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PREFACE

This hardware specification of the T200/T250 is
divided into two parts: Part I and Part II.

Part I describes the hardware specification of the CPU
board (T2CPU).

Part II describes the hardware specification df the
CCM board (ETCCM).

The T200/T250 has an extended memory version on which
63 K CP/M can run. The memory configuration of the
extended memory version will be discussed in APPENDIX C.
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ABBREVIATIONS

The following abbreviations are used in this

R documents.

ACK
CCM
CRTC
FDC
dec
H
KBC
REG.

v

Notel:

ACKNOWLEDGE

Communication Control Module
CRT Display Controller
Floppy Disk Controller
Decimal expression '
Hexadecimal expression
Keyboard Controller

REGISTER

»

NOTICES

In this document, the followings are assumed.

(1)

(2)

(3)

(4)

(5)

(6)

"0" means electrically low level of
signal lines.
"1" means electrically high level of

signal lines. IS S S :
XXX means that signal XXX is true when
it is in electrically low Tevel. M5¢g¢3y

it is in electrically high TeveT g, ﬁqku“y»
XXX;100 means that signal XXX s true

when it is in electrically high level.
XXX;000 means that signal XXX is true

when it is in electrically low level.
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(:} 1. GENERAL INFORMATION

ég& 1.1 Scope

- This part describes the hardware specification of
i: the T200/T250 CPU board (T2CPU).

I 1.2 Features

The CPU board is composed of the followings:

microprocessor
memory address space

keyboard interface

printer interface

floppy disk interface

CRT interface

CCM interface

LN .
* :
er ol

U
-’n‘.‘o"

e

8085A
64 KBytes

BP100 (Toshiba business
personal computer)
compatible

parallel interface

FDC (Floppy Disk
Controller) on the
daughter board can
control up to two fewr?
5.25-inch or 8-inch
floppy disk drives,
respectively.

An analog type of VFO
circuit is used.

reverse function that
can be realized by
hardware.

EWP (Toshiba English
Word Processor) -
compatible. ;

CCM is mounted on the
CCM board that is ==
compatible with the
above EW-100. T T
RS-232-C interface..
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ARDWARE CONFIGURATION

CPU
8085A

MEMORY
ROM 4 KBytes
RAM 64 KBytes

DMA
8257-5

KBC
8279-5

KEYBOARD

CRTC
465053

CRT DISPLAY

PRTC

SERIAL
PRINTER

FOC
uPD765

FDD

CCM
8251A
8253-5

Y

SYSTEM BUS

S ——
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CPU AND MEMORY

The Toshiba TMP8085A, 8-bit microprocessor (intel
8085A compatible), is used as a CPU. The clock cycle
of the CPU is 375 ns (about 2,66 MHz).

2.6
The memory capacity is 24 KBytes 1{in which 4
KBytes are ROM area and others are RAM area. The

. program, however, can select either ROM area or RAM

area for the first 4 KBytes of the memory address
space (OOOOH-O0FFFH). The last 2 KBytes of the memory
address space can be used as either the refresh memory
(video RAM) of 2 KBytes for a CRT display or the
character generator (Video Pattern Generator ... VPG)
of 2 KBytes by using memory bank selection.

The 4Kx8 bit E-PROM (intel 2732 compatible) and
16Kx1 bit D-RAM (Toshiba TMM416D compatible) can be
used as ROM and RAM, respectively. The 2Kx8 bit S-RAM
(Toshiba TMM2016P compatible) can be also used as
video RAM and VPG.

The refresh cycle of D-RAM is 2.0 ms/128 cycles,
which is executed during T3 and T4 of the instruction
fetch cycle.

The access to S-RAM needs 2 wait cycles to avoid
the conflicts with CRT refresh.

Memory configuration is shown in Fig. 3.1.

a2t >R TR
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F1g. 3.1‘

Memory Configuration

{4

0000H
A

RAM x

1000H
L RAM o
F80O0OH PP
video RAM

FFFFH

ROM 1 4 KBytes
§ !
accessible by
bank selection
60 KBytes
accessible by
bank selecxtion
v
VPG 2 Kgytes




(t\ 3.1 Interrupts

?@h The followings are used as interrupts.
-fx IRO ---- highest priority
T TRAP .
s RST7.5
- RST6.5

RST5.5 ---- lowest priority

The priority of these interrupts is ordered as
shown above. :

1. IR0 Jump to the memory location O0O0OH.
This dinterrupt is generated by the
reset signal from either power up or
the console.

2. TRAP Jump to the memory location 0024H.
This interrupt 1is generated by the
interrupt signal from the console.

3. RST7.5 Jump to the memory location 003CH.
This is the timer interrupt which is
generated by 20 Hz clock divided the
horizontal sync. signal for the CRT
display by three.

4, RST6.5 Jump to the memory location 0034H.
This is generated by any interrupt
request signal other than that from the
FDC. The interrupt request is tested
by reading the I/0 port (DOH).

5. RST5.5 Jump to the memory location 002CH.
This is the interrupt from the FDC. It
- is generated by the termination of
command execution and the status change
of disk drives.




4.

1/0 ADDRESS

1/0 ADDRESS| NAMES I/0 PORT
8 XH DMAC D M A CONTROLLER
9 XH KBC KEYBOARD CONTROLLER
AXH CCM € C M INTERFACE
B XH . CCM Reserved
CXH I/0 W 1/0 WRITE REGISTER
DXH 1/0 R 1/0 READ REGISTER
EXH CRTC C R T CONTROLLER
FXH FDC F D D CONTROLLER

l X means 0 through F.




4.1

DMAC (8XH)

8257-5

REGISTER SELECTION

I/0 ADDRESS R/W REGISTER
80H R/W CHO DMA ADDRESS REG.
81H R/W CHO TERMINAL COUNT REG.
82H R/W CH1 DMA ADDRESS REG.
83H R/W CH1 TERMINAL COUNT REG.
84H R/W CH2 DMA ADDRESS REG.
85H R/W CH2 TERMINAL COUNT REG.
86H R/W CH3 DMA ADDRESS REG.
87H R/W CH3 TERMINAL COUNT REG.
W MODE SET COMMAND
88H
R STATUS REG.

CHO & wstd fnMemory block transfer (Memory~Réad)‘73

CH1
CH2
CH3

Memory block transfer (Memory Write)
FDD data transfer | e

Reserved




4.1.1 DMA Address Register (80H, 82H, 84H)

This register specifies the memory address from
which the data transfer starts. The memory address of
16 bit 1is loaded to the register separately, that is,
_. upper half address and lower half address.

E " MSB LSB

F/L=0 A7 A6 A5 A4 | A3 | A2 Al | AO

F/L=1 Al5 | Al14 | A13 | A12 | A1l | A10 | A9 | A8

NOTE : F/L means First/Last flip flop.
F/L=0 can be performed by the mode set
command. After then, F/L=0 and 1 can be
selected alternatively every register
selection.

4.1.2 Terminal count register (81H, 83H, 85H)

This register specifies the .byte counts of
transfer data and the transfer mode. The data of 16
bit 1is loaded to the register separately, that is,
upper half byte data and lower half byte data.

MSB LSB
F/L=0 c7 Cé C5 c4 c3 c2 Cl}] Co

F/L=1 |Rd | wr | c13|c12]|c11] c10] c9| cs

e
-2
..
-
]
Tew

-10-~
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"1", a channel |is

If the TC STOP bit is set to
disabled after the Terminal Count (TC) output goes true
("0"), thus automatically preventing further DMA
operation on that channel. Namely, DMA operation

neglects the unexpected DMA request from peripheral
devices.

In the ROTATING PRIORITY mode, the priority of the

After each DMA
The

the

channels has a circular sequence.
the

cycle, the priority of each channel changes.
channel which had just been serviced will have
lowest priority. In the memory block transfer,
ROTATING PRIORITY must be set to "1".

ENABLE CHO to CH3 enables DMA transfer for each

channel.
Mode set command are shown as follows:
Memory Block Transfer 73H
FDD Data Transfer 64H
774

Memory from/to FDD Transfer

-l12-




(:\ The Rd and Wr specify the transfer mode as follows.

Verify mode

Memory Write mode
Memory Read mode

I1legal

- = O O
- O = O

CO through Cl1l3 specifies (the transfer byte counts -1).

4,1.3 Mode Set Command (88H)

MSB LS8
7 6 5 4 3 2 1 0

AUTO LOAD (must be set to "O")
TC STOP

EXTENDED WRITE (must be set to "1")
ROTATING PRIORITY

ENABLE CH3

ENABLE CH2

ENABLE CH1

ENABLE CHO

( - Bit
;ﬁf{, '

ONWPdOOVN

9 60 00 ¢e 00 00 s 00

-11-
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4.1.2 Status Register (86H)

The status register indicates whether the data
transfer has terminated or not.

MSB LSB
0 0 0 | CH3 | CH2 | CH1 | CHO

UPDATE
FLAG Y
) TC STATUS

If a TC STATUS bit has been set to "1", it
- indicates that the data transfer for that channel has
already terminated.

i'e:a
P
e
o
b4

o



.2 KBC (9xH) 8279-5

(;fRegister selection

I/O ADDRESS R/W REGISTER
W Reserved
90H
R Key input data e e
W Control command .,
91H
R Status

.2.1 Control Command (91H)

(1) MODE SET

MSB LSB
0 0 0 0 0 0 1 0

(j‘ This indicates the coded N-key rollover mode.
(2) INTERNAL CLOCK SET

MSB LSB
0 0 1 1 1 1 1 0

This indicates that the internal clock (100KHz) is - : LT
generated by dividing -the external <c¢lock input
(2.66MHz) of the 8279-5 (Keyboard Controller). ‘

2.67

k

ey

-14- ‘ SR —— s o



(3) CLEAR COMMAND

MSB LSB
1 1 0 0 0 0 0 1

This indicates to clear the key-input data which
remains in the FIFO" of the 8279-5. Then, the keyboard
interrupt is also reset.

* FIFO : First-In, Pirst-Out register.

-15-



4.2.2 STATUS (91H)

MSB LSB
o) U F N N N

16

O = "1" (ERROR OVER RUN)
- This occurrs by the next key-input when
the FIFO is full. -

U = "1" (ERROR UNDER RUN)
This occurs when the CPU reads the empty

FIFO.
F="1"
This means the full FIFO.
NNN This means the number of characters in

the FIFO.

The FIFO consists of 8-byte register.

-16-



4.2.3 Key Input Data (90H)

MSB LSB

RLS | SHIFT "SCAN RETURN

A ) | A 4

;:: ' When reading this key input data, the keyboard

. switch status register (DlH) must be simultaneously
read to check if the CTRL key or REPT key has been
depressed or not.

This reading operation must be performed only when
the interrupt from the keyboard is generated. 1In other
cases, all the data will be "0"™ and the status becomes
ERROR UNDER RUN.

Since the number of return lines is eleven, the

return code (RETURN 000, 001, 010) for RLO, RL1l, and

RL2 may be the same as that for RL8, RL9, and RL10. To

Cm discriminate them, if the RL8 of the key input data

‘ (MSB) is "0", it means the return code for RLO, RLl,

and RL2. Otherwise, it means that for RL8, RLY9, and
RL10.

SHIFT : This bit is "1" when the SHIFT key has been
- depressed.

This bit is "1" when the keys, which are
located within the block controlled by the
line RL8, have been depressed. e el

RLS8

-17-



4.3 CCM (AXH)

Register selection V"'“*

C

I1/0 ADDRESS R/W REGISTER
AOH R/W 8253-5 COUNTER #0
AlH R/W 8253-5 COUNTER #1 .
A2H R/W 8253-5 COUNTER #2 ' LMMNMJ
A3H W 8253-5 CONTROL ‘
A4H R/W 8251A DATA
A5H R/W 8251A CONTROL/STATUS
A6H R/W CCM MODE REG.
A7H R CCM STATUS REG.

For the usage of each register, refer to the Part II in
this document.

C

-18-




4.4 I/0W (CXH)

Register selection

I/0 ADDRESS REGISTER

: COH W | MODE REGISTER
' ClH W | DATA REGISTER
C2H W | COMMAND REGISTER
C3H W | PRINTER ACK INTERRUPT RESET

-]l9-
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4.4.1 Mode Register

(COR)

MSB

DENB

BUZ | RAM | VPG

DENB(bit5)

BUZ (bit4)

RAM (bit3)

VPG (bit2)

DISPLAY ENABLE

Setting this bit to "1" enables the
display. The blink operation for
the display message is performed by
setting this bit to "1" or "0"
alternatively. '

BUZZER ON

If this bit is set to "1", the
buzzer on the keyboard sounds at
about 2KHz.

RAM SELECT

If this bit is set to "1",the RAM
area is selected for the memory
address 0000B through OFFFH. This
bit is set to "0" at turning on the
power switch.

VPG SELECT

If this bit is set to "1", the VPG
area is selected for the memory
address F800H through FFFFH. This
bit is set to "0" at turning on ghe;;

. o v b B
power switch. : s 3

-20-



4.4.2 Data Register (ClH)

gnn MSB LSB
' DT7 | DT6| DTS5 | DT4| DT3| DT2| DT1l| DTO

The print-out data to the printer is set in this
register.

4.4.3 Command Register (C2H)

MSB LSB
STEP PRT |PRT
0 INT. STB |RESET
ON
STEP INT. ON (bit3) The interrupt request of

RST6.5 can be generated by
setting this bit to "1".

(bit2) Reserved

PRTSTB (bitl) This bit is set to "1" to
generate the STROBE PULSE to
the printer. Thus, this bit
must have been set more than 1
microsecond.

PRTRESET (bit0) This bit is set to "1™ to
generate the internal reset

Rt

signal to the printer.

-21-



4.4.4 PRINTER ACK INTERRUPT RESET (C3H)

b
g PRT ACK (Printer acknowledge signal) is set at the
‘ falling edge of the ACK signal from the printer and
generates the interrupt. This port resets the
interrupt request of the PRT ACK signal.

-22-



4.5 I/O R _(DXH)

Register selection

I/0 ADDRESS | R/W REGISTER
% DOH R | INTERRUPT REGISTER
] D1H R | KB SWITCH STATUS REGISTER
D2H R | SWITCH REGISTER
D3H R | I/0 STATUS REGISTER

-23-



4.5.1 INTERRUPT REGISTER

(DOH)

MSB LSB
KBI| Tx | Rx | PRT| 1 1 1 | STEP
RDY | RDY| ACK CONT
KBI (bit7) KEYBOARD INTERRUPT
This bit is set to "0" when the
data is stored in the FIFO of KBC
and reset by reading the data.
TxRDY (bit6)
} INTERRUPT from the CCM
RxRDY (bit5)
This bit is set to "0"™ when the
USART (8251A) requests the data
transfer.
PRT ACK (bit4) PRINTER ACK
This bit is set to "0" by the
falling edge of PRTACK and reset by
writing the I/O port (C3H). Since
the status of this bit is uncertain
at turning on the power switch,
this bit should be reset before the
first EI (Enable Interrupt)
instruction is executed.
STEPCONT (bit0) STEP CONTROL

This interrupt regquest can be
generated when setting the bit 3 of
the port (C2H) by the software. At
turning on the power switch, This
bit 1is always "0".

-24-



4.5.2 KB SWITCH STATUS (D1H)
» MSB LSB
C
A KRP | 1 |CTRL KB3 | KB2 | KBl | KBO
KRP (bit7) KB PEPEAT REQUEST
This flag bit can be set to "0"
when the both REPEAT KEY and DATA
KEY have been being depressed
together. This can be reset by a
status read operation.
CTRL (bit5)

KBO - KB3 (bit0 - 3)

iA.{
DO
cate

RN N4
0

Ve

This flag bit is set to "0" when
the CTRL KEY has been depressed.

KB status (Reserved for the future
use)

-25-



4.5.3 SWITCH REGISTER

(D2H)

C

—o

A 4

> 0

(D2H).

(D2H).

Write the data
REGISTER (ClH),

l—s=]1 : Write the data
REGISTER (ClH),

Configuration Switch

"00000001" (OlH) to the DATA
then read the SWITCH REGISTER

"00000010" (02H) to the DATA
then read the SWITCH REGISTER

ON 1 2 3 4 5 6 7 8

indicates
JRREEIRT o
7 T i\ \ \
1 2 3 4 5 6 7 ]
SCT | HED | TRK (FULL CCM| 80 PRT
or or
C /| TISH 136
V ’
Firmware l: with printer
loading 0: without
selection printer
( TRK 0 : 1 TRACK Printer's column3~ﬁ§
1l : 3 TRACK l : 136 columns
V 0 : 80 columns
——— HED 0 : 0 SIDE
l : 1 SIDE CCM 1 : with CCM board
0 : without CCM board
L SCT 0 : 1 SECTOR
1 ¢ 9 SECTOR KEYBOARD selection

-26-
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5.4 I/0 STATUS REGISTER (D3H)

MSB LSB
( _ PRT | PRI | PRT | PRI |[PRI
= CI C1IS SLCT | BSY | LD PE |FAULT
CI (bit7) CI signal of CCM status
CTIS (bité6) CTIS signal of CCM status
(bit5) Reserved
PRT (bit4) SELECT signal of the printer ;
SICT (selected state) o
PRT (bit3) BUSY signal of the printer
BSY (busy state)
PRT (bit2) LD signal of the printer
LD (printer clock stop)
NOT USE -
PRT (bitl) PAPER ALART signal of the printer
PE (almost paper empty of the printer)
PRT (bit0) FAULT signal of the printer
. FAULT (error status)
{ If both bit2 and bitd4 is "1", this

bit becomes "Q".

g

-27-




4.6 CRTC (EXH) 46505S

o Register selection

I/0 ADDRESS

W | rooeE=s mmisTen

EOH

] CONTRCL. ==GISTER (RO - R17)

ElH
‘R CONTRCL. Z=GISTER (R14 - 17)

RO - R17 means the regist=— =—mmber in the CRTC.
For the details on the ~ -, —2fer to the APPENDIX. A
"CRT DISPLAY CONTROLLER"..

.....

-28—



4.6.1

ADDRESS REGISTER

MsSB LSB

2% | 23 | 22 | 2t} 20

In the above register (bit 0 - &) should be set
the address (0 - 17dec) of the internal control
If the address (18 - 3ldec) is set, it is
The address of the prespecified control

registers.
neglected.
register should be written in the above register before
writing/reading the data to/from that register (RO -
R17).

4.6.2 CONTROL REGISTER

The control register is used to specify the
parameters that controls the CRT display timing and so
on as shown in Table 4.1. In that register, RO through
R13 should be set before starting display. Rl14 and RI5
are used to specify the cursor display position, so the
initial setting for them are not necessarily required.
If both RI4 and R15 are set to O00H, the cursor is
displayed at the upper-left corner on the screen.

-29-
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Table 4.1 CRTC Control Register.

P ety
L

REGISTER | NAME DESCRIPTIONS |DATA BIT(HEX)

RO Total Number of 65
Horizontal Characters

Rl Number of Horizontal |80 characters 50
Displayed Characters

R2 Horizontal Sync. 52
Position

R3 Horizontal Sync. oA
Pulse Width

R4 Total Number of 19

' Vertical Characters

RS Total Raster 02
Adjust

R6 Number of Vertical 24 lines 18
Displayed Characters

R7 Vertical Sync. 18
Position

R8 Interlace mode 50
and Skew set

R9 Maximum Raster 10 09
Address

R10 Cursor Start 09
Raster

R11l Cursor End 09
Raster

R12 Start Address(H) 00

: 0000H
R13 Start Address(L) 00
R14 Cursor(H)
any value

R15 Cursor(L)

R16 Light Pen(H) NOT USE

R17 Light Pen(L) NOT USE

-30-



4.7 FDC (FXH)

C

Register selection

I/0O ADDRESS R/W REGISTER
R FDC STATUS REGISTER READ

]

FOH
W FDD CONTROL COMMAND
R FDC DATA REGISTER READ

FlH

W FDC DATA REGISTER WRITE

For the details on the FDC, refer to the APPENDIX. B
*FLOPPY DISK CONTROLLER"™.

4.7.1 FDD CONTROL COMMAND (FOH)

» (1) 1In case of 5.25-inch floppy disk drive,
{ MSB LSB
RST |MON | PC1l| PCO
RST FDC RESET at "1"
MON : FDD MOTOR ON at "1"
PCl
PCO

(1}

W.DATA 500ns precompensation at "1"

W.DATA 250ns Precompensation at "1" [ B

(2) In case of 8-inch floppy disk drive,

MSB LSB
RST SFL —] s
RST : FDC RESET at "1" _ !
SFL : SWITCH FILTER ON at "1"

?
|

-31-




5. HARDWARE FUNCTION

5.1 Display Character Font

= ‘0 1 2 3 4 5 6 7 8 9
. 0 1’4‘/’// /’1’:3

1 A/ A

2 A AN

3| 1A/ AN/

4| 1A AN

5 ' AAN S |

6 LA /’/’/: j

7 ANN AN

8 /l///////l/l/

o[ VXXXV V7]

@ {- The area of columns
0 and 9 are blank.

Y Character matrix 10x10 dots
?ﬁ‘%“’ Display area 8x10 dots

Since the character generator (VPG) is composed of
S-RAM, any character can be displayed within the
display area (8x1l0 dots).

The number of display character fonts : 128 fonts




5.2  Reverse Function

™

( The reverse function is effective from the
first data 1lFH to the next 1lFH or to the last
column of the last row.

Reverse code(lFH) cannot be displayed.

All characters and cursor can be displayed
reversed within the reverse area.

Reverse code

f v
1
F F

[

paf— Reverse area -

-33=-
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6.

6.1

6.2

GENE

RAL INFORMATION

Scope

the
the

Fea

This part describes the hardware specifications of
T200, T250 and EW-100 CCM boards, which conform to
EIA RS-232-C standard.

tures

The

%*

(1)
(2)

(3)

CCM board consists of the following components:

Intel 8251A compatible USART(Universal
Synchronous/Asynchronous Receiver/Transmitter)

Intel 8253 compatible Timer

Additional electronic circuits

Modem interface: RS-232-C
Communication mode: ASYNC(including direct
connection)

SYNC(modem clock)

SYNC(internal clock)

SYNC(direct connection)
Data transmission rate:

ASYNC: 110, 150, 300, 600, 1200, 2400, or
4800bps

SYNC(Modem clock, direct connection):
1200, 2400, 4800, or 9600bps

SYNC(Internal clock): 1200bps

-35—



(4)

(5)

(6)

Half-duplex transmission:

In case of ASYNC, ASCII code system(7-bit data +
l-bit parity) is used.

Physical specifications:

* PCB(Printed Circuit Board) 5.45 x 6.75 inches

* Connector CPU side:
40 PIN Header(EW-100)
50 PIN Header(T200/T250)
Modem side: 26 PIN Header
* Power supply: DC +12V 0.1A max
-12Vv 0.l1A max
+ SV 0.5A max

* CCM cable: 3m cable for the standard
(15m cable for direct connection)

This board can be used to connect I/0 devices such
as Modem, OCR-V100, and serial printer(serial
interface) which have the RS-232-C interface.

-36-
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6.3 Block Diagram

osC >

8253 [

Y\

v —3
T2CPU <3 DRV

.- > 8251j—> e—> RS-232-C
EWPCP3 <— RCV| I.F.

6.4 Physical Requirements

34P778221G01 for T200/T250
34P778221G02 for EW-100

\» <3 Space about 10mm(x4)
7 7
‘/é Ay * Right-angle
' for EW-100
32 ICs mounted | e
: *26PIN (4 x 8) ~ Straight
Max for T200/250 L
538 f
right-angle straight
‘ 40 PIN 50 PIN
E 7 L\ 1 | 1 &
:; // ry y //
2 %Sj EWPCP3 | T2CPU
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7.

SOFTWARE INTERFACE SPECIFICATION

7.1 I/0 Port Address

LSRN

EW-100 T200/T250 R/W Function

28H AOH R/W 8253-5 COUNTER #0

29H AlH R/W | 8253-5 COUNTER #1

2AH A2H R/W 8253-5 COUNTER #2

2BH A3H W 8253-5 CONTROL

2CH A4H R/W 8251A DATA

2DH ASH R/W 8251A CONTROL/STATUS
2EH A6H R/W C;& MODE R?G.

2FH A7H R CI/CTS

Note 1: I/0 ports(A8 - BFH) of T200/T250 must not be used.

Note 2:

TxRDY(Transmitter ready) and RxRDY(Receiver ready)

signals

generated by

8251A USART cause

interrupt RST6.5 for the CPU.

-38-~
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-5 (Timer)

A[;NTER #2 only is used in ASYNC mode.

CONTROL Mode 3

DATA
Baud rate
bps

110
150
300
600
1200
2400
4800

In ASYNC mode,

and binary

Decimal value

to be

count

set

1135

832
416
208
104

52

26

the clock input of 8253-5 is

the same one as that in SYNC mode.

i)
=
75"

/34 .s”
4850
¢ oo

/9MQOC>

-39-
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&

should be
specified(Square wave rate generator).

e




(2)

(3)

SYNC .
Programs are not required in SYNC(modem
clock) mode.

In SYNC(internal clock; direct connection) mode,
the internal registers of 8253-5 should be set as
follows.

CONTROL
COUNTER #0 Mode 1 should be specified
(programmable one-shot)
COUNTER #1 ditto
COUNTER #2 Mode 2 should be specified

(Square wave rate generator).

In either case, the binary count should be
specified.

-40-



DATA

Baud Decimal value to be set
rate (bps) | COUNTER #0 COUNTER #1 COUNTER #2
— __J
1200 624 728 104
2400 312 364 52
4800 156 182 26
9600 78 91 13
In SYNC mode, the clock input to 8253-5 is

Note 1:

Note 2:

1.9968 MHz (divided the output of oscillator
15.9744 MHz by eight).

COUNTER $#0: N x 3/8,

COUNTER #1: N x 7/16,

COUNTER #2: N x 16,

where N means transmission rate.

-41-



7.3 8251A (USART)

(1) MODE Instruction

ASYNC

Baud rate
0l: xl1
10: x16

11: x64%

v

Character length
00: 5 bits

0l: 6 bits
10: 7 bits
7 11: 8 bits
Parity
0: disable
v l: enable
Parity check
0: odd
v l: even
Number of stop bits
0l: 1 bit

10: 1-1/2 bits
I1l: 2 bits
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SYNC

Character length ¢
00: 5 Dbits
0l: 6 bits
10: 7 bits ;a e
Y 11: 8 bits :
Parity
0: disable
l1: enable

i e s

v
Parity check

0: odd r

v l: even
SYNC detect
(i? 0: internal
Y l: external
SYNC character

0: double

l: single

‘“3-




(2) CQWAND Instruction
7 6 5 4 3 2 1 0

EH IR | RTS| ER| SBRK| RxE| DTR|TxEN

?f% EH Enter Hunt mode .
o 1 : Serching for SYNC character

IR Internal Reset
1 : initial setting

RTS Request To Send
1 : RTS = 0

ER Error Reset
1 : reset the error flag(PE, OE, FE)

SBRK Send Break
1 : TxD = LOW

RxE Receive Enable
1 : enable
0 : disable

DTR Data _Terminal Ready
1 : DTR = 0

TxEN Transmit Enable
1 : enable
0 : disable

44




(3) STATUS

DSR | SYN | FE OE PE TxE | Rx Tx
DET RDY | RDY

’ DSR Data Set Ready

SYNDET SYNC Character Detect

FE Framing Error (ASYNC only)
OE Overrun Error
PE Parity Error
TxE Transmitter Empty
‘»; RxRDY Receiver Ready
TxRDY Transmitter Ready

.
[
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CCM MODE REG.

RATE| RxD| TxD
CHG INH| WA

\

&=~ (00: ASYNC

"o".
¢—01: SYNC(modem clock)

& 10: SYNC(internal clock)

— 11: SYNC(direct connection)

RATE CHG: Change the modem speed.
0: NORMAL '
1: HALF

RxDINH: inhibit RxD input.

TxDWA: send back internally the transmission

-46-

In ASYNC and half-duplex,

when sending, RxDINH should be set to
"1l" and then TxDWA should be set to
when receiving, TxDWA should be set to
"0" and then RxDINH should be set to

Meaningless data
at read operation

"l”.




e
‘e
Al
Dt
™
“la
b

7.5 CIlJ/CTS
7 6 5 & 3 2 1 o0
ClT | O | CTS | Tx
DWA
Cl: Call Indicator
CD: Carrier Detect
CTS: Clear to Send
TxDWA: TxDWA bit of COM MODE REG.
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8. HARDWARE INTERFACE SPECIFICATION

CPU_SIDE INTERFACE CONNECTOR (PJ1: EW-100, PJ2: T200)

PJ1 | SIGNAL NAME PI1 | SIGNAL NAME
o1 [N/C 21 | CQMSEL;000
02 | GND 22 | COMRD;000
03 | +12v 23 | COMWR;000
04 | +12v 24 | GND
05 | +5v 25 | GND
06 | +5v 26 | (NOT USED)
07 | GND 27 | CORST;000
08 | cawp7;100 28 | COMOP1;000
09 | cavpe;100 29 | CTXRDY;000
10 | cavps5;100 30 | CRXRDY;000
11 | cavps;100 31 | CCLK;000
12 | CaMD3;100 32 | (NOT USED)
ﬁi’g 13 | cawz2;100 33 | GND
14 | caMD1;100 3 | 5V
15 | cavpo;100 35 | +5v
16 | GND 36 | GND
17 | GND 37 | -12v
18 | cama02;100 38 | -12v
19 | cawao1;100 39 | GND
20 | coMA00;100 40 | GND
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PJ2 | SIGNAL NAME T p3z2 | siGNaL naMe
o1 |N/C 26 | OCOMSL;000
02 |GnD | 27 | comcrsioo
03 | +12v 28 | CA02;100
06 | +12V 29 | CONCTS; 100
05 | +5v 30 | cA01;100
06 | +5v 31 | GND
07 | GND | 32 | caoosto0
08 | caD0;100 33 | GND
09 | GND 34 | CIOR;000
10 | cAD1;100 | 35 | anp
11 | GND 36 | CRST;000
12 | cAD2;100 37 | GND
13 | GND 38 | crow;000
14 | cAD3;100 39 | GND
15 | GND 40 | CCLK;000
16 | cAps;1o00 41 | GND
17 | aND 42 | CRXRDY;000
18 | cAps;100 43 | GND

{ 19 | GND 44 | CTXRDY;000

' 20 | CAD6;100 45 | +5V

21 | GND 56 | +5V
22 | cAp7;100 47 | -12v
23 | GND 48 | -12v
24 | CSYNSL;000 49 | GND
25 50 | GND
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MODEM SIDE CONNECTOR (PJ3, COM MARK needed)

PJ3 | SIGNAL NAME MODEM D-SUB
01 | N/C —
- 02 | TXD;000 02
e 03 | GND *07
o 04 | RXD;000 03
05 | GND *07
06 | RTS;100 04
07 | GND *07
08 | CTS;100 05
09 | GND *07
10 | DTR;100 20
11 | GND *07
12 | (NOT USED) -
13 | GND *07
14 | ST2;100 15
15 | GND *07
16 | RT;100 17
17 | GND *07
18 | CD;100 08
19 | GND *07
20 | DSR;100 06
21 | GND *07
22 | cCI;100 22
23 | GND *07 (* altogether to 7 PIN)
24 | SDS;000 23
o 25 | GND *07
2 26 | ST1;100 24
0l Frame GND
3
09
10
11
12
13 B
; 14 ? NOT USED
16
18
19
21
25
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CRT DISPLAY CONTROLLER

e




DESCRIPTION

a;; HD46505 (CRTC) is a LSI controller which is designed
to provide an intgterface for microprocessor to raster
scan type CRT displays.

CRTIC is also designed as a programmable controller, so
applicable to wide range CRT display from small
low-functioning character display up to raster type
full graphic display as well as large high-functioning
limited graphic display.




SYSTEM CONFIGURATION

CpPU (, SYSTEM BUS (ADDRESS AND DATA BUS) )
t L4

BUS DRIVER

-

CRTC | MA00-13

oscC

REFRESH
MEMORY
(VRAM)

COUNT | CILK

CHARACTER P-S
GENERATOR
(C.G.) —

RAO-4

: VIDEO S
CONTROL TO DISPLAY

tw

proas

DISPLAY TIMING
CURSOR TIMING
HORIZONTAL SYNC.
VERTICAL SYNC.




INTERNAL REGISTERS

Address Req. | Data Bit
CS Ss{4 3 2 1 O Register |R/W 76543210
1| X[ X X X X X ) e
0] 01X X X X X AR | W - - =
0 110 0 0 0 O RO *7| W *1
0 110 0 0 0 1 RIL | W
0 1/0 0 O 1 O R2 *7| W
0 1l]0 0 0 1 1 R3 W - - - -
0] ITo 0 1 0 0 R4 *7| W -
0 1]0 0 1 0 1T RS W - - =
0 10 0 1 1 O R6 W - *2
0 1/{0 0 1 1 1 R? *7] W -
0 1f{0 1 0 0 O R8 W | === = = = V S| *3
0 1/]0 1 0 0 1 R *7{ W - - - *4
0 10 1 0 1 O R10 W - B P *5
0 1{0 1 0 1 1 R11l W - - - *6
0 110 1 1 0 O R12 W - -
0 1/{/0 1 1 0 1 R13 W
0 110 1 1 1 0 R14 R/W - -
0 110 1 1 1 1 R15 R/W
0 111 0 0 0 O R16 R - -
0 1{1 0 0 0 1 R17 R
Note: *1. When R8 is 1 or 3 (Interlace Mode), programmed
data must be odd.
*2. When R8 is 3, N/2 (N: total number of lines)
*3. When § is 1, V specifies video mode. S specifies
interlace sync. mode.
"*4, When R8 is 3, programmed data must be odd.
*S5. B specifies the cursor blink. P specifies the
cursor blink period.
16 05\32 Field Period
s ]
I Light I Dark I Light I Dark I
*6. When R8 is 3, the cursor start and the cursor end
raster registers must be both even or both odd.
*7. Programmed Value = Specified Value - 1

In the following explanation, for instance, total
number of horizontal characters means "Specifi
Value". R

RS
. .




INTERNAL REGISTERS

R1l:

Address Register

This is a 5-bit register used to select 18 internal
control registers (RO-R17). It is contents are the
address of one of 18 internal control registers.
Programming the data from 18 to 31 produces no results.
Access to RO-R1l7 requires, first of all, to write the
address of corresponding control ‘register into this
register. When RS and CS are at 1low 1level, this
register is selected.

Total Number of Horizontal Character Register /57/
~5

This is a register used to program total number of
horizontal characters per line including the fly back
period. The data is 8-bit and its value should be
programmed according to the specification of CRTC. When
M is total number of characters, (M-1l) shall be
programmed to this register. When programming for

interlace mode, M must be even.

Number of Horizontal Displayed Characters Registerkﬁiﬁ
5C A

This is a register used to program the number* of
horizontal displayed characters per line. Data is 8-bit
and any number that is smaller than that of tota

EIE S S
- R ey

horizontal characters can be programmed. ke
aZ E.E;( "‘TM et



INTERNAL REGISTERS

R2:

R3:

R4:

E o~
Horizontal Sync. Position Register « £

e
&

"

This is a register used to program horizontal sync.
position in unit of horizontal character time. Data
8-bit and any number that is under the following
condition (Horizontal Sync. Position + Horizontal Pulse
Width < Total Number of Horizontal Characters) can be
programmed. When H is character number of horizontal
sync. position, (H-1) shall be programmed to this
register. When programmed value of this register is
increased, the display position on the CRT screen is
shifted to the 1left. When programmed value 1is
decreased, the position is shifted to right. Therefore,
the optimum horizontal position can be determined by
this value.

Horizontal Sync. Pulse Width Register //.

p/ﬂ

This is a register used to program horizontal sync.
pulse width from 1 to 15 in wunit of horizontal
character time. Note that when 0 is programmed, HSYNC
is not provided.

Total Number of Vertical Characters Registerﬂ;%"

/7 M

This is a register used to program total number of
lines per frame including vertical fly back'geriod The:
data is within 7-bit and its value should be'programmed
according to the specification of CRTC. When N is total :
number of 1lines, (N-1) shall be programmed to this
register.



INTERNAL REGISTERS

R5:

R6:

Total Raster Adjust Register fﬁ
7

This is a register used to program the optimum number

from 0 to 31 to adjust total number of raster per

frame. This register enables to decide the number of

vertical deflection freguency more strictly.

Number of Vertical Displayed Characters Register;;7§9
i

fﬁis is a register used to program the number of

displayed character rows on the CRT screen. Data 7-bit
and any number that is smaller than that of total
vertical characters can be programmed.

Vertical Sync. Position Register [ o)

Fo

This is a register used to program the vertical sync.
position on the screen in unit of horizontal character
time. Data 7-bit and any number that is equal to or
less than total number of vertical characters (V-1)
shall be programmed to this register. When programmed
value of this register is increased, the position is
shifted down. Therefore, the optimum vertical position

may be determined by this value. S TLE




INTERNAL REGISTERS

™
L
RS8:

- R9:

- Maximum Raster Address Register |

Interlace Mode Register S0

_—

This is a 2-bit register used to control the raster
scan mode.

21 20 MOde e —— T
0 0 Non-Interlace Mode
0 1 Non-Interlace Mode
1 0 Interlace Sync.: Mode
1 1 Interlace Sync. and Video Mode

In non-interlace mode, the rasters of even number
field and odd field are scanned in the middle of even
number field. Then it is controlled to display the same
character pattern in two fields. In interlace sync.
video mode, the raster scan method is the same as that
in interlace sync. mode, but it 1is controlled to
display different character pattern in two fields.

“h

;}9

This is a register used to program maximum raster
address within S5-bit. This register defines total
number of rasters per character including spacing. When
total number of rasters 1is RN, (RN-1l) shall be
programmed to this register. Moreover, when programmed

value of R8 is 3, RN must be even.




INTERNAL REGISTERS

(&%
R10: Cursor Start Raster Register

Ihis is a register used to program the cursor start
raster address by lower 5 bits (20 -24) and the cursor

display mode by higher 2 bits (25' 26).

s

26 25 Cursor Display Mode
0 0 Non-Blink

0 1 Cursor Non-Display

1 0 Blink, 16 Field Period
1 1 Blink, 32 Field Perio

Blink Period
' Light ] Dark
Z—--16 or 32 Field Period———-/

R1l1l: Cursor End Raster Register C?
{:‘, x} . H
This is a register used to program the cursor end
raster address. When programmed value of R8 is 3
(Interlace sync. and video mode), both the cursor start
raster register and the cursor end raster register must

be even or odd. ‘ . . -




INTERNAL REGISTERS

R12:
R13:

R1l4:
R15:

R16:
R17:

Start Address Register (H)
Start Address Register (L)

S g Al

4

.

These are used to program initial address of refresh
memory to read out. Changing the contents of these

registers dynamically enables paging and scrolling
easily.
Cursor Register (H) ?jf;”z ;;

Cursor Register (L)

L 7.
»-5 - H ; -

These are used to program the cursor display address
and R/W operation from the CPU is possible. When R1l4 is
read, the higher 2 bits (26 27) are always "0".

’
Light Pen Register
Light Pen Register

T200/T250 system are not used.




OPERA

( |

Time

TION OF CRIC

Chart of CRT Interface Signals

The following example shows the display operation in
which values of Table. X-1 are programmed to CRIC
internal registers. Fig. X-1 shows the CRT screen
format. Fig. X-4 shows the time chart of signals put
out from CRTC.

The relation between values of Refresh Memory Address
(MAO-MA13) and Raster Address (RAO-RA4) and the display
position on the screen is shown in Fig. X-10.

Fig. X-10 shows the case where the value of Start
Address is 0.

Table. X~-1 Programmed Values into CRTC Registers

¢

Reg. Number vValue H Reg. Number Value
RO Nht | R9 NI
R1 Nhd | =rio
R2 Nhsp “ R1l1l
R3 Nhsw “ R12 0
R4 Nvt - R13 0
RS Nad R14
R6 Nvd ’ R15
R7 Nvsp " R16
RS I

Note: Nhd<Nht , Nvd<Nvt

-10-
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Fig. X-1 CRT Screen Format

e AN AT S

~---Total Number of Horizontal Characters(Nht+l)—-=-=-—
----Number of Horizontal Displayed Characters-»
/
/
(Nhd) P
/

Horizontal
Fly Back
Frame Period Period

C

Vertical Fly Back Period

N ————|

— Total Raster Adjust (Nadj)
—Number of Vertical Displayed Characters (Nvd) ‘“~j’

— Maximum Raster Address (Nr + 1)

- Total Number of Vertical Characters (Nvt + 1)
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Interlace Control

Fig. X-2 shows an example where the same character is
displayed in non-interlace mode, interlace sync. mode,
and interlace sync. & video mode.

In interlace sync. mode, the raster address of even
number field and odd number field are the same and
display the same character pattern. In interlace sync.
and video mode, the character pattern of even number
raster address is displayed in even number field. The
character pattern of odd number raster address is
displayed in odd number field. Therefore, compared with
the characters in non-interlace mode and interlace
sync. mode, the size is one-half of them vertically.
Fig. X-7 shows the output wave form of vertical sync.
in interlacing.

Fig. X-2 Interlace Control

Raster Address Even odad Even odd
Field Field Field Field
0 ,

a a 1 Z&=====o, &= 0

 Sa? A A A4

= R

7 ~ . 3 ----- —2

< < :f;L_____:fQL_

Soceo ¢« Booogs

o—o&  sH——g-

o—o  ¢B==—g=s

o o 7 B - - 6

~ A4
- -©-- 7

Non-interlace Interlace Sync. Interlace Sync.

Mode Mode & Video Mode

-12-
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Cs;sor Control

Fig.

X-3 shows the display patterns where each value

is programmed to the cursor start raster register and

the cursor end raster register.

Programmed values to

the cursor start raster register and the cursor end -

register need to be under

condition.

raster

Cursor Start Raster Register
Register _

the

followi

ng

_ Cursor End Raster
Maximum Raster Address Register

Time chart of CUDISP (Cursor Display) output signal is

shown in Fig. X-8 and Fig. X-9.

Fig. X-3 Cursor Control

o

i}
i ™

Q¢ P

J

L 60—
2 -60000—
3 -€o000—
4 -eo000—
> -ec0co—
6
7
8 .
° ooeee—  -ecece—

o -6cc0c—

rsor Start = 9 Start = 9 Start =1

rsor End =9 End =10 End =5
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DESCRIPTION

The pPD765 is an LSI Floppy Disk Controller (FDC) Chip,
which contains the circuitry and control functions for
interfacing a processor to 4 Floppy Disk Drives. It is
capable of suppoting either IBM3740 single density
format (FM), or IBM System 34 Double Density format
(MFM) including double sided recording. The FDC
provides control signals which simplify the design of
an external phase locked loop, and write
precompensation circuitry. The FDC simplifies and
handles most of the  burdens associated with
implementing a Floppy Disk Interface.

Hand-shaking signals are provided in the FDC which make
DMA operation easy to incorporate with the aid of an
external DMA Controller chip, such as the D8257. The
FDC will operation in either DMA or Non-DMA mode. 1In
the Non-DMA mode, the FDC generates interrupts to the
processor every time a data byte is available. In the
DMA mode, the processor need only load the command into
the FDC and all data transfers occur under control of
the FDC and DMA controller.

There are 15 separate commands which the FDC will
execute. Each of these commands require multiple 8-bit
bytes to fully specify the operation which the
processor wishes the FDC to perform.
The following commands are available:

Read Data Scan High Equal Write Deleted Data i%yf,

Read ID Scan Low Equal Seek ]
Read Deleted Data Specify 2
Read a Track Recalibrate Write Data -
Scan Equal Format a Track

Sense Interrupt Status Sense Dive Status

._,.‘.‘
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FEATURES

Address mark detection circuitry is internal to the FDC
which simplifies the phase 1locked 1loop and read
electronics. The FDC offers many additional features
such as multiple sector transfers in both read and
write with a single command, and full IBM compatibility
in both signal and double density modes.

* IBM compatible in both Single and Double Density
Recording Formats

* Programmable Data Record Lengths: 128, 256, 512,
or 1024 bytes/Sector

* Multi-Sector and Multi-Track Transfer Capability

* Drive Up to 4 Floppy Disks

* Data Scan Capability - Will Scan a Single or an
Entire Cylinder's Worth of Data Fields, Comparing
on a Byte by Byte Basis, Data in the processor's
Memory with Data Read from the Floppy Disk
Data Transfers in DMA or Non-DMA Mode
Parallel Seek Operations on up to Four Drives

* Compatible with Most Microprocessors including
8080A, 8085Aa

b Single Phase 8 MHz clock
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SYSTEM CONFIGURATION

MEMORIES

\
T200 SYSTEM BUS D
AA Ar\\
DB7-DBO0 A0
DB7-DBO
MEMR —
RD
IOR —
L WR
MEMW —
Cs
IOW INT
. RESET
Cs
HRQ
HLDA
N *vf
DRQ READ DATA
IR e cereerer———
DMA FDC WINDOW |
- PLL [
CONTROLLER DACK pPD765 _READ DATA .
WRITE DATA g
TC . '

(,INPUT DATA
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\
OUTPUT DATA )
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INTERNAL REGISTERS

The FDC (uPD765) contains two registers which may be
accessed by the CPU; a Status Register and a Data
Register. The 8-bit Main Status Register contains the

status information of the FDC, and may be accessed at.

any time. The 8-bit Data Register (actually consists of
several registers in a stack with only one register
presented to the data bus at a time), which stores
data, commands, parameters,and FDD status information.
Data bytes are read out of, or written into, the Data
Register in order to program or obtain the results
after a particular command. The Status Register may
only be read and is used to facilitate the transfer of
data between the CPU and FDC.

The bits in the Main Status Register are defined as follows:

RQM:

DIO:

NDM:

CB :

D4B:
D3B:
D2B:
D1B:

DO
!RQM DIO | NDM CB | D4B | D3B | D2B | D1B

Request for Master
Indicates Data Register is ready to send or receive
data to or from the CPU. Both bits DIO and RQM should

.be used to perform the hand-shaking functions of

"ready” and "direction"™ to the CPU.

Data Input/Output

Indicates direction of data transfer between FDC and
Data Register.

DIO = "1", then transfer is from Data Register to the
CPU.

DIO = "0", then transfer is from the CPU to Data

Register.

Non-DMA mode L
The FDC is in the non-DMA mode. :

FDC Busy
A read or write command is in process.

FDD number 4 is in the seek mode.
FDD number 3 is in the seek mode.
FDD number 2 is in the seek mode.
FDD number 1 is in the seek mode.
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‘*’ COMMAND SEQUENCE

The FDC 1is capable of performing 15 different
commands. Each command is intiated by a multi-byte
transfer from the CPU, and the result after execution
of the command may also be a multi-byte transfer back
to the CPU. Because of this multi-byte interchange of
information between the FDC and the CPU, it |is
convenient to consider each command as consisting of
three phases:

Command Phase: The FDC receives all
information required to
perform a particular operation
from the CPU.

Execution Phase: The FDC performs the operation
it was instructed to do.

Result Phase: After completion of the
operation, status and other
housekeeping information are
made available to the CPU.

AU i
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~INSTRUCTION SET~

INSTRUCTION: READ DATA
DATA BUS
PHASE R/W D7 D6 D5 D4 D3 D2 D1 DO REMARKS
Command W MI MF SK O 0 1 1 0 Command Codes
W X X X X X HD USl USO
W ——ememmemeeoee ~C = e Secter ID information
W H - prior to Command
w - - R execution
W ——————-- ---N - -
W —mmmmmmmmeeeee EOT-—~--======mu™
( I et 2
¢ W e DTL--=~===c=ea=—e
Execution Data-transfer between
the FDD and main-system
Result R === ST0--=--=-==-mm- Status information
R —-mmmmmmeeeeee R R el after Command execution
R —=m=eeee- ST2-
R ——=meemee- ~=-C-- --- Secter ID information
R - H-- - after Command execution|
R ——— --=R -- —-——-
R ====- ————— N -

Note: Symbols used in this table are described at the end of this sectionm.
X = don't care.'usually made to equal binary 0.

Ap should equal binary 1 for all operations.




-INSTRUCTION SET-

INSTRUCTION: READ DELETED DATA

DATA BUS
PHASE R/W D7 D6 D5 D4 D3 D2 Dl DO REMARKS
Command W MI MF SK 0 1 1 0o 0 Command Codes
W X X X X X HD USl USO
W eeemmemee—eee— S Secter ID information
W H prior to Command
W R execution
w -~ N—
W EOT-
W e ~GPL~==-=—mmemneae
W DTL~====-—~—m=—==
Execution Data-transfer between
the FDD and main-system
Result R ~mmecmeccan——- STQ~——==——mmmmmmm Status information
R w——meeccceee—- ST1 - after Command execution
R - —-—— ST2====m=mmmme -
R =—e—eeemeeeee- -C-- Secter ID informationm:
R - - H- after Command execution
R R--
R - N !

i
i

Note: Symbols used in

X = don't care.

AO should equal

A

this table are described at the ead of this section.

usually made to equal binary O.

binary 1 for all operations.



-INSTRUCTION SET-

INSTRUCTION: WRITE DATA

DATA BUS
PHASE R/W D7 D6 D5 D4 D3 D2 DI DO REMARKS
Command W MI MF O O 0 1 0 1 Command Codes
W X X X X X HD USl UsO
W C Secter ID information
W H prior to Command
W R execution
w - N
W EOT
W -GPL
W DTL
Execution Data-transfer between
the main-system and FDD
Result R STO - Status information
R ST1 after Command execution
R ST2 . ! i
R c Secter ID information :
R H after Command execution
R R R H -
, R N 5

Note: Symbols used in this table are described at the ead of this section.
X = don't care. usually made to equal binary O.

Ag should equal binary 1 for all operations.




-INSTRUCTION SET-

£,
. ' INSTRUCTION: WRITE DELETED DATA
DATA BUS
PHASE R/W D7 D6 D5 D4 D3 D2 D1 DO REMARKS
Command W MI MF 0 0 1 0 0 1 Command Codes
W X X X X X HD US1 USO
W —C - Secter ID information
W H prior to Command
w R- execution
W - N —————— —
W - EQOT -=====e—e- —
(: W ———eem———e———- ~GPL-====c———emee=
*? w —-——- DTL
i?. Execution Data-transfer between
- the FDD and main-system
Result R - STO Status information
R - —-——- ST1 after Command execution
R --——--- ST2 - _!
L B -C --- Secter ID informatioQ'
R =——====--- -H after Command executionf
S R - L)
R N S e f 3
¢

Note: Symbols used in this table are described at the eand of this sectiom.
X = don't care. usually made to equal binary O.

Ay should equal binary 1 for all operationms.




=INSTRUCTION SET-

- INSTRUCTION: READ A TRACK
DATA BUS

PHASE R/W D7 D6 D5 D4 D3 D2 D1 DO REMARKS

Command W 0 MF sk 0 0 O0 1 O Command Codes
W X X X X X HD Usl usoO
v - -C Secter ID information
W H prior to Command
w R execution
w N—-
w EOT
W -GPL--
14 DTL

Execution Data-transfer between

the FDD and main-system|
= _ FDC reads all of
cylinders contents from|
index hole to EOT.

Result R §T0---=---------=  Status informatiomn
R ST1 after Command execﬁiionf
R ) & T - | a
R -C Secter ID infotm;tiou: j
R H after Command exicuzi;ng
R -----R ' REEES S g
R &

Note: Symbols used in this table are described at the end of this section.
X = don't care. usually made to equal binary 0.

AO should equal binary 1 for all operationms.

-10-



=INSTRUCTION SET-

INSTRUCTION: READ ID

DATA BUS
PHASE R/W D7 D6 D5 D4 D3 D2 D1 DO REMARKS

Command W 0 MF ¢} 0 1 0 1 0 Command Codes
W X X X X X HD US1 USO

Execution The first correct ID
information on the
cylinder is stored in

Data Register

Result R STO-====————— e Status information
R - ST1 - after Command execution
R ===-- ST2-
R =—emmmee- -C Secter ID informationi
R H during Execution Phase 1
R - R -- : 3’
B N —————- '

Note: Symbols used in this table are described at the end of this section.

X = don't care. usually made to equal binary 0.

A should equal binary 1 for all operations.

-11-



-INSTRUCTION SET-

INSTRUCTION: FORMAT A TRACK

DATA BUS

PHASE R/W D7 D6 D5 D4 D3 D2 D1 DO REMARKS

Command W OMF O O 1 1 0 1 Command Codes
W X X X X X HD USl UsSO
W N Bytes/Sector
W - sC Sectors/Track
W -GPL Gap3
W -— D Filler Byte
Execution FDC formats an entire
cylinder
Result R STO Status information
R ST1 - after Command execution
R ST2
L -C "In this case, the m‘
R --- H-- information has ? ?
R ---- R no meaning, ik
R N 5

Note: Symbols used in this table are described at the eand of this section.
X = don't care. usually made to equal binary O.

Ay should equal binary 1 for all operatioas.

o Rey eluae . dp L
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-INSTRUCTION SET-

INSTRUCTION: SCAN EQUAL

DATA BUS

PHASE R/W D7 D6 D5 D4 D3 D2 Dl DO REMARKS
Command W MI MF SK 1 0 0 0 1 Command Codes

w X X X X X HD US1 USO

W -C Secter ID information

W H prior to Command

w R execution

W N

W EOT

W -GPL-

w STP
Execution Data-compared between

the FDD and main-system

Result I e STO Status information

R e STl=-m—=————=—mee after Command execution

R ST2

R -C Secter ID information

R H after Command execution}

R -R ‘.;

: y iy
Note: Symbols used in this table are described at the end of this section.

X = don't care. usually made to equal binary 0.

Ag should equal binary 1 for all operations.



~INSTRUCTION SET-

‘ﬁﬁu INSTRUCTION: SCAN LOW OR EQUAL
’ DATA _BUS
PHASE R/W D7 D6 D5 D4 D3 D2 D1 DO REMARKS
Command W MF SK 1 1 o o 1 Command Codes
W X X X X HD Usl UsO
W -C Secter ID information
W H prior to Command
W R execution
W N
W EOT
W GPL
W STP
Execution Data-compared between
the FDD and main-system
Result R STO Status information
R ST1 - after Command execution
R ST2-=====mwmannna o g *
R -C Secter ID informatiom |
R H after Command execution|
) R R . ‘ ‘
R N
g

3

Note: Symbols used in this table are described at the end of this section.

X = don't care. usually made to equal binary O.

-14-
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~INSTRUCTION SET~-

INSTRUCTION: SCAN HIGH OR EQUAL
DATA BUS
PHASE R/W D7 D6 D5 D4 D3 D2 D1 DO REMARKS
Command MI MF SK 1 1 1 0 1 Command Codes

X X

X X X HD Usl UsO

© m A

¥ £ £ & ¥ £ ¥ ¥ ¥
]

Execution

Result

W W W W o W

Secter ID information
prior to Command

execution

Data-compared between

the FDD and main-system

Status information

after Command execution

Secter ID information

after Command execution

sy

IO S

Note: Symbols used in
X = don't care.

AO should equal

this table are described at the end of this section.

usually made to equal binary O.

binary 1 for all operations.
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~INSTRUCTION SET-

INSTRUCTION: RECALIBRATE

DATA BUS
PHASE R/W D7 D6 D5 D4 D3I D2 Dl DO REMARKS
Command w 0 0 0 0 0 1 1 1 Command Codes
W X X X X X 0 usl uso
Execution Head retracted to
Track zero
INSTRUCTION: SENSE INTERRUPT STATUS
DATA BUS
PHASE R/W D7 D6 D5 D4 D3 D2 D1 DO REMARKS
Command W 0 0 0 0 1 0 0 0 Command Codes
Result R - ST0==eemmem—ee——— Status information at
R PCN - - the end of seek
operation about the FDC
INSTRUCTION: SENSE DRIVE STATUS
DATA BUS
PHASE R/W D7 D6 D5 D& D3 D2 Dl DO
Command W 0 o0 0 O O 1 o0 O Command Codes h
X X X HD UsSl usoO
Result R ~recmecccccea- g R Status information
about FDD

-16~-




-INSTRUCTION SET-

=

INSTRUCTION: SPECIFY

DATA BUS
PHASE R/W D7 D6 D5 D4 D3 D2 D1 DO REMARKS

Command W 0 0 0 0 0 0 1 1 Command Codes

W  <=---SRT----2»eZ~=--HUT~=--=-5»
W <= HLT 3=ND
INSTRUCTION: _SEEK
DATA _BUS
PHASE R/W D7 D6 D5 D& D3 D2 DL DO REMARKS

Command W 0 0 0 0 1 1 1 1 Command Codes
W X X X X X HD US1 USO
W - NCN -

Execution Head is positioned over

proper Cylinder on

Floppy Disk

INSTRUCTION: INVALID

*
DATA BUS
PHASE R/W D7 D6 D5 D4 D3 D2 Dl DO N
Command W mm—em—— Invalid Codes========== e
‘ (NoOp - FDC goes into | o
Standby State)
Result L I e STO--==m—mem—m—e STO = 80 HEX

-17-



i

-COMMAND SYMBOL DESCRIPTION-

SYMBOL NAME DESCRIPTION

A0 Address Line 0 AO controls selection of Main Status
Register (A0 = 0) or Data Register (A0 = 1).

Cc Cylinder~Number | C stands for the current selected Cylinder
(track) number O through 76 of the medium.

D Data D stands for the data pattera which is going
to be written into a sector.

D7-DO Data Bus 8-bit Data Bus where D7 stands for a most
significaat bit, and DO stands for a least
Significant bit,

DTL Data Length When N is- defined as 00, DIL staands for
the data length which users are going to
read out or write into the sector.

EOT Ead of Track EOT stands for the final sector number
on_a cylinder.

GPL Gap Length GPL stands for the length of GAP 3
(spacing between Sectors excluding VCO
Sync. Field).

H Head Address H stands for head number Q0 or 1, as
specified in ID field.

HD Head HD stands for a selected head number 0 or 1

(H = HD in all command words)

R

OX;

AR




~COMMAND SYMBOL DESCRIPTION-

SYMBOL

NAME

DESCRIPTION

HLT

Head Load Time

HLT staands for the head load time in the FDID
This timer can be programmed from 2ms to
254ms by 2ms (00=DON'T USE, Ol=2ms, 02=4ams,

‘and so forth) for 8-inch floppy disk drives.

It can be also programmed from 4ms to 508ms

by 4ms for 5.25-inch floppy disk drives.

RUT

Head Unload Time

HUT stands for the head unload time after

a read or write operation has occurred.
This timer can be programmed from l6ms to
240ms by l6ms (00=NOT USE, Ol=16ms, 02=32ms,
and so forth) for 8-inch floppy disk drives.
It can be also programmed from 32ms to 480ms
by 10ms (00=NOT USE, Ol=32ms, 02=64ms, and
so forth) for 5.25-inch floppy disk drives.

FM or MFM Mode

If MF is low, FM mode is selected, and if it
i8 high, MFM mode is selected.

Multi Track

If MT is high, a multi-track operation is to

be performed. (A cylinder under both HDO and

HD1 will be read or written)

i
TN s g

-19-
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~COMMAND SYMBOL DESCRIPTION-

SYMBOL NAME DESCRIPTION
N Number N stands for the number of data bytes
written in a sector.
NCN New Cylinder NCN stands for a new cylinder number,
Number which is going to be reached as a result of
the Seek operation. Desired position of Head
ND Non~-DMA Mode ND stands for operation in the Non-DMA Mode.
PCN Present Cylinder| PCN stands for Cylinder number at the
Number completion of SENSE INTERRUPT STATUS command.
Position of Head at present time.
R Record R stands for the sector number, which will be
read or written.
R/W Read/Write R/W stands for either Read (R) or Write (W)
signal.
SK Skip SK stands for Skip Deleted Data Address Mark.
SC Sector SC indicates the number of sector per
Cylinder.
SRT Step Rate Time SRT stands for the Stepping Rate for the FDD.

This timer can be programmed from lms to 1l6ms

by lms (FHEX HEX
forth) for 8-inch floppy disk drives. It can

=lms, E =2ms , DHEX=3ms, and so

be also programmed from 2ms to 32ms by 2ms
for 5.25-inch floppy disk drives.




~COMMAND SYMBOL DESCRIPTION-

Ay

(CONT.)
SYMBOL NAME DESCRIPTION l.
STO Status O ST0-3 stands for one of four registers
ST1 Status 1 which store the status information after a
ST2 Status 2 command has been executed. This information
ST3 Status 3 is available during the result phase after
command execution. These registers should not
be confused with the main status register
(selected Ay = 0). ST0-3 may be read only
after a command has been executed and contain]
information relevant to that particular
command.
STP During Scan operation, if STP = 1, the data
in contiguous sectors is compared byte by
byte with data seat from the CPU (or DMA);
and if STP = 0, then alternate sectors are
read and compared.-
uso Unit Select US stands for a selected drive number 0 or 1.
Us1l :

-21-
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PROCESSOR INTERFACE

During Command or Result Phases the Main Status Register (described earlier) must be
resd by the processor before each byte of information is written into or read from the

Dsta Register. Bits D6 and D7 in the Main Status Register must be in a 0 and 1 state,
respectively, before sach byte of the command word may be written into the uPD765
Many of the commands require muitiple bytes, and as a result the Main Status Register
must be read prior 10 each byte transfer to the uPD765. On the other hand, during the
Result Phase, D6 and D7 in the Main Status Register must both be 1°s (D6 = 1 and -
D7 = 1) before reading each byte from the Data Register. Note, this reading ot the

Main Status Register before each byte transfer to the uPD76S is required in only the
Command and Result Phases, and NOT during the Execution Phass.

During the Execution Phase, the Main Status Register need not be read. If the uPD765
is in the NON-DMA Mode, then the receipt of each data byte (if yPD76S is reading data
from FDD) is indicated by an Interrupt signal on pin 18 (INT = 1). The generation of a
Read signal (RD = 0) will reset the Interrupt as well as output the Data onto the Data
Bus. If the processor cannot handle Interrupts fast enough (every 13 us) then it may
poli the Main Status Register and then bit D7 (RQM) functions just like the interrupt
signal. If 3 Write Command is in process then the WR signal performs the reset 1o the
Interrupt signal.

If the uPD765 is in the DMA Mode, no Interrupts are generated during the Execution
Phase. The uPD765 generates DRQ’s (DMA Requests) when each byte of data is avail-
able. The DMA Controller responds 10 this request with both a DACK = 0 (DMA
Acknowledge) and a RD=0 (Read signal). When the DMA Acknowledge signal goes
low (DACK = 0) then the DMA Request is reset (DRQ = 0). If a Write Command has
been programmed then a WR signal will appear instead of RD. After the Execution
Phase has been completed (Terminal Count has occurred) then an interrupt will occur
(INT = 1). This signifies the beginning of the Result Phase. When the first byte of data
is read during the Result Phase, the Interrupt is automatically reset (INT = 0).

It is important to note that during the Result Phase all bytes shown in the Command
Table must be read. The Read Data Command, for example has seven bytes of data in
the Result Phase. All seven bytes must be read in order to successfully complete the
Read Data Command. The uPD 765 will not accept a new command until all seven
bytes have been read. Other commands may require fewer bytes 10 be read during the
Result Phase.

The uPD765 contains five Status Registers. The Main Status Register mentioned above
may be read by the procéssor at any time. The other four Status Registers (STO, ST1,
ST2, and ST3) are only available during the Result Phase, and may be read only after
successfully completing a command. The particular command which has been executed
determines how many of the Status Registers will be read.

The bytes of data which are sent to the uPD765 to form the Command Phase, and are A
read out of the uPD 765 in the Result Phase, must occur in the order shown in.the Come .
mand Table. That is, the Command Code must be sent first and.the other bytes sentir-

the prescribed sequence. No foreshortening of the Command or Result Phases ares @
allowed. After the last byte of data in the Command Phase is sent to the uPD765. the
Execution Phase automatically starts. In a similar fashion, when the last byte-ofdataris: ' "

read out in the Result Phase, the command is automatically ended and:the-uPO76%ip- "~ "
ready for a new command. A command may be truncated (prematurely ended)’ *: ':: :::::
simply sending a Terminal Count signal to pin 16 (TC = 1). This is a convenient mesns.. ., ..,
of ensuring that the processor may always get the uPD765's attention even if the disk - .

system hangs up in an abnormal manner. Arr v

vl e
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ATA ) .
nre 4( ¢ words sre reauired 10 place the FDC into the Read Data Mode. Atter the Read Data
3has siued me FDC loads the head (if it 1 in the unicaded state), wits ™he speciiied head
1me (g3 11 the Soecity Command). and brgns reacing 1D Address Marks and 1D fisics. When
1M1 36C10¢ number *R) stored in the 10 Reg {IDR) compares wiih the sector number read off
erte, Men the F DC outputs data (trom the dats fieid] Dyte-1o-Dyis 1O the Main sysiem vie the ot

ompieion of the read ooeration from the current sector, the Sector Number i incremented by one,

? Gata trom the next sector » read and OutDUt ON the dats but Thi continuous resd function 1 called
It Sector Read Operation.” The Read Data Command may be terminated by the rece:ot of 3 Terminal
i signal. Upon recerpt of this signal, the F DC 11001 outputting data 10 the procetsor, but wail conuinue
1d data trom the current sector, check CRC (Cyclic Redundancy Count) Dytes, and then at the end of

Ictor terminate the Read Data Command.

amount of data winch can be handied with 2 ungle command to the FDC depends upon MT (muits
k), MF (MFM/FM], and N (Number of Bytes/Sector). Tabie | beiow showa the Teansfer Capacity.

uite Track MFMIFM Bytes/Sector |- Maximum Transfer Capacity Final Sector Resd
MT MF N (Bytes/S ) {Numbaer of S s) - from Diskette
0 0 00 (128)(26) = 3,328 26 a1 Siae O
0 I, 01 (256) (26) = 6.656 or 26 at Side 1
1 ¢+ 0 00 (1281 (52) = 6,656 :
) by 01 (256) (52) = 13312 26 a1 Side 1
0 ) 01 {256) (15) = 3.840 15 2t Side O
i 0 ! 1 02 (512) (18} = 7,680 or 153t Side 1
| 1 i O o1 (256) (30) = 7.680
Py | 02 15121 (30) = 15,360 1501 Side 1
i o ‘ 0 02 (5121 (8) = 4.096 8at Sae O
! 0 1 03 (10241 (8) = 8192 © or8atSidet
H 1 0 02 (512) (16) = 8192 .
. ! ) 03 (1024) (16) = 16,384 Bt Side )

Tabie 1. Transter Capacity

1"( ultrtrack” function (MT) aliows the FOC to read data from both udes of the diskette. For 3

Da  w cyinger. data will be Tansferred starting at Sector 0. Side O and completing at Sector L, Side 1
{Se. L = iastsector on the ude). Note, this function pertains 10 Only one cyhinder (the same track) on
eacn sige of the diskette.

When N = 0. then DTL defines the data length which the FDC must treat a3 a sector, If DTL is smailer than
e actudl data iength in a Sector, the data beyond DTL in the Sector, is not sant to the Data Bus. The FOC
reags (internally! the compiete Sector performing the CRC check, and depending upon the manner of com-
mInc terminat.on. may perform 3 Mult:-Sector Read Operanion. When N 15 non-zero, then DTL has no
meaning and sNouid be set 10 FF Hex:decimal.

At the compieton ot the Read Data Command, the head 11 not unicaded until atter Haad Unicad Time
intervai (specifred in the Specity Command) has elapsed. I the processor issues another command betfore
the Nead unioads then the head setthng trme May be saved between subsequent reads. This time out 18
parucularly valuable when a diskette 13 copred from one drive 10 another.

It the FOC detects the index Hole twice wathout finding the right sector, (indicated 1a “R™), then the FDC
sets the ND iNo Datai flag in Status Register 110 a2 1 (hign), and terminates the Read Data Command.
(Status Regster O aiso has bits 7 ang 6 set 10 0 and 1 respectively.)

Atrer reading the 1D and Data Frelds in each sector, the FDC checks the CRC bytes. If 2 read erroe is
getecied fincorrest CRC in 1D tietd), the FOC sets the DE (Data Error) flag 1n Status Reguster 1 to s 1 (high),
and 1t 3 CRC ervor occurs 1n the Data Fuld the FOC aiso sets the DD (Data Error 1n Data Fieid) tlag in
Status Register 210 a 1 (Mighl. and terminates the Read Data Command. (Status Register O aiso has bits 7
ana 6 set 10 0 and 1 resoectively.)

Status Reguter 210 a 1 (high), and terminates the Read Data Command.

!t tve FOC reads a Deleted Data Address Mark off the diskette, and the SK bit (bit DS in the first Command
Word) 13 not se1 (SK = 0}, men the FDC sets the DM (Control Mark ) tag in Status Register 210 8 1 (Mgh),
and teyminates the Read Datas Command, atter reading all the data in the Sector. It SK = 1, the FOC skups
the sector wath the Deieted Dats Adoress Mark and reads the next sector.

During disk data ransfers between the FOC and the processor, via the data bus, the FOC must be serviced
by the processor every 27 us i the FM Mode, and every 13 us in the MFM Mode. or the FDC sets the OR
{Over Run) flag in Status Regriter 1 10 3 1 (Migh), and terminates the Read Data Command.

1t e processor terminates a read (or wnte) coeration n the FOC, ten the 1D Information in the Result

Phase 1s deoendent upon the state of the MT bit ana EOT byte. Table 2 shows the vaiues for C. M, R, and
N. wnen the pr oaessor termenates the Command.

FUNCTIONAL
DESCRIPTION OF
COMMANDS
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FUNCTIONAL .

DESCRIPTION OF
( MMANDS (CONT.)

1D Infermation st Resuit v r.ew.
mMT EOT Finsl Secror Troneterred %0 Processer
c ol L] N

1A Sector 110 255t S:0e 0

OF Sector 110 14 21 Sice O NC NC Ret NC

os Sector 110 7 51 S:0e 0 )

1A Sector 26 a1 S«0e O .

OF Sector 15 2t Side O Ce NC R =01 NC
° o8 Sector 8 31 Side O

1A Sector 110 25 at Side V |

OF Sector 1 to 14 at Sude 1 NC NC Re NC

o8 Sector 1 t0 7 a1 Side S

1A Sector 26 st Sice 1 g

OF Sector 15 st Side 1 Ce NC R=01 NC

as Secior 8 31 Side 1 :

1A Sector 110 25 at Sioe 0 |

OF Sector 710 14 st S:0e O NC NC Re NC |

o8 Sector 110 7 at Si0e 0 {

1A Sector 26 at Side O :

OF Sector 15 at Side 0 NC LS8 R =01 NC |
. n8 Sector 8 at Side |

1A Sector 5 10 25 2t Sice 1 .

of Sector 110 14 a1 Side } : NC NC Re NC

os Sector 1 to 7 at Sude ! |

1A Sector 26 at Side )

Of Sector 15 st Sude 1 C+1 Lss R =0t NC

o8 Sector 8 at Side 1

Notes: 1 NC (No Change): The same value a3 the one at the begnning of command execution.
2 LSB (Least Significant Bit): _The least significant bit of H 11 complemented.

Terminates Command

Table 2 1D infor When Pr
WRITE DATA

A 3ot of nine (9) bytes are required 10 set the FOC imo the Write Data mode. After the Write Data command
has been issued the FOC loads the head (if it is in the uniceded state), waits the Decified heat setthieg time
{detined in the Specity Command), and begins reading |D Fieids. When the current sector number (""R*"),
stored in the |0 Register (IDR) compares with the sector number read off the diskette, then the FDC takes
dats from the processor byte-by-byte via the data but, and outputs it to the FDD.

After wniting dat into the current mector, the Sector Number stored in “R™ 13 incremented by one. and the
next data freld 13 written into. The FOC continues this **‘Muiti-Sector Write Operation” untul the issuance of
8 Terminal Count signal. It a Terminal Count signal is sent 1o the F DC i1t continues wriung in1o the current
sector to compiete the data field. [f the Terminal Count signal 1s recewved while a data f1eid 15 Deing written
then the remander of the data field is filled with 00 (zeros).

The FOC reads the 1D fieid of each sector and checks the CRC bytes it the FOC detects a read error
(incorrect CRC) in one of the 1D Fielcs, it sets the DE (Data Error) nag of Status Regrster 1 10 2 1 (high),
and terminates the Write Data Command. (Status Regrster O 8150 has bits 7 and 6 st 1o 0 and 1 respectrvely.)

The Write Command operates in much the same manner 33 the Resd Command. The foliowsgg items are m
same, and one should refer to the Read Data Command for detaiis: . v } ;
e Transter Capacity e Head Unioad Tume interval L ok e
e EN (End of Cylinder) Flag o 1D informauon when the p TenTnInges
e NO (No Daw) Fisg e Detmition of DTL when N = 0 and when N » 0 SRS

In the Write Data mode, data transters between the processor and FOC, via the Data Bus, Mgheanm
31 usin the FM mods, and every 15 us in the MFM mode. If the time interval Detween data. transfess s
longer than this then the FOC sats the OR (Over Run) flag in Status Regisies 1 10 8- 1 mm
the Wrte Data Command. (Status Regrster O also has bit 7 and 6 sat 10 0 and 1 respectvely.) .

WRITE DELETED DATA " ?;”.v‘;,

tay

This command 15 the same as the Write Data Command exceot » Deleted Dats Adaress Mark is wnitten st thee
beginning of the Data Field irstead of the normal Data Address Mark.

READ DELETED DATA

Thn commaend is the same as the Read Data Command except that when the FOC detects » Data Address
Mark at the beginning of 3 Data Field (and SK = O (low), 11 will read all the data 1n the secior and set the
MO tiag in Status Register 2 10 8 1 (Rign), and then terminate the command. 1f SK = 1, then the FDC skios
the sec1or wath the Dats Address Mark and reeds the next sector.

4 Ay

w
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TRACK .
Wmandg-zimiar 1o READ DATA Command except that this is » continuous READ ooeration
e ent ‘atents of the track are read. immediately stter encountering the INDEX HOLE, the
s rer . il cata on the track, Gap bytes, Address Marks and Data are »it read as 3 cONtinuowus
rm, EDC tinch a0 error in the 1D or DATA CRC check bytes, it continues 10 read dats
@ track. | he FDC compares the 1D information resd from each 36cior with the value stored in the
70 sats the ND flag of Status Register 1o 8 1 (high) if there is no comparson. Multi-rack or skip

ont are NOL dilowed wrth this command.
smmand terminates when EOT number of sectors have been read (EOTmax = FFhex = 255¢ec)
FDC does not find an 1D Address Mark on the diskette atter it encounters the INDEX HOLE tor the
d time, then it sets the MA (missing address mask) fiag in Status Regeter 1 t0 8 1 (highl, and terme
the command. (Status Register O has bits 7 and 6 set 10 0 and 1 respectively).

o
READ 10 Command is used o give the present position of the recording head. The FOC stores the

s from the first 1D Field it s abie 10 read. !f no proper 1D Adaress Mark is found on the diskette,
we the INDEX HOLE is encountered for the second time then the MA (Missing Address Mark) flag in
tus Register 113 3et 10 2 1 (Pigh). and if no data 13 found then e ND (No Data) fiag 15 3iso set in Sutus
pster 1 1a 2 1 (high). The command is then terminated with Bis 7 and 6 in Status Register Oset 0 0

3 1 respectively.

JRMAT A TRACX :

ne Format Command aliows an entire track to be formatted. Atter the INDEX HOLE is detecied, Data is
ritten on the Diskerte; Gaps, Address Marks, 1D Fields and Data Fielcs, ail per the I1BM System 34 (Double
Jensity) or System 3740 (Single Density) F ormat are recorded. The particular format which will be written
4 controlied by the values orogrammed 1nto N (number of bytes/sector), SC (sectorskyiinder), GPL (Gao
Length), and D (Dawa Pattern) which are supplied by the processor during the Command Phase. The Data
Fiald is filled with the Byte of data stored in D. The 1D Field for each sector & supplied by the processor;
‘that is. four data requests per sector are made by the FDC for C (Cylinder Number), H (Head Number),

R ({Sector Number) and N (Number of Bytes/Sector). This silows the diskette 10 be formatied with noo-
sequential sector numbers, if desired. . .

Atter formatting each sector, the processor must send new values for. C, M, R, and N 10 the uPD76S for
each sector on the track. The contents of the R reguister is incremented by one sfter each sector is
“d, thus, the R regrter contains 2 value of R + 1 when it is read during the Result Phase. This

1ting and formatting continues 3¢ ™e whole Cylinder unti the F DC encounters the INDEX HOLE

cond time, Whereupon it termingtes the command,

v a FAULT signal is received from the FDD at the end of a write operstion, then the FDC sets the
EC flag of Status Register 0 10 a 1 (high), and terminstes the command atter setting bits 7 and 8 of Status
Register 0 10 0 and 1 respectvely. Also the loss of a READY signal at the .begnning of s command
execuTON Phase Cautes bits 7 and 6 of Status Regster 0 to be set to 0 and 1 respecitvely.
Table 3 shows the relationship between N, SC, and GPL for various sector sizes:

f
inc
for

FORMAT | SECTORSIZE | N sC GPL M| 6rL @ REMARKS
128 bvies/Sector | 00 | YA(16)| .07 4 18(16) 18M Diskertte 1
FMMode |25 . 01 | OF(16) | OE(16) 2A(16) | 1BM Disketre 2
512 02 | 08 1818 3A(16)
1024 bytes/Sector 1 03 | 04 - . -
FM Mode | 2048 o4 | 02 - -
4096 05 | Ot - -
258 01 | 'An1g)| OFEqie) | 38(16) IBM Diskette 2D
512 02 | OF(1g8)| 1B(16) 54(16)
MFM Mode 1024 a3 | o8 35¢18) | - 74(16) 18M Diskette 20
2048 04 | O4 - -
4096 05 | 02 - -
L 8192 o8 | o - -
Tabis 3

y, Note: O Sugemsted values of GPL in Read or Write Commaends to avoid 1plice point between data field
ond 10D fieid of contiguous sections.
(@ Suggented values of GPL in format command.

FUNCTIONAL
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FUNCTIONAL SCAN COMMANDS
DESCRIPTION OF The SCAN Commands sliow dats which is binng 1ead Irom the disketie 10 De COMDIrEE 2gainst Aats whech
IMMS NDS (CONT ) s being supplhied from the maia sysiem (Pracessor vn NON-DMA mode, and DMA Controlier n OMA mode).
C : The FOC comoares the dats on s byvie-by-Dyte Dasis, and 100ks 107 8 $8C107 OF Gt whch meets the COnds
p tons of OFDD * OProcessor. DF DD € DProcessor. o DFDD @ OProcessor- Ones compiement snm-
oy metic 18 used 1or comparnon (FF = |argest number, 00 = smaliest number). After 3 whole sector of asw
: is compared, if the CONCiLIOM 8¢ NOT Met, the SECIOr NUMber & NCr ed (R ¢ STP — R}, snd the xcan
QDersLION 18 continued. The 1Can 0Derstron continues uMil one of the foliowing condstions accur; the con-
citiom for scan are Mmet (equal, low, or high), the Iast sector on the track is reached (EOT), or the termunal -
count signal u recsived.

if the conditions for scan are met then the FDC sets the SH (Scan Hit) flag of Status Register 210 01
{high), and terminates the Scan Command. If the conditions (or sCan sre NOt Met between The slarting
sector {as specified by R) and the last sector on the cylinder (EOT), then the F DC sets the SN (Scan Not
Satnsfied) tlag of Status Reguster 2 1a 8 1 (high), and terminares the Scan Command. The recewpt of 3
TERMINAL COUNT signal from the Pr or OMA C oller dunng the ICan cperaLON will Cause the
FDC to compiete the comparison of the particulir by te which i 1 process, snd then to terminate the com-
mand. Table 4 shows the status of brts SH and SN under vanious conditions of SCAN.

STATUS REGISTER 2

COMMAND COMMENTS
BIT2 = SN BIT3 » SH
0 1 OFpD * OProcessor
Scan Equal
1 0 DFDD _* DProcessor
(] 1 OFDD ® DProcessor
Scan Low or Equal o 0 OFpD < DProcessor
1 0 Oe DD ¢ DProcessor
] 1 DFOD = DProcessor
Scan High or Equal 0 ] OfrpOD < OProcessor
1 0 | OFDD 2 DProcessor
Tobie 4

it the FDC encounters a Deleted Data Address Mark on one of the sectors (and SK = 0), then it regards the-
39CTOr a8 the last sector on the cylinder, sets CM (Control Mark) flag of Status Register 2 10 2 1 (hwgh) and
terminates the command. if SK = 1, the FDC skips the sector with the Deleted Address Mark, and reads
the next sec1or. In the sacond case (SK = 1), the FDC sets the CM (Control Mark) flag of Status Regrster 2
10 2 1 (high) in order 10 show that 3 Deletad Sector had been encountered.

When either the STP (contiguous sectors = 01, or siternate sectors = 02 sectors are read) or the MT (Muiti
Track) asre programmed, it is necessary t0 remember that the last sector on the track must be read. For
example, if STP = 02, MT = 0, the sectors are numbered sequentially 1 through 26, and we start the Scan
Command at sector 21; the following will happen. Sectors 21, 23, and 25 will be read, then the nex1t sect1or
(26) will be skipped and the index Hole will be encountered before the EQT value ot 26 can be read. This
will result in an sbnormal termination of the command. It the EOT had been set at 25 or the scanning
sarted at sector 20, then the Scan Command wouid be compieted in 3 normal manner.

During the Scan Command data is subplied Dy sither the processor or DMA Controller for compacison
sgeinst the data read trom the diskette. in order 10 avoud having the OR (Over Run) flag set in Status
Register 1, it is necessary 10 have the data available in less than 27 us (FM Mode) or 13 us (MFM Mode). |t
an Overrun occurs the F DC ends the command with bits 7 and 6 of Status Regester 0 set to O and 1,
respectively.

SEENX

. iy
The read/write head within the FDD 15 moved from cylinder 1o cylinder under comtrot of the Seeh. } ,gn'
Command. The FDC compares the PCN (Present Cylinder Number) winch s the current hesd position N

with the NCN (New Cylinder Number), and it there is a ditference performs the followsng operstion: 14 s mous

. N dinCYEE
PCN < NCN: Direction signal to FOD set 10 a 1 (high), and Step Puises are issued. (Step In.) ;

PCN > NCN: Divection sgnsl 10 FDD 5et 10 8 0 llow], and Step Puses are nsued. (S Outd ™ 7“5
. The rate st which Step Puises are issued is controlied by SRT (Stepping Rate Time) 1n the SPECIFY Come = .
mand. Atter each Step Pulse is saued NCN s compared against PCN, and when NCN = PCN, then the SBv 31132 /.

M""DI

tSesk End) fiag is set in Status Register 0 10 8 1 (high), and the command s terminand. o mn&-‘_
“Yl\f’“ .
% D\mnmcmmmdmsmaomtmmcFDCnmﬁtFDCBUSYM butduring the %

Execution Phase it is in the NON BUSY stats. While the FOC is in the NON BUSY stats, snother Seek
s Command may be issued, and in this manner parailel seek cperstions may be done on up to 4 Drives at .

once. s

ton FDD is in a NOT READY state st the begenning of the COMmMand eXeCUtion Phate Of Juring the seeh

operstion, then the NR INQT READY) tiag 11 set in Status Register 0 to & 1 (hwgnh), and the command s

termenated stter tits 7 and 6 of Status Regster O are 3ot 10 G and 1 respectively,
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RECALIBRATE ' FUNCTIONAL
T function of thrs COMMand 1§ 10 reTaCT the resd/write nead withen the F DD to the Track O posston. DESCRIPTION OF
DC clears the contents of the PCN counter, and checks the s1atus of the Track 0 signel from the COMMAN DS (CO NT.)

i As long a3 the Track 0 3gnal is low, the Duection sinal remame 1 (hogh) ang Step Puhes are naued.
vpm. Track O signaé goes hugh, the SE (SEEK END) ftag in Status Regisier O 18 50110 8 1 (hegh) and the
€6 .end is terminated. I the Track 0 signal is sull iow stter 77 Step Puise have been issued, the FDC sets
lhc SE (SEEK END) and EC (EQUIPMENT CHECK) tiags of Status Regester 0 10 both 14 (hghs), snd _
t™he cor d atter bets 7 and 6 of Status Regster O 1 set 10 0 and | respectively.

The ability 1o do overiao RECALIBRATE Commands 1o multipls FDDs sndt the los of the READY signsl,
23 described in the SE EX Command, #i30 appiwes 10 the RECALIBRATE Command.

SENSE INTERRUPT STATUS
An Interrupt ugns 13 generated by e FDC for one of the foliowsng ressons:

1. Upon entering the Result Phase of:

Read Data Command

Read » Track Commang

Read 1D Command .
Read Deiered Daws Command

Weite Data Command

Format a Cylinder Command

Write Deieted Data Command

Scan Commands

2. Ready Line of FDD changes state

3. Ena of Seek or Recalibrate Command

4. During Exscution Phase in the NON-OMA Mode

interrupts caused by reasom 1 and 4 above occur during normal command operations and are easily dis-
cemibie by the pracessor. However, interrupts caused by reasons 2 and 3 sbove may be ursguely identified
with the a:d of the Sensa interrupt Status Command. This command when issued resats the mterrupt signal
and via bits 5, 6, and 7 of Status Register O 1dentifies the Cause of the nterrupt.

Fe~ppanppgr

INTERRUPT CODE :
SEEK END CAUSE
BIT S BIT 6 BIT 7
o 1 1 Ready Line changed state, aither polanty
1 ] ] Normal Termingtion ot Seek or Recalibrate Command
1 1 1] Abnormai Termination of Seek or Recalibrate Command

Tatle § . .

Neither the Seek or Recalibrate Command have a Result Phase. Theretore, it is mandstory 10 use the Seme
Interrupt Status Command atter these commands 10 effectively terminate them and to pronde verification
of where the head s positioned (PCN).

SPECIFY

The Soecity Command sets the inwtial vatues for sach of the three internal timers. The HUT (Hesd Unioad
Time) defines the time from the end of the Execution Phase of one of the Read/Writs Commands 10 the
head unicad state. This timer is Drogrammable from 0 to 240 ms in increment of 18 ms (00= O mg, 01 =
16 ms, 02 = 32 ms, e ). The SRT (Step Rate Time) defines the time interval between adjacent s
pulses. This timer is programmabtie from t to 16 msin incrementsof Tme (Fe 1 ms. E=2ms, D= 3 ms,
otc.). The HLT (Head Losd Tine) defines the time between when the Head Load signal goes high snd when
the Read/Write ooeration starts. This timer is programmabile from 2 t0 256 ms in increments of 2 ms
(00=2ms O1=dmg 02=6m, o). .

The time intervais mentioned above are s direct function of the clock (CLK on pin 19). Times indicated
sbove sre for an 8 MH2 clock, if the ciack was reduced 0 4 MHz {min+Hoppy agpication) then all time
ntervals are increased by a factor of 2

The choice of DMA or NON-OMA aperstion is made by the NO (NON-DMA) bit. When this bit is high
(ND = 1) the NON-DMA mode is seiectad, and when ND = O the DMA mode is selectsd.

SENSE DRIVE STATUS ,

This command may be used by the Drocessor whenaver it wishes 10 obtain the status of the FODs.

Status Regrster 3 contains tne Orive Status information.

INVALID .

M an inveird command 13 sent 10 the FOC (a command not defined sbove), then the FDC will terrenate the
command atter tats 7 and 6 of Status Regrster O are 1ot 10 1 and O respectively. A Sense Interrupt Status
Command must be semt sfter s Seek or Recalibrate lmmn,ﬂmm FDC wnil consder the next
commend W0 be an invaird Commend.

in some 3pplications the user may wrsh to use This command as 8 No-Op command. to place the FOC in a
S1andby o NO opeTatION state.
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STATUS REGISTER BIT

(':QENTl FICATION ['NO. | NAME SYMBOL | DESCRIPTION
Pl sTaTUS REGISTERO - STQO - .
' Dy D7=0andDg=0
Interrupt ic Norma! Termination of Command, (NT). Com )
Code mand was completed and properly executed.
Dg D7=0and Dg= 1

Abnormal Termination of Command, (AT).
Execution of Command was started, but was not
successfully completed.

D7=1and Dg=0

Inwalid Command issue, (IC). Command which
was issued was never started.

D7=1andDg= 1

Abnormal Termination because during command
execution the ready signa! from FDD changed

state.
Dg |[Seek End SE When the FDC completes the SEEK Command,
' this flag is set to. 1 (high).
. Da |Equipment EC if a tault Signal is received from the FDD, or it
ICheck the Track 0 Signal fails to occur sfter 77 Step
Pulses (Recalibrate Command) then this flag is
set.
D3 [Not Ready NR When the FDD is in the not-ready state and a
read or write command is issued, this flag is set
If a read or write command is issued to Side 1 of
8 single sided drive, then this flag is set
D2 [Head HO This flag is used to indicate the state of the hud
JAddress at Interrupt.

D1 {Unit Select 1 us1 These flags are used 10 indicate a Drive Unit
Do |Unit Seiectof  'uso Number at Interrupt

STATUSREGISTER1- ST ] -

Dy |End of EN When the FDC tries to access 3 Sector beyond
Cylinder the final Sector of a Cylinder, this flag is set.
De Not used. This bit is always O (low).
D5 PataErmor DE When the FDC detects a CRC error in either the
1D field or the data field, this flag is set.
D4 [Over Run OR it the FDC is not serviced by the main-systems

during data transfers, within a certain umt o
interval, this flag is set. e .

D3 Not used. This bit always O (low). L
D2 NoDau ND During execution of READ DATA, WRITE | LQ
DELETED DATA or SCAN Command, if the g
FDC cannot find the Sector wﬁoﬁ m.tholDH h;
Register, this flag is ser P ﬁ,#
During executing the READ ID Command,; it ;-
the FDC cannot read the ID field without an )
error, then this flag is set. B
During the execution of the READ A Cylinder

Command, if the starting sector cannot be
found, then this fiag is set

P N———
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BIT

DESCRIPTION

L

STATUS REGISTER 1 {CONT.)

n NW During execution of WRITE DATA, WRITE
ntable DELETED DATA or Format A Cylinder Com
mand, if the FDC detects 3 write protect ugnal
trom the FOD, then this fiag is set.
hissing MA 11 the FDC cannot detect the 1D Address Mark
Adchess after encountering the index hole twice, then
Mark this flag is set.
it the FDC cannot detect the Data Address Mark
or Deleted Data Address Mark, this fiag is set
Also at the same ume, the MD (Missing Address
Mark in Data Field) of Status Register 2 13 seL
STATUSREGISTER2 - ST 2 ~
Not used. This bit is always O (low).
Control CM During executing the READ DATA or SCAN
Mark Command, f the F DC encounters a3 Sector which
contains 3 Deleted Data Address Mark, this
flag is set
5 Data Error in DD if the FDC detects a cTw'Emo, in the data field
Dat; Field then this flag is set
14 | Wrong wC This bit is related with the ND bit, and when the
Cylinder contents of C on the medwm is different from -
that stored in the IDR, this flag is set
D3 | Scan Equal SH Dunng cxecution, the SCAN Command, ¢ the
( it condition of ““equal” is satisfied, this flag is set.
-5-2- " can Not SN During executing the SCAN Command, it the
Satisfied FOC cannot find a Sector on the cylinder which
| meets the condition, then this flag is set
D1 Bad BC Thrs bt 1s related with the ND bit, and when the
Cylinder content of C on the medium 13 ditferent trom
that stored in the IDR and the content of C s
FF. then this tiag s set
| Dg | Missing MD When data is read from the medium, it the FDC
Address Mark cannot ind 3 Data Address Mack or Deleted
in Data Field Data Address Mark, then this fiag s set.
L STATUS REGISTER3 - QT 3~
Dy Fault FT This it 15 used 10 indicate the status of the
| Fauit signal trom the FDD. .
Dg | Write WP Thus bit 1s used 10 indicate the status of the
| Protected Write Protected signal from the FDD.
Ds | Ready RY This bt 15 used 10 indicate the status of the
_ Ready signal from the FDD.
Dg | Track 0 T0 This bit is used 10 indicate the status of the
_ Track 0 signal from the FDD.
D3 | Two Side TS This bt is used 10 indicate the status of the
| Two Side signal trom the FOD.
D2 Head Address HD This bit 1s used 10 indcate the status ot Side
_ ) Select signal 10 the FDD.
D1 | Urut Select 3 us1 Thas bit 13 used 10 indicate the status of the Umit
| Select 1 signal 10 the FDD.
Do | Unit Select O Uso This bit is used 10 indicate the status of the Unit

Select 0 signal 10 the FDD.
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APPENDIX C

EXTENDED MEMORY VERSION
OF THE T200/T250 SYSTEM




DESCRIPTION

The data processing system T200/T250 has an
extended memory version on which 63 K CP/M can run.
This memory extension can be done by the memory bank
selection.

- For the memory bank selection, MODE REGISTER (COH)
should be used as follows (See Fig. C.1l)

MODE REGISTER (COH)

MSB LSB
X X X X ROM | VPG | RAM1| RAMO

X: conforms to the bit definition in MODE
REGISTER(section 4.4.1)

EXAMPLES

(1) 1Initial Setting

MSB LSB
X X X X 0 0 0 0

In this case, BANK 0(ROM) and BANK I(D-RAM) can be
selected. ' DL

(2) Video-RAM(BANK III) Select/Deselect

MSB LSB
X X X X X 0 1 0

This operation selects the video-RAM(BANK III).




(3)

(4)

(5)

VPG (BANK IV) Select/Deselect

MSB LSB

X X X X X 1 1 0

This operation selects the VPG (BANK IV).
D-RAM(BANK I) Select

MSB LSB

X X X X 1 0 0 0

This operation selects D-RAM(BANK I).

S-RAM(BANK II) Select/Deselect

MSB LSB

X X X X X 0 1 0

This operation selects S-RAM(BANK II).




BANK I BANK 0/II

(' - 0000H -— S
-
s IPL >  ROM 4 KBytes
(BANK 0)
B U S J
1000H \
f S-RAM 4KBytes
(BANK II)
................ /
2000H
3 BANK ITI BANK IV
B 3800H[~~~="""""] === - \
Video-RAM VPG }S-RAM
3FFFH| ______ _— — )
Fig. C.1 Memory Map %
FFFFH B

D-RAM




O | N

MEMORY BANK SELECTION

MEMORY MODE REGISTER(COH)

For the memory bank selection, MODE REGISTER should be
specified as follows.

/ 32 1 0
Y | rom| vec | ram1[ramo
(Note 1) -
.0' "2!! n4n "6' '8. WAH .cﬂ REH Hm
ROM |0 0 0 0 1 1 1 1
VPG |0 0 1 1 0 0 1 1
RAML |0 1 0 1 0 1 0 1
RAMO |0 0 0 0 0 0 0 0
ADDRESS :
0000H L
& ROM
OFFFH
1000H F—
s- s- s- s-
RAM RAM RAM RAM
1FFFH ‘
2000H :
g D-RAM. e R
37FFH F R
3800H S -
v- V- RN S
RAM VPG RAM VPG
3FFFH
4000H
FFFFH

Note 1: RAMO should be always set to "O".
Note 2: V-RAM means Video-RAM.
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PROCESSOR INTERFACE

During Command or Result Phases the Main Status Register (described eartier) must be
resd by the processor before each byte of information is written into or read from the
Data Register. Bits D6 and D7 in the Main Status Register must be in a 0 and 1 state,
respectively, before sach byte of the command word may be written into the uPD76S
Many of the commands require muitipie bytes, and as a result the Main Status Register
must be read prior 10 each byte transfer to the uPD765. On the other hand, during the
Result Phase, D6 and D7 in the Main Status Register must both be 1°s (D6 =1 and

D7 = 1) before reading each byte from the Data Register. Note, this reading of the
Main Status Register before each byte transfer to the uPD76S is required in only the
Command and Result Phases, and NOT during the Execution Phass.

During the Execution Phase, the Main Status Register need not be read. If the uPD765
is in the NON-DMA Mode, then the receipt of each data byte (if uPD76S5 is reading data
from FDD) is indicated by an Interrupt signal on pin 18 (INT = 1). The generation of a
Read signal (RD = 0) will reset the Interrupt as well as output the Data onto the Data
Bus. If the processor cannot handle Interrupts fast enough (every 13 us) then it may
poll the Main Status Register and then bit D7 (ROM) functions just like the Interrupt
signal. If 3 Write Command is in process then the WR signal performs the reset to the
Interrupt signal.

If the uPD765 is in the DMA Mode, no Interrupts are generated during the Execution
Phase. The uPD765 generates DRQ's (DMA Requests) when each byte of data is avail-
able. The DMA Controller responds to this request with both a DACK = 0 (DMA
Acknowledge) and a RD = 0 (Read signal). When the DMA Acknowliedge signal goes
fow (DACK = 0) then the DMA Request is reset (DRQ = 0). If a Write Command has
been programmed then aWR signal will appear instead of RD. After the Execution
Phase has been completed (Terminal Count has occurred) then an Interrupt will occur
(INT = 1). This signifies the beginning of the Result Phase. When the first byte of data
is read during the Result Phase, the Interrupt is automatically reset (INT = Q).

It is important to note that during the Result Phase all bytes shown in the Command
Table must be read. The Read Data Command, for example has seven bytes of data in
the Result Phase. All seven bytes must be read in order to successfully complete the
Read Data Command. The uPD 765 will not accept a new command until all seven
bytes have been read. Other commands may require fewer bytes to be read during the
Resuit Phase.

The uPD765 contains five Status Registers. The Main Status Register mentioned above
may be read by the procéssor at any time. The other four Status Registers (STO, ST1,
ST2, and ST3) are only available during the Result Phase, and may be read only after
successfully completing a command. The particular command which has been executed
determines how many of the Status Registers will be read.

The bytes of data which are sent to the uPD765 to form the Command Phut. and art
read out of the uPD 765 in the Result Phase, must occur in the order shawn in.the Come

mand Table. That is, the Command Code must be sent first and. the other bytes sent'ire.
the prescribed sequence. No foreshortening of the Command or Result Phases are-
allowed. After the last byte of data in the Command Phase is sent to the uPD785, the
Execution Phase automatically starts. In a similar fashion, when mvlaﬂ:wocf‘dlwir‘
read out in the Result Phase, the command is automatically ended and: tveuPO 70T

~v rm- 20 LW

ready for a new command. A command may be truncated (prematurely mdcd)'bv

erumans tne

simply sending a Terminal Count signal to pin 16 (TC = 1). This is a convenient means.. .., .«

of ensuring that the processor may always get the uPD765°s attention even if the disk
system hangs up in an abnormal manner.

-22-

C

Ay v



A ' . FUNCTIONAL
ne (9) Dyte words are required 10 place the F DC into the Read Data Mode. After the Resd Data DESCRIPTION OF
has & inued the FDC loads the head (if 1t 1 in the unicaded s1a1e), warts the specified hesd COMMANDS

ne (g3 10 the Soecity Command). and begns reacing 1D Address Marks and 1D fieice When

' 3eC10: number (R} stored in the 10 Regrster (IDR) compares wih the sector number read off ’

ne, Men the FDC outputs data (trom the dats fieid) byte-to-Dyte 1O the man system vie the dats

mpietion of the read coeration from the current sector, the Sector Number 18 incremented by one,
data trom the next secior  read and output on the dats bus This continuous 78sd function is called
+Sector Read Operation.” The Read Data Command may be termi d by the rece:pt of 8 Termmnal
1ugnsl. Upon recerpt of this signal, the FDC s10ps outputting data 10 the processor, but wiil continue
i gata from the current sector, check CRC (Cycic Redundancy Count) bytes. and then st the end of
:tor terminate the Read Data Command.

mount of data which can be handied with 8 ungle command to the FOC cepends upon MT (muitr
). MF (MFM/FM), and N (Numbder of Bytes/Secior). Table 1 beiow shows the Transfer Capacity.

Htr Teack MFM/FM Bytes/Secior | Maximum Transfer Capacity Final Sector Read
MT MF N {Byres/Sector) (Number of Sectors) - trom Diskette
0 ‘ 0 00 (128) (26) = 3,328 2621 Sioe 0
0 | 1 01 (256) (26) = 6.656 or 26 at Side 1
1 P00 00 (1281 (52) = 6,656 :
) - o1 (256) (52) = 13312 22t Side 1
0 | 0 01 (256) (15) = 3,840 153t Side O
0 ) 02 (512) (15) = 7.680 or 153t Side 1
1 ) o1 (256) (30) = 7,680
) 1 02 (512) (30) = 15,360 15 21 5ide 3
| 0 0 02 {5121 (8) = 4,096 8at S«ae 0
! 0 1 03 (1024) (8) = 8192 © orB8atSidet
] 0 02 5120 (16) = 8192 .
R ) 03 (1024) (16) = 16.384 hlab el

Table 1. Transter Capacity

The “multi-track” function (MT) aliows the FDC to read data from both sides of the diskette. For a

[-*] W cyiinger, data will be transferred starting at Sector 0, Side O and comoieting at Sector L, Side 1
{Sev L = last sector on the ude). Note, this funcuon pertains 10 Only one Cylinder (the same track) on
each side of the driskette.

When N = 0. then DTL defines the data length which the FOC must treat as a sector. If DTL is smalier than
™e aCtual data iength in a Sector, the data beyond DTL in the Sector, 15 not sant to the Data Bus. The FDC
reacs (internally! the compliete Sector performing the CRC check, and depending upon the manner of com-
manc terminat.on. may perform a3 Muht-Sector Read Operation. When N 15 non-zero, then DT L has no
meaning and snouid be set 10 FF Hexidecimal.

At the completion ot the Read Data Command, the head 13 not unicaded until atter Head Unioad Time
Interval (specifred in the Specity Command) has elaosed. If the processor issues another command before
the Nead uNICAds then the head setthing time May be saved between subsequent reads. This time out is
particularly valuable when a diskette 1s copred from one drive to another.

1t the FOC detects the index Hole twice without finding the right sector, (indicated 1n “R*), then the FDC
sers the NO iNo Data) tlag in Status Register 1 10 3 1 (hign), and terminates the Read Data Command.
(Status Regstier 0 aiso has bits 7 ana 6 set 10 0 and 1 respectively.) 3

CoiKY 3

vy
o

After reading the 1D and Data Frelds in each sector, the FDC checks the CRC bytes. If a read error is
detected (incorrect CRC in 1D feld), the FDC sets the DE (Data Error) flag in Status Regrster 1 to s 1 (high),
and 1t 3 CRC evvor occurs in the Data Freid the FOC also sets the DD (Data Error 1n Data Fieid) tlag in
Status Regisier 210 2 1 (high). ana terminates the Read Data Command. (Status Register O aiso has bits 7 : o
ana 6 set 10 0 and | resoectively.) ’ B

Status Register 210 a 1 (high), and terminates the Read Data Command.

i e FOC reads a Deleted Data Address Mark off the diskette, and the SK bit (bit DS in the first Command
Word) 15 not set (SK = 0), then the FDC sets the DM (Control Mark ) tiag i Status Register 210 8 1 (wghl,
and terminates the Read Dats Command, atter reading ail the data in the Sector. If SK = 1, the FOC skips
the sector wath the Deieted Data Address Mark and reads the next sector.

During disk data wansfers between the FDC and the processor, via the data bus, the FOC must be serviced
by the processor every 27 us i the FM Mode, and every 13 us in the MEM Mode, or the FDC sets the OR
(Over Run) tiag in Status Regrster 1 102 1 (Mighl, and terminates the Read Dats Command.

!t the processor terminates a read (or wnte) operation in the FOC, then the 10 Information in the Result

Phase 1s Gependent upon the state of the MT it and EOT byte. Tadle 2 shows the vaiues tor C, M, R, and
N. when the processor terminates the Command.
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FUNCTIONAL ) 1D infermanon at Resuit ¥ v
DESCRIPTION OF MT EOT Final Sector Transferred so Processos e ™ Py ~
COMMANDS (CONT.)
1A Sector 11025 21 Sde O
oy OF Sector Y 10 14 a1 Sice O NC NC Re NC
o8 Sector 1107 at Side O :
1A Sector 26 a1 Siae 0 .
OF Sector 153t Sise 0 Ce+ NC R =0t NC
0 o8 Sector 8 31 S:ge O
1A Sector 110 25 31 Sice ? {
OF Sector 110 14 2t Sede | NC NC Re NC -
o8 Sector 110 7 a1 Sidie 1 !
17 Y Sector 26 at Side V |
oF Sector 15 a1 Sice 1 cer | wnc n-01 ncg
Sector 8 21 Side 1 B
1A Sector 110 25 21 Sice O |
OF Sector 710 14 31 Si0e O NC NC Ret NC!
as Sector 110 7 21 Si0e O 1
1A Sector 26 at Sude O ;
OF Sector 15 at S«de O NC LS8 R =01 NC i
' Sector 8 at Side O |
1A Sector 5 10 25 at Sioe 1 -
OoF Sector 1 10 14 2t Sude V : NC NC Re NC
o8 . Sector 1 to 7 at Swde 1 |
1A Sector 26 at Sice 1
oF Sector 15 st Sede 1 C+ 1 LS8 R =01 NC
o8 Sector 8 at Side 1

Notes: 1 NC (No Changel: The same value a3 the one at the begnning of command execution.
2 LSB (Lesst Significant Bit): The least significant et of H 11 complemented.

Table 2: 1D informavon When Processos Terminastes Command
WRITE DATA

A et of mine (9) bytes sre required 10 set the FDC imto the Write Data mode. Afer the Write Dats command
has been issued the FOC loads the head (if it is'in the uniceded state), warts he pecified heat setthing time
{defined in the Specity Command), and begins reading I1D Fields. When the current sector number (C"R™),
stored in the 1D Reguster (IDR) compares with the sector number resd off the diskette, then the FDC takes
dats from the processor byte-bDy-byte via the data bus, and cutputs it 10 the FDD.

After wnting data into the current wector, the Sector Number stored 1n “R™ i3 incremented by one. and the
next data treld 13 written into. The FOC continues this ““Muiti-Sector Weite Operation” until the issuance of
» Terminal Count signal. 1f 3 Terminal Coumt 1gnal is sent to the F DC 1t continues wriung into the current

scior 10 compiete the data fieid. If the Terminal Count signal 13 recerved while a data fieid 15 being written

then the remander of the data field is filled with 00 (zercs).

The FOC reads the 1D field of each sector and checks the CRC bytes 1t the FDC detects a read error
lincorrect CRC) in one of the 1D Fielch, 1t sets the DE (Data Ervor) nag of Staws Regrster 110 2 1 (high),
and terminates the Write Data Command. (Status Regrster 0 stso has bets 7 and 6 se1 10 0 and 1 respectrvely.)

The Write Command ooovnummnmwmmmnmﬂtnmmmfﬂmnmmm

same, and one should refer 10 the Read Data Command for details: i S R
o Transter Capacity o Head Unicad Tune interval R - Y ? : “
o EN (End of Cylinder) Flag o 1D informasuon when the processor mm-mzr—*
e NO (No Daw) Flag o Detmmtion of DTL whenN = 0 and when N = 0

in the Write Data mode, data transfers between the processor and FOC, via the Data Bus, Mrinanm

31 us in the FM mods, and every 15 us in the MFM mode. |f the time l be dns- forn s F
longer than this then the FOC sets the OR (Over Run) tiag in Status Regrsser 1 w0 8- 1 mm -
e Write Data Command. (Status Regrster 0 aiso has bit 7 and 6 sat 10 O and 1 rempectvely.)

WRITE DELETED DATA el !t-

This command 15 the same as the Write Data Command except s Deletsd Dats Addrems Mn " -vmn‘l't'lho-
beginmeng of the Dats Field irstead of the normal Data Address Mark.
READ DELETED DATA

The command is the same as the Read Data Command except that when the FDC detects a Data Adaress
Mark 2t the beginning of a Data Fieid (and SK » O (low), 1t will read all the data in the sector and set the
MD tiag in Status Register 2 10 8 1 (high), and then terminate the command. It SK = 1, then the FOC skios
the sec10r wath the Dats Address Mark and reads the next sector,
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FUNCTIONAL
DESCRIPTION OF

TRACK
COMMANDS (CONT.)

mand s simiiar 1o READ DATA Command except that this is » continuous READ operation
€ entire contents of the Tack are read. immediately stter encountering the INDEX MOLE, the
- oil data on e track, Gap bytes, Address Marks and Dats sre ol read as a continuous

s re
1am, TRREDC tinds an error i the 1D or DATA CRC check bytes, it continues 10 resd data

e track. | he FDC compares the 1D information resd from each sector with the value stored in the
10 3ets the ND flag of Status Register 1 10 a 1 (hagh) if there is no comparson. Multi-track or skip

ong are NOT aliowed with thrs command. .
’mmand terminates when EOT number of sectors have been 1e8d (EOTmax = FFhex = 255aec)
FOC does not find an 1D Address Mark on the disketts atter it encountars the INDEX HOLE for the
1time, then it sets the MA (missing address mask) Mag in Status Register 110 8 1 (hgh), and terme
the command. (Status Register O has bits 7 and 6 set to 0 and 1 respectively).

D10 )
READ 1D Command is used 10 give the present position of the recording hesd. The FDC stores the

n from the first ID Fiedd it 13 able to read. H no proper 1D Address Mark is found on the diskerte,
we the INDEX HOLE is encountered for the second time then the MA (Missing Address Mark) flag in
ius Register 113 set 10 a2 | (nigh), and if no data 1s tound then the ND (No Data) flag 1s 3iso set in Status )
pster 1 10 a 1 (high). The command is then erminated with Bits 7 and 6 in Status Regnter Osetto 0
-

§ 1 respectively.
JRMAT A TRACK

e Format Command aliows an entire track to be formatted. Atter the INDEX HOLE is detectsd, Data is
ritten on the Diskette: Gaps. Address Marks, 10 Fields and Data Fields, all per the I1BM System 34 (Double
lensity) or System 3740 (Single Density) F ormat are recorded. The particular format which will be written
s controlied by the values programmed 1nto N (number of bytes/sector), SC (sectorskylinder), GPL (Gap
Length), and D (Data Pattemn) which are suppiied by the processor during the Command Phase. The Data
Field is filled with the Bvte of data stored in D. The ID Field for each sector & supplied by the processor;
that is, four data requests per sector are made by the FDC for C (Cylinder Number), H (Head Number),
R (Secior Number) and N (Number of Bytes/Sector). This atiows the diskette to be formatied with non-

sequential sector numbers, if Cesired. . . }
After formartting each sector, the processor must send new values for C, H, R, and N 1o the 4uPD 785 for

each sector on the track. The content of the R reguter is incremented by one sfter each sector is
formatted, thus, the R regrter contains a value of R + 1 when it is read during the Result Phase. This
inCrementing and formatting Continues (3¢ the whole Cyiinder untid the FDC encounters the INDEX HOLE
for cond time, Whereupon 1t terminates the command.

v 2 FAULT signal is recaived from the FDD at the end of 2 write operstion, then the FOC sets the
EC flag of Status Register 0 10 2 1 (high), and terminates the command after saTting bits 7 and 6 of Status
Register 010 O and 1 respectvely. Aiso the ioss of s READY signal at the begnning of a command
executoNn phase Causes tits 7 and 6 of Status Reguter O to be set to 0 and 1 respecitvaly.

Tabie 3 shows the relationsnip between N, SC, and GPL for various sector sizes:

FORMAT | SECTORSIZE | N sC 6Pt DI 6P )| REMARKS
128 bvtes/Secrtar | 00 | 1A(1§) 07 1@ 18(16) | 18M Diskette 1
FM Mode |256 . 01 | OF(16) | OE(16) | 2A(18) | 1BM Diskette 2
512 0z | o8 Bne | 3Ane) '
1024 bytew/Sector | 03 | O4 - . -
FM Mode | 2048 o4 | 02 - -
4096 o5 | 01 - - ' 5 1
258 01 | YA(16)| OE(16) | 36(16) | !BM Diskette 20 ' s "
512 02 | OF16) | 1B116) | S416)
MEM Moge| 1924 o3 | os 35(16) |- 74(16) | 1BM Dikente 20 . : N
2048 o4 | O - - . .
4096 0s | 02 - - R
[ 8192 o8 | 01 - -
Toble 3 ' .

Note: D Suggrsted vaiues of GPL in Read or Write Commands to avoid 1plice point between data field
and 1D field of contiguows sections.
@ Suggested velues of GPL in format command.



FUNCTIONAL

DESCRIPTION OF

k§

MMANDS (CONT.)

SCAN COMMANDS

The SCAN Commands sliow data which is bewng resd from the diskette 10 De COMDI O 302iNsT GALE WhCh
& bring suppied from the main sysiem (Processor n NON-DMA mode, and DMA C olier 8 ODMA
The FOC compares the dats on 8 byte-by-byte Dasis, and 10oks for a s#Ct0r Of Gata whch meets the Conds
tions of OFDD * DOProcessor. DFDD € DProcessor. o OFDD @ DProcessor . Ones compiement anith.
metic 18 used 10r comparson (FF = jargest number, 00 = smaliest m ). Ater » sector of daL

is compared, it the conditions are not met, the sector number 8 incremented (R + STP = R), and the xcan
Operstion 13 continued. The sCan operation contnues umtil one of the foliowsng cond:tions accur; the con-
htioms for scan are met (equal, low, or high), the a1 sector on the track is reached (EOT), or the termwnal -~
count sugnal 1 recarved.

1f the conditions for scan are met then the F DC sets the SH (Scan Hit) tiag of Status Register 210 81
(high), and terminstes the Scan Command. If the conditions for scan are NOt Met between the starting
sector (as specified by R) and the iast sector on the cylinder (EOT), then the FDC sets the SN (Scan Not
Satuisfied) tiag of Status Register 2 10 8 1 (Migh), snd terminates the Scan Command. The receot of 3
TERMINAL COUNT signal from the Processor or DMA Controlier during the scan aperation wil Cause the
FODC to compiete the comparison of the partcular byte which s 1n process. and then 10 terminate the com-
mand. Tabie 4 shows the status of bits SH and SN under various conditions of SCAN.

PPN

i

STATUS REGISTER 2
COMMAND COMMENTS
BIT 2 = SN BIT3 = SH

(/] 1 OFDD * OProcemor
Scan Equal

1 0 DEDD * OProcessor

0 1 OFDD * Dprocessor
Scan Low or Equal /] 0 OFDD < DProcessor

1 0 OeDD ¢ Oprocessor

0 LB DFDD * Oprocessor
Scan High or Equal 0 ] Or0D < DProcessor

1 OFDD @ OProcessor

Tabie 4

if the FDC encounters 3 Deleted Data Address Mark on one of the sectiors (and SK = 0), then it regards the-
$9CTOr 33 the last sector On the Cylinder, sets CM (Control Mark) flag of Status Register 2 10 a 1 (high) and
terminates the cory d. it SK = 1, the FOC skips the sector with the Deleted Address Mark, and reads
the next sector. in the sacond case (SK = 1), the F DC sets the CM (Control Mark) flag of Status Regiter 2
10 8 1 (hwgh) in order to show that 3 Deieted Sector had been encountered.

When either the STP (contiguous sectons = 01, or alternate sectors = 02 sectors are read) or the MT (Muits
Track) are programmed, it is necessary tO remember that the last sector on the mack must be read. For
example, if STP = 02, MT = 0, the sectors are numbered sequentiaily 1 through 26, and we start the Scan
Command at sactor 21; the following will happen. Sectors 21, 23, and 25 wull be read, then the next sector
{26) will be skipped and the Index Hole will be encountered before the EOT value of 26 can be read. This
will resuit in an abnormal termination of the command. If the EOT had been set at 25 or the scanning
started at sector 20, then the Scan Command wouid be compieted in 3 normal manner.

During the Scan Command data is supplied by sither the processor or DMA Controlier for comparison
against the data read from the disketts. in order 10 avoud having the OR (Over Run) flag set in Status
Register 1, it is necassary to have the data available in less than 27 us (FM Mode) or 13 us (MFM Mooge). 11
an Overrun accurs the FODC ends the command with bits 7 and § of Status Regester O set 100 and 1,

respectively. i -
SEEN
- =y Mt “‘*'Di
The read/write head within the FDD 1 moved from cylinder to cylinder under control of the Sesh '&,
Command. The FDC compares the PCN (Present Cylinder Numbaer) which s the current hesd pesition "'"
with the NCN (New Cylinder Number), and it there is a ditference performs the followsng operstion: > ™ v
. > LY Y'm
PCN < NCN: Direction signal to FDD set 10 3 1 (high), and Step Puises sre usued. (Step in.) ) ol
PCN > NCN: Direction signal 1o FDD 161 10 2 0 (lowl. and Step Pulses are nsued. (Step Owt.) ™ " *7 230

The rate at which Step Puises are issued is controlied by SRT (Stepping Rate Time) 1n the SPECIFY Com :
mand. After each Step Pulse is inwed NCN s compared sgaintt PCN, snd when NCN = PCN, them the SB» 13132 o

(Seek End) fiag is set in Status Register 0 10 2 1 (high), and the command is terminawd. T N “ b
w - i
MmmWhmdem‘mmcFWnnmcFDcmmsm butduringthe . 2vy"

Execution Phase it is in the NON BUSY state. While the FDC is in the NON BUSY stats, snother Seek
Command maey be imued, snd in this manner paratiel seek cperations may be done on up to 4 Drives at -
once.

It an FDO is in a NOT READY state at the Degsnning of The COMMand execUtion Phase Of during the seek

operation, then the NR (NOT READY) flag 1s set in Status Regester 0 10 2 1 (hgh), and the command 13

torminated after bits 7 and 6 of Status Regester O ave set 10 0 and 1 respectively.
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