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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 of 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 
documents. 

ACK 
CCM 
CRTC 
FDC 
dee 
H 

KBC 
REG. 

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) "O" means electrically low level of 
signal lines. 

(2) "l" means electrically high level of 
signal lines. .:_:-~ tl.~ •• ~ · · .·· 

(3) m means that signal m is true when

it is fn electrically low- Tevt!'r •. 

(4) XXX means that signal XXX is true wherr_ J> 
' ;,,.,..,. "r•1"',.•·~ .. - ~··"' 

it is in e·lectrically· higtt teve-r.:. r~~(~~~--. 
(5) XXX;lOO means that signal XXX fs true. 

when it is in electrically high level. 

(6) XXX;OOO means that signal XXX is true 

when 1t is 1n electrically low level • 
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1. GENERAL INFORMATION 

1.1 Scope 

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

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 

-2-

8085A 

64 KBytes 

BPlOO {Toshiba business 
personal computer) 
comp at i b 1 e 

parallel interface 

FDC {Floppy Disk 
Controller) on the 
daughter board can 
control up to two f~ ~ 
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) 
camp at i b 1 e. 

CCM is mounted on the 
CCM board that f s ~ 
c·ompatible with the·'; 
above EW-100. -~'~·:.;L. :. '-~1 
RS - 2 3 2 - C f n t er face.. ~~~ "tLr-} ;;t: •. i 

~;71 · ;-~~t:I •~* 
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iAROWARE CONFIGURATION 

CPU 
8085A 

,, 

MEMORY 
~ 

OMA 
ROM 4 KBytes - 8257-5 
RAM 64 KB_ytes 

1--
KBC 
8279-5 

~ 
CRTC 

c 46505S 

~ 
PRTC 

~ 
FOC 
..uPD765 

CCM 

~ 
8251A 
8253-5 

c SYSTEM BUS 

-3-

-

-- ~ 

..... : 

KEYBOARD 

CRT DISPLAY 

SERIAL 
PRINTER 

FOO 

.:,•: !' 

. "-• ,. ··: "111¥1 
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3 • CPU AND MEMORY 

The Toshiba TMP8085A, 8-bft microprocessor (fntel 
8085A compatible), is used as a CPU. The clock cycle 
of the CPU is 375 ns (about 2.66 MHz}. 2.,,, 

The memory capacity is G4 KBytes 1n 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-OFFFH}. The 1 ast 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 
16Kxl bit 0-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 0-RAM is 2.0 ms/128 cycles, 
which is executed during T3 and r4 of the instruction 
fetch eye 1 e. 

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

Memory configuration is shown in Fig. 3.1. 

. .... 
--.~' . .:· -~~ ·~·· ~ 

'·¥ .'"'( • ·: ::, + 

.. ,·, .. 
r - . , .... ~.f~~. 

• j • . • 

l· • 
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Fig. 3.1. Memory Configuration 

OOOOH ------. - - - -
RAM 

lOOOH 

RAM 

ROM 

accessible by 
bank selection 

accessible by 

4 KBytes 

60 KBytes 

bank selecxtion 

FSOOH 

FFFFH 
video RAM VPG ..______ - - - - '--~-~--

-5-
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3.1 Interrupts 

The followings are used as interrupts. 

IRO 
TRAP 
RST7.5 
RST6.5 
RSTS.5 

highest ~riority 

t 
lowest priority 

The priority of these interrupts is ordered as 
shown above. 

1. IRO 

2. TRAP 

3. RST7. 5 

4. RST6. 5 

5. RSTS.S 

Jump to the memory location OOOOH. 
This interrupt is generated by the 
reset signal from either power up or 
the console. 

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

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. 

Jump to the memory location 0034H. 
This is generated by any interrupt 
request si gna 1 other than that from the 
FDC. The interrupt request is tested 
by reading the I/0 port (DOH). 

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. 

".,. -~.~~),<. 
. , .. ,, >I 

., I 
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4. I/O ADDRESS 

I/0 ADDRESS NAMES I/0 PORT 

:~: ... 
SXH DMAC D M A CONTROLLER 

9XH KBC KEYBOARD CONTROLLER 

AXH CCM C C M INTERFACE 
' ' 

BXH CCM Reserved 

CXH I/0 w I/0 WRITE REGISTER 

OXH I/0 R I/0 READ REGISTER 

EXH CRTC c R T CONTROLLER 

FXH FOC F D D CONTROLLER 
......... 
:..::: ·--.. · ,-.. · L X means 0 through F. 

.:·-- \ ,, ,. 
,. ~-, _C1~~~;\.~ ·.:~ j , ,: '· 

.. •:·~~~ ... ~ ' , ' 

\ 
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4.1 OMAC (SXH) 8257-5 

REGISTER SELECTION 

I/0 ADDRESS R/W REGISTER 

SOH R/W CHO OMA ADDRESS REG. 

81H R/W CHO TERMINAL COUNT REG. 

82H R/W CHl OMA ADDRESS REG. 

83H R/W CHl TERMINAL COUNT REG. 

84H R/W CH2 OMA ADDRESS REG. 

SSH R/W CH2 TERMINAL COUNT REG. 

86H R/W CH3 OMA ADDRESS REG. 

87H R/W CHJ TERMINAL COUNT REG. 

w MOOE SET COMMAND 

88H 
R STATUS REG. 

"' . ' . . ·~ ':' 

CHOilt<AUl/fnMemory block transfer (Memory Read} 
CHl Memory block. transfer (Memory Writ&) 
CH2 FOO data transfer 
CH3 Reserved 

... _ _J 

-9-
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4.1.1 OMA Address Register (BOH, 82H; 84H) 

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

MSB LSB 

F/L•O I A7 I A6 I AS I A4 I Al I A2 I Al I AO I 
F /L=l I Al5 I Al4 I All I A12 J All I AlO I A9 I AS I 

NOTE : F/L means First/Last flip flop. 
F/L=O can be performed by the 
command. After then, F/L=O and 
selected alternatively every 
se 1 ec ti on. 

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

mode. set 
l can be 

register 

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

MSB LSB 

F/L=O I C7 I C6 cs I C4 I C3 
I 

C2 I Cl I co I 
F /L=l I Rd I Wr Cl3 IC121Clll c10 I c9 I cs I 

-10-
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If the TC STOP bit is set to "l", a channel is 

disabled after the Terminal Count (TC) output goes true 

( •o•), thus automatically preventing further OMA 

operation on that channel. Namely, OMA operation 

neglects the unexpected OMA request from peripheral 

devices. 

In the ROTATING PRIORITY mode, the priority of the 

channels has a circular sequence. After each DMA 

cycle, the priority of each channel changes.. The 

channel which had just been serviced will have the 

lowest priority. In the memory block transfer, the 

ROTATING PRIORITY must be set to •1•. 

ENABLE CHO to CB3 enables OMA transfer for each 

channel. 

Mode set command are shown as follows: 

Memory Block Transfer 738 

FOO Data Transfer 64H 

Memory from/to FDO Transfer 77H 

-12-
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The Rd and Wr specify the transfer mode as follows. 

Rd Wr 

0 

0 

1 

1 

0 

1 

0 

1 

Verify mode 

Memory Write mode 

Memory Read mode 

Illegal 

CO through Cl3 specifies (the transfer byte counts -1). 

4.1.3 Mode Set Command (SSH) 

MSB LSB 

I 7 I 6 5 4 3 I 2 I 1 I 0 I 
Bit 7 . AUTO LOAD (must be set to "0") . 

6 . TC STOP . 
5 . EXTENDED WRITE (must be set to "1") . 
4 ROTATING PRIORITY 
3 . ENABLE CH3 . 
2 ENABLE CH2 
1 ENABLE CHl 
0 ENABLE CHO 

-11-
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4.1.2 Status Register .(ff!f) 

The status register indicates whether the data 

transfer has terminated or not. 

MSB 

0 0 0 

OP DATE 
FLAG 

LSB 

TC STATUS 

If a TC STATUS bit has been set to •1•, it 

indicates that the data transfer for that channel has 

already terminated • 

-13-



~ • 2 KBC { 9XH ) 8279-5 

C Register selection 

I/O ADDRESS R/W REGISTER 

w Reserved 

90H 

R Key input data 

w Control command 

91H 

R Status 

.2.1 Control Command (91H) 

(1) MODE SET 

MSB LSB 

o 1 a 0 0 0 0 1 o I 
(' This indicates the coded N-key rollover mode. 

(2) INTERNAL CLOCK SET 

MSB LSB 

o I 0 1 1 1 1 1 0 

This 

generated 

( 2. 66MHz) 

indicates that the internal clock {lOOKHz) is 

by dividing the external clock input 

- of the 8279-5 (Keyboard Controller). ·· 
:}to/' .~~ ,. ; I • 

2.67 

-14-
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(3) CLEAR COMMAND 

LSB 

1 0 ol al of 0 

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-
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MSB LSB 

I 0 u F NI NI N I 
0 - "l" (ERROR OVER RUN) 

This occurrs by the next key-input when 

the FIFO is full. 

U • "l" (ERROR UNDER RUN) 

This occurs when the .CPU reads the empty 

FIFO. 

F • "l" 

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 

:SCAN I 
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. In other 

cases, all the data will be •o• and the status becomes 

ERROR UNDER RUN. 

Since the number of return lines is eleven, the 

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

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

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 RLS, RL9, and 

RLlO. 

SHIFT 

RL8 : 

This bit is •1• when the SHIFT key has been 

depressed. 

This bit is •1 • when the keys, which a-re 

located within the block controlled by the 

line RLS, have been depressed. 

-17-
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4. 3 CCM ( AXH ) -------...-....----
Register selection 

I/O ADDRESS R/W REGISTER 
AOH R/W 8253-5 COUNTER f 0 
AlH R/W 8253-5 COUNTER 11 
A2H R/W 8253-5 COUNTER 12 
A3H w 8253-5 CONTROL 
A4H R/W 8251A DATA 
ASH 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. 

;. 

-18-
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4.4 I/O W (CXH) 

Register selection 

I/0 ADDRESS R/W 

COH w 
ClH w 
C2H w 
C3H w 

REGISTER 
MODE REGISTER 
DATA REGISTER 
COMMAND REGISTER 
PRINTER ACK INTERRUPT RESET 

-19-
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4.4.1 Mode Register (COH) 

MSB LSB 

·~'--"--~'-DE-NB~'-Bu_z~'-RAM__,,(_VP_G~'------' 
DENB(bitS) 

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 •o• 
alternatively. 

BUZZER ON 
If this bit is set to "l", the 

buzzer on the keyboard sounds at 

about 2KHz. 

RAM SELECT 
If this bit is set to "l" ,the RAM 

area is selected for the memory 

address OOOOB through OFFFH. This 

bit is set to "O" at turning on the 

power switch. 

VPG SELECT 
If this bit is set to •1", the VPG 

area is selected for the memory 

address FSOOH through PFFFH. This 

bit is set to •o• at 

power switch. 

-20-
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4.4.2 Data Register (ClH) 

MSB LSB 

I DT7 I DT6 I DTS I DT4 I DT3 I DT2 I D'rl I OTO I 
The print-out data to the printer is set in this 

register. 

4.4.3 Command Register 

MSB 

0 

STEP INT. ON (bit3) 

(bit2) 

PRTSTB (bi tl) 

PRTRESET (bitO) 

(C2H) 

-21-

STEP PRT 

INT. STB 

ON 

The interrupt 

RST6.S can be 

LSB 

PRT 

RESET 

request 

generated 

setting this bit to •1•. 

Reserved 

of 
by 

This bit is set to •1• to 

generate the STROBE PULSE to 

the printer. Thus, this bit 

must have been set more than l 

microsecond. 

This bit is set to •1• to 

generate the internal 

signal to the printer. 

reset 
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=~~~ c· ... (, 

4.4.4 PRINTER ACK INTERRUPT RESET (CJB) 

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-
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4.5 I/O R (DXH) 

Register selection 

I/O ADDRESS R/W 

DOH R 

DlH R 

D2H R 

D3H R 

REGISTER 

INTERRUPT REGISTER 

KB SWITCH STATUS REGISTER 

SWITCH REGISTER 

I/O STATUS REGISTER 

-23-
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4.5.l INTERRUPT REGISTER (DOB) 

MSB 

KBY 

TxRDY 

RxRDY 

PRT ACK 

TX RX" 
ROY ROY 

(bit7) 

(bit6) \ 

(bitS) j 

(bi t4) 

STEPCONT (bitO) 

LSB 

PR'T 1 l l STEP 
ACK CONT 

KEYBOARD INTERRUPT 
This bit is set to •o• when the 
data is stored in the FIFO of KBC 
and reset by reading.the data. 

INTERRUPT from the CCM 

This bit is set to "O" when the 
USART (8251A) requests the data 
transfer. 

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 uncerta1n 
at turning on the power switch, 
this bit should be reset before the 
first EI (Enable Interrupt) 
instruction is executed. 

STEP CONTROL 
This interrupt request can be 
generated when setting the bit 3 of 
the port CC2H) by the software. At 
turning on the power switch, This 
bit is always "0". 

-24-
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4.5.2 KB SWITCH STATUS (DlH) 

MSB 

IKRP I l f cm; I 1 

KRP (bit7) 

CTRL (bitS) 

KBO - KB3 (bitO - 3) 

LSB 

KB 3 I KB 2 I KBl I KB 0 I 
KB PEPEAT REQUEST 
This flag bit can be set to "o• 
when the both REPEAT KEY and DATA 
KEY have been being depressed 
together. This can be reset by a 
status read operation. 

This flag bit is set to •o• when 
the CTRL KEY has been depressed. 

KB status (Reserved for the future 
use) 

-25-



4.5.3 SWITCH REGISTER (D2H) 

( "\ 

.Y MSB LSB 

~ I I I I I I I I 
~-~o Write the data "00000001" (Olli) to the DATA 

REGISTER (ClH), 

( D2H). 

then read the SWITCH REGISTER 

--~ 1 Write the data "00000010" ( 02H) to the DATA 

REGISTER (ClH), then read the SWITCH REGISTER 

( D2H). 

Configuration Switch 

c 

ON 1 2 3 4 5 6 7 8 

~~~~~o~o 
indicates 

ON ( "1") • 

///!\\\\ 
1 2 3 4 5 6 7 8 

SCT HED TRK FULL 

or 
\, I TISH v 

Firmware 

loading 

selection 

TRK 0 . 1 TRACK . 
1 3 TRACK 

HED 0 0 SIDE 
1 1 SIDE 

SCT 0 1 SECTOR 
l 9 SECTOR 

-26-

CCM 80 

or 

136 

PRT 

;, 
1: with printer 

0: without 

printer 

Printer 's columns. 

1 : 136 columns 
0 : 80 columns 

CCM 1 : with CCM board 
0 : without CCM board 

KEYBOARD selection 
1 : TOUCH-IN 
0 : FULL KEY 

t 



.S.4 I/O STATUS REGISTER (D3H) 

MSB 

CY Cbit7) 

C'IS (bi t6) 

<bits> 

PR'! (bi t4) 
SLCT 

PR'! (bit3) 
BSY 

PRT (bi t2) 
LO 

PRT (bitl) 
PE 

PR'! (bi tO) 
FAULT 

LSB 
PRT PRT PR'! PR'I PRT 
SLC'I BSY LO PE FAUL'I 

CI signal of CCM status 

CTS signal of CCM status 

Reserved 

SELECT signal of the printer 
(selected state) 

BUSY signal of the printer 
(busy state) 

LO signal of the printer 
(printer clock stop) 
NOT OSE 

PAPER ALAR'! signal of the printer 
(almost paper empty of the printer) 

FAULT signal of the printer 
(error status) 
If both bi t2 and bi t4 is "l", this 
bit becomes "O". 

' ,, 
' ,~, ': c 

' ,,,,t~d~~ft~~;,'; . "·' 
' '"'~~~.7?.;f :::i:~-1 

'' i· 

-27-

t 
? 

I 
l 



,. 
: ·: ·.· 

-~-.. 
~~~ ... ... ..... 

0 
F-
. ·-

4.6 CR'IC (EXB) 46SOSS 
~~~---~--~--~---

Register selection 

I/O ADDRESS R/W ~!S'!ER 

w ADDRESS ;;io::;ISTER 
EOH 

R NOT CISE 

w COm:li<Z.. r .-:;ISTER (RO - Rl 7) 

ElH 
-R CON'!liCJ:. i~S'IER (Rl4 - 17) 

RO - Rl7 means the reqist:=!::' ==mber in the CR'IC. 
For the details on the c-r~-· =~fer to the APPENDIX. A 
•cRT DISPLAY CONTROLLER" •. 

-28-
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4.6.1 ADDRESS REGISTER 

MSB LSB 

I n t he . ab o v e r e g i s t er ( b 1 t 0 - 4 ) sh ou 1 d be set 
the address (O 17dec) of the internal control 

registers. If the address (11 - 31dec) is set, it is 
neg I e ct e d • The add r es s of t he pr esp e c i f i e d con t r o 1 

register should be written in the above register before 
writing/reading the data to/from that register (RO -
Rl7). 

4.6.2 CONTROL REGISTER 

C, 

c 

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. R14 and Rl.5 
are used to specify the cursor display position, so the 
initial setting for them are not necessarily required. 
If both R14 and Rl.5 are set to OOH, the cursor is 
displayed at the upper-left corner on the screen. 

-··--·--- ______ ___.,., 
~.:.;: ( 
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Table 4.1 CRTC Control Register. 

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 

RS Interlace mode 50 
and Skew set 

R9 Maximum Raster 10 09 
Address 

RlO Cursor Start 09 
Raster 

Rll Cursor End 09 
Raster 

Rl2 Start Address(H) 00 

OOOOH .. 
Rl3 Start Address CL) oo· 
Rl4 Cursor(H) ., ~ 

any value 
RlS Cursor(L) 
Rl6 Light Pen(H) NOT USE 
Rl7 Light Pen(L) NOT USE 

~·~.···.····.·. ~·· 
'-
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FDC (FXH) 

Register selection 

I/O ADDRESS R/W REGIS'IER 
R FDC S'IA'IUS REGIS'IER READ 

FOH 
w FDD CON'IROL COMMAND 
R FDC DA'IA 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 FOO CONTROL COMMAND (FOB) 

(1) In case of 5.25-inch floppy disk drive, 

c MSB LSB 

I RST I MON I PCl I PCO I I 
RS'! . FOC RESET at 111 • . 
MON . FOO MOTOR ON at "l" . 
PCl . W.OATA SOOns precompensation at "l" . 
PCO . W.DATA 250ns Precompensation at "l" . 

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

(RsT I I SFL I I 
RS'I . FDC RESET at "l" . 
SFL : SWITCH FILTER ON at "l" 
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s. 

5.1 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

HARDWARE FUNCTION 

Display Character Font 

·o 1 2 3 4 5 6 7 8 9 

t t The area of columns 

0 and 9 are blank. 

Character matrix lOxlO dots 

Display area 8xl0 dots 

Since the character generator (VPG) is composed of 

S-RAM, any character can be displayed within the 

display area (8xl0 dots). 

The number of display character fonts : 128 fonts 

-32-
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5.2 

C: 

Reverse Function 

The reverse function is effective from the 

first data lFH to the next lFH 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 t------, 

!.- Reverse area~ 

-33-
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Part I I 
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6" GENERAL INFORMATION 

C' 
.... 6.1 Scope 

This part describes the hardware specifications of 

the T200, T250 and EW-100 CCM boards, which conform to 

the EIA RS-232-C standard. 

6.2 Features 

The CCM board consists of the following components: 

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

* Intel 8253 compatible Timer 

* Additional electronic circuits 

(1) Modem interface: RS-232-C 

(2) Communication mode: ASYNC(including direct 
connection) 

(3) Data transmission rate: 

SYNC(modem clock) 
SYNC(internal clock) 
SYNC(direct connection) 

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) 

Half-duplex transmission: 

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

Physical specifications: 

* PCB(Printed Circuit Board) 5.45 x 6.75 inches 

* Connector 

* Power supply: 

CPU side: 
40 PIN Header(EW-100) 
50 PIN Header(T200/T250) 

Modem side: 26 PIN Header 

DC +12V 
-12V 
+ sv 

O.lA max 

O.lA max 
0.5A max 

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

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

-36-
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6.3 

T2CPU 

6.4 

Block Diagram 

osc 
8253 

Physical Requirements 

34P778221G01 for T200/T250 

34P778221G02 for EW-100 

ORV 

\ <~Space about 10mm(x4) 

1'7"":.,-,.~~~~~~~~~~~~~~,.,_,_,...~* Right-angle 

0*26PIN 

right-angle 

40 PIN '\ 

32 ICs mounted 
.( 4 x 8) 

Max 

straight 

50 PIN -,--
EWPCP3 

-37-
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7. SOFTWARE INTERFACE SPECIFICATION 

\~ . 7 .1 I/O Port Address 

Note 1: 

Note 2: 

EW-100 T200/T250 R/W Function 

288 A08 R/W 8253-5 COUNTER tO 

298 Al.H 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 ' CCM MODE REG. ...... .,. 
~ 
' " 

.. ·-_. L ~ 
2FH A7H R CI/CTS .:': . tl .. 

I/O ports(A8 - BFH) of T200/T250 must not be used. 

TxRDY(Transmitter ready) and RxRDY(Receiver ready) 

signals generated by 8251A USART cause I/O 

interrupt RST6.5 for the CPU. 
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3-5 (Timer) 

cC~:NTER t2 only is used in ASYNC mode. 

CONTROL Mode 3 and binary count should be 
specified(Square wave rate generator). 

DATA 

c: 

Baud rate Decimal value 
bps to be set 

110 1135 
150 832 
300 416 
600 208 

1200 104 
2400 52 
4800 26 

In ASYNC mode, the clock input of 8253-5 is 
the same one as that in SYNC mode. 

1s 
J }t;,5~ 
L;,~·-0 

Cjtoc 
171 ;?00 

-39-
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· .. 

(2) SYNC 

Programs are not required in SYNC(modem 

clock) mode. 

( 3) In SYNC( internal clock: direct connection) mode, 

the internal registers of 8253-5 should be set as 

follows. 

CONTROL 

COUNTER tO 

COUNTER #1 

COUNTER #2 

Mode l should be specified 

(programmable one-shot) 

ditto 

Mode 2 should be specified 

(Square wave rate generator). 

In either case, the binary count should be 

specified. 

-40-
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DATA 

. · -~ 

Baud Decimal value to be set 

rate (bps) COUNTER to COUNTER il COUNTER i2 

Note 1: 

Note 2: 

1200 

2400 

4800 

9600 

624 

312 

156 
78 

728 

364 

182 

91 

104 
52 
26 

13 

In SYNC mode, the clock input to 8253~5 is 

l.. 9968 MHz (divided the output of oscillator 

15.9744 MHz by eight). 

COUNTER tO: N x 3/8, 
COUNTER il: N x 7/16, 
COUNTER 12: N x 16, 
where N means transmission rate • 

., ',. 
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7.3 82S1A (USART) 

C (1) M:>DE Instruction 

ASYNC 

7 6 

1 1 

3 2 

1 0 

1 0 

01: x 1 

10: x16 

11: x6 4 

Character length 

c 
Parity 

00: 'bits 
01: 6 bits 

10: 7 bits 

11: 8 bits 

0: dis ab 1 e 

1: en ab I e 

Parity check 

0: odd 
1: even 

Number of stop bits 

01: lbit 
10: 1-1/2 bits 
11: 2 bits 
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Character length 
00: .5 bits 
01: 6 bits 

10: 7 bits 
11: 8 bits 

Parity 
O: dis ab 1 e 

1: enable 

Parity check 
0: odd 

1: even 

SYNC detect 
0: internal 
1: external 

SYNC character 
0: double 

1: single 

t-= 

, .,\ 

r 



;; ,.r/. 

....... ,. 
,· 
I. : 

(2) ~D Instruction 

7 6 ' 4 3 2 1 0 

EH IR I RTS I ERi SBRKI RxEI DTR,TxEN 

EH Enter Hunt mode 
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 f lag(PE, OE, FE) 

SBRK Send Break 
1 : TxD = LOW 

RxE Receive Enable 
1 : enable 
0 : dis ab 1 e 

DTR Data Terminal Ready 
1 : DTR = 0 

TxEN Transmit Enable 
1 : enable 
0 : dis ab 1 e 

-44-
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.... ·.•. 
~~~-=?. 
·:·.-:it ·. . 

~. 
::~.:~ 
'=·:,~: 

~; 

(3) STATUS 

7 6 

OSR SYN 

DET 

DSR 

SYNDET 

FE 

OE 

PE 

TxE 

Rx ROY 

TxRDY 

' 4 3 2 1 0 

FE OE PE TxE Rx Tx 
ROY RDY 

Data Set Ready 

SYNC Character Detect 

Framing Error(ASYNC only) 

Overrun Error 

Parity Error 

Transmitter Empty 

Receiver Ready 

Transmitter Ready 

_,,.,_ 

'!' ...... 



7.4 CCM MODE REG. 

c, 

7 

I I 
6 5 4 3 2 1 0 

J::EJ RxD I 
INH :~DWl/1 

' , 

\ Meaningless data 

at read operation 
00: ASYNC 

In ASYNC and half-duplex, 
when sending, RxDINB should be set to 
•1• and then TxDWA should be set to •1•. 
when receiving, TxDWA should be set to 
•o• and then RxDINB should be set to 
•o•. 

Ol: SYNC(modem clock) 

10: SYNC(internal clock) 

ll: SYNC(direct connection) 

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

RxDINH: inhibit RxD input. 
v _,· r ~Y"I. 

' .... ~ ""'· . .... . ... ·- '.~ ..... 
• ; .• ~" ·. .~1 • .:; -;.':,.,.,.~ ... . 

TxDWA: 
·:· ... -.y, :-: . ... . 

send back internally the transmission data.. · ~~ 
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.::=:: ·. -.·. 

7 ·' CI /CTS 

7 6 ' 4 3 2 1 p 

CI: Cal 1 Indicator 

CD: Carri er Detect 

CTS: Clear to Send 

TxDWA: TxDWA bit of CQ.1 M:>DE REC. 

-47-
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S. HARDWARE INTERFACE SPECIFICATION 

CPU SIDE INTERFACE CONNECTOR (PJI: EW-100, PJ2: T200) 

PJI SIGNAL NAME PJ 1 SIGNAL NAME 
01 N/C 21 COv\SEL ;000 
02 GND 22 COv1RD;OOO 
03 +12V 23 COv!WR;OOO 
04 +12V 24 GND 
0.5 +5V 2.5 GND 
06 +5V 26 (NOT USED) 
07 GND 27 COvRST;OOO 
08 CGID7; 100 28 CCMJPI;OOO 
09 CGID6; 100 29 CTXRDY;OOO 
10 CGID5; 100 .30 CRXRDY;OOO 
11 COAD4; 100 31 CCLK;OOO 
12 CGID3;100 32 (NOT USED} 
13 C0v102; 100 33 GND 
14 CGIDl;lOO .34 +5V 
15 CGIDO; 100 3 .5 +.5V 
16 GND 36 GND 
17 GND .3 7 -12V 
18 COM02;100 38 -12V 
19 COMOl;lOO 39 GND 
20 COMOO;lOO 40 GND 
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PJ2 SIGNAL NAME PJ2 SIGNAL NM£ 

() 
01 N/C 26 CCCMSL; 000 

02 GND 27 COA:l;lOO 

0.3 +12V 28 CA02; 100 

04 +12V 29 CCM:TS;lOO 

0.5 +SV 30 CAO 1; 100 

06 +SV .31 GND 

07 GND .32 CAOO; 100 

08 CADO;lOO .33 GND 

09 GND 34 CI~;OOO 

10 CAD!; 100 3.5 GND 

11 GND 36 atST;OOO 

12 CAD2; 100 37 GND 

1.3 GND 38 CIOW;OOO 

14 CAD3;100 39 GND 

1.5 GND 40 CCLK;OOO 

16 CAD4;100 41 GND 

17 GND lf.2 CRXRDY;OOO 

18 CAD.5; 100 lf.3 GND 

19 GND 44 CTXROY;OOO 

20 CAD6;100 '*' +SV 

21 GND 46 +SV 

22 CAD7;100 47 -12V 

23 GND 48 -12V 

24 CSYNSL;OOO 49 GND 

2S so GND 
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£ ' ' 

IDDEM SIDE CONNECTOR (PJ3, CCM MARK needed) 

PJ3 SIGNAL NAME IDDEM D-SUB 
01 N7C -

: ~·=. .. ;. 
": '· 

02 TXD;OOO 02 
03 GND *07 
04 RXD;OOO 03 
05 GND *07 
06 RTS;lOO 04 
07 GND *07 
08 CTS;lOO 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;lOO 17 
17 GND *07 
18 CD; 100 08 
19 GND *07 
20 DSR; 100 06 
21 GND *07 
22 CI; 100 22 
23 GND *07 ( • al together to 7 PIN) 
24 SDS;OOO 23 
25 GND *07 
26 STl;lOO 24 

01 Frame GND 
... 

09 
10 
11 
12 
13 

- 14 ~NOT U SEO 
16 
18 
19 
21 
25_.,., 

,. 
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DBSCRIP'rIOH 

HD46505 (CRTC) is a LSI controller which is designed 

to provide an intierface for microprocessor to raster 

scan type CRT displays. 

CRTC 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 • 
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SYSDJI COHPIGORA~IOB 

l 
CPU 

osc 

DOT 

~COUNT C~ 

SYSTEM BUS (ADDRESS AND DATA BUS) 

CRTC 

__ _....,.MOX 

MA00-13 

REFRESH 
.___ ... MEMORY 

(VRAM) 

--.... 

RA0-4 

CHARACTER 
GENERATOR 

(C.G. ) 

.___ .... VIDEO 
CONTROL 

DISPLAY TIMING 
CURSOR TIMING 
HORIZONTAL SYNC. 

VERTICAL SYNC. 

-2~ 

) 

t BUS DRIVER ] 

P-S 

'\ ... ·~· ' 

,i.. ....... 

·-
TO DISPLAY 



- - ---------------~-- -

INTERNAL RBG:IS'IBRS 

Address Re_g_. 
cs RS 4 3 2 1 0 
J" x x x x x x 
0 0 x x x x x 
0 1 0 0 0 0 0 
0 T 0 0 -0- 0 _l_ 
0 1 0 0 0 1 0 
0 1 0 0 0 1 l 
0 l 0 0 1 0 0 
0 l 0 0 1 0 _!_ 
0 1 0 0 1 :!: 0 
0 1 0 0 1 l :!: 
0 l 0 l 0 0 0 
0 1 0 1 0 0 l 
0 1 0 1 0 l 0 
0 1 0 1 0 l 1 
0 1 0 1 -r 0 0 
0 1 0 1 1 0 1 
0 1 0 1 1 l 0 
0 1 0 1 1 1 l 
0 1 1 0 0 0 0 
0 1 l 0 0 0 l 

Re_g_ister R/W -
AR w 
RO *7 w 
RJ__ w 
R2 *7 w 
R3 w 
R4 *_7 w 
R~ w 
R~ w 
r{'.l: *--:!__ w 
RS w 
R9 *7 w 
RlO w 
Rll w 
Rl2 w 
Rl3 w 
Rl4 RZW 
RlS R_LW 
Rl6 R 
Rl7 R 

Data l:llt 
7 654321]) - - - - - - - -- - -

- - - --- - ---- - - - - - v s - - -
- B p 

- - -- -
- -
- -

*l 

*2 

*3 
*4 
*S 
*6 

Note: *l. When RS is l or 3 (Interlace Mode), pr09rammed 
data must be odd. 

*2. When RS is 3, N/2 (N: total number of lines) 
*3. When S is 1, V specifies video mode. S specifies 

interlace sync. mode. 
·*4. When RS is 3, programmed data must be odd. 
*5. B specifies the cursor blink. P specifies the 

cursor blink period. 

*6. 

*7. 

16 or 32 Field Period ---A"----j 
I Light I Dark I Light I Dark I 
When RS is 3, the cursor start and the cursor end 
raster registers must be both even or both odd .... 
Programmed Value = Specified Value - 1 
In the following explanation, for instance, total 
number of horizontal characters means •specified 
Value". 
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Ill'IBRDL RBG1S'tBRS 

AR: Address Register 

RO: 

Rl: 

This is a 5-bit register used to select 18 internal 

control registers (RO-Rl 7). 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-Rl7 requires, first of all, to write the 

address of corresponding control ·register into this 

register. When RS and CS are at low level, this 

register is selected. 

Total Number of Horizontal Character Register 
/• _ _..,,,,,. 
;.,.. ':) 

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-1) shall be 

programmed to ·this register. When programming for 

interlace mode, M must be even. 

Number of Horizontal Displayed Characters ReqisterS(.'\ 

sC 
''::? 

This is a register used to program the number· oE 

horizontal displayed characters per line. Data is 8-bit 

and any number that is smaller than that o:f tota.L 
c.,-:;j;J:.. , .. ·,.;• 

horizontal characters can be programmed. . . -·~: .. ·,.M.f~c· ·· · · 
'b:,.w.i~r:"i.·ill~.-.Vt.~"~: . ·~·q -~~· 

~-i = !: \: .:.~·~· .:~ .. ~::.~:~{;~~\:·<~t·:.' 
. ··' ....... ". 

i. ·~•-.. :~.\ !': ... t 
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IH'IERBAL REGISTERS 

R2: Horizontal Sync. Position Register 
<t• /j 
,, ,,-'-

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 left. When programmed value is 

decreased, the position is shifted to right. Therefore, 

the optimum horizontal position can be determined by 

this value. 

R3: Horizontal Sync. Pulse Width Register j 6 
,~. " 

R4: 

v l-; 

This is a register used to program horizontal sync. 

pulse width from 1 to 15 in unit of horizontal 

character time. Note that when 0 is programmed, HSYNC 

is not provided. 

Total Number of Vertical Characters Register~~-:S-

/<) 
This is a register used to program total number of 

''I .. .:. 

lines per frame including vertical fly back_a:~fod. The 

data is within 7-bit and its value should b& programmed 

according to the specification of CRTC. When N is total 

number of lines, (N-1) shall be programmed to this 

register. 
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Dl'lERllAL RBGIS'l'ERS 

RS: Total Raster Adjust Register :;_ 
-r; ,,-
-- :/-

'Ibis 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 frequency more strictly. 

R6: Number of Vertical Displayed Characters Register ;2 'f/ 

This 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. 

R7: Vertical Sync. Position Register .:;; ~, 
·" j 

This is a register used to program the vertical sync. 

position on the screen in unit of horizontal character 

time. Data 7-bi t 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. ·- ~·: -~.'~,:: 

:~.l6V .·.--,,, 
. ·tfcT .. ~ :..;£,; . ~~:;.!.' . ; t: ~ ;~·.: ,··t~2, .: _ . 

,. . '""~'f • 
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IR'iBRHAL REGISirERS 

R8: Interlace Mode Register 

This is a 2-bi t register used to control the raster 

scan mode. 

21 20 Mode 

0 0 Non-Interlace Mode 

0 1 Non-Interlace Mode 

1 0 Interlace Sync.· Mode 

1 1 Interlace S_ync. 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 is controlled to 

display different character pattern in two fields. 

R9: · Maximum Raster Address Register z) 

This is a register used to program maximum raster 

address within 5-bit. This register defines total 

number of rasters per character including spacing. When 

total number of rasters is RN, (RN-l) shall be
prograrnmed to this register. Moreover, when programmed 

value of RS is 3, RN must be even. 

-1-
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Di'IBRRAL REGISTERS 

Cy 

RlO: Cursor Start Raster Register 

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

display mode by higher 2 bits c2 5 , 26 ,. 

26 25 cursor Dis_Q_la_y Mode 

0 0 Non-Blink 
0 1 Cursor Non-Dis_Q_la_y 

1 0 BlinkL 16 Field Period 

1 1 Blink1_ 32 Field Perio_g 

Blink Period 

I Light I Dark 
L.-16 or 32 Field Period---.J 

Rll: Cursor End Raster Register 

'Ihis. is a register used to proqram the cursor end 
raster address. When proqrammed value of RS is 3 
(Interlace sync. and video mode), both the cursor start 
raster register and the cursor end raster register must 
be even or odd. 

'I·: 

-a-
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mTERNAL REGJ:snms 

Rl2: Start Address Re<]ister (H) 

Rl3: Start Address Register (L) 

These are 

memory to 

re<Jisters 

easily. 

used to program initial address of refresh 

read out. Changing the contents of these 

dynamically enables paging and scrolling 

Rl4: Cursor Re<]ister (H) 

RlS: Cursor Register (L) 
r-; ~~~·· /~ 
1 

These are used to program the cursor display address 

and R/W operation from the CPU is possible. When Rl4 is 

read, the higher 2 bits c2 6 , 27 ) are always "0". 

Rl6: Light Pen Register 

Rl7: Light Pen Register 

'I200/T250 system are not used. 

-9-
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Time Chart of CRT Interface Signals 

The following example shows the display operation in 
which values of Table. X-1 are programmed 'to CRTC 
internal registers. Pig. 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 O. 

Table. X-1 Programmed Values into CRTC Registers 

c 
Reg. Number Value Re_g_. Number Value 

RO Nht R9 Nr 
Rl Nhd RlO 
R2 Nhs_12_ Rll 
R3 Nhsw Rl2 0 
R4 Nvt Rl3 0 

RS Nadj Rl4 t 

R6 Nvd RlS 
R7 NVS_Q Rl6 hi 

~-

RS I 
Note: Nhd ( Nht , Nvd<Nvt 

c 
-10-
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Fig. X-1 CRT Screen Format 

f
---Total Number of Horizontal Characters(Nht+l)----1 
---Number of Horizontal Displayed Characters-7 

(Nhd) ,/ 
. / 

. / 

Horizontal 
Fly Back 

Frame Period Period 

(~' 
/ 

Vertical Fly Back Period 

- Total Raster Adjust ( Nadj ) 

-Number of Vertical Displayed Characters (Nvd) 

-Maximum Raster Address (Nr + 1) 

-Total Number of Vertical Characters (Nvt + 1) 

c\ 
-11-
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(~:1 Interlace Control 

Fiq. 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 

Field 

Odd 

Field 

Even 

Field 

Odd 

Field 

0 

1 0 0 
2 0 0 
3 0 0 
400000 
5 0 0 
6 0 0 
7 0 0 

Non-interlace 

Mode 

0 

1 

2 

3 

4 

5 

6 

7 

-G-------f/3-- 0 

~-----::ij:- 1 

-s-------8-- 2 

=fkre-9:8=- 3 

=8:-----::ij::- 4 

:j:-----~- 5 

:S:-----:%- 6 

-e-------e-- 7 

Interlace Sync. 

Mode 

-12-

0 

2. :3:-----:8-- l. 

4 ~~=i= 
3 ~ 

5 ::r 
6 

0 -G-------e-- 7 ).! 

2 ------------ I. 

4 

_4-_________ 

]'"-

6 ------------ ~ 

------------ 7 

Interlace Sync. 

& Video Mode 



~or 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 

raster register need to be under the following 

condition. 

cursor Start Raster Register cursor End Raster 

Register _ 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(-, 
l 

2 

3 

4 

5 

6 

7 

8 

9 CX3eCO 
:10 

:rs or Start = 9 

irsor End = 9 

() 

Start = 9 
End =10 
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. progrnmaneJ value of start aJ, 
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DESCRIP"rION 

The)lPD765 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. '!he 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 

OMA operation easy to incorporate with the aid of an 

external DMA Controller chip, such as the D8257. The 

FDC will operation in either OMA or Non-OMA mode. In 

the Non-DMA mode, the FDC generates interrupts to the 

processor every time a data byte is available. In the 

OMA mode, the processor need only load the command into 

the FDC and all data transfers occur under control of 

the FDC and OMA controller. 

'!here 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 
Read IO Scan Low Equal Seek 
Read Deleted Data Specify 

Read a '!rack Recalibrate Write Data 

Scan Equal Format a Track 

Sense Interrupt Status Sense Dive Status 

-1-
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Address mark detection circuitry is internal to the FDC 

which simplifies the phase locked loop and read 

electronics. 'l'he 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 OMA or Non-OMA Mode 

Parallel Seek Operations on up to Four Drives 

Compatible with Most Microprocessors including 

8080A, 8085A 

Single Phase 8 MHz clock 

-2-
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TC 
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Dl'rBRHAL RBGXS'IERS 

'!'he FDC ()lPD765) 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 FOC, and may be accessed at 

any time. The 8-bit Data Register (actually consists of 

several re9isters in a stack with only one re9ister 

presented to the data bus at a time), which stores 

data, commands, parameters,and FOO 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. '!he Status Register may 

only be read and is used to facilitate the transfer of 

data between the CPU and FDC. 

'!'he bits in the Main Status Register are defined as follows: 

07 DO 

I RQM I DI 0 I NOM CB I D4B I D3B I D2B I DlB 

- RQM: Request for Master 

DIO: 

NDM: 

CB 

D4B: 
D3B: 
D2B: 
DlB: 

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 tr an sf er between FDC and 
Data Register. 
DIO • "l", then tr an sf er is from Data Register to the 
CPU. 
OIO = "0 It' then transfer is from the CPU to Data 
Register. 

Non-OMA mode 
The FOC is in the non-OMA mode. 

FDC Busy 
A read or write command is in process. 

·/-

, •·· ·.··)"'~ ., ' ' . -.. :~~-~;7~'.i+''. 
,.~'<}·~:: ·.:. 

, ' - "' t~ ' 

FOO number 4 is in the seek mode. 
FOO number 3 is in the seek mode. 
FOO number 2 is in the seek mode. 
FOO number 1 is in the seek mode. 
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COMMABD SEQUENCE 

'!he FDC is 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: 

Execution Phase: 

Result Phase: 

-s-

'!he FDC receives all 
information required to 
perform a particular operation 
from the CPU. 

The FDC performs the operation 

it was instructed to do. 

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

;{ .. 
.;. 
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PHASE 

Command 

Execution 

Result 

R/W 

w 
w 
w 
w 
w 

INSTRUCTION: READ DATA 

DATA 

07 D6 05 04 

MT MF SK 0 

x x x x 

BUS 

D3 02 01 DO 

0 l l 0 

X HD USl USO 

---------------c---------------
---------------H---------------
---------------R---------------

W ---------------N--------------
W --------------EOT-------------~ 

w --------------GPL--------------
W --------------DTL--------------

R 

R 

--------------STO--------------
--------------STl--------------

R --------------ST2--------------
R 

R 

------------.---c---------------
---------------H---------------

R ---------------R--------------
R ---------------N---------------

-INSTRUCTION SET-

REMARKS 

Command Codes 

Secter ID information 

prior to Command 

execution 

Data-transfer between 

the FDD and main-system 

Status information 

after Command execution 

Secter ID information 

after Command execution 

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

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

A0 should equal binary 1 for all operations. 

-6-
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PHASE 

Cormnand 

Execution 

Result 

-INSTRUCTION SET-

INSTRUCTION: READ DELETED DATA 

R/W 

w 
w 
w 
w 
w 

DATA BUS 

D7 D6 D5 D4 DJ 02 Dl DO 

MT MF SK 0 l 1 0 0 

X X X X X HD USl USO 

---------------c---------------
---------------H---------------
---------------R---------------

W ---------------N--------------
W ------------EOT-------------

W --------------GPL--------------
w 

R 

R 

--------------DTL--------------

--------------STO--------------
--------------STl--------------

R --------------ST2--------------

REMARKS 

Command Codes 

Secter ID information 

prior to Command 

execution 

Data-transfer between 

the FDD and main-system 

Status information 

after Command execution 

R ---------------c--------------- Secter ID information 
R ---------------H--------------- after Command executio~ 

R ---------------R---------------
R ---------------N--------------- i 

l 

I· " 

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

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

A0 should equal binary l for all operations. 
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PHASE 

Command 

Execution 

Result 

INSTRUCTION: WRITE DATA 

DATA BUS 

R/W 07 D6 DS D4 D3 02 Dl DO 

W MT MF 0 0 0 l 0 l 

W X X X X X HD USl USO 

w ---------------c---------------
W ---------------H---------------
W ---------------R---------------
W ---------------N---------------
W --------------EOT--------------
w 
w 

R 

B 

--------------GPL--------------
--------------DTL--------------

--------------STO--------------

--------------STl--------------
I --------------ST2--------------

-INSTRUCTION SET-

REMARKS 

Comand Codes 

Secter ID information 

prior to Command 

execution 

Data-transfer between 

the main-system and FDD 

Status information 

after Command execution 

R ---------------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 section. 

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

Ao should equal binary 1 for all operations. 
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PHASE 

Command 

Execution 

Result 

-INSTRUCTION SET-

INSTRUCTION: WRITE DELETED DATA 

R/W 

w 
w 
w 
w 
w 

07 D6 

MT MF 

x x 

05 

0 

x 

DATA 

04 

0 

x 

BUS 

D3 02 Dl DO 

1 0 0 1 

X HD USl USO 

---------------c---------------
-.-------------H-------
------------R---------

W --------------N--------~ 
W --------------EOT-------------

w 
w 

R 

R 

--------------GPL------------
--------------DTL-----------

--------------STO--------------

--------------STl--------------

R --------------ST2--------------

R 

R 

R 

R 

---------------c--------------
---------------H---------------
---------------R---------------
---------------N---------------

REMARKS 

Command Codes 

Secter ID information 

prior to Command 

execution 

Data-transfer between 

the FDD and main-system 

Status information 

after Command execution 

' 
Secter ID inforaaatio~ 

after Command execution 

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

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

A0 should equal binary 1 for all operations. 
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PHASE 

Cosmand 

Execution 

Result 

INSTRUCTION: READ A TRACK 

DATA BUS 
R/W D7 06 D5 04 D3 D2 Dl DO 

w 0 MF Sit 0 0 0 1 0 

W X X X X X HD USl USO 
w 
w 
w 

---------------c---------------
---------------H---------------
---------------1---------------

W ---------------N---------------
W --------------EOT--------------
W --------------GPL--------------
w 

R 

R 

R 

R 

R 

R 

R 

--------------DTL--------------

--------------STO--------------

--------------STl--------------
--•-----------ST2--------------

---------------c---------------
---------------H---------------
---------------R---------------
---------------N---------------

-INSTRUCTION SET-

REMARKS 

Command Codes 

Secter ID information 

prior to Command 

execution 

Data-transfer between 

the FDD and main-system 

FDC reads all of 

cylinders contents from 

index hole to EOT. 

Status information 
. -),'. - .. 

after Command execution: 

Secter ID iaformatio~ 
' . •-

after Commaacl 
•• ;. ~i 

e•c:U1:1onr 
.,_. >~-'.~;-.-1 J :_· 

" ~ 

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

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

A0 should equal binary 1 for all operations. 
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PHASE 

Command 

Execution 

Result 

R/W 

w 
w 

R 

INSTRUCTION: READ ID 

DATA BUS 

D7 D6 DS D4 D3 02 01 DO 

0 MF 0 0 1 0 1 0 

x x X X X HD USl USO 

--------------STO--------------

-INSTRUCTION SET-

REMARKS 

Command Codes 

The first correct ID 

information on the 

cylinder is stored in 

Data Register 

Status information I 

R ~------------STl-------------- after Command executio~ 

R --------------ST2--------------

R 

R 

R 

R 

---------------c---------------
---------------H---------------
---------------R---------------
---------------N ---------------

- -
Secter ID information. 

during Execution Phase 
ft 
i· . • 

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

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

A0 should equal binary 1 for all operations. 
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PHASE 

Command 

Execution 

Result 

-INSTRUCTION SET-

INSTRUCTION: FORMAT A TRACK 

DATA BUS 

R/W 07 06 OS D4 D3 D2 01 DO 

w 0 MF 0 0 1 1 0 1 

W X X X X X HD US 1 USO 

W ---------------N--------------
W --------------SC--------------
W --------------GPL--------------
w ---------------0---------------

R 

R 

--------------STO--------------

--------------STl--------------
R -----~-------ST2--------------

REMARKS 

C01111Dand Codes 

Bytes/Sector 

Sectors/Track 

Gap3 

Filler Byte 

FDC formats an entire 

cylinder 

Status information 

after Command execution 

R ---------------c------------- · Ia::- this case., the m· 
R 

R 

R 

---------------H---------------
---------------R-------------...-
---------------N---------------

information has· • i' 

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

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

A0 should equal binary 1 for all operations. 
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PHASE 

Command 

Execution 

Result 

INSTRUCTION: SCAN EQUAL 

DATA BUS 

R/W D7 D6 D5 04 D3 D2 Dl DO 

W MT MF SK l 

x 
0 0 0 1 

w x x x X HD USl USO 

w ---------------c---------------
w ---------------a---------------
W ---------------R---------------
W ---------------N---------------
W --------------EOT-------------

W --------------CPL--------------
W --------------STP--------------

R --------------sro--------------

-INSTRUCTION SET-

REMARKS 

Command Codes 

Secter ID information 

prior to Command 

execution 

Data-compared between 

the FDD and main-system 

Status information 

R --------------STl-------------- after Command execution 

R --------------sr2--------------
a ---------------c--------------- Secter ID informatiom 
R ---------------H--------------- after Command execution· 

I ' 
t ~ R ---------------!--------------- .. 

R ---------------N--------------- ' :' 
~ ::-~.t. I ~· '. 

' Note: S}'l'Qbols used in this table are described at the end of tbia section. 

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

A0 should equal binary 1 for all operations. 
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PHASE 

Command 

Execution 

Result 

-ntSTRUCTION SET-

INSTRUCTION: SCAN LOW OR EQUAL 

DATA BUS 

R/W 07 06 DS 04 03 02 Dl DO 

W MT MF Sit 1 1 0 0 1 

W X X X X X HD USl USO 

w ---------------c---------------
W ---------------H---------------
w ---------------!---------------
W ---------------N---------------
W --------------EOT--------------
W --------------GPL--------------
w 

R 

R 

a 
R 

R 

R 

R 

--------------STP--------------

--------------STO--------------
--------------STl--------------
--------------ST2-------~------

---------------c---------------
---------------B---------------
---------------R---------------
---------------N---------------

REMARKS 

Command Codes 

Secter ID information 

prior to Command 

execution 

Data-compared between 

the FDD and main-system 

Status information 

after Command execution 

- . .. j ~ 

Secter· m ioformatio111: .. 

after Command execution 

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

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

A0 should equal binary 1 for all operations. 
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PHASE 

Command 

Execution 

Result 

-INSTRUCTION SET-

INSTRUCTION: SCAN HIGH OR EQUAL 

R/W 

w 
w 
w 
w 
w 

DATA BUS 

D7 06 05 04 D3 D2 Dl DO 

MT MF SK 1 l 1 0 1 

x x x x X RD USl USO 

---------------c---------------
---------------H---------------
---------------R---------------

W ---------------N---------------
w 
w 

--------------EOT--------------
--------------GPL--------------

W --------------STP--------------

R 

R 

--------------STO--------------

--------------STl--------------

R --------------ST2--------------

REMARKS 

Command Codes 

Secter ID infonnation 

prior to Command 

execution 

Data-compared between 

the FOO and main-system 

Status information 

after Command execution 

R ---------------c--------------- Secter ID information 
' R ---------------H--------------- after Command executio 

R ---------------R---------------
R ---------------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. 

A0 should equal binary l for all operations. 
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PHASE 

Command 

Execution 

PHASE 

Command 

Result 

.. 

PHASE 

Command 

Result 

-INSTRUCTION SET-

INSTRUCTION: RECALIBRATE 

DATA BUS 

R/W D7 D6 D5 D4 03 D2 Dl DO REMARKS 

w 0 0 0 0 0 l 1 l Command Codes 

W X X X X X 0 USl USO 

R/W 

w 

R 

Head retracted to 

Track zero 

INSTRUCTION: SENSE INTERRUPT STATUS 

DATA BUS 

07 D6 05 D4 D3 D2 Dl DO REMARKS 

0 0 0 0 1 0 0 0 Command Codes 

------------~STO-------------- Status information at 

R --------------PCN-------------- the end of seek 

operation about the FDC 

INSTRUCTION: SENSE DRIVE STATUS 

DATA BUS 

R/W 07 06 05 04 DJ 02 Dl DO 

w 0 0 0 0 0 l 0 0 Command Codes 

w x x x x x HD USl USO 

R --------------ST3-------------- Status information 

about FDD 
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PHASE 

Command 

PHASE 

R/W 

w 
w 

INSTRUCTION: SPECIFY 

DATA BUS 

07 06 DS D4 D3 02 Dl DO 

0 0 0 0 0 0 1 l 

-C..---SRT----~----HUT------.>a 

W <Cli.----------HLT-------~--~ND 

INSTRUCTION: SEEK 

DATA BUS 

R/W 07 06 05 04 03 02 01 DO 

-INSTRUCTION SET-

REMARKS 

Command Codes 

REMARKS ( ____________ ____, 

Command 

Execution 

PHASE 

Command 

Result 

w 0 0 0 0 1 1 l 1 Command Codes 

W X X X X X HD USl USO 

W -------------NCN--------------

R/W 

w 

R 

INSTRUCTION: INVALID 

DATA BUS 

07 06 05 04 03 02 Dl DO 

Head is positioned over 

proper Cylinder on 

Floppy Disk 

.: ... !do}'· 
REMARKS -- i~J. 

;~,,~~' '':._ 
·~.~;;· . ;_, """ ' 

-, ... ::;(.;·d··.· 

Invalid Command Code.;· ~ :;~.:·., . 

(NoOp - FDC goes into · 

Standby State) 

-------------STO-------------- STO • 80 HEX 

-------Invalid Codes----------

-17-
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-COMMAND SYMBOL DESCRIPTION-
( 

SYMBOL NAME DESCRIPTION 

AO Address Line 0 AO controls selection of Main Status 

Re__g_i s ter (AO • 0) or Data Re_g_ister (AO • 1). 

c Cylinder-Number C stands for the current selected Cylinder 

(track) number 0 throu_g_h 76 of the medium. 

D Data D stands for the data pattern which is going 

to be written into a sector. 

D7-DO Data Bus 8-bit Data Bus where 07 stands for a most 

significant bit, and DO stands for a least 

Si_g_nificant bit. 

DTL Data Length When N is· defined as 00, DTL stands for 

the data length which users are going to 

read out or write into the sector. 

EOT End of Track EOT stands for the final sector number 

on a c;ylinder. 

GPL Gap Length GPL stands for the length of GAP 3 

(spacing between Sectors excluding vco 
S_!!!_c. Field). 

H Head Address H stands for bead number 0 or 1, as 

s_E..ecified in ID field. 

HD Head HD stands for a selected head number 0 or l 
(H •HD in all command words) 

.:,, . 
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-COMMAND SYMBOL DESCRIPTION-

SYMBOL NAME DESCRIPTION 

HLT Head Load Time HLT stands for the head load time in the FDO. 

This timer can be programmed from 2ms to 

254ms by 2ms (00-00N'T USE, 01•2ms, 02•4ms, 

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

It can be also programmed from 4ms to 508ms 

b_y_ 4ms for 5.25-inch flo~ disk drives. 

HUI Head Unload Time Htrr stands for the head unload time after 

a read or write operation has occurred. 

This timer can be programmed from 16ms to 

240ms by l 6ms (OO=NOT USE, 01•16ms, 02•32ms, 

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

It can be also programmed from 32ms to 480ms 

by lOms (OO•NOT USE, 01•32ms, 02•64ms, and 

so forth) for 5.25-inch flo£QY disk drives. 

( MF FM or MFM Mode If MF is low, FM mode is selected, and if it 
' is h i_g_h' MFM mode is selected. 

MT Multi Track If MT is h i gh , a multi-track operation is to 

be performed. (A cylinder under both HDO and 

HDl will be read or written) 

.. 
' . 

·: -. 

···c 
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SYMBOL 

N 

NCN 

ND 

PCN 

R 

R/W 

SK 

SC 

SRT . 

NAME 

Number 

New Cylinder 

Number 

Non-OMA Mode 

Present Cylinder 

Number 

Record 

Read/Write 

Skip 

Sector 

Step Rate Time 

-COMMAND SYMBOL DESCRIPTION-

DESCRIPTION 

N stands for the number of data bytes 

written in a sector. 

NCN stands for a new cylinder number, 

which is going to be reached as a result of 

the Seek o~eration. Desired ...2_osition of Head 

ND stands for operation in the Non-OMA Mode. 

PCN stands for Cylinder number at the 

completion of SENSE INTERRUPT STATUS command. 

Position of Head at ..E_resent time. 

R stands for the sector number, which will be 

read or written. 

R/W stands for either Read (R) or Write (W) 

si.gnal. 

SK stands for Skip Deleted Data Address Mark. 

SC indicates the number of sector per 

Qylinder. 

SRT stands for the Stepping Rate for the FDD. 

Th is timer can be programmed from lms to 16ms 

by lms (FHEx•lms, EHEX•2ms, DHEX•3ms, and so 

forth) for 8-inch floppy disk drives. It can 

be also programmed from 2ms to 32ms by 2ms 

for 5.25-inch flo~ disk drives. ~ 

~-·· ... 
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SYMBOL 

STO 

STl 

ST2 

ST3 

STP 

USO 

USl 

NAME 

Status 0 

Status 1 

Status 2 

Status 3 

Unit Select 

-COMMAND SYMBOL DESCRIPTION

( CONT.) 

DESCRIPTION 

ST0-3 stands for one of four registers 

which store the status information after a 

command has been executed. This information 

is available during the result phase after 

command execution. These registers should not 

be confused with the main status register 

(selected A0 • 0). ST0-3 may be read only 

after a command has been executed and contain 

information relevant to that particular 

command. 

During Scan operation, if STP • 1, the data 

in contiguous sectors is compared byte by 

byte with data sent from the CPU (or OMA); 

and if STP • 0, then alternate sectors are 

read and co~ared. · 

US stands for a selected drive number 0 or 1. 

-21-
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PROCESSOR INTERFACE 

... 

During Command °' Result Phases the Main Status Register ldescrib4Pd urlier) must bf 
r•d bv the processor before eaich byte of information ts writtan into or read from tht 
Data Register. Bits 06 and 07 in the Main Status Register must bf in a 0 and 1 state. 
respectively, before each bvtt of tht command word may bt written into tht µP0765. 
Many of tht commands require multiple bytes, and as a result the Main Sutus Register 
must bt read prior to each bytt transfer to the µP0765. On the other hand, during the 
Result Phase, 06 and 07 in tht Main Status Rtginer must both bt 1's106 • 1 and 
07 • 1) before reading each byte from tht Data Register. Note, this reading of the 
Main Status Register before each byte transfer to the µP0765 is required in only the 
Command and Result Phases, and NOT during the Execution Phasa. 

During the ExKl.ltion Pha.e, the Main Status Register need not be read. If the µP0765 
is in the NON· OMA Mode, then the receipt of each data byte (if µP0765 is reading data 
trom FOOi is indicated by an Interrupt signal on pin 18 (INT• 1). The generation of a 
Read signal (Ro• Ol will reset tht Interrupt as well u output the Dau onto the Data 
Bus. If the processor cannot handle Interrupts fast enough (every 13 µs) then it may 
poll the Main Status Register and then bit 07 (ROMI functions just like the Interrupt 
signal. If a Write Command is in process then the WR signal performs the reset to the 
Interrupt signal. 

If the µP0765 is in the OMA Mode, no Interrupts are generated during the Execution 
Phase. The µP0765 generates ORO's (OMA ReQuestsl when each byte of data is avail· 
able. The OMA Controller responds to this request with both a OAcK • 0 !OMA 
Acknowledge) and a RD• 0 (Read signal). When the OMA Acknowledge signal gOH 
low tiSAcK • 0) then the OMA RtQUest is reset (ORO• 01. If a Write Command has 
been programmed then a WR signal will appear instead of RO. 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 tt'e first byte of data 
is read during the Result Phase. the Interrupt is automatically reset (I NT • 0). 

It is important to note that during the Result Phase all bvtes shown in the Command 
Table must be read. The Rud Dau Command, for example has seven bytes of data in 
the Result Phase. All seYen bytes must bt read in order to successfully complete the 
Read Data Command The µP0765 will not accept a new command until all seven 
bytes have been read. Other commands may require fewer bytes to be read during the 
Result Phase. 

The µP0765 contains five Status Registers. The Main Status Register mentioned above 
may be read by the procenor at any time. The other four Status Registers ISTO. STl, 
ST2. and STJ) 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 bvtes of data which are sent to the µP0765 to form the Command Ph--. and~.'··.·~~ 
,.ad out of the µP0765 in the Result Phase, must occur in the ant. shOwn.initt.Camt- ... ~ 
mand Table. That is, tht Command Code must be sem first and.the otbef' bvteMm'i"".. · ". 
the prescribed sequence. No foreshonening of the Com"'Md or Result PhasnatP ..... 
allowed. After the last byte of data in the Command Phase is sent to the J1PD78~ the "" r.·' f 

Execution Phase automatically starts. In a similar fashion, when 1h•last'~ofdataiis;. '· ·' ·. 
read out in the Result Phase, the command is automatically ended' anct1ttw-J,dlD789'_.: ~ ·"!" ·~ 

ready for a new command. A command may be truncated (prematurely endedftJ¥:.'::.;,·.:.,~~ 
simply sending 1 Terminal Count signal to pin 16 (TC• 1 ). This is a convenient m..,._, .·w ,..,. 

of ensuring that the processor may always get the µP0765's attention even if the disk _. 
system ~gs up in an abnormal manner. ,,., ,., 
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> .......... .. 

~TA 

.,,. 1#· '\1 -di - rltQUired 10 ol.tee ttw F DC ift• 1t1t Read D11a MoOe. Atw 'Ole "•N Dau 
s "''" i!l.;1aYeC1 .,.. FDC loads tt-e l'IHd lit •t Kin tt'le unioeded 111w1. w•u 11\e llOIC•hed ,.._., 
'"'-I~,., ttMt Soec•tv Command I. and be9n1 •Hdl"' ID Addi- M•lll..,. 10 ftetCIL ~ 

tnt MC'IO• numbrl' r•frl stored 1n the ID R1191Jter CIORI tOft'ICNrft -" lt>e Met• ftUfl'IW re.S off 
•ne. "'- tl'Mt F DC ouuiwu. daa.t Cbom tl'le dlte t1e1ctl ll\lte-U>b'/18 to ... m.irt ..,.- .,,. 1"e Oltl 

ompletoon of ,.,. ••" OClef'ation from the current MCtOr. the Sctor Nunlbllr a1lncr-ted11¥ one, 
r dill from the neat sector "rHd and outciut on tl'le Clllta b&A Th" cont,,_, t•ad funci1on '-called 
lt•S.CtClt RHCI ec-rahon. • The RHO Data C-nd"""' be 1ermlfta19d b\f the rece1c1t of a Termmal 
l ••CJl'lll. UPOft rtc.,D' of ''"' 11tnal, the F 0C nooa OUtDUfti"t dHI to Ute pr-. bl.It Wiii COfttlllUe 
Id dlll hono ,,.,. CU'""' llC1or. d'leek CRC ICyeiic RedunCllntv Couml bvtn. aftd ttMtn •• !ft• lftd of 
IClor term1na1e the Read Data Command • 

L 
I 
'! 
I 
I 
I 

l 

. .mount of data wnlCh c .. be handled.••'*' • llnf• ~llf'ld to tne FDC ct.pends UllOft MT (mutt• 
ltl. MF l'JIFMtFMI. anO N CNumber of 8ytes/Sec1orl. Tallle 1 IMlow lhoWI ttMt Tr11nlfer ~lllC•ty. 

lultt·Trck 1 MFM/FM 8ytt&/S.C10f Ma••- Tr-fer Caoac•1Y FiNI Secuar Re• 
MT MF N CBvtel/Sectorl Clllumber of Seeton! ffOlll Diskme 

0 
I 0 00 112811261 • 3.328 2611 S·o•O 

0 1 01 125611291 • 6.656 or 21 11 Sid• 1 

1 i 0 00 112811521 • 6.656 
2911Side1 1 ! 

, Ot 12!111521 • 13.312 
0 l 0 01 12561 1151 • 3.840 I 15 at Std• 0 
0 1 02 15121 1151 • 7,680 or 1511Sode1 

1 i 0 01 125611301 • 7,680 
11 It Sode 1 

1 1 02 151211301 • 15.360 
0 1 0 02 15121181 . 4,096 8 at s.o. 0 
0 1 03 110241181 • 1.192 or81tS.del 
1 I 0 02 151211161 • 8.192 

8 .. Side' 1 1 03 1102411161 • 18.38' 

T-... 1. TrMdwr c.-rtv 

~~ult•·tractr." function IMTI allOW\ ttt. FDC to rHd data from b01'111dn of the dtlkette. For a 
oa " cyi•"Oet". da11 Wtll be trand .. red '""'"9 11 Sector 0. Side O and comoletin9 at Sector L. S.Cllt 1 
tS.... L • ••t MCtor on me 11dtl. Note. th11 tunc\IQft IM'Ulftl 10 only one c:y11no. lthe same trKkl on 
eat" 110. ot t"• 01111e11e. 

I 

W....., N • 0. tftt" CTL dtfmes trie datl length MICh the F DC l'ftUlt treat n a Mttor. If CTI. it ""Ill• Ulan 

!fte actual da11 i•"9'" tn a Sector. ttMt 0.11 bl'vond CTL 1n ll'te Sctor. it not 1ent to It>• Data 8UL The FDC 
rtac:IS l•fttt<ftlllV 1 "''complete Sector Deri0f'ffti"9 tht CRC cl'l«ll. and deOtndoNJ uoon the 111anner of com
"""~ t.,m.n11°on. mav ~form a Mult•·S.aor Plud Ooer1t10t1. W,,.,, N 11non·Hro.1'1en DTL has no 
,,.. • .,,,.91nd Sl'\Ou•CI be se1 to FF Hea1<1ec1mal. 

At '"' COfTtClltt•Ol'I of trw React Data Command, the head 11 not unlOICled until after H•d UnlOad Time 
lnt1•ul tscec1foe<1 '" tht Soec1fv CO"'manOI hu eiaosed. It me oroctMOr iSIUft another commllf'IO before 
me "ffCI 1.1nloadl men the l\11d setthng time "'-V be s.wed be- sul:IMQuent relOL Th11 time out 11 

si-n•cutarly •llu•OI• when a 0t1kme '' cooeed from one driwe to another. 

It tl\t FDC detectt th• lftde• Mole t- without finchnt the right sector. !indicated ,., "R"I. ""'" tl\t FOC 
1et1 tl\t NO 1No Oatai flag'" Status RetJ!stlr 1 to I 1 lhitftl. llftd t-•Ntft the AHd Data Command. 
IStatiA Rttg•Ut• 0 ••so l'IH b•ll 7 ll'ICS 6 HI 10 0 and 1 rnpect1..iy.I 

Aft., ••.0•"191"• 10 and Data Fie•~'" HCI\ sector.~ FOC Cfteek1 the CRC bytes. If 1 read error is 
detecteO luic:o..,e.;t CRC '" 10 l1e101. tht FOC seu the DE IC.ta Error I fl19 '"Status Rettster 1 lo• 1 lhitftl. 
Ind 1f 1 CRC .,.or occurs 1n tl\e Data Field tt-e FOC alto sets the DD !Olla E"or 1n Dlla Fietdl flag 1n 
Status Ae,rHer 2 to a 1 111•9"1. anc:1 terminates tit• Reao Data Co"'""""'. <Status A191per O atlO has boU 7 
lftCI 6 W1 10 0 Incl 1 FHIMC'ltwely.I 

Sta1u1 R19mer 2 to • 1 lh•gl\I, and tertninalft the R•d 0111 Comm-4 

If 1'\e FDC reaos a Delt1ec:I Data Addrft6 Mark oft the dK&ene, Ind the Sit tlit lbit D5 in the first COlftmlftd 
Worell 11 "Ot wt ISK ;c)i: men th. FOC 1e11 tne DM !Control M•kl fl19 ll'I Smut A191ster 2 to I 1 Choghl. 
.-.0 l•minatn tl'le React Data Command. afttr rtldaft9111 the data 1n tt\f S.C1or. If SK • 1, the FDC 1tu1111 
1't• -tor '"'"' tr.e Deleted Data ACIO'n• Mark and reacts 1'le ne•t sector. 

Ourint disk data tran1fef'l be......, tile FOC Ind the PFOCIUOt'. via tfle data bin. the FDC mutt la ..,.iced 
b\I tl'le orocnsor ..,.,V 27 "''"' 11\e FM Modi, and ew8'V 13 '" 1n the MFM Modt. or tM FDC "11 the OR 
10¥.f Runl flat'" S11tu1 R-..r;ter 1 to a 1 lhtgl\I, "'° 1ermina1n the React Data Command. 

It"'- oroceuor '""''"''" 1 read lor wntel ooerat•- in me FDC. tlten "''ID lnformat•on in Ille Plesult 
,.,,... '' cleoenoen1 UQOn tl'le state of tfle MT bll ano EOT b\llL Table 2 lhowt lhe ulun toJ C. H, Pl .... d 
H, Wflen the procnsor 11rmonat• vie Command. 
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FUNCTIONAL 
DESCRIPTION OF 

<~~·.MMANOS (CONT.) 

~ 

10 ,,.,_.,_ •• "'""" •. ··~··· 
MT lOT FiAal .._ T,_,.,... .. ......._ 

c " " N 

1A s.tor 1 to 2S "' Sode 0 
OF Sector t to 1' 1t Stdt 0 NC NC ". 1 t.IC 
Cl Sec10r 1 to 7 "' s.o. 0 I 
1A SctOf 21 .. Sode 0 
OF S.C'°' 1' at Side 0 C•1 NC R • 01 NC 
Cl Sctor I at S•de 0 

0 
1A Sec•or 1 to 2!:1 •• Sim 1 I 
OF Sector 1 to t• •• Soc» 1 NC NC ". 1 NC 
OI Sc1or 1 to 7 •• S.ot 1 , 
1A Sector 21 " S.o. 1 l 
OF Sector 15 ai StcM 1 C•1 NC ". 01 NC 

I . 
OI Sctor I at S.o. 1 ! 

I 
1A Sector 1 so 2S at Srd9 0 

I I 
OF ~ rso 14.sS•o.O NC NC ". 1 NC I 
Cll Sctor 1 to 7 at S•cte 0 j 
1A I Sector 21 at Stdt 0 
OF Sector 15 at S.cs. 0 NC LSI ". 01 NC I 

J 118 Sctor I•• Sode 0 
1 

1A Sctor ; to 25 at S.oe 1 
OF Sctcw 1to14 at Std• 1 NC NC ". 1 
Cl Sctcw 1 to 7 at Sode I 

1A Sctor 26 at S.cs. 1 
OF Sctor 15 at Sode 1 C•t LSB R • Ot 
Cl Sctor I •t S.ot 1 

Not11s; 1 NC !No Chantel: The - walue • '!he - at ,..,. 11ettnn"'9 al command necutooft. 

2 LSI Cleat Sillftificant 91tl: .Tht IHst 1i9nific.,..t bet al H "Como'41mented. 

Tabla 2: 10 lftfoo111t110n we-"'- T9"lline1111 c-.....d 
WRITE DATA 

NC I 
I 

NC 

A- Off niN It) bvt•.,. rwQUind to wt the FOC into ttt• Writ• Das. mode. After 1'1• ~it• Oau command 
hes been isaMld 'ltt• FDC loedl the he.cl (if it it in ttlt unlaedlrd natal. W8ttS "'' 11»ec:1f..CS heat wn:hr4 time 
ldft•Nd in tht Soec:itv Command) . ...cf t1e9ns NH1di"9 ID F *ds. When tfle current s«tor -- l .. A .. l, 
ltol'lld in 1he ID A99t1tllr ODRI c:omoarn w;m the sector """'bef tHd off 1ht d•liletta. theft tht FDC ukn 
dllu from the Dtoc:tSIOt bofte--by·ll'tte .... "'' daU but. and OUUIUIS it to lt\t FOO. 

After wnt1"1 cau into ttl• currtnt wctor, ""Sector Number stored on "A-•• 1ncrwn·11ffttect by one. and the 
l'Wlllt data field 11 -inen into. The FOC cont1nwe1 this "Multi·Sctor Wrtte Ooer1uon'" until tfte 1auanct of 
• Tennift81 Count sill"& If •Terminal Count "9"• 11wnt10 the FDC •t com1nues -•tJ"9 into"'' currtnt 
_,., tocompleu lt\e dlu field. If lht Ttrminal Covnt siQnal 11 rtcttweo wtotlt a data foeld '' beln; writttn 
"''" 1he remlltftder of the dlu field•• filled_,,, 00 1z-1. 

The F DC ruck tt1e ID fltld of t.:ft MCtor and checks tht CRC bvt~ If the F OC dflecn 1 ,,.d error 
fincorrwct CACI in one o11'1e 10 Fi .. dl, ot Ma. the OE !Dau Error! "119 ot Sueus R19i<Jttr 1 to 1 t ll'll;fll . 
... tel'lftin8tM the Write Dau Comm~ !Stat.A AWIJ!St• 0 "'° .... bots 7 Mo 6"' 10 0 lftd 1 ,_, ... ,1y.1 

The Writt C-and OQet'ltts in much thlt ...,., manrwr n the RHd C-..._ Tiie fol_,,.,._. - ~ 
-·and°"' should refer to the Re8d Dau Command tor ct.tails: ,'· ~--· +· ·-· :· ·' ' 1 

• Transfer Cmacitv • HUd Unloect Time '"''"'al . . ~ , ' · .· . ! 
• EN lEnd of Cylinder! Fl,. • ID lntorm.,,on ~me P,_ •••Ria nu co:swas.-i-'hl!Mt2r""4 
• NO CNo Oatal F111 • Defontt- ot OTL wtten N • 0 and..._ N • 0 ' · ~ 

. ( . 
In the Write D1u ll'IClde. is.ta transf"" ~ lhe oroceuor and FOC .... "-Data""- lftUltOccur _.,.. 
31,.s in tht FM modi.~....., 15,., 111 the MFM mode. If the'"'"' lftt-M .,,._dfta,,,_t_ ... , 
l°"9lf "'• tnis 1t\tn the FDC wts 91t OR COvtr Runl fl11 in Sutus R ... ,.,_ 1 ••· 1 lhitl* .... llnil..,. 

,,_ Wnte Oau Commend. IStttu1 R ... ,., 0 allo tin btt 7 and I wt to 0 lftcl 1 .......... .)-·· .. ~~l~:·,~:". .... . 1 

WRITE DELETED DATA • '.'.', ~~if•·fit 1'".S · i 

Th• commend 11 ttte .- • tM Write Data C-.nct nctPt 1 Deleted 0.. ....,,_ Mllrtl ii Wftftlftirt ·-..;-

READ DELETED DATA 

Thtr.c-end is the same es tht Rttd Dau Commend nceot ltltt ...,...,, the FOC dttcu • O.u Addrna 
Mark 11 the 1:>e9tnn•nt of 1 D1t1 F i .. d land SK • 0 Oowl, 11 will rues Ill th• dlu '" UI• sector and Mt 1r11 
MD fle9 1n Sutu& A9911w 2 to 1 1 (11•~1. •nd tfltn t11m11n1te the c°"""al\d. It SK • 1. Ultn tr\t F DC 1kt01 'die_,.,..,.,. tfte 0111 AddrH& Mata and rwaas the nut MCtor. 
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TRACK 
~ii.., to READ DATA C-•ftd 1aceot ttln 'l\ili1 a cont'- AlAO 00treriOl'I 

1e "'''-'' menu of ~ 1rKk ate rNd. lnvfttchat .. y eh_. ._,.,_, 1"' lND EX HOLl. "'9 
ns '"' - .. all cseu on tl'W tHCk. Gae» 111¥tH. Addrn• Marks ericl O.ia art all read • • COMtl'IMOU& 
•- """-Foe''"°' en error in the 10 or OAT A CRC ct.ck bytn. it contt- 10 raad ClaU 
it lrKlr.. 1 ...._ F OC c-ft ~ ID information read frOfft elCft NClor .,...Ch 1he va1-ae ltOtecl in N 
,,d MU rtw ND fla9 of SUNS R19i1ter 1 lo a 1 '"9'1 if,...,. is no c;omparllOI\, Multi-1'Kk OI lk•P 

•Oftl .,, not allowed ..... .,. "'"command. 
~ temt•natn when EOT number of MCtors "- be9f> reed IEOTmaa • FFtw. • 255c!.c1. 
Foe doa not find an 10 Addr1111Markon11'11 dllk11ia aft• it encoun'8fl ant INDEX HOLE tar 1"t 
d time. then it wv. m. MA tm1ulnt addrns mnlr.I flag in Status""""' 1toa1 (hf411, and,.,_ 
·lh«command.IS1uu1 R•t•Uer 0 "" biu 7 end 6 111 to 0 and 1 reapeetivelyl. 

010 

READ 10 Comft\lnd is uud to g;vt 11\t prewm pos1t•on of 11\ie r-cltnf hied. Tiit FDC llOl'H ltlt 
" frQlft the lint 10 F ... d ti rs able to read. It no prooer 10 AcldrtM Mark is found on the disktna. 
llft TN INDEX HOLE. is --ntltfed tor th• uconcl tllfte then th• MA (Miuinf AcSOreu Marki flag in 

rus Register 1 "M'f 10 a 1 tn..;ftl. and ti no dau "found"'"' 'lht NO INo Data) flag 11 lllO wt ift Sc11111 

""" 1 to a 1 th191"I. The command is then ierminattd """' 8'11 7 and 6 in Sun.is R991Snr 0 M'l lO 0 
j t r1S01Ct..,ely. 

)RMAT A TRACK 

11t Format Command aHows an enti~ track to be formaned. A~tr me INDEX HOLE is detecitd. Otta ii 
11nen on the Oi11<me; Gall\. Adtlrns Marki. ID Field1 and Cata Fietca. all per tt'le IBM Symm 3' IDoubl• 
ltnsnvl or S~trtm 3740 (Singlt Otl\$1tyl Fonnat ere recordtd. Tht particular format whictl will be -m.n 
~controlled bv the ~aluts programmed tnto N lnumtar of bvtes./MCtcwl, SC (NClors.Cvlindefl, GPL (Ge 

ltnlJThl. 1nd O IOau Panl'ml wh•c:h art IUPl)litd by the proc;- durir\9 the Command Phase. The Dau 
Field i1 filled with tt'lt Bvtt of Clltl 1tored in D. TM ID Field _f0t each MC1~ is IUt)Otied 1:1¥ the pr-; 

that is. four data reou<tSn per seaor are made tiv the FOC for C ICvlindtr Numbel'I. H CHead Number I. 
R !Sctor Numberl and N (Number of BV1ts/5.etorl. This allOWI tl\e c:lilkene to be forrnsned wittl non
MQuent~ s«tor numbers. 11 desared. 

Atier formaning each sactel", "'' SHOCessor must ...0 ,,_val"" t~ C. H. R. and N to tne 11P0755 tor 
each sac tor on the track. The contems of the R nHJllWI' ii incr~ bV one mer tlld'I sect0r is 
f~''d. tho.n, me R rwgrsttr contains a vllue of R + t wn.n it is rqd dwint tt'le Rnult Ph11&. This 
incr\ .. · 1t1nt and formatting continuft l::ir !°'~ """'°'' cvlin'* until the F OC enc:ounten the INDEX HOLE 
for cond "'"'· whereupon 1t te~11\ttn "'"command. 

" a FAULT 1i91'al. is rtceived from 11\ie FOO at tftt tnc:1 of a -ite OQtntion. tl\en thl F DC sas tM 
EC flag of Status Register 0 to a 1 lh..;ftl. lftd termift8'tn IN command after senint btu 7 and I of StalUa 
R9911ter 0 to 0 and 1 rnpectw .. y. Also the losa al a READY lignal at tr. .b19nn1nt of 1 cammll\CI 
nllC&nion Slftaw CMnet blu 7 and 6 of Status Rt911~ 0 to be wt to 0 and 1 rwtCMC1tvely. 

Table 3 snows the relatiOt'ltfliO i.t-n N. SC. Md GPL fOt' variOl.a 1K10t 11zw: 

FORMAT SECTOR SIZE N SC GPL (,) GPL 72) REMARKS 

128 bvtlKISIC1or 00 lA(161 .071161 181tet IBM 01slr.1ne t 

FMModt 256 01 OF11&1 OE116) 2At161 IBM 01slr.ent2 

512 02 08 18(191 3A(161 

102.i& by tHIS.Ct0t 03 ()t - -
FMMOO. 2048' I °' 02 ·- -

•096 '05 01 - -
251 01 1A(16) OE11&1 36(16) IBM Oiskene 2D 

512 02 OFetei 1Bet6) S4(U5t 

MFM Mode 
1024 03 OI 3Set&) • 74111) IBM Diskme 20 

:zo.tl ()t ()t - -
•O!MS 05 02 - -
11192 oe 01 - -

Note: (I) $uwnted waluet of GPL.m ANd or Wf1at ~to -id &0lic:e POint a.- data fi..o 
...., ID fittd of oont"tUO<A act-. 

Q Suggested v•ues of GPL in forlNll comtftllfld. 
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SCAN COMMANDS 

The SCAN C~ ell- dell wt"d' ii Det"I relld fr- the ditilftte t0 be c---M ..--• CS.ti _.,Cl\ 
ii be"'9 suootlld fnlftl 1ttt main IY•-1"'- "'NON-OMA mode ..... OMA ConWOllef "' OMA rftorlel. 
The FDC c~ .. th• ... - • .,.,,, .. ., • .,.,,1t ... _end look• for. --.. d•UI wflell _.. .... c .... 
tiONof DFOO • °"'CIC-· DFoo"' 0,.,aceuor. °" DFDD ;it Op,_. 0-C01ft111441-nt ...... 
-ic 11 wed for ccimo-- tF F • 1•'"1 _...,, 00 • lllNltlnt ~•. Afw 1 -..ie MCior of aeu 
ii comoarecl. if 1lle conclot- •• - met. IM MC'tor -• • enct-tecl CR • STI' - Rt. end .,... ""' 
ao.11o0n ''cont...,..._ TM - ooerMIOft conllftUft wntil - of the foll-.nt condl1iofll occvr; tne con
de1ionl for sun••"'" Ceo.el.•-. a1 llotnl. the l•t lllCUlf °"the uaca ii •ucn.d IEOTI. 0t 1'te •-"'" 
couni ...... r-ed. 

If \lie condrtiont f0t ICM et•""'.,_ V.. FDC wll 1'le SH (Seen Hotl flat of Status,...,_.., 2 to a·I 
(high), and temunat" the~ CarntftM'Ml If 1tle condot'°"' l0t tQft •t - -t bt'-t! mt 1urw'l9 
MCtOf In specified tw RI and tt1t last aec10t on 1N cytondtr CEOTI. INn .. e FDC wu 1ht SN CSc:en Nol 
S.~fiedl flat of Stetus R1191111r 2 to I t (llighl. 8"d t .. llllNl1" lhe Sc..,. Command. The rec911Dt of a 
TERMINAL COUNT titna' from tht Procnt0t or OM.A Controller Guri"4 rhe ~ GPelaL>On .,,11 c:atM ft'lt 

FDC to comple1• ih• c:omoer"°" of U\t .,.rtcwtar b\<tt wnoe:tt it on oroceu, .ncs U\en to 1nnun111 th• com· 
mend. Table 4 lhowl rt1t sta- of biU SH and SN 11ncter ,,.,_ cond1t'°"' of SC.AN. 

STATUS REGISTER 2 
CC>WotAND COMMENTS 

BIT2 • SN BIT 3 • SH 

0 1 Of:DO • °"'oc-Scan EQUal 
1 0 DFDD • O,rocenoo 

0 1 DFoo • o,,oc_ 
Scan Low °' Equel 0 0 Of: DD < Df'roceuor 

1 0 DFOO • DProctst0t 

0 1· DFOD •Op,_ 
Scan HMI! or EQU86 0 0 DFOO <Op,_'°' 

1 0 DFOD '> DProceuor 

at Ille FDC --t•s 1 Deleted Dita Addr- Mertr. on - o1 me MICton (and SK• Ot. l'lllfl it r'91"K lh .. 
--.. "'9 lat MC\Of Oft tM cylinder, seu CM (Control Marki flat of StatUI R"l'Htr 2 to I 1 lh'!lhl and 
tenninata the comrnanc:I. If SK • 1, 1M FOC skips !ht uctor w;11'1 'l'lt Oeletld Addrns Mn. 11\d rtlds 
1he ,..t MC'l0t. In the MCOnd c- CSK • 11, the FDC wn the CM CControl Mlrtll flat ot Su-.• Rtt"-' 2 
to 1 t (h'!lhl in order to show lhat a Deltud Sctor had !»en -nttred. 

'Wtwt eiihtr the~ lcontiguoin sct°" • 01. or lltemmte wctors • 02 MC1on ere rHdl cw the MT IMl.litO. 
Trackl an orogrwnmtd, it~ --v to remember 'l'lat U\e lat sector on l'lt tuck must bit reed. Few 
Pamol•. if STP • 02. MT• O. the MC1on.,. numbered MQUentillly 1 thrc111'1' 26, arid - nen thlt Scan 
Commend It sector 21; lhe followift9 woll haooen. Seeton 21. 23. and 25 woll bit reald, th.., ltle n ... t MCtor 
(261 will be tkic>l>ed and 1he Inda Hole will be tneounttred befcw. tht EOT ,, ...... of 26 Clf'I bf re~. Thi• 
w;tl ,..,It in an 1bnonnll ttrmonetoon of 'lh• commend. It lht EOT had been Ml'! 11 25 or U.. te1nnoft9 
tuir1ed It sector 20, ltlen the Sc.ft Comm9ftd _,Id be comoieted in 1 norm• ,,._.., 

Ollront IM Sc1n Commend data it tuPDlied bot eilhtr !ht oroceuor or OMA Com roller f0t comD1t1son 
•inll the dau read tram tllt ditkftte. In order to "'Old havint lht OR 10.. .. R11nl flat •t 1n Status 
""'"., 1, it iSMCallllV tohwethe dat1 ... •il1blt1nleGthan 27,.s(FM Mootl cw 13p1 (MFM Moael. If 
"' Onrrun occurs the F DC encl$ the c:omll\lnd with be" 7 and 6 of Stet111 R 91Jottar O sat to 0 and t. 
reaoectiwely. 

' . .'1'\-:. ~-10i 
The rHdlwr1tt head within me FOO " mowd from eylondtr to cylind• .,,,..,. ~rot of ti.~ . . " , .1"ff ... 
Command. The FOC c:ompern the PCN ll"rnent Cylinder Nl.lfl'lberl wfltcft rt mt cwrrent heed OIMit- ~ " , 

witfl the NCN IN- Cylindltf Numt.r l. encl if ther• is a difftrtna> perfonns m. folio_.. ooerat-. , '" '-. . ....o .. ..-'.,...,... 
PCN < NCN: Direction sipl to FOO"' to a 1 lhi4Jlll. 1nc1 Ste$! PutMS - llWlld. !Ste$» ln.t . ,nT 
PCN > NCN: Direction 11pl to FOO"' to a 0 llowl, and St-o Pullft - iuwed. (Ste$» Out.I ' ,' : '0:~, 

The,... mi whidl StlP Pulte1 ett is.-t is con1ralled bv SRT CSlltDDint Raw T-• 1n die SPECIF¥ C:... . ,. 
~ """ uch StlP Puke it iawed NCN isCClrftoered ··nu PCN, and ....... NCN. PCM ........ s .. t•n ~. ~. ,, 
cs.. enc11 flat ~-~ins'""' ,._., .. ,o '°•'en""•· anc11heeonwnenct ....... inMML , ... :~rS:" 

Ourint the~"'- of the S... cioera,;on th• FDC is in_,. FOC SUSY sute. but dwrint ._ • : ,.,._,; · 
Ea.ution ""-it it in the NON BUSY •ta•. While &tie FDC is in the NON SUSY 1uu. -'*'-' See4l 
c-anct m.., be i9"ecl. end in U\ia rn.- pwallel seell ~1tior11 mey be done on~ Ut 4 Om. at -"an FDD is in• NOT l'IEAOY stall 11 the betoftnint of ttte com-.id ,. __ otwtse Of ... ,,.. tfle Mtft 

OPl'ftoon, then"" NA INOT REAOYI flq" M1 on Stet"' R .. 11" 0 toe 1 lh..,.I, 9nd tM -nd" 
ternweetect atur bot& 7 llld I of St11t11t Rft'lt" O •• M1 to O end 1 , .. oea•wty. 
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"ICALIBRA Tl 

t fvftct'°" ot ''"' c__.,.. 11 to retract tM rNdlwn•• Mad Wlthtft W FOO to tM Tr.ell 0 DCllM-• 
. ~ .. 'DC c1e.,1 '"e c.on1 ... u of .,.. l'CN _,.,.ind~''"• uat,. ot "'e Track 0&o.,...ift-1~ 
·· · Al lo"9" 1'>e Track O .,.nal ii IOw, m. O&rllCtlOn ,..,,., rem•- 1 lh""l lftct StlO """" .,. ,..,.., 

~•Trac., O •NJ"lll IOft "'t". 1fte SE !SEEK ENOl fl .. "' Sewn R .... t• 0 •llet to a 111\ .... l lftd wi. 
~ . ...ct it t-tnaled. If the T rllCll 0 ,,.,._. is still I- aftllf 77 StlO PulM f\811• beefl ill!Ued. ... F 0C Seti 

1fte SE !SEEK ENOI ar>d EC IEOUIPMENT CHECKI fl-OS ot Stan1t Ret•tt• 0 to bod\ 1' lhttf\N. end 
temt>natft 1'>e c:arnmand af1" boll 7 and 6 ot Statut R..,.,., 0 11 Mt to 0 and 1 r....-ctiwt1¥. 

'The abtlitV 10 oo ~ao RECALIBRATE Comnuindl to muhiole FOO. and lfle loa of 'f\e RlAOY ...... 
.. 0.-.0.d tn the SEEK Convuncs, .iso llCIClilft 10 the AECAUBRATE C--.ncl. 

SENSE INTERRUPT STATUS 

All Inter"'"' 119f'll •• feM'ated b¥ fl• FOC for - of IN toliow.,. re.-: 

t. ~ enterin9 the Rauh,,.,_ of: 
a. Read Cata C~ 
b. Read a Traca Comnwnct 
c. Reac!IO~~ 
cl Rt.tel Dtltned Dau C-~ 
e. Wote Dau Command 
t. Form•• I Cvlil'del' Command 
t. Wrtlt Deleted Oat• C""""and 
h. Scan Corn~ 

2. Re.iv Line of FOO en.,.. SHte 

3. Enc of Sttlr. Of Rc1hbra111 Command 
4. Ouru19 Excut1on Pnne tn the NON-OMA Mode 

Interrupts cau11td bV rusons 1 and 4 abowe occur durint normll commend ooerat1ons and an tnilv dis
cem•ble ov ine procnsor. H-. 1ntemi0t1 caned by rusau 2 and 3 abowe may be unoouetv ldlflt1f1ed 
w.th the ••d of the Senw tnt..,.UPt St•N• Conwnana. Th•• command whett iauad r...u m. tnt1trrv111 119'11 

and via b•u S, 6. and 7 of Status A419m" 0 •det1t1ftfl the c .. w of 1"• •ntlfNOt. 

SEEK END INTERRUPT CODE 

BIT S 
CAUSE 

8tT6 BIT 7 

0 1 1 A•adlf Li~ d\llfWJed nau • .,tl\er ootanl\' 
1 0 0 Normll Term1nait1on of 5"11: Of Recaiibrat• Command 

1 1 0 Abnormal Termination of S..11 0< R~1twa11 Command 

TalMI 

Ne1tn.r me Seflt o• Recallbr•t• Command have 1 Rtsult '""-a. lheretatt, 11 ;, "'11"11atorv to"" the Sensr 
lnt.,ru111 Stat.no Command 1fte< m ... commands to effectively term.nan "'""' and to proYtde verific:ation 
of -e tl'le he•d '' p0\1ttOneC IPCNI. 

SPtCIFV 

The Scl«:•tv Comm1"CS 11u the tn1t1al ....._ for •-=" of #'le,,..,.. i"'9mll tirnen. TM HUT (Hnd UnlOad 
Tirnel dcfinn tl'I• time from""" 9ftCI of 11'1• Execution Ph- of one of ttte Re.s/Wt-ite C-9"dato 'ltle 
head uftioad si.te. Tl'l11 ti...., is Pf09r-•bl• ttorn O to 240 mt in incr..-n9"11 of HI ms 100 • 0 m1, Ot • 
HJ m1, 02 • 32 ""· n:.I. The SAT !Step Rne r,,,..t dsfi,_ 1M time interval~ adjacern nmo 
puha. Ttt11 timer is pr~able trorn t to te ms in incrtm9"U of t ms IF• 1 -· E • 2 IM. D • 3 -· 
esc.I. The HL T (Head Load T-1 defines the time~ wnen 1he HMd lo.d 11tnal 909 h91 end""
the RUdfWrite OPtrat•on naru Tttn timer ii PI09fW"'rnaOle from 2 to 256"" in mcr.m.na. of 2 ma 
100. 2 ms. 01 • 4 """ 02 • 6""" n:.l. 

11'1t time int•ntllk -ntioned abaw .,, 1 du.ct fUl'IC1ion of 1t11 clock CCLI( on 0tn lit TirMI indicnld 
lbore ere for an 8 MHz doclt, if !tie clock w• rwdue:ad to• MHz lmtn..f!QPO¥ ac»l~l dWI ell tilM 
imenoat1 .,. increased ~ • factOt of 2. · 

TM c:ftoice of OMA or NON-OMA oPeration it made~ tit• ND (NON-OMA I bit.~ tflil bit is h9' 
IND• 111N NO~DMA modi is Mlectad, and-... ND• 0 '11'11 OMA mode ia lllict8d. 

SENSE DRfVE STATUS 

Tht$ CO"'"'llnd may 0. used b¥ 'CM pr----- ,, willlet to obtain ttMt Nt .. of the FOOr.. 
Sra•us R"9'1te• 3 cor>1a1ns tM Drive Status tnforrnatJOrt. 
INVALID 

If an ,,,,.ltd COl'ftmend rt 11nt 10 me FOC la comn\ltld not defined abo.,.I, t"- ttw FDC will t-nett the 
-nd after bon 1 Md 6 of Stat"' Retru., Oare wt to 1 and O •ftPIC1•vetv. A S.- ,,,..,,,,pe SUmn 
Co_,.,,., mun be wtW m.. 1 Stet& 0# RIUltll,.te lnterno.,e, ot,__ ttMr FDC _._..,the Milt 
_ ......... to be ............. Commend. 

In - •PPhCllt•on• the ...., ....., ..- to \Ill th" command • a No-Op co~. to pt-. ttte FOC in a 
•Hndtlv or no o-•tion 1tat1. 
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STATUS REGISTER 
c'(')ENTIFICATION 

.r. 
NO. 

D7 

Ds 

05 

04 

03 

02 

01 
Do 

07 

05 
05 

04 

D3 
02 

81T 
NAME 

lnumuPt 
!code 

jSftk End 

EQuipment 
jcheck 

!Not Rudy 

~·ad 
~ddress 
Unit Select 1 
Unit Select 0 

End of 
~ylinder 

pm Error 

~If' Run 

~o Data 

SYMBOL 
DESCRIPTION 

STATUS REGISTER 0 -STO-
D7 • 0 and 06 • 0 

IC Normal Termination of Command, (NTJ. Com- . 
mand was completed and prQPerly executed. 

07 • 0 and Os ~ 1 
Abnormal Termination of Command, (AT). 
Execution of Command w.u stantd. but was not 
1UCCnsfullv completed. 

07 • 1 and 06 • 0 
Invalid Command i"'-le. CIC). Command which 
was issued Wal never started. 

07 • 1 and 06 • 1 
Abnormal Termination because during command 
execution the ready signal from FOO changed 
state. 

SE When 1he FOC completes the SEEK Command, 
this flag is set to. 1 (hi~). 

EC If a fault Signal is recen1ed from lht F DO. or if 
1he Track 0 Signal fails to occur after 77 Step 
Pulses (Rec:alibrate Command) then this flag is 
set. 

NR When the FOO 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 
a single sided drive. then this flag is set. 

HD This flag is used to indicate the state of the head 
at lntffnlpt. 

us 1 These flags are used \0 indicate a Orin Unit 

USO Number It lmerrupt 

STATUS REGISTER, - s T 1 -
EN When the F DC U'ies to .:cess a Sector beyond 

the final Sector of a Cylinder, this flag is set. 

Not used. This bit is always 0 (lowl. 

DE When the FOC detecu a CRC error in either the 
ID field or the data field. this flag is set. 

OR tf the FOC is not •rvictd bV the mai"1VsterM 
cklring data transfers. wi1hin a certain nn. • u ~ . . . 
interval, this flag isset. --- ·~-!- _., . 
Not used. This bit always O (low). 

I'-. 

' 
NO During execution of READ DATA. WRITE. 

., 

~.c . 
DELETED DATA or SCAN Commanct if1"9-

~ •. ;-1 FDC caMot find th• Sector sp.cifiedift.1helDFi 
R~ister. this flag is set. · ·· · ' .· ;-o.j .::-~. 
During executing the R EAO ID Command;.. ittt· I"'"·.-· 

' rj the FOC cannot read the ID field wi1hout.,.. ! 

error, then this flag is set. b-~ . r 
During the execution of the R EAO A Cylinder 
Command. if the starting MtCtor cannot be 
found. then this fl99 is set. 
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BIT 
IWA_"( ~, 

~ -,, 
11U1bl1 

hU11\g 

'drheu 
IA.trk 

Conuol 
Mark 

) Oat• Error 1n 
Oat.a Field 

14 Wrong 
Cylinder 

03 f'Jican EQu<1t 

-~ It 

02 can Not 
S1usf 1ed 

Ot Bid 
Cylinder 

Do M1u1ng 
Addrl!Ss Mark 
in 01t1F1eld 

07 Fault 

06 Write 

Protected 

05 Reidy 

04 Track 0 

03 Two Side 

02 Head Address . 
01 Unit Select 1 

Do Unit Select 0 

DtsCRIP'TION 
SYMBOL 

STATUS REGISTER 1 CCONT.) 

NW OurtngPKutton ot WRITE DATA, WRITE 
DELETED DATA 0t Fomm A Cyhndet Com-
mind, if th1 FOC dttecu 1 wr1t1 orotect "~ 
from th1 FOO. 1h1n th•' flag 1s wt. 

MA If th1 FDC cannot detect the 10 Addreu M1rk 
after encountering the index hole twice, then 
this fl19 is Mt. 

If the FOC c1nno1 dettet the 01t1 Addreu Mirto. 
or Deleted 01t1 Addren Mark, 1h11flag11 set. 
Abo 11 1h1 samt ttmt, the MO CMiu•ng Addrtn 
Mark in Oita F •tldl of Status R1911t1r 2 IS set. 

STATUS REGISTER 2 -s T 2 -
Not used. This bit is always 0 (lowl. 

CM During execuun9 tht READ OAT A or SCAN 
Command. 1f the F DC encounten a Sector which 
contains 1 Deleted Data Addreu Mark, this 
ft19 is set. 

00 If 1he FOC detects• CRC error in the data field 
then this flag is set. 

we This bit is rtlated w11h the NO bit, and when tht 
contents of Con the mtd1um is different from· 
that stortd in the IOR, this flag is set. 

SH Oufll''!ll cxecut•on. the SCAN C°""mand. 1! tht' 
condition of "eQuar' is satisfied, thtS flag 1s set. 

SN Ourmg executing me SCAN Command. 1f the 
FOC ~nnot find 1 Sector on the cvtinc:let' wtuc:h 
n'ltlts the cond1t1on, then this flag is set. 

BC Th11 b•t rs r.iated with the NO b•t. and when the 
content of C on me medium is different from 
mat stored 1n the IOR and the content ot C 11 
FF, then th1SflMJ "iet. 

MO When data is read from the medium. it ttie FOC 
ca.,not find a Cata Address MMk or Deleted 
Oita Address Mark, ttlen this flag is set. 

STATUS REGISTER 3 --ST 3-
FT This bit "ustd to indicate tne s.t1tu' of the 

Fault siqnll from the FOO. .. 
WP Th" bit '' uHcl to 1nd1cate the status. of the 

Write Protected s1gn1I from thw FOO. 

RY This bit 1' uMiid to 1ndica11 the status of th1 
Rtaclv signal from the FOO. 

TO This bit is ustd to inchcate the status of the 
Trldr. 0 signal from the FOO. 

TS This bit is used to 1nd1<:1te th1 ltatus of the 
Two Stde sicJnal from tht FOO. 

HO This bit '' ustd to indicate the status of Side 
Select Mgnll to the FOO. 

us 1 This b•t 11 ustd to indicate th1 status of the Unit 
Select 1 sign.i to the FOO. 

USO Th11 bit is uMcl to 1ndic:1te the st1tus of the Unit 
Select 0 ,.,., to the F OD. 
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DESCRIP"I'IOH 

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.l) 

MODE REGISTER (COH) 

MSB LSB 

x x x 

X: conforms to the bit def ini ti on in MODE 

REGISTER(section 4.4.1) 

BXAMPLES 

(1) Initial Setting 

( 2) 

MSB LSB 

I x I x x x 0 0 0 a I 
In this case, BANK O(ROM) and BANK I(D-RAM) can be 

selected. 

Video-RAM(BANK III) Select/Deselect 

MSB LSB 

I x I x -I x x x a I i I a I 
This operation selects the video-RAM(BANK III). 

-1-
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( 3) VPG(BANK IV) Select/Deselect 
c~-

_.. ,.... MSB LSB 

. I x x x I x x 1 1 I o I . 
·= ... 
~ !: ·- This operation selects the VPG(BANK IV). . . 
·-· 

(4) 0-RAM(BANK I) Select 

MSB LSB 

I x x x x 1 0 0 o I 
This operation selects D-RAM(BANK I) • 

( 5) S-RAM(BANK II) Select/Deselect 

MSB LSB 

I x I x I x I x x 0 I l o I 
( 

• This operation selects S-RAM(BANK II). 
i-~ 
~·· ¥; 
-•. 

. -- - - -· ;;. :-: ·.: ~'!( '~·.~i· ·fl~ 
f ,#~·. -~ .. -

1 

, 

-2-



BANK I BANK O/II 
OOOOH~------. 

IPL -.· -- . 
-> 

lOOOH .,. ___ --- -- 1-- --

2000H 1--- -------- - ---

BANK III 

3800H ... --------- -----------

Video-RAM 

·3FFFH ... ______ --t- ___ _,,_ ____ __. 

FFFFH "-----~ 

0-RAM 

-3-

ROM 4 KBytes 
(BANK 0) 

S-RAM 4KBytes 
(BANK II) 

BANK IV 

VPG S-RAM 

Fig. C.l ., 
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MEMORY BANK SELECTION 

MEMORY MODE REGISTER(COH) 

For the .memory bank selection, MODE REGISTER should be 

specified as follows. 
/ 

ROM 0 

VPG 0 

RAMl 0 

RAMO 0 

ADDRESS 

OOOOH 

~ 
OFFFH 

lOOOH 

~ 
lFFFH 

2000H 

~ 
37FFH 

3800H 

\ 
3FFFH 

4000H 

t 
FFFFH 

Note 1: 

Note 2: 

3 2 1 0 

} f RoMI vrol RAMljRAMoj 
(Note 1) 

0 0 0 1 1 1 1 

0 1 1 0 0 1 1 

1 0 1 0 1 0 1 

0 0 0 0 0 0 0 

ROM 

s- s- s- s-
RAM RAM RAM RAM 

0-RAM. 

v- v-
RAM VPG RAM VPG 

RAMO should be always set to •o•. 
V-RAM means Video-RAM. 

---·-~ 
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During Command or Anult Phases the Main Status Register !described earlier) must be 

reed bv the proceuor before each byte of information it written into or r•d from the· 
Data Register. Bits 06 and 07 In the Main Status Register must be in a 0 and 1 state, 
respectively, before Heh byte of the command word may be written into the J.1P076S. 
Many of the commands require multiple bytes, and as a rnult the Main Status Register 
must be read prior to each byte transfer to the J,lP0765. On the other hand, durin9 the 
Result Phase, 06 and 07 in the Main Smus Register must bOth bt 1 's 106 • 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 ,.,P0765 is required in only the 
Commtnd and Result Phases, and NOT duri"9 the Execution Phase. 

During the Execution Phase, the Main Status Register need not be read. If the µP0765 
is in the NON·DMA Mode, then the receipt of each data byte (if J.1P0765 is reading data 
from FOO) is indicated by an Interrupt signal on pin 18 CINT • 1). The generation of a 
Read signal (RD• 01 will reset the Interrupt as well• output the Data onto the Data 
Bus. If the proc:HSor cannot handle Interrupts fast enough (every 13 µs) then it may 
poll the Main Status Register and then bit 07 (ROMI functions just like the Interrupt 
Sig\al. If.a Write Command is in process then the WR signal performs me reset to the 
Interrupt signal. 

If the µP0765 is in the OMA Mode, no Interrupts are generated during me Execution 
Phase. The ,.,P0765 generates OR O's (OMA ReQUestsl when each byte of data is avail· 
able. The OMA Controller responds to this request with bOth a OAcK • 0 (OMA 
Acknowledge I and a RO• O (Read signal). When me OMA Acknowledge signal goes 
low (DACK• 01 then the OMA Request is reset (ORO• 01. If a Write Command has 
been programmed then a WA signal will appear instead of RO. After the Execution 
Phase has been completed (Terminal Count has occurred) then an Interrupt will occur 
(INT• 11. This signifies me beginning of the Result Phase. When ttte first byte of data 
is read during the Result Phase, the Interrupt is automatically reset (INT• 0). 

It is important to note mat during the Rnult Phase all bytes shown in the Command 
Table must be read. The Read Data Command, for example has seven bytes of data in 
1he Result Phase. All seven bytes must be read in order to successfully complete me 
Read Data Command. The µP0765 will not accept a new command until all seven 
bytes have been read. Other commands may require fewer bytes to be read during the 
Result Phase. 

The µP0765 contains five Status Registers. The Main Status Register mentioned above 
may be read by me processor at any time. The omer four Status Registers ISTO, ST1, 
ST2. and ST3l are only available during me Result Phase. and may be read only after 
successfully completing a command. The particular comm.ind which has been executed 
determines how many of the Status Registm will be read. 

The bytes of data which are sent to 1he µP0765 to form the Comm.,,d Pha-. and ar~ '·.~ :~ 
read out of me µP0765 in the Result Phase, must occw in the order shciwniruh&Comt · .... : 
mand Table. That is, me Command Code must be sem first and.the othw bytasent'i""' · ,, · 
the prescribed seQuence. No foreshortening of the Com"'-ftd or Rnult PhasnaN"' i "'~\-

allowed. A tier the last byte of data in the Command Phase is sent to th9 µPD78!t the! ,. ··· ' 
Execution Phase automatically starts. In a similar fashion, when 1h .. lllt'~ofldl'CatS,:.' ···· 
rud out in me Result Phase, the command is automatically endecta~J,&PD79!r_.: ~ ·'r •: 

•· ..,, ,,.,.~, UbeW 
ready for a new command. A command may be truncated (prematurely .,dedt1J¥! .... "m.ad:ina 

simply sending a Terminal Count signal to pin 16 (TC• 1 ). This is a convenient m..,._, .. ...., '"' 
of ensuring that the processor may always get the µP0765's attention even if th .. disk . _, 
system l\Mlgs up in an abnormal manner. , .. , -~ 

J 

) 

_) 
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fA 

.. 191 bott• -di - ·~ 10 pl- tN F DC ift10 the f'Hd Data""°*· Ati.r ... RHd Cau 
h4'S 1:-- 1aued tr>• FOC lo.tdl tr>• hHd hf •t "tn th• wnlo.cll>d ltl!al, w•U 11\41 WlllC•hed l'leed 
not I~ 1n me Soecotv Com....,nc:ll. and be9nuudt119 10 AddrH& M•lr.uftd 10 f ... dL When 
01 Nae.. numt:i.< r'R"I stO"ed "'the 10 R99111er llORI comp•n Wffh the NC1Cll' llUft'ltlel' rud oH 
nc. "'- th41 F DC outpuu d.tu ltrom the data lotldl byt .. tc>byt• to tft• ~"sys- .... Ula csau 

"'lli41100ft of ,,.,. rud OQ41t'at- from tht C1.1t,.n1 sector, the S.Ctor ...,,...., ia •~-IHI by one. 
dlt• tr om the ft41• t HC:tor "rud and output on th41 mt• ~ Th11 c:ontll'IUOUI rud fuf'IC1>0ft is ullttd 

.. Sector RHd ()prr•t1on. - The Rud D•ta Commal"ld ,....., be 1erminat..O by tP'le rece•OI of a Tertntn•I 

ltq'\al. UPOn ,,,c:.,p1 of""' s11ra1. 'lh• FOC ltocn outeunint dlu 10 "'• proc:._. bu1 Wtll cont•""• 
l CS.ta from ti•• current sector. cNc:k CRC I Cycle Redundanc:v Countl Dvtn. aftd then at tl>e end of 

:tor terrn1na141 the Rud Oat• Command. 

mo..nt of Gall wtuch c., ~ IUnelled ""o"' I Mnglt commtnd to the FOC depends uQOt'I MT lmuttf. 
I. MF IY.FMiFMI, and N !Number of Bvtn/Sectorl. Tibia 1 bel°"" sl'lo- the Tr_.ftr C.DK•tv-

ill~ Track J MFM/FM 8ytu/Sc\Of Maaamum Tr-fer C.011e11Y FINI 511Ct0f RHd 
MT MF N IBvm/Sectorl (Number of Sectonl · ''°"' Oiskme 

0 
I 

0 00 112811261 • 3.328 

' 
26•t S•Ot<I 

0 1 01 12561 12tll • 6.6S6 or 26 •t Sode 1 

1 i 0 00 112811521 • 6.656 I 21 at Sia. 1 1 ! 1 01 12561 1521 • 13,312 I 
0 1 0 01 125611151 • 3.840 I 1S1t S.oe O I 
0 1 02 151211151 • ?,680 I or 151t S•ae 1 j 
1 I 0 01 12561 (301 • 7,680 

1S at Sia. 1 
1 1 02 15121 1301 • 15.360 

0 I 0 02 15121181 . •.096 8 at S.oe 0 
0 1 03 110241181 . 8.192 or 8 It Sode 1 
1 I 0 02 151211161 • 8.192 

ht Sid411 
1 1 03 110'2411161 • US.38' 

Tmble 1. Tranriwt Capacity 

The "rnult•·trKk" func:t•Ot'I IMTI auo- th41 FOC to rHd data from both sic:IH of the dlsaetia. F°' a 
in ir CVl•noirr. data will bt 1ramferred uanu1911 S.C:tor O. Side 0 and comoletang at Sector l.. SiOR 1 
iS... L • •au wc:tor on the wde). Note. th11 tunc:uon oenaons 10 only one c:ylano.r ltn41 wme trackl on 
eac:l'I sod41 ol tne C1oske11e. 

Wtwn N • 0. !1'>en OTL dtfinft tne data tenvth wl'lch the FOC "°"'"treat Ha MCtor. If OTI.. i1 lfllailw tl\en 
the actual d&tl leN]ti"I on a Sector. t7'lt dlu t.vond OTl. on the Sector." not wn1 to the Data Bus. The FOC 
ruos l•ntirrnallyl the c:Cl'l'lplete Sc1or otrlormin9 tt'lt CRC chtc:k. and ~dift9 uoon the manner of com
manc ttrm•nat 0on. mav ~form .a Mult•·Stc:tor Rud OcierattOft. When N ,, noft•zero. then OTt. has no 
mota-..ng &nd snouoCI bt set to FF Hta•dtc:1mal. 

At the comt>ltt•on ot tl"lt Ruo 0111 Command. the head " not unloaded until lifter H•d Unload Time 
lnt""'&I lspec:of~CI '" tl'le Spec:•lv COMmandl 1'1411 tl1owd. It the proc:euor iswes •nather command before 
1"4t neao unlOilds then tt'le l\ead ltfthng ''"'" mav blP sawed lllP'- wbleQutnt rtadl. Th11 time °"t 01 

PilMoC\.llarly •llluable wnen a doskme 11 cocioed from one drive to anotner. 

It tht FOC detent the lnd41a Holt t- Without findont tht rigftt wc:tor, lindic:ated on HR"'), t"4m th41 FCC 
sets'"" NO <No Oat&l flag on Sutus R41CJ1ster I to a 1 lh19ftl, and 1erm1nam the Read Data Command. 
<Statut. Reg·si•· 0 a•so has b•ts 7 1no 6 stt to 0 and 1 •nc>41Cto ... lv.I 

Aft"' •Hd•ng ti•• 10 and O•ta Fotlcn on uc;h sector. th• FOC cnedts tM CRC bvlft. If 1 rud error;, 
Oflected futCorre~t CRC on 10 htldl, the FOC sets the OE fOat1 Errod fl119 on Status R419tster I to• 1 lhi9"1. 
and of a CRC enor oet:urs 1n the Data FMltd the FOC 1tso wu the 00 10.ta E"or •n Cata Fittldl flat on 
Status Ret•Her 2 10 a 1 ""9"1. - term•,..lft tne Rues 011a Co'"'"-"d. IStatoa R41901ttr O alao has bots 7 
and 6 set to 0 Ind 1 resoectowlv.I 

S11tu1 R991uw 2 to a 1 lho9ftl, Ind term•natft m. Rud Oat.a Command. 

If 11\e F DC ,.,.di a Deleted D•t• Addteu Mark oft the daslo.me, Ind the SIC. bit lbit OS an Ute first Command 
Wordl ,, not,., ISK ~i: ;,;nth. FCC WU tn• OM !Control M•lr.I fll; ttl Sunn R991\ter 2 to. 1 (htfhl. 
and 1ermin1tts the Reid O•ta Commilt'ICI. 1fter relldtng all tht dilta in tht S.Ctor. If SK• I, 1hll FOC 1lu11' 
me MCtor -tt'I tT'lt 04tletrd Oat& A<lo-eu M•rk and rtta<a the neat r.«10t. 

Ou1in9 disk data transfen bt~ tne FOC and tt'l4I oroc:nsor, via th41 data bu\, ttle FCC mu.t bt ..,..iced 
bv tne C>toc:tuor .,...,.,, 2? 1n in tht FM MOO.. tnd .,......, 131>11 on tht MFM Modi. or the FOC sets me 0111 
10.•r Runl 11.tt •n Status R"lfttet 1 to a 111'1'9"1. and temtin11n the Rud Dau Comm.,,d. 

It tt'141 Ptoc:n1or term1n11n 1 ,.ad for wnttl ooerauon in ct'I• FCC. !!ten tf'le 10 lnforft'latoon in tht Result 
"'- 01 Ottoendttnt upon 11'1411utt of tt\t MT bot ilftd EOT byte. Tallie 2 lf'IOWI the •alun tor C. H, A. Ind 
N. wften the oroc:euor 1erm.nat• in. Command. 
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FUNCTIONAL 
DESCRIPTION OF 

COMMANDS (CONT.) 

........ 

10 ,,., __ at"'"'"' rn~,.. 
MT EOT fiNl.....,Tt...,.....,te.._ 

c " R 

1A Sector t to 25 at S.cle O 

OF 5ec'lor t to t4 at S•• 0 NC NC R • 1 
Cll Sector t to 7 at S.CS• o 
tA Sctor 21 " s.oe o 
OF Sector t 5 at So4a 0 C•1 NC A• 01 
OI Stetor I 11 S•da 0 

0 
1A Sc1or 1 10 2S It Sada 1 
OF Sctor 1 to 1• as Soc» 1 NC NC R•t 
OI Sctor t to 7 at S.oe 1 

1A Sctor 26 a1 Stda 1 
OF Sctor 15 at Stda t C•1 NC R •01 
08 Sctor I at S•cta 1 

I 1A Sctor 1 to 25 at Side O 

I OF Sec10r rto H at s.o. 0 NC NC R•t 
OI SctOf' 1 to 7 at S•Ot 0 

1A Sector 26 It S.oe O 
OF Sctor 15 at s.oe 0 NC LSI R • 01 
118 Sctor I It Side 0 

1 
1A Sctor ; to 25 at Sode 1 
OF Sctor 1 to 14 at StCle 1 NC NC A• 1 
OI Sctor 1 to 7 at Std• 1 

1A Sector 26 at S•O. 1 
OF Sctor 15 at Sode 1 C+ 1 LS8 A• 01 
OI Sctor I at S.oe 1 

Notes: 1 NC !No Ch~I: The - .,.._•the - at 1'llt befonn"'9 of ~ n-=uttOft. 

2 LS8 CU•t Signific:ant 81tl: _The least significlflt btt of H 1$C~ted. 

Tallia 2: ID lttforlft•- WhM "-Tenftifta• c-..d 
WRITlDATA 

H 

NC 
I 

NC 

I 
NC. 

I 

I 
NC! 

! 

I 
NC I 

I 
I 

NC I 
J 

~c I 
I 

NC 

A• C1ll ,_,,,. 191 b\rt .. - ,_,ind to wt the FDC imo ttte Write Dau mode. Afllf !fie Write Data comm~ 
has been itaMd 'Itta FDC loadl the held (if i1 is·i" m. urioedacl statel. ~ .,., tDCifiecS heat wntu1 tltfte 
lo.fined itt Uta S&Meitv Command). and beOim rHdi"t ID F ;,ids. When 1'\e --MClor ftulnW C .. R"I. 
stored in me ID A9911ter UDAl comoares witt\ me sector """'bar raid off tti. dtslltna. m... th• FCC takas 
dlU hom 1'\e orocaaor bvt..0...·b'lte ,,,. .,, data bua, Ind ouipuu it to the FOO. 

Afl,,. wntlf'I data iftto 'Cha cu""'' llClor, !fie Sctor Number nored '" ~,.- 11 •nctamlftt9d by -· lftcl ttie 
next data f..,d is -inen into. The FOC cont•,..,. thi1 ''Mvlti·Sector Wflle ()perauon" uftt11 the ...,...ce of 
• Termitwll Count sienal If• Twmiftll Count S.9"• is sent 10 the FDC •t cOftt- -•'ll"9•mo1'\e currlftt 
1Kt0t 10 cOft'lpleta tne oau fialc1 If the Tarm1ftel Count JifNl '' ,_ .. ao ..toitle .. data f..id ,, 11etno #t'1tteft 

1'len 'Che ramlllndar of the data field 11 filled -th 00 tz-1. 

The F DC relds tn. ID fltld of 111c:tl Metor and checks ttle CAC btt tes. If ma F DC detects a ruel ttr0t 
(incornct CRCI in - of !fie ID Fieldt. 11 MU the OE IOata Errorl n119 ot Suw1 R19111,. 1 to a l lh•Of\I . 
.,. tll"lftinat• tha Write Oat• Cammancs. IS1-... A.,.aw O M4ICI ~ bta 7 • 6"' to O ar>e1 1 rH:1Ct.,,.,iy.1 

The ~•te C:O.-end ocier•tll ;,. mueh Iha same,,.._ as 'Che Read C-and. The foll-of,._ - "'9 

-. and - sl"lould refar to "" Reid Dau COl'\mand for o.taik: .: -, - , ·- · ·· ·' · · 
• Trllftder C111acitv • Hud Unload Tome I-al ·~ r~ .. ! 
• ElllCEftdofCyliftderl Fl.. • 10 lnf-won_..,me1Maca- ••"'•--coai•s...,.f_,.....~ 
• NO CNo Oatal FI.. • o.f-i- of DTL wMn N • 0 .,_, .._ N • 0 ·' 

lft the Writt D~ta mode. a.ta trllftSfan ~the or~ end FDC. ,, .. "-o ... .,., ,,.....'~ _..,,. 
31 _,1 in"'' FM mode. and....,., 15_,, 1n the MFM mode. If the ttma ..,,_ .. ~ ._._,_..., J 
1ontat than tnit lhen the FDC Mts ""OR 10..• Aunl fl11 in Status R.,.,_.1 ••·1 ~ •911 ullil 11-

- Wrne Dau Comm8ftd. IScanus R..,..,., 0 also ha& btt 7 and 6.., to 0 and 1 ,.. .. ...._.. . ~· · 1. ·fr-;-:·.· ... -.. · 1 

WRITE DELETED DATA • ~:~flr~~,i! ._ 
Thtl c-ancl is the - • ~ Wrrte Data C~ PCtOt t Deleted 0... Acldrea M..- is wn118ft_at_a..;,_ .,...,_,..of the Oata Field ., .. , .. d of 1"• ftOl'mal Data ~-Mark. 

RlAODUfTID DATA 

Th11.c-4lftd is the - n Iha Reid Data Ccmmllftd nclO' d\at >Oft- ltla FDC deucu • 0.11 Adeltesa 
.._ .. n tl"le btlVt..,•nt of 1 O•'• F ielO laftd SK • 0 11-1. •t will ,.ad Ill "" cSau '" 'Che *'°' and Mt the 
MO flat tft Status R99111ar 2 to a t (ht~I. •nd 11'1en hft••una" tl"le commend. If SK • t, 11'1"' .,,, F DC lklCIS 
'Che 1&10t wnft tl'te Data Addreu M.,k and,. .. tfte nnt MCtor. 
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TRACK 

"'and 11 aintillf to READ DATA~ .. CttJt tNt 1hia II e cOflt~ RIA.Ct ...... .,. 
• lfttite c:ontent1 of ~ WICk .,. fMCI. ._.. .... .., .. ..-.nt•illt tl'le INDEX HOLE. 1"e 
rts teL_· 111 mu. on .,,., trlCk. G.tt civ1 ... Addr.,.. Merk1 lf'Ct Dett ere Ill reed• a COMiftuola 
._ r"""!!ll'FDC ftnditlfterror m 1N 10 or DATA CRCO.Ck Dytft, itcontlftUfttoruddeu 
• 1rllCll. I .... F DCC-ft "'4 ID inform.lion , .. Cl from eo MCtOf •ctt tne ...... Mored ift the 
oCI MU tl'e NO fla9 of Scaius Retiatef , to. , 1119'1 if ttlefe ii llO como.ilol\. Multi-WICk or .... 

~ 11e not allowed -"' "'" cOl'ftlN"CI. • 
-.nc1 19rmiftltes when EDT number of MCtott "- Mer\ rnel IEOT mt• • FFhft • HScl.cL 
FDC don not find an 10 Acldre11 Malk on 1fte clolkene 1nw 11 e-ten die INDEX HOLE for the 
~time. Ulen it wa tfte MA ,,.., .... ,.address lftlllcl 1119 in Sutus R.,..'9f 1 to a 1 ,.,.,, ttld ..,. 
lhecommand. ISt11u1 R191at1r 0 has bttl 7 anel 6 aet to 0 and 1 roapeetively I. 

DID 

READ 10 Command ii UMd to give 1hl pretent postti_, of the recoreliftt tlffd. The FOC at- the 
n from the lint 10 Fietd it o& able to reed. H no 11tooer ID Addr111 Mark is fCNftd on the ctiskene, 
we ttlt INDEX HOLE is encountered for the second 11rne then the MA CMil&iftl AdOrwa Marki fl19 in 
IUI R191s1 .. 1 "Ml 10 a 1 '"""I. and If no ClaU ,, found"'"' me NO INo Data I flq 11 tllO Mt in Sutut 

.1111er 1 to 1 1 11'1•'#11. The c:omrnand ia then 9"ft-Wd .,., Bia 7 and 6 ill Sta- R19t1w 0 Mt U» 0 
' 1 flllDICtlVely. 

)RMAT A TRACK 

,. F Cll'fftat Command aHOWt an entire track to be fort'ftlned. After IN INDEX HOLE ii cleucttd. Om i& 
ritten on the Oiskme: G1P$. Aoc:treu M•k&. 10 Fields and Data fitfell. all per Ole IBM Svftlfll :M (Double 
""51tyl or Svs1em 37C0 (Singlt D-1tyl Fonnat - recorded. 'The l*'tieullf format which will bt wrinlm 

s controlled by the vllues gr09tarnmed onto N (number of bvtnlNCtorl, SC (MCtarlA::vlindefl. G'L IGIP 
l.tngTl'll, and 0 !Dau P•neml whoch are IUODlied boy the Drocauor duriftgif\e Command"'- The Data 
Field is filled witt\ th• Bvte of data stored in D. Tiie ID f;eld .for eacl\ MCtor ii IUPDtied bv the pr--; 
that i'- ,_, data reouests Pl' sector are made bv tne F DC far C (Cylinder Numblr I. H (Head Numbs I, 
R ISctor Number I and N !Number of Bvtft/Sciorl. Thil lllowa Ole diskette to bt fonnlftld widt l'IOfto 

sequential sec tor nurnbert., if de11red. 

Af1er formatting aid\ sctor. 11\e procallll' must send n-walwa f~. C. H, R, ~ N to ttMt 11PD715 tor 
elCh MCtor on the track. The cont- of me R r991wr ii incrementeel bv - lifter•-" 11CtOr is 
formanad, thus, ltle R ,..,., .. contlina a walue of R + 1 when it ii rqct durint Vie RBlh Ptl-. Ttli1 
incrtmentinv and fonl'\Mt1ng continu~ l:)f ~ ~ cvtift.der until tt'le FDC encounters l:he INDEX HOLE 
for · cond tome. wt\ere1.1DOn 11 te""•~n the command. 

" a FAULT siQnal. is receiwed from Ole F DD 11 "'4 end of a Mite ocientioa. 1Nll 1M F DC Mii tl\e 
EC 1119 of Sta1\.11 Regist .. 0 to a 1 fhifl'll, end ttlffftiMtn lfte command after setting biu 7 and I of S...._ 
RllJlster 0 to 0 and 1 respect..,..y. Also 11\e loo al a REAC»Y sip at ttle Jle9nn•l'll of a command 
execution P'law ~ biu 7 and 6 of Sut111 R1911m 0 to be Mt to 0 and 1 reapecitwely. 

Table 3 111- the relatiOftlf'liO bit- N, SC. artct G'L for warious llCtOf 11n1: 

FORMAT SECTOR SIZE N SC GP\. G) GPL (2) REMARKS 

128 by tes!SIC'lar 00 1A41&1 .07 na 111111 ISM 01111.ene 1 
FM MOCle 256 01 0Fc111 OE1un 2A4111 IBM D11kene2 

512 02 08 18419 3A(1&1 

102C bvtftlSactor 03 CM - -
FMMOCle 2049• I CM 02 ·- -

'096 '05 01 - -
251 01 1Amst OE11&1 »na1 IBM Dilken1 2D 

512 02 OF1111 18(16) ~1&t 

MFMMode 
102• 03 OI 3Sct&) • 74(111 IBM Oiakene 20 

:ZOCI Ot Ot - -
•09e 05 02 - -
1192 OI 01 - -

TeMai 

Note: ([) Suwntlld .... .,.. of GPL lft RMd ~ Wn• CommMdl to _.. soliel OOiM be.-. ... field 
.... ID fietd of CDftt.,._ tRt-. 

() Sutlmect vlluee of GPL ift farl'Mt coo1111111N1. 
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FUNCTIONAL 
DESCRIPTION OF 
VIMANOS (CONT.) 

~ 

SCAN COMMANDS 

The SCAN C°"""""* tN- dtta whidt i5 bllt"t rud ft- IM difJuttH tO be C-.WH 1191-1 Ult wl'tel\ 

ia ..... SUPPhed from fftt lfttin IV'""" CProc"'°'"' NON·OMA "'Odl, "'4 OMA Con.,..., "" OMA MOiiet. 
The F DC COft\Cl.t#et ...... °" • bvt .. 0,•bvte ...... and IOOltl for • wetcw of data~ "'-ft the COftdo

...,. of 0FDO • 0p,oc_. DFDD < Dp,CICftlCW, or DFDO ;;r DProc-· 0-cornoltlfftent "'"'' 
-ic "UMld for compar- IFF • l•9ft1 numoet. oo • '""""' llUl'fttietl. Afur a"""°'• NC1or of atui 

ii Comc>arecl, if m. condttlonl •• t10t met. lf\e ..nor """''* " onct-ted CR • STP - RI. and mt ""' 
aoernoOft 11 conttftUld. The tuft 00trnt0fl continues until - of 1h• toll_.,. cond1tiortl «cur; 11\e c
datiom for scan are nwt c-a1. •-. ,_ llognl, 1M lest 11etor on ... tracll it ruc:fted CEOTI. °" 11\e •-"'.i -1 ..., •• , __ 

If 9'e c:ond1ti- tor IClft ••met then the FDC teta t"4t SH IScan H•tl f ... ot Staiut A1f91111.,. 2 to t·l 
(high I, and tenniftattt "'' Scan Command. If Ole Condthont for sc... at• not met bl-.. thlP 1tan1n9 
MCtor (at sPCified bv Al ~ "'• IKt teetor on the cylinder IEOTI, Chen "'e FDC MU tl'lt SN !Scan Not 
SatJsfiedl flet of StatUI .......... 2 10. ' ........... tenftlNtet th• Scan c-..a. The ,.,...., of • 
TERMINAL COUNT 1ip trom the Procnaor or OMA Controller du""I 11'11 Cati CIPl'tl>Oft will c:auw ttoe 
FDC to complete the compauaon of th• .,_,cul., bvte wnoen ,. m proceu. ar"9 tnen to mm1na11 the com
nwind. Table 4 show. the status ot bru SH ~SN una. v1roou1 cond1ttOM of SCAN. 

STATUS REGISTER 2 
COMMAND C:O.,..ENTS 

BIT 2 • SN BIT 3 • SH 

0 1 I DFoo • DProc-
Sc.nEcaual 

1 0 Dt:oo • 0proc.u0t 

0 1 DFoo • 0p,oc_ 
San Low 0t Equal 0 0 DFoo < O,roceuar 

1 0 DF OD ~ DProc:etM>r 

0 1 DFOD • 0Proceuor 
San Ht9t or EQUal 0 0 DFOO <DP--

1 0 DF DD .., DProc:euor 

Teble• 

If INt FDC eftCOUftt•• • Deleted Dau Addr- Marti on - of 1tw wc1on land SK • 01, then i1 reptdl. 11\~ 
--H lhl lat llCtor Oft lhe cylinder, MU CM (Control Mtrkl fl .. of Status RefJlllltr 2 10. 1 (hocjll and 
tenmnate lf'lecommtnd. If SK• 1, '!hi FOC r.kios 1"1 YCtor ...,;fl 1h• Dlllted Addr- Mark. and relOs 
the MKtlctor. In IM MCOl"Cf c- ISK • 1). the FDC MU 1fll CM !Contra& Martt! fl .. of St1tu1 R1911ter 2 
to • 1 lh'tlhl in order to .,_ Chat 1 c.leted Sctor hlld been encountered. 

When eitt-er the STP lconti911ous 1C1on • 01. or .,,.,., • ._ wctors • 02 sacton ire read} or ""MT !Mult~ 
Tr.:ld - pr09ftmmld, it ii,.__., to """""ber l\at th• lat MC:tor on"" 1rldt must bl retd. For 
ex*"Ple. If STP • 02. MT• o. lh• Meton .,. numbered MQUtntially 1 th"">9' 26. lftd - nan '"' Sc:lft 
Command It MCtor 21; the foll-ing wtll I\~ Seton 21, 23. and 2S ••II bl re.cl, then "'• ""' t actor 
(291 will bl Ill~ and 1N Inda Hole will be encountered befOl'lt the EOT value of 26 c.a1t be rHcl. Th11 

wifl r11Uh in tn abnorm.i temunatlOft of 1'11 c:ommolftd. If the EOT h.:I bftft Ill lit 25 or tne sanntt'9 
Raned lit MCtor 20, then the Scan Command would be c:Oll\C)leted in a normll ,,,__ 

°"""'the Scan Command dltl ii suoolied by 1i1tler me proeeuor 0t OMA Com roller for comPM•s.on •inst the dlta rQd from th• dilkene. In order to wOtd havift9 ~OR I Over Runl fl~ wt '" Sutu• 
Regin• 1, it i• ~ 10 "-the dllt• .... il•bl• in·- 1htn 21.,.1FM MOdll or 131H IMFM Moael. If 
an Overn.n OCll:UB the FDC ends the command with bin 7 and 6 of Stat14 FltllJlHM 0 Mt to 0 tnd 1, 
~iHly. 

11111' - \, ,f,,. ~ ... -xu 
The r•tdlwr111 tletd with•n "'e FOO tt. moved from cyhnder to cylinder Uftdlf CQfltrot of,,_.~. " ,,,.;.j'.~ .. 
Command. The FOC c:ompern the PCN IPr11ent Cylinder Numo.tl whtCft" the curr- heed....,.._. · .., ... 
with th• NCN IN- Cyt;ncler N"mber I. Ind if ""'•is. ditterencr oerfor- '!hi folio-. o.-..-: .... ~ 

" .... , .... ,,.,,.,,. 
P'CN < NCN: Direction livntl to FOO m to a t lhi9"1. and Stest PvlMI - lllU9d. ISteo ln.t ~ 
PCN > NCN: DirKtion "tf\11 to FOO wt to a 0 llowl. and S1eo Pu11n - iswed. ISteo Out.I. .' ,: ~~ (hlJ) 

The r11te at which Steo Pulws are itaMd it contrOllld b¥ SRT IStllPPint Rite Time• 1n the SPICSN C:O-. _.. 
nw'ld. After each Step Pulw it iaued NCN ii COll\PlrM .... Mt PCN. ~ """- NCN. PCM • .._ .. s .. 'i,,,.,.n ·:.~ •. 
CS-S Endl fl19 is •tin Sttt"' R .. 111r 0 to• 1 lll'tlhl. and ltte c-.nd ia .,...inelltl. •.., ~P':~· i, . ( 

. ...~ IMIVe" -~ 

Dunne me~ llh- of 1tle S... oPeratioft 1t11 FDC is in the F DC SUSY sme. but durint W. · · : ~-.: 
Ea9CUtion Al- it it in the NON BUSY sta1a. While N FDC i1 in fie NON BUSY stau, _..._ Saell 
Command "'9Y bl imued, and in thi1 m- P••llet Mell operet.ions m.v t. dol-. on ui:i to 4 0,.,,. at 
once. 
It an l'DO is in a NOT READY sttte 1t tt11 tlltlftntnt ot ""mm.....cs ••ecvt- pf\eM or...,,.,. tN Miil 
Oll9flll0fl, lhlft 1111 NR !NOT REAOYI ti.. tt wt on Slit .. R-..ter 0 to a I lllot"I. and tN -nd" 
---att.r boU 7 and 6 of St•1'• ...... ., 0 are Ill to 0 Ind I •ft.-ct•-·· 
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