requires two bytes for display: an attribute byte 

and a character code byte. Fig. 2.14.2 shows the bit configu-

ration of both the character code byte and the attribute 

byte . 

Character 
code byte 

17 6 5 4 3 2 

Attribute byte 

l L Foreground color hits 

~ Intensity bit 
.____ _____ Background bits 

L--------- Blink bit 

Fig. 2.14.2 Character code byte and attribute byte 
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The character code byte is fed as the high-order bit of 

CG-ROM addresses to the CG-ROM together with the three low

order bits generated by the LCD controller, so that desired 

characters can be displayed. 

The attribute byte, on the other hand, carries infor

mation on the foreground color, intensity, background 

color, and blink, which all concern character display. 

Four foreground color and intensity bits are used as 

the code to specify the color of characters to be displayed 

using the palette code, so that 16 colors out of 512 ones 

can be selected at a time. 

Likewise, as many as eight background colors can be 

specified at a time by use of the 3-bit code. The blink 

bit is used to specify whether the foreground is to blink 

or not; if the intra-LCD controller mode register disables 

the blink function, however, the blink bit of the attribute 

byte is changed to the intensity (I) bit for the background 

color, so that 16 colors can be specified as the background 

color, as in the case of the foreground. 

In alphanumeric mode the operator can provide eight 

gradation stages of display and also the following different 

display of color display-speci f ied characters on the LCD 

screen. 

If the attribute byte for d isplay characters specifies 

a ny color other t han black (color code O(hex )) as the 
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background color, those characters can be displayed in 

reversed color on the screen. The background intensity 

for these reversed characters depends on the color code 

stored in palette code 7(hex) and the foreground intensity, 

on the color code stored in palette code O(hex). If the 

attribute byte for display characters specifies black as 

the background color, on the other hand, these characters 

are displayed on a screen on which the intensity of the 

foreground and background depend on the color code stored 

in palette codes 7(hex ) and O(hex) respectively . Thi s 

display mode is effective a case in which characters are 

hard to identify on the gradation display screen. 

Where the 
background 
color code 
is O(hex) 

Gradation 
display 

lAJ 
Where the ~ background 
color code 
is any other 
than O( hex) 

Emulation 
display 

Foreground: De2ends, in intensity , on col or 
coae stor ed in pal e t te ~ode 7(hex) . [A] 

a 
Back ground: Depends , in intens ity , on color 

code s t or ed in pale tte code O(hex), 

Foregr ound: DeP.ends, in intensity, on col 9r 
coa e stored 1n palette code O~hex). 

Background : Depends, in intensity , on color 
code stor ed in pal ette code 7(hex). 

This displa y mode can be switched to o r f rom the gr a dation 

displ a y mode b y us ing the Multi Speed a pplication pro gram 

"Setup" or by setting or resetting bit 6 of I / O address 

EO(hex). 

I f , also, the a ttr i bute byte fo r d i s p l ay characters h a s 

its intensity bit set to 1 , those characters can be displayed 
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bold. This display is effective for both the CRT display 

and the LCD. 

\\There lA l inte nsity 
bit is 1 

This dis p lay mode can b e switched to or from the general 

display mode by using the MultiSpeed application program 

"Setup" or by setting or resetting bit 5 of I/O address 
':: 

EO (hex) . 

The above-mentioned two special display modes can be 

set at the same time. 
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* Graphics mode 

The graphics mode comes in three types, depending on 

the display feature (resolution): 160 x 200 pels graphics, 

320 x 200 pels graphics, and 640 x 200 pels graphics. 

In every one of these three graphics modes the text 

cursor is disabled but the sprite cursor is enabled in 

use. 

o 160 x 200 pels graphics mode 

In this mode each dot size is equal to the size of 4 x l 

pels in the 640 x 200 pels graphics mode. Each picture 

element (pel) uses four bits of the video memory area and 

is capable of setting 16 colors. 

I R G B I R G B 

1st pel 2nd pel 

Forma t in video memory 

o 32 0 x 200 pe ls graphics mode 

In this mode each pel size i s equal to the si ze of 2 x l 

pels in the 640 x 20 0 pels graphics mode. Each pel uses 

two bits of video memory area and is capable of s e tting 

four colors. 

Cl co I Cl : co I Cl CO Cl co 

ls t pel 2nd pel 3rd pel 4th pel 
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In the 320 x 200 pels graphics mode the color can be 

selected by activating either of the two color palette 

groups SET 1 and SET 2 so as to specify the palette of 

the activated group by using two bits, Cl and CO. The 

SET 1 and SET 2 groups can be selected by bit 5 of the 

intra-LCD controller color selection register in such a 

way that if bit 5 is set to 0 or l, the SET l or SET 2 

group is selected respectively. If, in this case, the 

monochromatic display mode is specified, both the Set l 

and SET 2 groups provide the same contents. If bits Cl 

and CO are both set to 0, the background color is selected 

by four bits, bits 0 through 3, of the color selection 

register. Fig. 2.14.3 outlines display colors in the 

320 x 200 pels graphics mode. 

Fig. 2.14.3 Outline of 320 x 200 pels graphics 
mode display colors 

SET 1 SET 2 B & w 
Cl CO Color I R G B I R G B I R G 

Back- SEL SEL SEL SEL SEL SEL SEL SEL SEL SEL SEL 
0 0 ground I R G B I R G B I R G 

SEL SEL SEL 
0 1 Color 1 IN 0 1 0 IN 0 1 1 IN 0 1 

SEL SEL SEL 
1 0 Color 2 IN 1 0 0 IN 1 0 1 IN 1 0 

SEL SEL SEL 
1 1 Color 3 IN 1 1 0 IN 1 1 1 IN 1 1 
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o 640 x 200 pels graphics mode 

In this mode each pel size is equal to the size of 1 x 1 

pels. Each pel uses each bit of the video memory area. 

In this mode, two colors can be displayed in such a way 

that the video memory area bit which is set appears on 

display in a color selected by bits 0 through 3 of the 

color selection register, whereas the bit which is not 

set appears in the color of color code O(hex), i.e. black. 
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'; 

' : 

* Programming considerations 

This LCD controller uses those registers listed in Fig. 2.14.4 

below, to set the operation mode, desired functions, etc. and 

also to read data from or write it to the internal register. 

Fig. 2.14.4 

Address (hex) R/W Usage 

3DO w 6 845 Address Register 

3Dl R/W 6845 Data Register 

3D8 R/W Mode Control Register 

3D9 w Color Select Register 

3DA R Status Register 

3DD w Register Bank Address 

3DE w Register Bank Data 

6845-Address and Data Registers: 3DO(hex) and 3Dl(hex) 

The registers listed above are used to provide access 

to the 6845-register built in the LCD controller. 

The 6845-address register serves as a pointer for a 

desired one of the 6845-registers. 

The 6845- data r e g i ster is used to provide acce ss to 

registers selected by the address register. 

Fi g. 2.14.5 below gives the 6845-reg isters built into the 

LCD contr o l l er a nd their internal addresse s. 
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Fig. 2.14.5 6845-registers 

Internal 
address R/lrJ Usage 

(hex) 

OA w RlO, cursor start scan line address 

OB ~v Rll, cursor end scan line address 

oc R/\il Rl2, start addres s (high) 

OD R/1rJ Rl3 I start address (low) 

OE R/W Rl4, cursor address (high) 

OF R/ lrJ Rl5, cursor address (low) 

10- 11 not used 

Mode Control Register : 3D8 (hex) 

This register can be accessed in 8-bit units in such a 

way that in write operation it can be used to set the LCD 

controller mode and , in read operation, to output this 

controller's ID number (CO(he x)). 

Bit Usage 

7 Stand-by mode setting bit. If this bit is s e t 

to 1 , the LCD controller e nters t h e stand-by 

mode. 

6 1 4 Graphics display resolution sel e cting bits. 

These two bits c a n b e combi ne d to s e l ect r eso-

lutions on graphics display , as listed below. 
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5 

Bit 
Resol u'tion 

6 4 

0 0 320 X 200 pels 

0 1 640 X 200 pels 

1 0 160 X 200 pels 

1 1 Not used 

Blinking function enabling bit. If this bit is 

set to 1, the character blinking function is 

validated in the alphanumeric mode. If this 

bit is set to 0, on the other hand, bit 7 of 

the attribute byte is used as the intensity bit 

for the background color. 

3 Video signal output suspending bit. The video 

signal output must be suspended when the mode 

is changed. Therefore, be sure to set this bit 

to 1 to suspend the video signal for a certain 

lapse of time when the mode is switched . 

2 

1 

Monochromatic/ color mode selecting bit. If 

this bit is set to 1, monochromatic graphics 

are given on the CRT. 

Gra phic mode s e l e cting bit. If this bit is s e t 

to 1 or 0, graphics mode or alphanumeric mode is 

s elected respectively . The resolution in 

graphics mode c an b e spe c i f i e d b y b its 6 and 4 . 
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0 80 x 25 characters display selecting bit. If 

this bit is set to 1, the 80 x 25 character 

display is selected, if it is set to 0, the 

40 x 25 character display is selected. 

Note here that bits 7 and 6 are write-protected by the 

lock feature in order to protect their contents from an 

unexpected write operation. To unlock them, set bit 7 of 

I/0 address 3DD(hex) to 1; to lock them again, set that 

bit to 0. 

The mode control register can be reset by pressing the 

reset switch. 

Color Select Register: 3D9(hex) 

7 

This 6-bit register is exclusively used for accessing . 

Bit Usage 

6 Not used 

5 This bit selects the color set in the 320 x 200 

pels graphics mode, as follows: 

0: SET 1 is activated. 

1: SET 2 is activated. 

4 This bit, if set to 1, selects the high

intensity color set in the 320 x 200 pels 

graphics mode. 
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3 - 0 The palette code written to these bits speci-

fies the border color in every display mode. 

At the same time, the background color in the 

320 x 200 pels graphics mode is specified. 

The color select register can be reset by pressing the 

reset switch. 

Status Register: 3DA(hex) 

Bit Usage 

7 - 5 

4 

Not used 

This bit, if set to 1, indicates that the video 

dot information (input signal for color palettes) 

is being output. The low-order two bits of the 

r egister bank address are combined as follows 

to select the desired one of four dots. 

Register bank 
a ddress register 
bits 1 and 0 

0 

0 

1 

1 

0 

1 

0 

1 

Video dot information 

Blue (B) 

Gr e e n (G) 

Red (R) 

I ntensity (I) 

This bit, i.e. bit 4 of the status register, is 

provided for the purpose of testing. This bit 

can b e used to ma k e s u re t h at t h e v ide o info r-

mation is correctly generated and also that the 
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mode selection register, color selection register, 

and all other write-dedicated registers are 

correctly operating. 

Bit Usage 

3 Th±s bit, when set to l, indicates that the 

system is in the vertical return line period. 

This bit, in the monochromatic adapter mode, 

serves as video dot information like bit 4. 

2 - 1 Not used 

0 This bit, when set to l, indicates that the 

display is OFF because of the return line . 

Register Bank Address and Data Registers: 3DD(hex) and 
3DE (hex) 

These two r egisters are used to access the intra-

register bank register built in the LCD controller. 

The register bank address register serves as a pointer 

for each of the intra-register bank registers. 

The registe r bank data register is used to output data 

to registers selected by the address register. 

Fig. 2.14.6 gives the correspondence between the intra-

register bank registers and their internal addresses . 
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Fig. 2.14.6 Intra-register bank registers 

Address 
(hex) 

0- lF 

20 - 3F 

40 - 41 

42 4 3 

44 45 

46 - 4 7 

48- 49 

4A- 4B 

4C 4D 

4E 4F 

50 - 51 

52 - 53 

54 55 

56 - 57 

58 -- 59 

SA- SB 

SC - SD 

SE - SF 

60 - · 61 

62 - 63 

64 

65 

66 

67 

68 

R/W Usage 

W Sprite pattern data (Sl) 

W Sprite pattern data (S2) 

W Color palette #0 

W II #1 

w 
w 
w 
w 
w 
w 
w 
w 
~\[ 

\til 

\til 

w 
I'J 

w 
\til 

w 
w 
w 
w 

w 

w 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

#2 

#3 

#4 

#5 

#6 

#7 

#8 

#9 

#10 

#11 

#12 

#13 

#14 

#15 

Horizontal sprite position 

Vertical sprite position 

Test/ smooth scroll/sprite display control 

Monitor control 

MONO/LCD control/raster adjustment and 
control 

Processor, page selection/ clock synchroni
zation position control 

Sprite color selection 
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Sprite Pattern Data Register: Internal addresses 
O(hex) to 3F(hex) 

These registers are used to define sprite patterns, 

being able to store 16 x 16 dots pattern data for both Sl 

and S2 patterns. 

The Sl pattern is AND'ed with other patterns on the 

screen, whose result is then displayed; the foreground 

color for this pattern is determined by the intra-register 

bank sprite color selection register. The background 

color for this pattern is white (1). 

The S2 pattern is exclusive-OR'ed with other patterns 

on the screen, whose result is then displayed. The fore-

ground color is determined by the sprite color selection 

reg ister and the background color, transparent. 

Fig. 2.14.7 below gives the correspondence between t hese 

two patterns and their register data addresses. 

Fig. 2 .14.7 Sprite pattern data 

7 0 7 . 0 
hexO 0 hexO 1 hex2 0 hex2 1 
hexO 2 hexO 3 hex2 2 hex2 3 

I I 
I I 

I ' I ' 
I ' 
I 

I 
I I 

I 
I 

I I I 

' ' I I ' 
I I ' I 
I I I 
I I I 

I I I 

' I I 
I I I 

I 

I I ' I I I 

' I I ' I 

i 
I 

I I 

hex1 E hex1 F hex3 E hex3 F 

Sl pattern S2 pattern 
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Color Palette Registers #0 to #15: Internal addresses 
40(hex) to 5F(hex) 

This register group is of the l6~word x 9-bit configu-

ration and can store 16 9-bit color codes, to select 

desired colors in all display modes. With this function, 

the operator can use any desired 16 colors out of the 512 

colors. 

Fig . 2.14.8 lists the bit configuration for these color 

palette registers. 

Internal address 4l(hex) 40(hex) 
Palette 1/0: -;':: ;~ ;~ ';'\ >'~ -~ R2 R 1 Ro -;':: G2 G 1 Go ;, B2 B1Bo 

Internal address 43(hex) 42(hex) 
-;':: .,., ·k ·k. * IR2 R1Ro ;':: G2 G 1 Go >'< B2 B1 Bo Palette Ill: 

Palette 1/15: 
SF(hex) SE(hex) 

Fig. 2.14.8 Color palette registers 

* = Don't 
care 

These color palette registers are so preset as to 

~rovide the same color as the IBM PC, each time the reset 

switch is pressed. 

Horizontal Sprite Position and Vertical Sprite Position 

Registers: Internal addresses 60(hex ) to 63(hex ) 

These registers are used to define the sprite cursor 

position on the screen, storing its horizontal position 

and vertical position in internal addresses 60 to 6l(hex) 

and internal addresses 62 to 63(hex ) respectively. 
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The home position of the spri te cursor is the top left 

cursor corner dot of the pattern; this dot gives the posi-

tion coordinates of the sprite cursor. As shown in 

Fig. 2 . 14.9 b e l ow, the sprite c urso r pos i tion coo r dinates 

and the display coordinates are shifted 16 bits from each 

other both horizontally and vertically. 

/(0, 0) 
q:=----:;-r-- ------ - --------------------------
:: <, : 
: ~"',,~;: ./ ( 16 '16 ) ;.---=-<:;; ./ (335 '16) 
~---*'~------------------n"--~'r--------n~ 
I 
I 
I r,-_-_ I :I 
I II ,..... 
I I V ' , 
I L __ 

I 
I 

I 
I 

t 
.... _....-(335, 215) 

~---------------------------------U 

(16 '21 5) 

Fi g . 2 . 1 4. 9 Sprite cur sor position coo r d ina t e s 
a nd display coordina t e s 

F i g. 2 . 14 . 1 0 below s hows the bit configurat i o n of both t h e 

horizontal and vertical sprite position registe rs. 

Horizontal sprite 
position register 

Vertical sprite 
position registe r 

Internal address 
60 (hex) 6l(hex) 

62 (hex) 63(hex) 

Fig . 2 .14.10 Hor izontal and vertica l s prite 
position r egisters 
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Test/smooth scroll/sprite display control register: 

Internal address 64(hex) 

This 8-bit register is exclusively used for the write 

operation. 

Bit 

7 - 6 

5 - 3 

Usage 

These two bits, if both set to 1, permits the 

LCD controller to enter the test mode, inhibit

ing general operations. These two bits can be 

reset to 0 by the vertical synchronization 

signal. 

These three bits, if set to 0 or 1, shift up 

the screen raster line in the alphanumeric mode 

by as much as their representing number. 

2 82 sprite cursor enable bit. This bit, if 

set to 1, validates sprite cursor 82. 

1 Sl sprite cursor enable bit. This bit, if 

set to 1, validates sprite cursor Sl. 

0 Sprite cursor blinking bit. This bit , if 

set to 1, causes the sprite cursor to start 

blinking. 

Th i s register can b e res e t to 0 by pre s sing the reset 

switch. 
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Monitor Control Register: Internal address 65(hex) 

This 8-bit register is exclusively used for the write 

operation. 

Bit Usage 

7 Not used 

6 Set to 1 when S-RAMs are used as video memory 

and set to 0 when D-RAMs are used. For the 

MultiSpeed, set this bit to 1. 

5 Set to 1 to direct the display contents to the 

CRT; set to 0 to direct them to the LCD. 

4 Set to 0 to connect a color monitor to the 

body; set to 1 to connect an IBM monochromatic 

monitor. 

3 Set to 1 to connect a PAL/SECAM type monitor 

to the body; set to 0 to connect an NTSC type 

monitor. 

2 Selects the number of horizontal dots on the 

display screen, as follows: 

1 - 0 

0: 640 or 320 dots 

1: 512 or 256 dots 

Those two bits are used to selec t the number of 

vertical lines. 
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Bit 
Usage 

1 0 

0 0 192 lines 

0 1 200 lines 

1 0 204 lines 

1 1 64 lines 

This register is initialized to 4l(hex) . 

Monochromatic Monitor/ LCD Control Register: Internal 

address 6 6 (hex) 

This 8-bit register is exclusively used for the wr ite 

operation. 

Bit Usage 

7 This bit, when set to 1, permits bit 3 of the 

status register to indicate the video dot 

information and bit 0 to change to be of hori

zontal synchronization in order to enable the 

under line function. 

6 This bit, when set to 1, enables monochromatic 

display and, when set to 0, enables 16-color 

display. 

5 - 4 These two b i ts a r e use d to select a de sir ed LCD 

driver shift clock frequency. The MultiSpeed 

employs the controller selected by these two 

b its (bits 5 and 4) set to 1 a nd 0 r e spe ctively. 
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3 - 2 

1 - 0 

These two bits are used to select a desired LCD 

driver type. The MultiSpeed employs the cont

roller selected by these two bits (bits 3 and 

2) set to 0 and 1 respectively. 

These two bits are used to select the number of 

vertical raster adjustment lines employed on 

the upper half of the LCD screen. The MultiSpeed 

gives such a number of lines as to be determined 

by these two bits (bits 1 and 0) both reset to 

0. 

In the MultiSpeed this register is initialized to 

24(hex). 

Configuration Mode Registe r: Internal address 67(hex) 

This 8-bit register is exclusively used for write 

operation. 

Bit Usage 

7 This bit, when set to 1, enables bus operation 

by the 16-bit processor. 

6 Not used 

5 Us e d to sele ct the AC drive control s ignal f or 

LCD. 

4 - 0 Thes e five bits are used to generate the enable 

clock (E-CLK) or weight clock (W-CLK) fo r the 

LCD driver when the LCD controller is in the 
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LCD mode. In the CRT mode, these five bits are 

used to adjust the horizontal display position 

in a range of dot numbers -7 through 8. 

Sprite Cursor Color Selection Register: Internal address 
68 (hex) 

This 8-bit write oper~tion-dedicated register is used 

to select the foreground color of the two sprite cursors, 

using palette codes, as follows. 

Bit Usage 

7 - 4 Used to select the foreground color of the S2 

sprite cursor. 

3 - 0 Used to select the foreground color of the Sl 

sprite cursor. 

- 1 0 2 -



2.15 CRT Display Interface 

The MultiSpeed is provided with a 9-pin connector mounted 

on its rear panel, for the purpose of connecting a CRT 

display to it. The MultiSpeed sends only the output signal 

of the TTL level through this connector. The signal pins 

of this connector are explained below. 

Pin # Signal name I/0 Usage 

l 2 Ground 0 

3 Red 0 Color display signal 

4 Green 0 

5 Blue 0 

6 Intensity 0 Intensity signal 

7 OR 0 This video signal is a logical sum 

of the R, G, and B signals and is 

used in monochromatic display. 

8 Horizontal 0 Horizontal synchronization signal 
Sync 

9 Ve rtica l 0 Ve r t i cal s ynchroniza t i on sign a l 
Sync 
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2.16 Keyboard and Keyboard Controller 

The MultiSpeed keyboard is roughly comprised of the 

typewriter-type keyboard key group, 10 function keys 

group, and calculator-type keypad. 

The 10 function keys function can be defined by soft

ware by each user with the shift key held down or not, to 

enable setting a total of 20 functions. 

The key top of both the Caps Lock key on the typewriter

type keyboard and the Num Lock key on the calculator-type 

keypad has a built-in LED (light emitting diode), so that 

the operator can easily understand the ON/ OFF status of 

these two keys. 

At the bottom stage on the keyboard the Pop Up key and 

the Help key are provided marked in red. The Pop Up key 

is used as the function key to call the Pop Up program, 

i.e. MultiSpeed application program. The Help key is 

us e d to display the information on the operations or 

functions of the MultiSpeed itself, its application pro

gram, etc. These two keys (Pop Up and Help keys) will 

generate key scan codes that the IBM PC does not, and 

have their functions fixed by the intra-BIOS routine. 

Figs. 2.16.1 and 2.16.2 show the keyboard layout for English

speaking countries and German-speaking countries respectively. 
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Se<oll w=l!FsllrffllrL\l 
Lock ~Ub::JJ~UJ 

~[][][][] 
[][][]CD 

Fig. 2.16.1 English-edition keyboard layout 

Fig. 2.16.2 German-edition keyboard layout 

The MultiSpeed keyboard controller has functions to 

detect key-in, debounce, typematic, and queue k e y-in 

operations. 

Immediately after detecting key pressing and releasing, 

the keyboard controller sets to the intra-controller 
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first-in-first-out (FIFO) buffer the 1-byte MAKE code and 

the BREAK code shown in Fig. 2 . 16.4 before respectively. 

The BREAK code is given a sum of 80(hex) and the MAKE 

code val ue assigned to each relevant key . The FIFO key -in 

buffer accommodates 16 times key-in operations, thus 

enabling queueing key-in operations. If the FIFO key-in 

buffer overflows, overrun code FF(hex) in set to the 

dedicated 17th buff er. 

This keyboard controller has its own built-in timer 

because of the typematic function. Immediately after a ny 

key is pressed, this timer starts counti ng and, if the key 

is held down in excess of 550 ms, generates the }ffiKE code 

continually afterward for each 100 ms of time lapse. 

Fig. 2.16 . 3 shows the t i ming char t fo r t ype mat ic operat i on 

whe r e two k e ys a r e p r ess e d conti nua lly. 

Key A 
Key B 

Buffer 
setting 

Rel e ased 

Pr essed 

~I '-----v------' 
II A II MAKE "B II MAKE 

CODE CODE 

During this time lapse, 
the MAKE code i s not 
output. 

"A" BREAK CODE 

"B" BREAK CODE 

Fig. 2.1 6 . 3 Timing char t fo r t ype mat i c operat i o n 
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l 6 

3B 
3 2 

3D 
lf B 

3F 
6 3 

41 
7 9 

43 

The MAKE code stored in the FIFO key-in buffer is 

transferred by the intra-BIOS routine to the keyboard scan 

code register of I/0 port address 060(hex). 

Note: The MAKE codes are all 

repr esented in hexa

decima l nota tion. ~ 

1 7 

3C 
3 3 

3E 
lf 9 

40 
6 lf 

42 
B 0 

44 

l B 

01 
3 lf 

OF 

6 5 

2A 
B 1 

1 

46 
6 

45 
1 1 

52 

Fig . 2 . 16 .4 Ma ke s can code mappi ng 

* Prog r a mming cons i d e r a t i ons 

2 

47 
7 

4B 
1 2 

4F 

KEY NO MAKE CODE 

/ 
3 lf-/ 5 

48 49 4A 
B. 9 1 0 

4C 4D 4E 
1 3 1 lf 5 

50 51 53 

The da t a to b e transfe rre d by BIOS t o the k e yboar d sca n 

code register a r e convert e d b e for ehand to s e ria l da t a , 

then tra ns ferred using the h a ndshakin g p r otoc o l. When the 

data i s s tore d to the keyboard s can c o de r e gister , BIOS 

generates hardware interrupt level 1. The data e nte r e d 
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through the keyboard can be used by application programs 

only after it is stored to this register. 

Keyboard Scan Code Register: 060(hex) 

This register is used to take in data entered through 

the keyboard, in MAKE scan codes to application programs. 
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2.17 Printer Interface 

The MultiSpeed is provided with a printer conecting a 

25-pin connector mounted on its rear panel. The signal 

pins of this connector will now be explained. The plus 

(+) and minus (-) signs immediately preceding the signal 

name in the table below represent the active level of 

the relevant signal. I (for input) and 0 (for output) 

given in the I/O column give the direction in which the 

signal is sent as viewed from the connector. 

PRINTER 
2 1 

Fig . 2.17.1 
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Pin # Signal name I/O Usage 

1 - Strobe 0 Pulse signal used to latch data 0 

2 - 9 + Data 0 
0 7 

10 - Ac- I 
knowledge 

11 + Busy I 

12 + Paper End I 

13 + Select I 

14 - Auto Feed 0 

15 - Error I 

16 - Initia lize 0 
Printer 

17 

18-25 

- Select 
I nput 

Ground 

0 

through data 7 into printer 

8-bit parallel data signal 

Pulse signal which indicates that 

data are received by printer 

This signal, when set to high 

level, indicates that the printer 

is not ready for data reception. 

This signal, when set to high 

level, indicates the paper-out 

status of the printer. 

This signal, when set to the 

high level, indicates that the 

printer is selected. 

This signal, when set to low 

level, causes the printer to 

automatically feed one line of 

print paper immediately after 

printing the data in progress 

This signal is set to low level if 

the printer enters the following: 

· PAPER END 
· OFF-LINE state 
· Error state 

This signal, whe n s e t to low l e v e l, 

initializes the printer, clearing 

the print buffer. 

Only while this signal i s a t low 

l e v e l , t he prin t e r c a n r e c e ive d a ta . 
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2.18 Power Supply 

The power supply is incorporated in the body and feeds 

five levels of DC potentials (+SV, +12V, -sv, -12V, and 

-20V) to the corresponding s y stem units. 

This power supply actually serves as a DC-to-DC converter, 

receivi ng input power from the AC a dap ter, automobile powe r 

adapter and built-in Ni-Cd battery, all of which are DC 

power sources. 

AC adapter 

Au tomobile Power 
Ada ter 

Fig . 2 .1 8 . 1 
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2.19 Ni-Cd Battery Pack and Back-up Battery 

The MultiSpeed has two built-in Ni-Cd batteries: the 

main battery pack and the back-up battery. 

The main battery pack is used to drive the system when 

it is not powered from an external source, so this battery 

pack is always recharged whenever the system is supplied 

with input power from the AC adapter or automobile power 

adapter, r egardless of whether the POWER switch or the 

BACK-UP POWER switch is ON or OFF. Moreover, the main 

battery pack can be detached or replaced, so that the 

MultiSpeed can be used without the pack as long as it is 

connected to the AC adapter or automobile power adapter. 

The back-up battery is used as a back-up power supply 

for the realtime clock and some RAMs, and is recharged by 

the mc:in battery pack or external power supply when the 

BACK-UP POWER switch is ON. 

BACK-UP 
POWER 

OFFc=@)N 

Fig. 2.19.1 

- 112 -



2.20 AC Adapter 

The AC adapter is used to supply power to the system 

unit from a wall outlet and also to recharge the built-in 

Ni-Cd batteries. 
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3. Option Cables 

3.1 Printer Cable 

The printer cable can be used to connect a printer to 

the MultiSpeed. Fig. 3.1.1 shows printer cable pin allo-

cation. 
Printer 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1 

1 2 

1 3 

1 4 

3 2 

3 1 

3 6 

16 , 17 , 

1 9 - 30 , 

3 3 

36-pin D-sub female 
connector of 
AMPHENOL type 

Printer Adapter 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1 

1 2 

1 3 

1 4 

l 5. 

1 6 

1 7 

1 8- 2 5 

25-pin D-sub 
male connector 

Fig. 3.1.1 Printer cable pin allocation 
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3.2 RS-232C Cable 

The RS-232C cable can be used to connect the MultiSpeed 

serial adapter with the RS-232C port of other computers or 

peripheral devices, so that the MultiSpeed can execute 

asynchronous communication or serial data transfer with 

them. 

The RS-232C cable comes in two types, depending on 

the device connected to the MultiSpeed. One is the 

nromal type exclusively used to output data from the 

MultiSpeed to devices connected to it. The other is 

the reverse type used for mutual communication between 

the MultiSpeed and devices connected to it. 

Figs. 3.2.1 and 3.2.2 show RS-232C cable pin allocation 

for the normal type and the reverse type respectively. 
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External Device 

1 

2 

3 

4 

5 

6 

7 

8 

2 0 

2.2 

25-pin D-sub 
male connector 

Serial Adapter 
(RS-232C) 

1 

2 

3 

4 

5 

6 

7 

8 

2 0 

22 

25-pin D-sub 
female connector 

Fig. 3.2.1 RS-232C cable pin allocation (normal type) 

1 

2 

3 

4 

5 

6 

7 

l 7 

2 0 
24 

25-pin D-sub 
male connector 

><;>< 
/ 

""' 

1 

2 

3 

4 

5 

6 

7 

1 7 
2 0 

21f 

25-pin D-sub 
female connector 

F ig. 3.2.2 RS-232C cable pin allocation (reverse type) 
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3.3 External FDC Cable 

The external FDC cable can be used to connect the 

MultiSpeed EXT FDC adapter and the IBM personal computer 

expansion drive adapter. With this, the operator can use 

the built-in 3.5-inch floppy disk drive of the MultiSpeed 

as an IBM personal computer expansion drive. 

Fig. 3.3.1 shows external FDC cable pin allocation. 

IBM Personal Computer 
Drive Adapter 

1- 5 

6 

7 

8 

9 

1 0 

1 1 

1 2 

1 3 

1 4 

l 5 

1 6 

1 7 

1 8 

1 9 

2 0 

2 1 

r-l_.. 

3 6~t-' 

3 7 

37-pin D- s ub 
male connector 

NC 

NC 

I 

I 
I 

External FDC 
Adapter 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 l 

1 2 

1 3 

1 4 

1 5 

15-pi n D- s ub 
male connector 

Fig. 3 .3.1 External FDC cable pin allocation 
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3.4 Automobile Power Cable 

The automobile power cable is used to supply power to 

the system unit from an automobile DC outlet. This adapter 

will also recharge the two built-in Ni-Cd batteries . 
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Appendix: Logic Timing Diagrams 

1. CPU Interface 

2. DMA Data Transfer Interface 

3. Memory Interface 

4. LCD Interface 
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CPU Interface 

Pramater 

System Clock Cycle 
Clock pulse High level width 
Clock pulse Low level width 
Clock fUse time 
Clock Fall time 

I 
READY inactive Setup time from CLK~ 
READY inactive Hold time from CLK t 
READY active Setup time from CLK~ 

Data Setup time from CLK ~ 
Data Hold time from CLK t 

J Imput Fall time (except CLK} 

I 
Output Rise time 
Output Fall time 
CLK ~Address Dilay time 
CLK ~Address Hold time 
CLK ~ ~ PS D i lay time 
CLK ~ ~Ps floating Dilay time 
CLK ~~Address floating Di lay time 
BS ~ ~ ASTB t 0 i lay time 
CLK t~BStDilay time 
CLK t~BStDilay time 

i CLK t ~Data output Di lay time 
1 CLK t ~Data float Di lay time 
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Symbol 

tcvK 

iKKH 

tKKL 

tKR 

tKF 

tsRYLK 

tHKRYK 

tsRYHK 

- ·· 

toR 

toF 

toKA 

tHKA 

~1 in 

100 
41 
49 

0 
11 

tKKL 
-10 

10 
10 

10 
10 

toKP 10 
tFKP 10 
tFKA iHKA 

toBST 

toKBL 10 
toKBH 10 
toKD 1 Q 

tFKD 10 

Max 

500 

5 
5 

12 
20 
12 
48 

50 
50 
50 
20 
50 
50 

Units 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
lis 



CPU Interface 

Read Cycle 

CLK 

A19/PS3-
A16/ PSO 

AD15-ADO 

ASTB 
(from G.A. 

BS2-BSO 

) 

-

I 

-

R EADY 
(from G.A .) 

T4 

n~ 
1DKA- 1--

): 
'DKA~ f4--

)~ 

'DKA~ ~ 
7 1-

-It-

l 
r-

- to ssT 1----

\ 
-.-

toxsL -

T1 T2 T3 TW T4 

\r- lr- ~ t- 71\_ _, 

-'~ Jf- ~~~--- f---tHKA 

- f--tDKP - 1--tFKP 

---' 

~~ .::,t- v Address Processor Status 

1\ - 1'-'l- ---,r--

- f--tHKA 
I J 

1----trK I - 1---tFKA ---- tHKD I--

__)l-- - r-- - t\ Address Data Input 

7 -rr --, ~ 

-- toKBH 1--\-

Bus Status 
--'1-

f-tSRYLK- - 1---lHKRYH 

\ 
. 

I-;~ 
~ - ~ ---, 

tsRYHK 

*: During this period the Ready signal must be fixed to the low leve l (or high level). 
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CLK 

A19/PS3· 
A16/PSO 

UBE 

ASTB 

CPU Interface 

Write Cycle 

T4 T1 T2 T3 TW T4 

----------~~L----A-d_d_re_s_s __ ~~L~--------------------P_r_c_ce_s_so_r_s_t_a_tu_s ______________________ L:>-~~~~~~-~~--

~x~~--------~K j tDKD J 
tDKA tFXD 

Address Data Output 

(from G.A.) · 

BS2-BSO 

READY 
(fro m G.A.) 

Bus Status 
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DMA Data Transfer Interface 

Pramater 

CLK t ~AEN t Dilay time 

CLK t ~AEN ~ Dilay time 

CLK t ~Address floating 

CLK t ~Read,Write floating Dilay time 
CLK t ~Data bus floating Di lay time 

Read t ~Address Hold time 

ADSTB t ~Data Hold time 

Write t ~Address Hold time 

CLK t ~tDACK t Dilay time 

CLK t~/EOPt Dilay time 
CLK t ~ /EOP ~ Di lay time 
CLK t~Address Set time 

ADSTB t ~Data Setup time 

CLK High level time 

CLK Low level time 
CLk Cycle 
CLK t~Read,l'ir i te~Dilay time 

CLK t ~Read t D i Jay time 
CLK t~Write tDilay time 
CLK t ~HRO Set time 
CLK t ~Address Set time 
CLK t~Read,\1/rite-l- Set time 

CLK t - :..Data Set time 

CLK t ~ HLDA Setup time 

/f~EMR t ~input Data Hold time 
/MEf~R t ~input Oa ta Setup time 

/I~EI~W t ~output Data Hold time 

output data set - /MEM\11 t Set time 

CLK t ~ DREO Setup time 
CLK t ~READY Setup time 
CLK t ~READY Hold time 

CLK t ~ ADSTB t D il ay time 
CLK t ~AOSTB ~ Dilay time 
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Symbol 

tAEL 

tAET 
iAFAB 

tAFC 
tAFDB 

iAHR 

iAK 

iAK 
iAK 

iASM 

tAss 

i c H 
teL 
tcy 

toc L 
tocTR 
toc Tw 
too 
iFAAB 

iFAC 
iFADB 

tHs 
iJDH 

iJDS 
tooH 
t oo v 
tos 
tRH 
iRs 
isTL 

isTT 

Min 

icHY 
·- 100 

30 
icy 

·-50 

100 
80 
fi8 

200 

75 
0 

170 
10 

125 
0 

20 
60 

Max 

45 
40 
90 

120 
170 

170 
170 
170 
170 

180 
190 
130 
120 
170 
150 
200 

130 
80 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 
ns 
ns 
ns 

ns 

ns 
ns 
ns 

ns 
ns 

ns 
ns 
ns 
ns 

ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 



DMA DATA Transfer Interface 

Sl Sl so so 51 52 S3 S4 S2 S3 S4 Sl Sl 

DMACLK ,~fu 
r--: lr- rLr1u v:-ru--L ~f\_j lr- r-:v w ]LJ ~ itCH IL 

I) 

DREO 

HRQ 

HLDA 

DMAAEN 

ADSTB 
(DMA) 

'I 

I) 

0811 - DB7 -----
(AB- A15) 

DACK 

lOR, M EMR 
(DMA) --------1 

lOW, M EMW -------1 
(DMA ) 

EOP 

) 

) 

'I 

tHs- 1-

tAEL -
tsTL 

tFADB 

t FAAB 

t sTT 

f--
I ~ -
r h 

tASS 
1--r-

1------o __.. }- tAHS 

""' 
1-----f---. 
tAFDB 

1£-
toe 

~ 

t~ 
t FAC tocL 

I-- ~ 

!f'- ~ 

1- \ 
!<; 

- 12 4 -

- I--
I 

teL 1 tcv 
tos 

~ 

too- l-1-

It 

\ 
t AET 

r-
~ 

t ASM 
tAHW ~ 

I-- ~ tAFAB 

-' \ 
--, I 

I-- tAHR 
tAK I--

-

tocTR 
1---,_. f-- t AFC 

1/r---\ I h 

~ t o cTw 

1- \ I J 
t AK t A K 

f.1' I--

v 



Memory Interface 

Pramater Symbol Min r~ax Units 

Random Read/Write Cycle time tnc 235 ns 
/CE access time teE A 150 ns 
/OE access time toEA 40 ns 
ICE Pulse Width teE 150 1000 ns 
/CE Pre charge time tp 75 ns 
ICE --7 Address Setup time tAsC 0 ns 
ICE -7Address Hold time tAHC 40 ns 
/CE --7/QE Hold time to He 0 ns 
Write command Hold time twcH 105 ns 
/WE Pulse width twp 105 ns 
ICE -7lnput data Setup time tosc 95 ns 
/CE -7lnput data Hold time tnitc 0 ns 
Pulse Refresh Cycle time tFc 235 ns 
ICE --7/RFSH Dilay time tRFD 75 ns 
/RFSH Pulse width tFAP 80 1000 ns 
/RPSH Precharge time tfp 30 ns 
ICE -7Pulsc Refresh Cycle Set time tFCE 275 ns 
/RFSH --7/CE Dilay time tFS R 115 ns 

- 125 -



Read Cycle 

lAC 

viH 
CE 

viL 

AO ~ A14 
viH 

viL -

OE (RFSH) 
v i H 

viL 

WE viH 

v iL 

1/01 ~ 1/05 
Vo H 

VoL 

Write Cycle 

teE 
CE viH 

viL 

lAHC 

AO ~A1 4 
viH 

v iL 

--- viH OE (RFSH) 

VIL twcH 

twp 

WE viH 

V IL 

tosc 

1/01 ~ 1/ 05 
v iH 

viL 
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LCD Interface 

Pramater Symbol ~~in Max Units 

FLM-LC Set up time tr:LS 320 ns 
FLM-LC Hold time tFLH 320 ns 
LC iligh level pulse width "iLH 320 ns 
LC -SCK Dilay time tLSO 8 us 
SCK-LC Dilay time tsto 500 ns 
Data -SCK Set up time toss 140 ns 
Data -SCK Hold time tosH 140 ns 
LC,SCK,EWCK Rise/Fall Time tr. tF 50 ns 
SCK High level pulse width tsH 320 ns 
SCK Low level pulse width tsL 320 ns 
SCK cycle time tsc 740 ns 
EWCK Set up time tEs 140 ns 
EWCK lloid time tEH 140 ns 
EWCK High level pulse Width t EW H 140 ns 
r~ Dilay time to 50 ns 

LD0~ 7 
v 0 o - 0 .8 v 

0.8 v 

tLSD 

SCK v 00 - o.8 v 

0.8 v 

v 00 - o .8 v 

FLMu.L 

Voo - 0.8 v 

LC 
0 .8 v 

tEs tEH 

v 00 - o.8 v 

EWCK 
0 .8 v 

v 0 0 - o .8 v 
M 

0.8 v 
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