TIETAL  SY4STems Q:Dc: '3>

NOTE:

The S100 interface cards versions 1.1,1.2,1.3, andAC::)lnduce some
~omplements not present in the normal FDC 3 1nterface.

Please keep this fact in mind when referring to the following manual.

Address port 5100 address POT L (iCior coviiomment)
80H = TFH  /iic¢ Cor A rngiemes
81H = %5 7EH 433/‘;' H_j{
82H = 36 ?DH chrtt._ 4
83H = %7 TCH 22" corn

Also, the accumulator should be complemented before
outputting over the command or address ports

i.e. MVI  A,40H  ;NORMAL READ COMMAND
CMA ~ ;FOR $100
ouT TFH ;FOR S100

!
Tesdrauctumas avd
J

V}Z‘Zci (Pre C‘u..u-—la}-o) e G\is A%) = @n A0) assumed ox To

Since Aio b wh deecded b] Sioe wtefece eand y 30 eerts (Eq)-—-?&sﬁ)'::rafx&s(EQ‘f"/H
Hhes  BPok  an ward by  Sipe/Foc  disk nierfcr (%rﬁtw)*‘-‘v“f*(m"_”')“

Na{{_ 2: (Prve_f (j!\ﬂ u&(..a ) S‘u.L < [-:D(_’_. (_Lmr'/( (JDE:: d?(ol{;t\\‘ tA TrPuT ":-—DM Pc--fs ?“(b-' ?S‘HJ fu
Sthebse s Jl-44 Ahus | on Sios intefece cond A5 causes pRESET 4 Sl
(Ik. othor werds V] Are jeput (5 dowe &w- PorT FIH(orTSH) a processer resef s da

i@l.i.\ it 'Rbr‘ ‘Z'Elt(q’g"_x") l



1.0.0 Operation of the Disk Controller and the Disks

The FDC-3 disk controller board performs the following functions:

Electrical interface with the disk drive.

Parallel to serizl and serial to parallel data conversion.
Generation and check of CRC error codes.

Identification of requested tracks and sectors.

DMA data transfers of the 128 byte sectors.
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A TTL implemented micro-controller on the controller board sequences the
on-board logic to perform the above functions. All sectors, single and double
density, are 128 bytes long. This length is determined by a variable in the
micro-controller's microcode program ROM. Custom microcode ROMs for special
applications are possible.

A disk drive must be in the READY state before any data transfer
operations can take place. To be READY, a drive must:

Have a diskette in it.
Have the door closed.
Have been selected.
Have the head loaded.
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Additionally, mechanical action of the drive (track to track movement,
head loading, etc) all require delays after the READY indicator is turned
on (bit 7 of the drive's status port) before reading from or writing
to the disk can be done. Each track Stepped requires an 8 millisecond
delay,(3 ms for Shugart 850) plus an additional 10 millisecond settling

3 ; : (Stepm .
time after the last track stepped. De‘(;ﬂa____ (R x WTRK ) 4 10 ) in millisocends
The FDC-3 can handle up to 8 drives although it connects to the
control lines of one disk at a time. The disk drive to which the controller
is connected is said to be the selected disk.




1.1.0 Bootstrapping

The FDC-3 disk controller board starts the host computer's

merating system automatically. This process is called Bootstrapping.
-.1e bootstrapping operation is done by logic built into the controller
and occurs whenever the system power switch is turned to ON or when the
system is RESET . The.controller transfers the contents of track O
sector 1 of drive 0 to memory locations 0-7FH. The processor is allowed
to begin execution at location 0 when the transfer is complete.

(See Noke 7 For additnd  RESET gemernction)

During the bootstrap, the processor is held in a RESET state. Consequently,

memory refresh cycles do not occur and the content of memory is inde-
terminate.

The FDC-3 controller always selects drive 0 for the bootstrap
operation. Should drive 0 be unuseable due to mechanical problems, you

can boot from drive 1 by changing the drive select jumper described
in section 1.4.3a

The data that is loaded from track 0 sector 1 of a CP/M disk is a loader
program that proceeds to load in the rest of the CP/M operating system
from the disk and then execute CP/M when the loading process is
complete. CP/M, while executing, uses the memory locations occupied by the
loader program for various tables and system variables and overlays the
program with this data. Pushing the RESET button causes the loader
program to be written into these locations, which destroys CP/M's record of
what was going on at the time the RESET button was pushed.

Should you desire to write your own loader program, or to modify the
sader to load some program other than CP/M, all that you have to do is write
your own 128 byte program and store it on track 0 sector 1 of the diskette
you intend to use as a system disk. (see section 1.3.4 for instructions
on how to address a given track and sector directly or make use of the
CP/M transient program SYSGEN.)

1.2.0 DMA

Data transfers between the disk controller and memory are performed
by a special kind of transfer process called Direct Memory Access (DMA).
This means that the controller addresses memory directly, competing with
the CPU for access to memory as it reads or writes each byte.

If the diskette is formatted in double density, the transfer will
happen every 16 microseconds. A byte is transferred every 32 micro-
seconds for a single density diskette.



1.2.1 Timing considerations for DMA transfers.

In single density mode tranfer of a disk sector (128 bytes) takes
4.096 millisconds, but in double density mode the same transfer takes only
2.048 milliseconds. Data is recorded on the disk in such a way that there
are gaps of about 16 bytes between sectors on double density disks
and 32 bytes on single density disks.

This gap between sectors (called the 'inter-record gap') amounts to only
250 microseconds on Double Densisty format disks, which means that programs
that try to read physically adjacent sectors on the disk are operating under
very strict time constraints.

1.2.2 Interleaving

To avoid this difficulty, software does not try to read adjacent
disk sectors. Instead, when the disk is first formatted, the format
program -writes out sectors with sector numbers in such a way that
numerically consecutive sectors are not physically adjacent, but
in a given track run as follows: 1,30,2,31,3,33,.... This allows
plenty of time (2.3 milliseconds) to do the calculations required to
be ready to handle the next sector. The controller itself is fast enough
to read or write adjacent sectors, but in general programs are not able
to keep up.

To use CP/M efficiently, the data sector numbers are interleaved so
that logically consecutive sectors in a file are physically separated by
several sectors on the disk. This allocation scheme is designed to
give CP/M enough time to process a buffer of data and make the mapping
between the next record in the file and its actual physical sector number.
This mapping is reflected by the table DOBTAB in the disk format program.

For optimum loading, tracks 0,1 are interleaved every other
sector. This is because the bootstrap load programs do very little
processing between sectors. The CP/M tracks 2-76 are interleaved every
9 to let CP/M loaded programs execute faster. ({ir Siagle deusity Trks Q26 one kel
Eu-c\y [
If you wish to experiment with renumbering sectors by modifying the
FORMAT program tables, feel free to do so, but keep the
following conditions in mind:

1) Make sure that you have 26 sectors numbered 1-26 for single
densisty disks, and 58 sectors numbered 1-58 for DD format
disks. If you try to do too few or too many, errors will result.

2) If your program takes more time to set up for the next sector than
the inter-record gap time (which will vary according to the number
of sectors that are skipped in your interleaving system) it will have
to wait one full revolution of the disk to read or write the
next sector. This means that if your program is too slow
by 1 microsecond, it could take up to 57 disk revolutions
to’read a whole track. (that's 9.7 seconds)
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1.3.0 Program communications with the disk controller.

Up to this point we have restricted our discussion of the disk
controller to DMA transfers between the disk controller and memory without
~ entioning communications between the CPU and the disk controller. But no
~«4A operations other than bootstrap loading will take place unless the
controller is commanded to perform them by the CPU. The CPU has to
be able to communicate with the disk controller, and this communication
takes place through the disk controller address, command and status ports.

1.3.1 The status port (goi) <S|oa= TFhY

The disk controller's status port indicates the current status of the
selected disk. The contents of this port can be read into the 'A'
register and examined. The table below gives the meanings of the variocus
bits that may be set in the status register.

bit number meaning

(FSB) 0 pepwWE =) O if diskette is write protected
1 if diskette is not write protected

1 0 if drive door has been opened since last selected
2 IOTHOME " 0 if disk is at track O
[3 \ 1 if I/0 is complete.
“u ERRTRK = 1 if a track error haé occurred.
5 ERRGCRCS 1 if a CRC error occurred in a sector's ID field
| 6 ERRDCRc ™! 1 if a CRC error occurred in a data field
(msa) 17 FRE MR 0 if selected drive is ready (head loaded)

1 if selected drive is not_.read_y»{.-;;.,s 1A @eTow)
(bits 0,1,2 invalid if this bit not 0)

The disk controller status port is numbered 080H. Bits 3-6 indicate
errors or states that may have happened at some time in the relatively
remote past, and can be reset by giving an output command to this port.

To initiate disk activity an OUT 80H should be executed to reset and then
an IN 80H should be executed to determine the current status of the drive.



1.3.2 The Command Ports

The disk controller has two ports that are used to pass instructions
to it from the CPU. To pass an instruction to the controller, the
'A' register is set to the value of the instruction and an OUT instruction
is given with the device address specified as being one of the two command
port addresses. (note that reading in information from these ports via the
IN instruction is invalid and sets the 'A' register contents to all Ligar 950

The first command port is numbered 80H and is used to command the selected
disk to move to a certain track. This port is also used to tell the controller
which operation is going to be performed at that track -- read, write, or
format. See the table below for the details of the meanings of the

indiviual bit settings in the byte,

FIRST COMMAND PORT (O80H) L Sioo = TFh>
BIT NUMBER MEANING
(Lﬁﬁ) 0 " not used
1 1 OStep command (move the head one track)
2 Do  Net Step
2 1 Head step direction towards track 76

0O Head step direction towards track O

3 not used
y 1 Inhibit disk write precompensation
(used when writing on tracks 0-39D)

0 Allow disk write precompenstion

5 1 format the track
(&) C‘Oh‘+ ’?au‘ﬂ\d.‘l’ '*\\‘i +l‘9.l’.’k

6 1 read requested of Acack
0 no read requested

(n\gg) 7 1 write requested +o -rack

0 no write requested.



The second command port is used to select the disk that is to be read
“rom or written to, and to enable this disk to interrupt the processor
. the completion of its data tranfer. the Bit assignments are as follows:

SECOND COMMAND PORT (083H) < Siso=7Ch >

BIT NUMBER MEANING
(cs8) o disk select bit 0
1 disk select bit 1
2 disk select bit 2
3 if 1 Override the jumper selected density
: and select the other density.
y if 1, interrupt from selected disk is enabled.
5 not used.
6 ' if 1, Format enable
(”53) 7 not used.

Reset and power-on clear these bits to 0 so that drive 0
5 selected for the bootstrap process.

1.3.3 The Address Ports

The controller has two address ports. These ports are set to the address
in memory that is the source or destination of the data to be transferred
in the DMA transfer.

ADDRESS PORT 81H LSico=7€h 7

High order byte of the DMA address

ADDRESS PORT 82H <Sige= TD A

Low order byte of the DMA address



1.3.4 Programmed DMA Transfers

The three bytes in memory immediately before the area that is
Lo be read or written should be filled in as follows:
Dy\h P\DDﬂ' l

5qu?address-3'= track number
2:%A*R*‘ address-2 =

T seclor number

\ address-1= address mark (0B= double density)

Dits avn offows : (FB=IBM single density)
(1184 bytes l--.s)
The address of the first of these three bytes is the actual address
passed to the disk controller over the two address ports as follows:

LXI DATA-3
MOV A,L ;MOVE THE LOW BYTE UP TO THE 'A' REG.
ouT 82H ; LOW BYTE ADRESS PORT
MOV A,H ; HIGH BYTE OF ADRESS
QuT 81H ' ; HIGH BYTE ADRESS PORT

After the address has been given to the controller, the actual read or
write command is sent over the first command port:

;FOR READ
MVI A, 40H ; THESE ARE THE BITS TO SET ON FOR READ
ouT 80H ; FIRST COMMAND PORT
;FOR WRITE
MVI A, 80H
ouT 80 H

If interrupts are enabled on this operation, the program can now go
do something else while the DMA transfer takes place. The interrupt
routine will check the status port to determine if an error occured
during the transfer this way:

IN 80H
ANI OF OH ;ALL THESE BITS WILL BE ZERO IF NC ERROR
JNZ ERROR

1f interrupts are not enabled, the program can loop, waiting for
completion by testing the status port during the loop:

WAIT IN - 80H

ANI 08H ; TEST FINISHED BIT
Jz WAIT



1.

3.5 Direct Secﬁor I1/0

For an example of how to use the CBIOS routines to do direct

sector 1/0, here's how to read sector 3 of track 6 into location 80:

ey

FIRST, SAVE ALL REGISTERS, AS CBIOS ROUTINES WILL NOT RESTORE THEM
SELECT DRIVE (ONLY NEEDS TO BE DONE IF YOU CHANGE SELECTED DISKS)
MVI c,1
CALL SELDSK

SET THE DRIVE TO TRACK O SINCE ITS PRESENT TRACK NUMBER IS NOT KNOWN.
ONLY NEEDS TO BE DONE THE FIRST TIME DRIVE IS USED
CALL HOME ;THE HOME FUNCTION MOVES THE SELECTED DRIVE
;TO TRACK O AND INITIALIZES TRACK LOCATION

:IN SCRATCHPAD MEMORY FOR THE SELECTED DRIVE
STEP DRIVE TO TRACK 6
MVI c,6

CALL SETTRK ;THIS FUNCTION MOVES THE HEADS & UPDATES SCRATCHPAD

REQUEST SECTOR 3
MVI c,3
CALL SETSEC ;SETS UP SCRATCHPAD VARIABLE

SET UP DMA ADDRESS OF 80H
LXI B, 80H
CALL SETDMA |NOTE THAT THIS IS ACTUAL DATA ADDRESS, NOT DATR\

ADDRESS-3 AS IN PREVIOUS EXAMPLE

DO THE ACTUAL READ OPERATION
CALL READ ;READ USING THE TRACK, SECTCR, AND DMA
;ADDRESSES IN THE SCRATCHPAD
;READ or WRITE SAVES AND RESTORES THE 3 BYTES
;BELOW THE DATA AREA, FILLS IN THE TRACK,SECTOR,AND
;ADDRESS MARK AND SENDS COMMANDS TC THE CONTROLLER.

TEST FOR A PERMANENT ERROR DETECTED BY READ

CPI 1 ; READ RETURNS WITH 'A' = 1 IF ERROR IS DETECTED
JNZ rest of program

JMP error handler

TABLE OF ACCESSES INTO CBIOS

’
SELDSK LXI D, 1BH
JMP CBIOS
HOME:  LXI D, 18H
JMP CBIOS
SETTRK: LXI D, 1EH
JMP CBIOS
SETSEC: LXI D,21H -
JMP CBIOS
SETDMA: LXI D, 24H
JMP CBIOS
READ:  LXI D, 2AH
JMP CBIOS
CBIOS: LHLD 1 sGET POINTER TO CBIOS JUMPTABLE
MVI L,0
DAD D

PCHL ;GO TO CBIOS



1.4.0 Physical Description

1.4.1 Connectors

J1 Signal Connector to computer interface
J3 Signal connector to disk drives
J5 DC power connector

1.4.2 Jumper options

4 wire wrap pins near corner of board opposite the crystal.

pin 1 ground (pin closest to corner)

pin 2 write protect ground to protect
normally shipped open

.pin 3 density select ground to select double density
normally shipped open

pin 4 drive swap ground to select right drive as &

normally shipped grounded

For convenience, pins 3 and 4 can also be grounded as illustrated
below using a shorting plug:

o 1
o 2
0 3 Wire wrap pins
o U
chip chip
loc. loc.
B1 B2
Drive swap— —Densily select
Normally shipped Normally shipped with
with plug in. plug removed
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; BOOTSTRAM LONDTT
LBOOTI-Z2
CTHIS UERSION USES TIGHT CODE THAT GIVES MORE SPACE AT THE END
SFOR UART IHITIALIZATION,

ARG 0oK

(LIDAD THE MOHITOR AT 23200

LOADE  EQU Ze00H  SLOAD POINT
PP Ei ZEOOH  SMONITOR
FORT  EGQU 4RH -
LAST  EQU 21 ;LAST SECTOR OM TRK1 TO LOAD
SKIF EQU 1 :MUMBER OF SECTORS TO SKIP
S DMAH EQU 126 ;HIGH ORDER DMA ADDE 7EH
DMAL  EGM 125 :LOW ORCER DMA ADDR D H 1297 = 7FH
REBOOT  EGU 125 ;REB0OOT SYSTEM OM ERROR 71D I£b='7“H
IMITO  EQU CCSKIP+1y SHL 23 OR 0 INITIAL TRACK. SECTOR 5% < DR
EMRGEQU ¢0 SHL 7» OR 27 :END OF FIRST TRK
IMIT!  EQU €122 SHL 2 OR 1 :TRACK.SECT OM TRK 1
ENDl EGU {1 SHL 73 OR LAST+1 ;LAST POSITION ON TRE 1
TE EQU 0FEH : TOWARD: 7& ERVECTE
=T Ei OFDH :STEP TRACK ML Vo
pouT  EQU 7FH :DISK OUTPUT PORT
DIMF EQU 7FH ;DISK IWPUT PORT
RDS EQU OBFH :READ SECTOR
ERR Ef F 0H :ERROR CONDITIOHS
107 EQ 03H ;10 FIMISH
HOF .SOME DYNAMIC MEMORIES PROHIEIT USE OF

.THIS EYTE IN THE BOOTSTRAP
IMITIALIZE TRK-SEC AND DMA ADDRESS

START
Lil G INITH
Lal H. LOADFP-Z
READL: REARD LOOF
EPHL ;SET THE STACK POIMTER
SEMD DMA ADDRESE
ML A:H
CHMA
T CMAH
Ftd A.L
ZHA
auT DAL

SET UP TRACK AND SECTOR

FioL L.E STRACK TO L

oL 2D ;SECTOR TO A

AHI 7FH ;CLEAR HIGH BIT

oL H.A JZECTOR TO H

ATHL SSET TRK AMD SECTOR
IH P ;ADJUST STACK POIMTER
FOF E

PERFIRM THE RERD

fU H.ROE

AT CUT



WEL: it BIHF

=10 ERF:

JZ AHEREDR
ERROR. REEOOT
IN 125
HLT

HERROR: MO ERROR S0 FAR

IM D IMP
AMI 10F
JZ WRE: ;G0 BRACE AMD WALIT

12 FIMIZH.
REFLACE DATH BNTES

PLIEH E JREPLACE 1 BYTE
TN 5P ;ADTJUST STACK POINTER
FUSH H ;REFLACE 2 BYTES
ALD 122 TO DMA ADDRESS
LI H. 128
DAL P
IHC TRACK-SECTOR
IMR o
MO A \
LRI EMD:TY JEND OF TRACK 07
IHZ CHMPL 3
S /
STEP TEHLL Tn T h B
M 712 QEE‘ -
DA JF
IHIC TRACK-SECTOR
IHF: b
ML A.D '
CPI ENDO JEND OF TRRCK 07
IHZ CHPL
STEP TRACK TO TRACK 1 :
MUT HJTJHUI C.82H  :0ONE MILLISEROND TIMIMG FOR OUR IMSAI
=% :CAM BE ADJUSTED FOR DIFFEREMT MACHIMES
W=TZ: .
DCR c
THZ WETo
LR A
JHZ WET
TRACK STEFPED
Ly D, IMIT1
FcIL f.D
CHMFi:  CPI END1 ;EMD OF TRACK 17
TIHZ RERDL GO0 BACK FOR MORE

: ERNG OF LOAD

: ,ET LOC 4 TO COMTARIM ACTIVE DRIVE=D
Lxl H.PORT
ML M.H CH IS 0
THE H

ML M.H



-POINT TO DEMSITY SELECT

;SINGLE DEMESITY

-SET LOC 4 TO CONTAIN ACTIVE DRIVE = §

I H

MLIT M0
MU T L.4
MR M.H
JHP BLF
ORG VFH
be CH

END

JG0 TO COMMMME PROCERSOR

;FOR SOME DYWAMIC MEMORIES





