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CHAPTER 1: INTRODUCTION

The Cromemco Disk Controller (model 4FDC) is designed
to interface both S5-inch (“mini") and 8-inch floppy
disk drives to the S5-100 computer bus used in Cromemco
computers. In addition the 4FDC contains a serial 1/0
channel with software-selectable baud rates from 110 baud
to 76,800 baud. The 4FDC controller also has a 1K
re51dent 2708 ROM pre-programmed with Cromemco's RDOS
ROM-resident Disk Operating System.

RDOS is designed to allow a .operator to perform
all essential disk operations from the console keyboard.
RDOS also contains a bootstrap program that can be used
to load the powerful Cromemco CDOS dlsk operating system
into RAM memory from a diskette.

Four switches on the 4FDC interface card are used
to set the operation of the card. Switch 1 is the RDOS
DISABLE switch. When this switch is ON the 1K ROM
containing RDOS cannot be accessed by the computer.
When this switch is OFF the RDOS program resides in
the computer memory space from address C000 to C3FF.

Switch 2 is the RDOS DISABLE AFTER BOOT switch. If
this switch is ON the 1K ROM containing RDOS will
automatically be disabled after CDOS is bootstrapped
in from a disk thus. clearing memory space from
C000 to C3FF for system use. (In this mode the ROM
is actually disabled by an output to port 40H which
is done automatically by CDDS). If switch 2 is OFF,
RDOS remains in memory space even after CDOS is loaded.

RDOS contains two programs; 1) the CDOS bootstrap
program and 2) the console monitor program. Switch 3 is
the BOOT ENABLE switch. When this switch is ON the boot-
strap program will execute (thus loading CDOS) without
first entering the monitor program. If this switch is
off, RDOS begins in the console monitor mode permitting
the bootstrap operation or other operations to be performed
under console control.

Switch 4 is the INITIALIZATION INHIBIT switch.
When this switch is ON, diskettes cannot be initialized
under software control thus preventing a '"runaway' program
from unintentionally altering the diskette initialization.
This switch must be OFF when initializing diskettes.

Both RDOS and CDOS are written to take full advantage
of the Z-80 microprocessor instruction set. Complete
details on RDOS are given in Chapter 2 of this manual.
CDOS is described in a separate manual that is provided
with Cromemco's disk software.
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: The . ROM-resident Disk Operatlng Systenl‘ has two modes
of operatlon. _ :

If the AFDC board is connected to ‘one or more dlsk drives
equlpped with the CROMEMCO CDOS operating system and DIP switch
3 is on, the monitor will boot in the operating system from
the disk whenever the computer is reset. : .

If switch 3 is off, the monitor's command mode is accessed
by resetting the computer. .This mode provides control of the
computer from the termlnal keyboard attached to the 4FDC's
serial port.

Transfer of contreol to a program anywhere in memory can
be made from the keyboard. Commands are also included to dis-
play the contents of memory, change memoyry values, move and
compare blocks of memory, examine input ports, write data to
output ports, and change the baud rate of the serial port on
the 4FDC. These commands make the 4FDC useful even without
digk drives for running the computer or for debugging hard-
ware.

There .are alsc commands to select any of the four drives
which can be attached tc the 4FDC, to set its head seek rate,
to seek tracks, to read or write blocks of memory to the diskette
starting at any track and sector, to boot in CDOS from drive A
and to change the location of the monitor's stack.

Command Format

The normal prompt of the monitor is a semi-colon, *;'.
However, if a disk drive is selected the prompt changes in
order to remind the user which drive is current. (See Select
Disk Drive for details.)

The monitor is controlled by one and two-character
commands from the terminal keyboard. The format is free-form
with respect to spaces. All data is entered and printed in
hexadecimal format,
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In the following, DM is the Display Memory command and S

is the Swath operator (See below). The four examples are
equivalent commands. They display the contents of 100 hex bytes
of memory beginning with location 1000 hex. ('{CR)' indicates

carriage return).

;DM1000 10FF (CR)
;DM10005100 (CR)
; D M 1000 -10FF (CR)
; DM 1000 S 100 (CR)

When enter1ng an address as an. operand, only the last four
digits typed in are retained. For example, 1321000' is read as
"1000'. Therefore, if a wrong digit is entered, continue typing
hntil”the last four dlglts are correct.

only the last two digits typed are retained when a two-
digit number such as a data byte is entered. -

’ Swath Operator

There are two ways to spe01fy the address range of many
commands. The first is to simply list the beginning and endlng
addresses (and, where appropriate, the destination address).

For example, the first command below displays the contents of
memory between addresses E400 and E402. The second command
moves (or copies) the first 1400 hex bytes of memory to memory
‘startlng at 2000 hex. ' :

DM E400—;E402
"M 0 13FF 2000
Another way to do the same thing is to use the Swath

operator, S, to spe01fy the width of the address range rather
than state the endlng address expllcltly.

DM E40083
M 0 S1400 2000

Errors and Escapes

When the monitor'deteCts an eérror condition, the command
is aborted and a '?' is printed followed by the prompt ';' for
- the next command. : e R S

Any command may be aborted from the keyboard either when
the monitor is requesting further input, or during printmout,'

" by depressing either the ESCAPE ' br the ALT MODE keéy. - CONTROL—
SEMI~-COLON, CONTROL-SHIFT-'K', and '}' may also work.

Baud Rates and UART Selection

When the monitor is entered, push carriage-return until the
monitor responds with:

CROMEMCO RDOS
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The monitor is capable of selecting 19200, 9600, 4800,
2400, 1200, 300, 150, or 110 baud. The maximum number of
carriage-returns required to select any of these baud rates
is four.

The baud rate can also be changed by using Initialize
command. (See below.)

Some peripheral devices such as paper tape. readers or
punches may have no keyboards. The baud rate can also be set
by outputting a data byte from the following table to port 0.

Baud Rates Data Byte
110 01
150 82
300 - ' 84.
1200 88
2400 S 90
4800 - - - A0
9600 : : Co

The baud rate can be octupled by outputting 10 hex to
port 2. Outputting 0 to this port brings the baud rate back
to normal.

System Stack

The monitoxr's stack normally resides in low memory between
40 and 80 hex. However, if it is in the way, it can be moved
using the Kick Stack command. (see below)

Using the Monitox

Set the power-on jump switch on the ZPU card o C (1100
binary) and turn off DIP switch 3 on the 4FDC.

Depress carriage-return two to four times in order to set
the UART on the 4FDC to baud rate of the terminal being used.

The monitor will then respond:
CROMEMCO RDOS

followed by a prompt ';'. The monitor is then ready to accept
commands from the keyboard.

In order to boot in CDOS from drive-A simply type:

B (CR}



COMMANDS

Boot

(1) B (CR)

Boots CDOS from the diskette on drlve—A. CDOS will
then respond- w1th its prompt ALt L

Dlsplag Memory

{2a) DM beginningfeddr ending—addx {CR)

oxr
(2b) DM beginning-addr S swath—widEh.

The contentsjof memory are displeyed in hexadecimal form.
Each line of the display is preceded by the address of its

first byte. For example:

;DM100 S3.
0100: C3.34 7F

Examine Input Port

(3} B port—number (CR)

: , Dlsplays the current contents of the 1nput port identified
by port—number (in-hex) . - .

Go
{4y G starting—addr-(CR)

Execution beglns at start1ng~address.

ﬁ,Inltlallze Baud Rate_z,

(5) I (CR)

After the carriage-return is typed, change the baud rate
of the terminal to the desired value and then push carriage-—
. return until the monitor. responds with. its prompt,

The monitor is capable of'eeleefiﬁg.i§2ddtl96002;48ﬁ0,
2400, 1200, 300,.150, or 110:-baud., The maximum. number of
carrlage returns requlred to select any of these baud rates
is four. -



chk Stack

(6) K new-stack-location (CR)

Moves the: monltor s stack from normal’ location at 7C hex
to'any convenient location in RAM memory. Remember to leave
64 (40 hex) bytes for the system stack above its new location
(1nclud1ng 4 bytes for temporary storage avae the stack proper)

(7a) M source-addr source-end destination-addr (CR)
or | ' -
{7b) M source-addr S swathfwidth destination~addr (CR)

Move (or copy) the contents of memory beginning with source-
address and ending with source-end to destination-address. After
the mowve, the monltor verifies that source and destination are
the same. This will result in a print—out of discrepancies which
are not really errors after certain types of overlapping moves.
However, this print-out can be terminated by depressing ESCAPE
ar ALT Mode.

The move command can be used to fill a block of memory with
a constant. For example, to enter zeros between locationg 100
and 108, use the Substitute Memory command to enter 0 at location
100, and then move 100 through 107 to 101:
"M 100 107 101
M 100 S 8 101

Care should be taken not to overwrite the monitor's stack which

. resides in low memory between 40 and 80 hex unless changed with
 the Kick Stack command. o

Outgut _
(8) 0 data-byte port-number - (CR)

Writes data to the oﬁtﬁut port identified by port~number (in
hex) . .

Read Disk

{9a) _RD_destinatioﬁ—addr:destinatiqn-end sector-number (CR)
or

(9b) RD destination-addr S swath-width sector-number (CR)
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Before this command will be accepted the disk drive and
track number must have been specified. (See the Select Disk
Drive and Seek commands below.}

Reads enough sectors from the current drive to fill the
specified memory area, starting with the specified sector of
the current track. Prints the first track and sector and the
last track and sector read. -However, if the last sector of
the last track on the diskette is read before the memory area
is filled then a question mark is printed and the command is
terminated.

The Command is also terminated if an error is read in
reading a sector. 1In this case,a message of the following
type is printed:

" R-ERR nn

Eﬁhere nn is a hex number whiéh'indiCates the status:

Bit ‘Indication o
1 Not Ready
6 Record Type
' :4-~_ -, - Beéo#d Not. Found
3 . CRC Error
2 Lost Data
o Data Request
.0 . Busy-_

" The number of theé last track accessed ¢an be obtéined from
input port 31 hex and the number of the last sector accessed

from input port 32 hex. (See the Examine Input Port command.)
Lgnge.Fiqppy Mini Eloppy.
Tracks o 0 ~ 4C hex . B 0.—I27_hex
Sectors 1 - 1A hex 1 - 12 hex

_ Care should be taken not to overwrite the monltor s stack
which normally resides in lower RAM between 40 and 80 hex. If

it is desirable to load this region of memory from the disk, first

move the stack using the Kick Stack command.



Seek Track

(10) 3 track—number (CR)

Before this command will be accepted the disk drive must
have been specified. (See the Select Disk Drive command below.)

Seeks the specified track of the current drive.

If an error is made, a message of the foliowing.type is
printed: : . .

5~ERR nn

where nn is a hex number which indicates the status:

Bit Indication
7 Not Ready

6 : Write Protect
5 _ Head Engaged
4 . Seek Error
3 CRC Error.
2 Track 0
1 - : Index

0 Busy

- Substitute Memory
{11) 8M address {CR)

Substitute Memory displays the contents of address and
outputs a dot, '.', as a prompt for the substituted value.
If no change is desired, type a space or another dot. Other-
wise, enter the new value. The monitor accepts hex digits
until it gets a delimiter, such as a space, dot, or carriage-
return, retaining the last two digits entered as the value.
Unless the delimiter is a carriage~return, the monitor then
outputs the contents of the next sequential memory location
with a dot prompt. A carriage-return terminates the command.

Verify
(122} V source-addr source-end destination-addr (CR)
or

({12b) V source-addr 8 swath-width destination-addr (CR)



Verify that the block of memory between source-address
and source-end contains the same values as the block begin-
ning at destination-address. The addresses and contents are
printed for each discrepancy found (unless the print-out is
terminated by ESCAPE or ALT MODE)

This command works by reading bytes from the source and
destination and comparing them. If a discrepancy is found,
the memory 1is read agaln for print-out. Thus it can happen
that a discrepancy is printed-out with the source and destina-
tion contents indicated to be the same. This is caused by a
defective memory element. .

Write Disk

(13a) WD source -addr seurce’ :~end sector-ntimber (CR)
or
{(13b) WD source S swath-width sector-number (CR)

. Before this command will be accepted the disk drive and
Vi track number must have been specified. (See the Select Disk
Drive and Seek colmands on previous page.)

Writes the contents of the specified memory area to the
current drive, starting with the specified sector of the current
track. -

Prints the first track and sector and the last track and
sector written. However, if part of the memory area remains
after the last sector of the last track.is written, a question
mark is printed and the command is terminated. '

The command is alsco terminated if an error is made in writ-
ing a sector. In this case, a message of the following type is
made :

W-ERR nn

where nn is a hex number indicating the status:

Bit ' Indication
7 Not Ready
6 -Write Protect
5 Write Fault
4 Record Not Found
3 CRC Error
2 Lost Data
1 Data Regquest
0 Busy
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The last track accessed can be obtained from port 31 hex.
The last sector accessed from port 32 hex. (See Examine Input
command. )

Large Floppy Mini Floggx
Tracks 0 - 4C hex -0 - 27 hex

Sectors | 1 - 1A hex 1 - 12 hex

Select DlSk Drlve

The 4FDC will control up to four disk drlves, labelled "A“
"B", "C", and *p". It can handle seek speeds from the slow seek
appropriate to the mini floppy to the fast seek of Cromemco's
large floppy. It can also handle the medium seek of some other
large floppies. To select a drive and a seek speed, type the
drive label followed by one semi-colon for the fast seek, and
two semi~colons for medium seek, or three semi-colons for slow
seek. For example, to select drive C with slow seek, type:

To selebt drive B with fast seek,:type:

A; {(CR)
Until the drive selection is chahged the normal monitor
prompt, ';', will be replaced by the disk label and speed in-
dicator as typed, 'C:;;;' in the first'example. '

All disk commands'(Seek, Read Disk, and erte Dlsk) refer
to the drlve most recently selected,

Disk selection also restores the disk drive head to home,
track 0. If an error is made in d01ng this a message ‘of the
follow1ng type is printed: :

H~ERR nn

where nn is a hex number indicating the status:

o
’H-
o

~ Indication
Not Ready

Write Protest
. Head Engaged
Seek Error
. CRC Error
Track 0

Index

© N WU & q‘

Busy
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CHAPTER 3: REGISTER DESCRIPTION

The registers of the 4FDC will be discussed in numerical
order according to their I/0 address assighment shown below:
“T/0 Address | S

INPUT ~ ¢ - OQUTRUT

N 00" . UART status =~ ‘UART baud rate . ~ -
‘01"  UART data ~  ° UART data . ©
LA © mot assigned * UART tommand
03 interrupt address interrupt mask . N
© 04 parallel input parallel out/auxiliary
. disk command
05 not assigned © timer 1
06 " " timer 2
07 e © timer 3
08 " "o timer 4
09 " "o timer 5
30 . DISK status .. .DISK command
‘31 ° DISK track .. - DISK track
© 32 - DISK sector _ DISK sector
33 DISK data DISK data -
- 34 . DISK flags : DISK control
40 - not assigned - bank select

00 IN Sthtus'Registerﬁi'Bit assignmentﬁby_PC”board'traces«

D7 p6é DS D4 p3 “pz DL DO
Transmit Read Int. Start Full Ser- Over- Frame
Buffer Data  Pend- .Bit £ Bit  ial Run _ Error
Empty Avail. ing Detect Detect Rcv. Error

The functions of these flags are indicated in the fol-
lowing sections., e }

D7 Transmitter Buffer Empty .(TBE):

A high in bit 7 indicates that the transmitter data
buffer is ready to accept a new byte. TBE goes high as soon
as the serial transmitter begins to send the byte currently
in the buffer. Since the transmitter is '"double-buffered",
the user may respond to the TBE signal and load the buffer
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even before the previous byte has been totally transmitted.
TBE also activates interrupt request 5. TBE is cleared when
the buffer is loaded and is set by the RESET command.

D6 Reéeiver Data Available (RDA):

: A high in bit 6 indicates that a byte of data is avail-
able from the receiver buffer. This flag remains high until
the buffer is read. A RESET command clears the flag. If
the buffer is not read by the time the next byte from the
receiver is ready, the new byte will write over the old byte
and the overrun error flag will be set. RDA also activates
interrupt request 4. . '

D5 Interrupt Pending (IPQ):

A high in bit 5 indicates that one or more of the eight
interrupt request sources has become active. This flag goes
high at the same time as the interrupt request pin of the
TMS 5501 UART. o

D4 Start Bit Detect (SBD):

A high in bit 4 indicates that the serial receiver has
detected a start bit. This bit remains high until the full
character has been received. SBD is cleared by RESET command.
This bit is provided for test purposes.

D3 Full Bit Detect (FBD):

The FBD flag in bit 3 goes high one full bit time after
the start bit has been detected. This bit remains high until
the full character has been received. FBD is cleared by a
RESET command. This bit is provided for test purposes.

D2 Serial Receive (SRV):

A high in bit 2 indicates high level on the serial data
Adinput line. A low in bit 2 indicates a low level on the -
serial data input line. -SRV is high when no data is being
received. This bit is provided for break detection and for
test purposes. - :

Di Overrun Error (ORE): -

A high in bit 1 indicates that the receiver has loaded
the receiver data buffer before the previous contents were
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‘read. ORE is cleared after the status port is read or by
the RESET command.

DO Frame Erxor {(FME) :

A high in bit ¢ indicates an error in one or both of the
'stop bits which "framed" the last received data byte. FME
Temains. hlgh until a valld character is received. =~ -

00 OUT Baud Rate Register - Loading. thislregister sets the
baud rate and stop: blts for serial-receive and trans-
mit data. Bit assignment is as folloews: .

D7 Do D5 D4 DS D2 D1 DO

STOP 9600 4800 2400 1200 300 150 110
BITS -

D7 's’"T’be -

A high in bit 7 selects one stop bit for serial
receive and transmit data. . A low in bit 7 selects
two stop bits. '

'A.'

D6D0 LB‘AUD-- RATE

A high in one of the lower seven bits selects
the corresponding baud rate. If more than one bit
is high, the highest rate selected will result. . If
none of the bits are high, ‘the serial transmitter
and receiver will be disabled. (For special

.purposes, these baud rates can be octupled -- see
. the description of HBD in the command register).

01 1IN Receiver Data: This register contains an assembled
byte of data from the Serlal recelver..

01  bUT Transmltter Data ThlS reglster 1s loaded w1th data
. - for. the Serlal transmltter -

02 IN Not Assigned: Reading this port causes no feSpbnse
' from the 4¥DC. This address is available for other
parts of the computer system.. :
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02 OUT Command Re ister: The format for the command regis-
ter is shown as follows: - _

e latched -~---- —---
D7 D6 D5 D4 D3 D2 DL DO

Not Not Test HIGH INTA RST7 Break Reset .
Used Used BAUD Enable Sel. :

D5 Test Bit (TB5):

A high in bit 5 disables the internal interrupt priority
logic and then enables the internal clock., Thus, the signal
on the INT pin of the 5501 becomes a TTL level clock of
1562.5 Hz (12.5 kHz if HBD is high -- see D4 High Baud below).
TBS should be low for normal operation.

D4 High Baud (HBD):

" A high in bit 4 octuples the rate of the internal clock.
This causes the interval timers to count eight times faster
and the serial data rates to increase eight-fold. When bit
4 is high, baud rates up to 76.8k are available for high
speed data transfers. ' S ‘ '

D3 INTA Enable (INE):

_ A high in bit 3 allows the 5501 to respond to an
Interrupt Acknowledge by gating a Restart instruction into
the data bus at the correct time and resetting its internal
interrupt request latch.

A low in bit 3 prevents the 5501 from detecting an INTA
cycle. Bit 3 should be high for normal operation.

D2 RST7 Select (RS$7):

A high in bit 2 connects the MSB of the parallel input
port to the inteérrupt request latch for the lowest priority
interrupt (interrupt 7). A low-to-high transition on the
MSB of the parallel input port (PI7) will activate the inter-
rupt request latch. The 4FDC provides an optional jumper to
connect DRQ from the disk to PI7. This jumper is labeliled
YINTER 7". When the jumper is imserted and RS7 is high, DRQ's
from the disk will generate interrupts.’



15

A low in bit 2 connects the output of Tlmer 5 to the
interrupt request latch for the lowest priority interrupt
(interrupt 7). When the timer. count reaches zero, the
interrupt request latch will be activated.

D1 Break (BRK)

A high in bit 1 holds ‘the serial transmltter output in
the low state (spacing). RES will override (see DO Reset
below). _ ST

) A low in bit 1 allows normal 0perat10n BRKnshould be
_jlow for normal operatlon ' _ S

DO Rsset -"(RES)‘ -

A high in bit 0 causes the following actions:

a) The Serial Receiver goes into search mode; RDA, SBD,
- FBD, and ORE are set to zexo. The contents, of the
;;recelver buffer are not affected -

: ':ifb) The, Serial Transmitter output is’ set high, (marklng)
“1f DO and D1 are both high, the RES functlon wlll over-
ride. RES sets TBE high.

c) The interrupt register is cleared except for the TBE
1nterrupt request which is set high. e

1d);gThe“;n¢erval plmers_ere c}eapeqf'fRESfisiﬁdtflg;ghedn

03 1IN Interrupt Address: This register contains the en-
coded gar ess of the highest priority interrupt
“currently’ requestlng service. " This addréss is _
identical to the "Réstart" instruction’ op-code for
the interrupt acknowledge. Thus, the register
contents may be (in order of serv1ce prlorlty)

S HMEX . ... SOURCE
f[C?xeiilemer 1"f _
© CE=-+ Timer 2, = :
D7 <-1 End of job (From dlsk]
““DF -~~~ Timer 3 = .
E7 -~- Receiver Data Avallable L
- EF”4*4”Transm1tter Buffer Empty S
F7 --- Timer 4 :

FF --- Timer 5 or (DRQ From Disk)
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This register is provided for servicing interrupts V§a )
polliing. _After the register is read, the corresponding bit
in the interrupt request register is reset. If the register
is read when no interrupt is pending, it will read OFFH.

03

04

ouT

Timer
DRQ

IN

Interrupt Mask: The contents of this register are

logically "And"-ed with output from the interrupt
request register on the 5501. A high bit in the
interrupt mask allows the corresponding request to
pass on into the priority encoder. A low bit im

the interrupt mask inhibits the corresponding inter-
rupt from passing any further. Since the interrupt
requests are latched independently of the state of
the mask, an interrupt may be requested while the
mask bit is low. The request will be retained until
the mask is changed and the request allowed to pass
on (assuming no RES command in the interim). The
mask bit assignments are:

D6 DS D4 D3 D2 Dl DO

5 Timer 4 TBE RDA Timer 3 EOQJ Timer 2 Timer 1

Parallel Imput: This register contains the data
presented at J4. Two bits are reserved for the
4FDC. . -

D7 Dé D5 D4 D3 Dz D1 DO

DRG SEEK X X X X X X
IN PROGRESS

D7-DRQ (jumper optiomn)

A high in bit seven indicates the DISK data
register, PORT 33H, is requesting service. This
signal is also available at ports 30H and 34H.

DRQ is provided at bit seven of port 04 so that the
RS7 mode of the UART may be selected (see description
of RS7; bit 2 of port 2) if interrupt driven disk
routines are required. When shipped, the 4FDC does
not have the enabling jumper inserted. In order to
use D7 as described here, insert jumper “INTER 7"
just below J4. -

D6 - SEEK IN PROGRESS

A high in bit six indicates the voice coil motor
in the currently selected drive is in motion.
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A low in bit six indicates the voice coil motor
has stopped moving in the currently selected drive.

This signal is only meaningful when the cur-
rently selected drive has a voice-coil head stepper
motor (e.g. PERSCI 277). 1In all other cases, it
will float high through the 150 ohm pullup to +5
volts. .

D5-D0 unassigned

The bottom six input bits are free for system
use. The input data must stabilize within 75 ns
after Input Strobe/ goes low and remain stable
until Input Strobe/ goes high again.

Parallel OQutput/Auxiliary Disk Command: This '
register contains the data which drives the parallel
output buffers. Data is stable after Output Strobe/
rises. ’

D7 D6 D5 D4 D3 D2 Dl DO

X -EBEJ. -EJ. -FAST -RESTORE -CONTROL X X.
LEFT RIGHT SEEK L ouT ' '

+—— PERSCI 277 OPTIONS — s
D7 -Not assigned

D6 -EJECT LEFT

A one in bit six causes no action. A zero in
bit six activates the eject left line of J2. This
bit only affects PerSci 277 drives with remote eject

option. This bit is normally high,

D5 -EJECT RIGHT

A one in bit five causes no action. A zero in
bit five activates the eject right line of J2. This
bit only affects PerSci 277 drives with remote eject
option. This bit is normally high.

D4 -FAST SEEK

A one in bit four causes no action. A zero in
bit four puts the FD 1771 into fast step mode as
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65

06

06

07

07

IN

ouT

IN
ouT
IN

ouT
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needed by voice coil drives. D4 should be returned
to logic 1 after the drive has signalled seek com-
plete. This bit is normally hlgh

D3 -RESTORE

A one in bit four causes no action. A zero in
bit four causes the currently selected drive to
return to Track 00. This bit is normally high.

D2 -CONTROL OUT'
A high in b1t 2 causes no act10n - A low in

bit 2 pulls down pin 1 of J1 the priority Dalsy-
Chaln This b1t is normally hlgh

tDl,DO-Not assigned

Not Connected: Addre551ng this port causes no
response from the 4FDC. This address™is avallable
for use by other parts’ of the computer system."

Timer 1: This register contains  the céuntfhgéd to:

start Timer 1. This count is decremented by 1 every

© 64 useconds after initial loading. When the count

reaches zero, ‘bit 0 of the interrupt Tequest-

register is set and the timer disablied. Since the
maximum count is 255, the longest interval is 255x64

useconds = 16,32 mseconds Accuracy is plus 0%and
minus 64 pseconds. Loading a count of zero causes

~an immediate interrupt requést-to the 1nterrupt

request register. Loading a new count while the -~
timer is counting reinitializes the timer without

an interrupt request. If HBD is high in the command
register, the tlmers w111 count eight times as fast.

 Not Connected?  Same as Input 05.

Timer 2: Operates in the same fashion as timer 1,

Not Connected: Same as Input 05.

Timer 3: Operates in the same fashion as timer 1.



08 1IN.

08 OUT
09 1IN
09 OUT

30 1IN

- command port.

Last
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Not Connected: Same as Input 05.

Timer 4: Operates in the same fashion as timer 1.

Not Connected: Same as Input 05.

Timer-é:- Operates in the same fashion as timer 1

Disk Status: This register's bit dssignment varies
according to the last command loaded into the disk
There. are six.possible assignments:

D5 D4 D3 D1

D7 D6 D5 D4 D3 D2 DI DO
Not  Write Head Not- CRC TK . Index Busy
Ready Protect Down Found Error 00
‘Not Record Record Not CRC.e'Lest;DRQ Busy
. Ready Type-- Type- Found Error Data:
Not Write Write Not CRC Lost DRQ Busy
- Ready Protect Fault Found: Error Data . '
Not O - 0  Not CRC ~ Lost DRQ Busy
- Ready _ ~Found Error Data:
_Not 0 0. 0 :6. -  Lost DRQ Busy
Ready. S . o Data -
~ Not. Protect Write 0 0 Lost DRQ  Busy
.. -Ready C Fault - Data - '
D7~ -NOT READY-

A one in bit 7 indicates the drive 1is unable to
execute the command (e.g., the door is open). - This
bit is an inverted copy of the signal from the
currently selected drive.

D6 -WRITE PROTECT OR RECORD TYPE
Durlng READ RECORD(S) thlS b1t represents bit 1,
inverted,

of the DATA ADDRESS MARK data byte.
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During WRITE or head moving operations, this
bit is set to one if the diskette in the currently
selected drive has been write protected.

D5 — HEAD DOWN. OR RECORD TYPE OR WRITE FAULT

_During head movement commands, this bit is set
‘to one when the head is down and.the setting time
~has elapsed. - L : P

During READ RECORD(S), this bit represents bit
0, inverted, of the DATA ADDRESS MARK data byte.

Dufing WRITE operétions,“this.Bit-issa copy of
the WRITE FAULT signal from the currently selected
drive. . - . S S S

This bit is reset after being read.

D4 — NOT FOUND

A high in bit 4 indicates the desired track/
‘and or sector were not verified. During READ ADDRESS,
a high in bit 4 indicates no sector address field
was encountered. This bit is cleared after the
status register is yread. .. = S

D3 — CRC ERROR

A high in bit 3 indicates the internal CRC check
did not agree with the diskette's CRC bytes. If bit
4.is set, the CRC error ocurred in an address field;
otherwise, it indicates an error in a data field.

D2 — TRACK 00 OR LOST DATA

During head nmovement commands, a one in bit 2
indicates the head is positioned over TRACK 00
{(farthest from the center). This signal is a copy
of TKOO from the currently selected drive. -

During data transfer commands, -a one .in bit 2
indicates that the computer did not respond.to DRQ
within one byte time (i.e., 32 pseconds or 64 useconds
for 8" or 5" drives respectively). LOST DATA is
cleared after being read.
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D1 — INDEX OR DRQ

During’head'movement-cemmands,-a?one in bit 1
indicates that the diskette in the currently selected

drive is p3551ng the INDEX or beginning of the track.

This bit is a copy of IP from the drive.

- During READ commands, a high in bit 2 indicates

- the 4FDC has a data byte from the disk ready to be

read at port 33H. This bit is reset after being
read '

Durlng WRITE commands, a hlgh in b1t 2 indicates
the 4FDC needs a data byte from the computer at port

- '33H

ouUT

This bit is reset after it is read;

DO — BUSY

A high in bit 0 indicates the 4FDC is executing
a disk command and cannot accept a new disk command
yet (except a FORCE INTERRUPT Command see description

- of FORCE INTERRUPT)

Disk Command Register:: The bit assignment varies
with each command, therefore, each command will be

~discussed separately.

- SUMMARY -
Command D7 D6 D5 D4 D3 D2 DI DO
RESTORE 0 0 0 0 1 v Ty Ty
SEEK 0 0 0 1 1 v Ty Tg
- STEP . 0 0. 1  u. L v r; Ty
STEP 1IN 0 1 0 u 1 v Ty Ty
:STEP OQUT o 01 1 -u 1. v T1 Ty
RKEAD RECORD(S) . . 1. 0: 0 m.. b  E- 0 0
WRITE RECORD(S) - I 0 1 m b. E  ay ay
READ ADDRESS -1 1 0 0. -0 1 -0 0
READ TRACK 1 1 1 ¢ 0 1 0 =
. -WRITE TRACK - 11 1 1. 0 .1 0 0
FORCE INTERRUPT. J -1 0 1 I, 1
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;v - Verify on last track: ‘No verify
‘u . -Update track register No.update
m Multiplie -records - . "Single ‘record
b IBM block -~ . Other : - ]
E Enable head load delay Assume head is down
5 No synchronization Synchronize to Address Mgrk_
“Fields _ =0 _ =1 =2 =3
(8" Stepping Rate) - r;r, - 6ms -6 ms 10 ms 20 ms
(5" Stepping Rate) = . 12 ms° 12:ms 20 ms 40 ms
- o a,a . pB(DATA FA F9 F8 (DELETED.
= ' MARK) DATA)
INTERRUPT S T | I,=) I,=1 Tl
CONDITIONS: - - WHEN -~ WHEN .- - INDEX IMMEDTATE
S "-READY - "+ NOT READY"T
COMMAND DESCRIPTION _ c
RESTORE - = I . Upon receipt of this command, the

Track 00 (TROO) input is sampled. If
TRO0 is active low indicating the Read-
Write head is positioned over track 0,
the Track" Reglster is loaded with ‘zeroes

- and EOJ is set. " If TROO is not active

.~ low, stepping pulses are issued until

. the TROO-input is-activated. At this
time, the Track Register is loaded with
zeroes. and EOQJ . 15 set

If the TROO 1nput does not go active
low after 255 stepping pulses, the 4FDC
terminates operatlon, sets EOJ, and sets
the Seek error status bit. Note ‘that

- the RESTORE command is-executed:after a
 RESET. . A verification operatlon takes
- place 1f the e flag s set

SEEK - -~ 'This command assumes that the Track
: - Register contains the track number of -
the current position of the Read Write
head and the Data Register contains the
desired track number. Thée 4FDC will
upddte ‘the Track Register and issue
‘stepping pulses in the appropriate
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direction until the contents of the Track

~ Register are equal to the contents of the
Data Register (the desired track location}.
A verification operation takes place if
the V flag is on. EOJ is set at the
completion of the command. :

STEP Upon receipt of this command, the
AFDC issues one stepping pulse to the
disk drive. The stepping motor direction
is the same as in the previous step
command. After a delay determined by the
v T, field, a verification takes place if
the V flag is on. 1If the u flag is on,
the Track Register is updated. EOJ is
set at the completion of the command.

STEP IN : Upon receipt of this command, the
' 4EDC issues one steépping pulse in the

direction towards the center of the
diskette. If the u flag is on, the Track
Register is incremented by one. After a
delay determined by the r;r; field, a
verification takes place if the V flag
is on. EOJ is set at the completion of
the command.

STEP OUT : _ Upon receipt of this command, the 4FDC
' ~ issues one stepping pulse in the direction
. towards track 0. If the u flag is on, the
Track Register is decremented by one.
After a delay determined by the r,r, field,
a verification takes place if the V flag
is on. BOJ is set at the completion of
the command. :

These five commands have an optional verification flag.
During verification, the first encountered ID field is read
off the disk. The track address of the ID field is then
compared to the Track Register; if there is a match and a
valid ID CRC, the verification is complete, EOQJ is set, and
the BUSY status bit is reset. If there is not a match but
there is valid ID CRC, EO0J is set,. the Seek Error status bit
(Status bit 4) is set, and the BUSY status bit is reset. 1f
there is a matc¢h but not a valid CRC, the CRC error status
bit is set (Status bit 3), and the next encountered ID field
is read from the disk for the verification operation. If an
ID field with a vaiid CRC cannot be found after two revolutions
of the disk, the 4FDC terminates the operation, sets E0J, and
sets record not found in the status register.
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The STEP, STEP-IN, and STEP-OUT commands contain an

UPDATE flag (U).

When U = 1, the Track Register is updated

by one for each step When U = 0, the Track Register is not

updated.

READ RECORD(S)

WRITE RECORD(S)

. Upon receipt of the Read command,
the head is loaded, the BUSY status bit
is set; and when an ID field is encoun-
tered that has the correct track number,
correct sector number, and correct CRC,
the data field is presented to the computer;
The Data Address Mark of the data field
must be found within 28 bytes of the

correct field; if not, the Record Not
'Found status bit is set and the operation

is terminated. When the first character

or byte of the data field has been

shifted, DRQ is generated. When the next
byte is accumulated, another DRQ is
generated. When the next byte is accumu-
lated, another DRQ is generated. If the
computer -has not read the previous contents
of the Data Register before a new character
is transferred, that character is lost and
the Lost Data Status bit is set. This
sequence continues until the complete data
field has been inputted to the computer.

If there is a CRC error at the end of the
data field, the CRC error status bit is

set and the command is terminated (even 1f
it is a multiple record command).

: At the end of the Read operation, the
type of Data Address Mark encountered in
the data field is recorded in the Status
Register (Bits 5 and 6) as shown below:

Status - Status Data AM

Bit 5 Bit 6 - (HEX)
0 0 B
0 1 FA
1 0 9
1 1 F8

Upon receipt of the Write command,
the head is loaded and the BUSY status
bit is set. When an ID field is encoun-
tered that has the correct track number,
correct sector number, and correct CRC, a
DRQ is generated. The 4FDC counts off 11
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bytes from the CRC field and the Write
Gate (WG) output is made active if the
~DRQ-is serviced (i.e., the Data Register
has been loaded by the computer). If DRQ
has not been serviced, the command is
terminated and the Lost Data status bit
is set. If the DRQ has been serviced, -
six bytes of zeroes are written on the
disk. ..At.this time, the Data Address
‘Mark is then. written on the disk as
determined by the a,a, field of the com-
mand as shown below:

'DATA MARK  CLOCK MARK

a;  a, __ {HEX) (HEX)
0 o . FB 7
‘0 1 . .FA c7
10 FY- c7
11 P8 c7

_ - The 4FDC then writes the data field
and generates DRQ's to the computer. If
the DRQ is .not serviced in time for
continuous writing, the Lost Data Status

- Bit is set and,.a byte of zeroes is written
_.on the disk. The. command is not terminated.
~After the last data byte has been written
on the disk, the.two-byte CRC is computed
internally and written on the disk followed
by .one byte gap of logic ones.

. The two commands READ. RECORD(S) and WRITE RECORD(S) con-
tain a (b) flag which in conjunction with the sector length
field contents of the ID determines the .length (number of
characters) of the Data field.. '

For IBM 3740 compatibility, .the b flag should equal 1.
The numbers of bytes in the data field (sector) is them 128 x

2™ where n=0,1,2,3.

Sector Length Number of bytes
Field (hex) in sector (decimal)
128
256
512

1024
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When the b. flag equals zero, the sector length field (n)

multiplied by 16 determines. the .number of bytes in the sector
or data. field as shown below: ' :

Crer o0
o 'fSectdi.Lengﬁh:ﬂﬁu .:;Nuﬁber:bf bytes
Field (hex) .. in sector (decimal)

ot 16

02 L Y

Ce3 a8

04, T . \__64

FF | 4080

0. .. 4096

~ These two commands also contain a .(m) flag
which determines if multiple records (sectors} are to be
read or written, depending upon the command. Ifm =0, a
single sector is read or written and EQ0J is set at the com-
pletion of the command. If m = 1, multiple records are read
or written with the sector register imternally updated so
that an address verification can occur on the next record.
The 4FDC.will continue to read or write multiple records and
update .the sector register until the sector register exceeds
the number of sectors on the track. -At this point, the NOT
- FOUND and CRC. error bits are set, and EOJ is set.

READ ADDRESS .. :  Upon receipt of the Read Address
' ' : ~ command, the head is. loaded and the BUSY
status bit is set. The next encountered
ID field is then read in from the disk
and the six data bytes of the ID field
are assembled.  DRQ is gemerated for
each byte. The.six bytes of the ID
field are shown below:

TRACK | | SECTOR | SECTOR | CRC | CRC
ADDR | ZEROES | ADDR | LENGTH | 1 2
o1 2 T s 4 | s 6

Although the CRC characters are
- transferred to the computer, the 4FDC
checks for validity and the CRC error
status bit is set if there 1s a CRC error.
The Sector Address of the ID field is
written into the sector register. At the
~end of the operation, EOQJ is set and the
BUSY status bit 1is reset.
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READ TRACK ' Upon receipt of the Read Track :

Y command, the head is loaded and the BUSY
status bit is set. Reading starts with-
the leading edge of the first encountered
index mark and continues until the next
index pulse. As each byte is assembled,
it is transferred to the Data Register
‘and the Data Request is generated for
each byte, No CRC checking is performed.
‘Gaps are included in the input data
stream. If bit 0 (S) of the command is
"a 0, the accumulation of bytes is
synchronized to each Address Mark en-
countered. Upon completion of the
command, EOJ is set. i

WRITE TRACK “ Upon receipt of the Write Track
- command, the head is loaded and the BUSY
" status bit is set.  Writing starts with
“-the leading edge of the first éncountered
" index pulse and continues until the next
index pulse at which time the interrupt
is activated. ‘The Data Request is '
activated immediately upon receiving the
" command, but writing will not start until
‘after the first byte has been loaded into
‘the Data Register.  If the Data Register
has not been loaded by the time the index
pulse ‘is encounteréd, the operation is
terminated making the device Neot Busy,
‘the Lost Data status bit is set, and EQJ
is set. 1If a byte is not present in the"
Data Register when needed, a byte of zerces
~ is substituted. Address Marks and CRC
characters are written on the disk by
detecting certain data byte patterns in
the outgoing data stream as shown in
the table below. The CRC generator is
initialized when any data byte from F8
to FE is about to be written.

~ 'CONTROL BYTES FOR INITIALIZATION

DATA
PATTERN - = . CLOCK MARK
(HEX) - INTERPRETATION (HEX)
F7?7 Write CRC Char. FF
F8 Data Addres Mark c7
F9 Data Address Mark C7

FA Data Address Mark C7
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~ DATA . : - _
"PATTERN : . .- . CLOCK MARK
(HEX) - INTERPRETATION = (HEX)
. FB  Data Address Mark C7
FC Index Address Mark : D7
FD  .Spaxe. .. -
FE ID Address Mark Cc7

The Write: Track command will not "~
excecute if SW4 is ON. Note that one F7
pattern generates 2 CRC: characters.

FORCE INTERRUPT ' | | Thié command can Bé 1oadéd into the

31
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IN/OUT

IN/OUT

command register at any time. If there
is a current command under execution
(BUSY status bit set), the command will
be terminated and EOJ will be set when
the -condition .specified in the I, through
I; field is detected.  The interrupt
conditions are shown below:

Io = Not-Ready-To-Ready Transition
I, = Ready-To-Not-Ready Transition
I, = Every Index Pulse

I, = Immediate Interrupt -

. . If I3 - Iy =:0, the command will be
terminated but BOJ will not be set. The
FORCE INTERRUPT commands above must be
cleared in this manner béfore the 4FDC
is given its next command.

Track Register: This register holds the track
number of the current Read/Write head position.
It is incremented by one every time the head is
stepped in (towards track 76) and decremented by
one when the head is stepped-out (towards track
00). The contents of the register are compared
with the recorded track number in the ID field
during disk Read, Write, and Verify operations.
This register should not be loaded when the 4FDC

is busy.

Sector Register: This register holds the address
ot the desired sector position. The contents of
the register are compared with the recorded

sector number in the ID field during ‘disk Read or:
Write operations. This register should not be

- . loaded when the device is busy.
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33 IN/OUT Data Register: This register is used as a hold-
R ing register during Disk Read and Write operations.
In Disk Read operations, the assembled data byte
~is transferred in parallel to the Data Register
from the Data Shift Register. In Disk Write
operations, information is transferred in parallel
from the Data Reglster to the Data Shift Register,
34 “IN = Disk Flags: This port provides four signals.
D7 D6 DS D4 D3 P2 DL DO

DRQ BOOT HEADLOAD X X X X EOJ

© D7 -DRQ

A high in bit 7 ‘indicates the 4FDC has a byte
from the disk or needs a byte for the dlSk according
to the current . operatlon '

- b6 -BOOT

A low in bit 6 indicates that SW3 is set to
BOOT. | *

. A high in-bit 6 indicates SW3 is set to MON.

D5 - -HEADLOAD

A one in bit § 1ndlcates the head of the cur-
rently selected drive is loaded

A Zero in blt S 1nd1cates the head has unloaded,
D4-D1.-Unassigned
DO -EOJ

A one in bit 0 indicates the command has

finished. (End of job)

34 OUT Disk Control:

D7 D6 D5 D4 D3 D2 DL DO

AUTO X MOTOR MAXI DS4 DS3 DS2 DS1
WAIT ON
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D7 ~AUTO WAIT

A one in bit seven puts the A4FDC into Auto Wait
mode which means that subsequent reading of Input
port 34H will hold the CPU in a WAIT state until one

of three things happen:

a) The 4FDC issues a DRQ (this is the normal
use of AUTO WAIT).

b) The 4FDC issues EOJ - this terminates the
AUTQ WAIT condition. (the normal method of
termination).

c) There .1s a hardware RESET.

D6 —Unéssigne&_

DS -Motor On

A one in bit 5 activates the motor-on signal to
all disk drives.

A zero imn bit 5 deactlvates the motor- on signal

~ to all disk drives.

This bit is set by_RESET.

D4 -MAXI

A one 1n bit 4 conditions the AFDC for an 8”'

disk drive.

. A zero in bit 4 condltlons the 4FDC for a 5"
disk drlve (Mini).

This bit is set by RESET.

D3-DO0 -DRIVE SELECT

A high in bits 3 through 0 selects the corre-
sponding disk drive for all further operations.
Only one drive should be selected at a given time.
RESET deselects all drives.

Bank Select: Outputting any byte to port 40H will
disable the 1K ROM on the 4FDC if SW2 is on. The
ROM may be re-enabled by RESET.
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CHAPTER 4: INTERFACE CHARACTERISTICS - $~100

The 4FDC appears on the S5-100 bus as a 1K memory card
and 15 I/O ports. The 4FDC is capable of generating inter-
rupts and responding on a prioritized basis to the interrupt
acknowledge cycle. (N.B. CDOS #oes not use the interrupt
capability of the board.) Data exchange for the disk and
gserial I/0 is programmed, not via direct memory access (DMA) .
This requires a minimum CPU speed of 2 mHz and no memory
wait states (at 2mHz) in the buffer memory.

The Bootstrap/Monitor ROM is addressed at CQ00-C3FFH.
This address may be changed by cutting traces and inserting
jumpers at IC44. Hold acknowledge will temporarily disable
the ROM. At 4mHz, the 4FDC inserts one wait state on M1 (in-

 struction fetch) cycles for 280 compatibility. There are no

wait states at 2mHz. When switch one is on, the ROM is de-
feated and the 4FDC occupies no address space in memory.
When switch 2 is on, the ROM is disabled as soon as a byte

(any byte) is written to output port 40H, the bank select

port. The ROM is re~enabled by a hardware RESET.
. The serial I/O channel requires 10 I/O addresses. CDOS
requires these to start at I/0 address 00, the way the 4FDC

'is shipped. The starting address may change at 10, 20, 50, 60,

or 70 H by cutting the trdce at the "0" output of IC 7 and
moving it to another output pin. The serial I/0 channel is
asynchronous because it uses the on-board clock. When one of
the serial I/0 channel's ports is addressed by the CPU, the
4FDC pulls down PRDY and holds it down until the 4FDC synchro-
nizes with the CPU (up to 1 usec.)

The disk I/O ports are synchronous. CDOS assumes a base
address of 30H, although this may be changed by cutting the
trace at the "3" output of IC7 as explained above., There are
two cases in which the 4FDC will create wait states for the
disk I/0 ports: 1) if the ports 30-33H are read at 4 mHz there
will be one wait state added for the FD1771 data to stabilize,
and 2) if the Auto-Wait mode has been selected an indefinite
number of waits will be added to read or write operations on
port 34H. The CPU will stay in a WAIT state until the 4FDC
issues a Data Reguest oxr an End of Job signal (or there is a
hardware RESET). This mode is used when reading or writing
8" diskettes with a 2mHz CPU.

Interface Characteristics - Serial Channel
The AFDC provides both RS-232 and 20 mA current loop

interface. For RS-232 connect three wires from your terminal
as follows: ;
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4FDC RS-232 terminal

J4- - : o - (i.e. CRT)}

pin 7. - -;7f:"';- _Signel ground (not chassis)
pin:3  1 'E u f; - jReceiverIdate_(for display)
p1n 2 .f_. | * i_ Transﬁitter deta (keyboard}

Some termlnals may requlre addltlonal modem control signals
such as Clear to Send, Data Set Ready, Data Carrier Detect,
etc. These may be wired to J4 pln 23 of the 4FPDC.

For 20 ma teletype 1nterface, make the following connec-—
tions:

4FDC . 7 . S0 ASR33
34 o (rear termlnal block)
T“-;éiﬁ_QS". et . JtermlnalG(prlnter “current out)
:;iﬁ}é4a*fr' ef"'-”I;“;term1ne13(;keybqardicurrent out)
;bin:égt;”; é.;ﬂ.f' -1  EerﬁinéI%(prinferlburrent in}
g ”ﬁ}ﬁ l%ii ; :i*'.'“{; ;termlnal4(keyb0ard current in)

Interface Characterlstlcs - 8" and 5“ Dlsk Drlves

';nThe 4FDC drlves J2 and J3 the DlSk ‘Drive’ Slgnal Cable
-'Connectors, in parallel’: through separate sets of TTL bus driwvers.
The Slgnal cables. should be termlnated (150" ohm resistors to +5
~yolts) at the end of:the- table only. ©If wnotre’ than one driver per
‘cable is- used, only the last drive on’ “thé 'cable ‘should use pull~
ups. Signals from the drives ‘back ‘tb the' ¢confroller are termin-
ated on the 4FDC w1th 180 ohm pullups.-

Outputs from the 4FDC. (all actlve low 0 6 volts)

DS1 These are the four drive select 91gnals. When a drive
- 'Dp82 - . ~s&8léct signal is-active tHe gélected drive’ should an-—

DS3 able its data and status drivers and load the read/

DS4 ~ write head. All other drives should 1gn0re signals

‘uhitil ‘selected.  When DRIVE SELECT is first asserted,
‘the' 4FDC - waitg a’ fixéd amount of time ‘for the ‘Head to

LOAD before ‘réading or Wwriting-the diskette. This time
delay is 48 ms for 8" drives and 72 ms for 5" drives.
The delay may be changed by rewiring IC53, The delay

is-8 milliséconds times (16 - delay jumper’ ‘valoe) as
‘shown en’the following page._
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IC 16
5 (12 {14 {3 |6 [1o0[13
I!OII (GND) o 0 0 o
nln (+5) 0 0 o
8 4 21 8 4 2.1
Bll 51l.
Delay Delay

This line goes active low for 16 microseconds to move
the head of the selected drive in the direction speci-
fied by output DIRC. For multiple steps, the stepping
rate is determined by the format of the command given
to the 4FDC and will be 6, 10 or 20 milliseconds per
step for large floppies (except voice coil types like
the PerSci 277, in which case it is about 400 micro-
seconds per step) or 12, 20 or 40 milliseconds per
step for small floppies.: The 4FDC will wait one step-
ping period after the last step for the Head to settle
before attempting to read or write the diskette.

When this line is asserted (low) pulses on the STEP
line should cause the head of the selected drive to
advance one track per step towards the center of the
diskette. If DIRC is high, pulses on the STEP line
should cause the head of the selected drive to retreat
on track per step towards the outer edge of the diskette
{towards Track 00.)

This signal turns on the motors of éli drives when low.

When high it turns off the motors off all drives {so
equipped) .

This signal goes low to enable diskette wrlte opera-

.tions.

This signal contains the intermingled clock and data
pulses to be written on the diskette. Pulse width is
500 nanoseconds for 8" drives, 1 microsecond for 5" .
drives. '

This signal requests the head of the selected drive to
return to TRACK 00. This signal is not used by the
CDOS drivers.



EJECT
LEFT

EJECT
RIGHT

Inputs to . the 4FDC

INDEX

TRACK
00

READY

WRITE
PROTECT

READ
DATA

SEP
DATA

SEP
CLK

SEEK

COMPLETE "

drive is on track 00,

This Signal ccntalns the clock stream (s

34

This signal requests the currently selected PerSci 277

"to eject its left hand diskette.

This gignal requests the currently selected Per501 277
to eject. ltS right handdiskette._

(all actlve low 0.6 volts)

This line should go low for at least 10 useconds once

_ per revolutlon of the diskette.

low and stay low while the
the outermost track

This signal should go

This-signalwshcuLd be low when the disk drlve is operable
(i.e. door is closed, motor speed up, etc.} The 4¥FDC
will alWways initiate a command regardiess of the state

;ecf ready; the purpose of the signal is for detecting
~disk change cperatlons using the Force Interrupt command .

' This signal goes low. if a write- —protécted diskette is

in the currently selected drlve._«

‘This 51gnal is comp051te clock ‘and data pulses from the
- 5% drive.
each flux reversal ‘on the surface Gf the dlskette.

‘The line should go low for 1 microsecond for

This 31gnal ccntalns the data (separated frcm;the clock
pulses} from the currently selected 8% drive. The pulse
should be low for 250 nanoseconds: e L

“,_ated from

the data pulses) from the. currently selec”ed 8" drive.

:The pulses should be active low for 250 nanoseconds,wm

This - signal - should go low when the wvoice COll drive has

_posltloned the read/write head over the desired track.
. This 31gnal is.gated.with drive seleét and applies only
\ to voice c01l drives 11ke the PerSc1 277.

selected
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CHAPTER 61

INITIAL SET-UP

4FDC Switches - For initial check-out operation set

switches 1, K
initial check-out set switches 1 OFF,

2, and 3 OFF and switch 4 ON.

and switches 2, 3,

36

For operation after
and

4 ON. The function of these switches is as follows:
FUNCTION WHEN 'FUNCTION WHEN | SETTING FOR|“NORMAL"
' OFF ON INITIAL | SETTING
CHECK-OUT |
OFF- SWITCH 1 Permits monitor/| Totally dis- OFF OFF
' boot ROM to be ables monitor
read. boot ROM.
OF)  SWITCH 2 Keeps the mon- Disables the OFF ON
itor/boot ROM monitor /boot
. Resident  (by ROM after the
digabling the first output
bank select). to 1/0 port
: s 408 (bank
select).
OFF  SWITCH 3 Signals the Signals the OFF oN
monitor/boot monitor /boot e
program to program to go
stay in mon- to the boot
itor mode. mode.
OHr) SWITCH 4 * Permits the Inhibits in- ON ON
4FDC to in- itialization
itialize of diskettes.
diskettes. ERE

4FDC Cables - Place the 4FDC in front of you: with component

side up and J1-J4 away from you. Plug in dlSk ‘and terminal cables
as follows: . _ .

Connector" Cable Size

Functioﬁ
SJ2 - 8" disk daisy chaln"' :_SO’COhductor
. *Per501 277 ' L
J3 _ 5" dlSk dalsy ‘chain (for 34 Conductor
" WANGCO 82 drive) '
- J4 ' :'Ser1al Interface (CRT,_

26 Conductor
TTY, etc.) -

Be certain that the cable stripe is on the left When'fhe
cables are plugged in.
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PerSci Model 277 Set-Up

Connect DC power to J3 on the PerSci drive. Connect the
50 pin cable from J2 on the 4FDC to Pl on the PerSci.

Assign drive numbers to the PerSci by wiring the 14 pin
jumper inserted in Ull on the PerSci as follows:

- Left Side of Right Side of Jumper Set-Up
PerSci _ PerSci {top view of plng)
Drive A ~ Drive B 141312111098

12345 67

Drive B . Drive C 141312111098

1 2 3 4567

Drive C Dprive D 141312111098

v

T2 345 67

: If your system uses two Model 277g,remove termination pack
Ul from the drive electrically closer to the 4FDC.

= -"'-"-'WANGCO Mcrdel 82 Set‘. -Up

Cut the jumper wire on the PC board of the Wangco Model 82
labelled "MUX" (just above J4, the big blade connector in back).

Locate the package of. ]umper straps just above the PC board
edge connector. The first 3 jumper positions, labelled "“DS1",
"DS2", "DS3", select DRIVE A, DRIVE B, or DRIVE C respectlvely.

Cut the 2 jumpers that don't apply +o your conflguratlon (or
simply bend out the pins on the jumper pack so they don't contact
the socket). The 5 remaining jumpers connect line terminating
resistors. For single drive set-ups, these jumpers are left intact.
For 2 or more drives, the jumpers are left intact on the drive at
the end of the control cable only; the other drives have these
Jumpers cut (or bent) out.
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Fig. 6-1. When using the Wangco model 82 disk drive
with the Cromemco model 4FDC controller
the "MUX'" strap and "Frame Ground' strap
must be disconnected as shown in this
figure. The jumper plug shown in the

figure must be configured as described
in the text. : '

JUMPER PLUG
CUT MUX STRAP

CUT FRAME GROUND
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Finally, locate the spade lug ground on the rear chassis
with a white wire under it. Remove the spade lug, disconnect
the white wire, and replace the spade lug. Tape the white wire
(or cut it off); it is no longer needed. This isolates chassis
ground from logic ground. (See Figure 6-1 for details}.

Initial Check-0Out

Set the MON switch 3, to the MON position (off); the RESident
switch, switch 2, to RES position (off); and the ROM enable switch
to ROM position (off). Verify that your computer has a processor
and at least 1K of read/write memory addressed anywhere but co00
{the Monitor/Boot coldstart entry point).

Since the MON switch ig selected. the Monitor program will be
excuted instead of the Bootstrap loaderxr. Press "Carriage Return”
on your terminal until the monitor signon message appears, indica-
ting that the monitor has successfully determined the terminals
baud rate. Legal Baud rates are 110, 150, 300, 1200, 2400, 4800,
9600, and 19,200.

Insert a diskette in your Drive A and verify the drive per—
formance by calibrating the drive, seeking out 2 tracks, and read-
ing the first seéctor  as detailed below:

_ ;A; This restores the head if 8"; type A;;; for 5"drive
..,A382 Seek track 2 '
A;RD 80 S 80 1 Reads into 80H the last sector

To bring up the Cromemco Disk Operating System, set up your
computer with 32 kilobytes of read/write memory addressed from
0000~-7FFFH. .This memory must be full speed (450 ns acess time
maximum) if you are running an 8" disk drive and have a 2mHz pro-
cessor. We recommend either the 4KZ static memory or 16KZ dynamic
memory cards for reliable operation at both 2 and 4 mHz. If you
have a Cromemco ZPU, set it for 2 or 4 mHz operation as desired
{(CPU speed does not affect disk performance) and set the power-
on—jump address to "C000™ (i.e. Al5=Al4=1l}). On the 4FDC set the
MON switch, switch 3, to the BOOT position (on) and the RESident
switch, swltch 2, to the BANK position (on).

Power up the system and execute C000 H. The head will load
on drive A as the Bootstrap program in the ROM reads in sector
1 of track 00, and transfers program control to CDOS, and "deboots"
(the ROM disables itself, leaving address C000-C3FFH free for the
system if necessary). Press "Carriage Return" on your terminal
until the CDOS signon message appears, indicating that CDOS has
successfully determined the terminal's baud rate. The head will
load again as more of the CDOS program is read into memory. The
command DIR will list the names of the files on the disk.
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GHAPTER 7. THEORY OF OPERATION

| Power Supplles

L The unregulated bus power lines are converted to regu—
lated supplies of +5, -5, and +12 volts.by ICs 40, 15, and
39 respectively. The 4FDC requires 1.0 A at +8 unregulated
0.100 A at +18 unregulated, ‘and 0.1%00. A at —18 unregulated

Address Decode

The 4FDC decodes address and status 51gna15 on the bus
to find the following COHdlthDS 1) .Memory read cycles in
the address range C000-C3FFH, 2)  Input/Qutput references in
the address range 00-09, 3} Input/Output references in the
-address range 30-34H, and 4). Output references to port 40H.

In case- 1 I1C30P9 will =go '10w enabl1ng thele prom
IC31. ' ‘ . S S -

In case 2, ‘the address decodlng is .done in two stages.

: F1rst the base address is decoded by IC7, then the offset

" 'is determlned by 1IC23. - Pin 15. of IC? goes.low.for addresses
l1n the range of 00-0FH. e .-

- 1n case 3, IC?PlZgoes low when the address base 30 3FH
'is detected. .Further decoding is performed by ICll's address
inputs and by the gating in the read/write circuits of IC36.

- Imput. or output references to port 34H are. 51gnalled by a
_hlgh 1eve1 at ICZZPS '

‘In case. 4 IC7P11 goes low for address base 40 4FH.
IC8P11- goes 1ow for outputs with:an offset of 0, thus clocking
1€29 on output references to port 40H.. . L

Data Bus-

: The 4FDC has a three state, bidirectional:internal data
‘bus. It is coupled to the Data In-and.Data Qut buses on the
S-100 bus through latch-ICs 33 and 50. There are four cases
of operation determined by the partlcular 4FDC functlon
being addressed.
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Case 1, Memory Read: When IC30P9 goes low selecting the
2708, data appears at the inputs of exclusive-or gates ICs 34
gnd 35. The common input to these gates is held low by a
signal from IC7, so data passes through the ex-ors without
being inverted. Next, four bits are presented to multiplexer
IC49. The select pin IC49P1 is held high by a signal from
IC23, so data passes straight through the multiplexer. Eight
bits of data now are presented to the latch IC50. The gate
of the latch, IC50P11, is held high by IC20P8 as .long as the
ROM is enabled so data passes through the latch. The three-
state output drlvers of  the latch are enabled. durlng PDBIN
by a 1ow at IC19P6. . _

o Case 2, Input/Output references in-the range 00 09H:
When the TMS5501 IC1Z is addressed, the 4FDC emulates an 8080
1/0 cycle (M3). This is necessary to generate strobed status
bits and to insure the correct read/write timing. The cycle
begins when IC23P5 goes low presenting a high to the JX
- inputs of the first section of IC3. This section of 1C3 is
-¢clocked by the falling edge of internal 02-and .shifts a high
-level to IC3P2. This . high level generates an internal SYNC
pulse at IC17P13. The internal SYNC pulse enables status
strobe drivers IC43P8 and IC43P11 {Write Output and -Interrupt
Acknowledge respectively)}, disables the incoming bus drivers
on IC33 and triggers the SYNC pin of the TMS5501. SYNC is
terminated by the rising edge of 02 which clocks the next
section of IC3 and presents a high level at IC3P12., During
. this period, the TM55501 interpally arranges data paths
while the 4FDC idles. When 02 falls again, IC20P6 goes low
-which opens the gate of the output latch IC50.admitting the
data present at the inputs of IC30.  This data has come -from
the TMS5501 via exclusive-or gates IC34 and IC35 and multi-
. plexer I€49. The exclusive-ors have a common input held low
by an output from IC7, so they pass the. data through without
inversion. Multlpllxer 1C49. passes the data straight through
except: when the 4FDC is in the process of reading the serial
status port (Input port 00). In this case, I1C23P5 goes low
causing the multiplexer to switch D7 and D6 with D4 and D3
{(producing the status bit assignment detailed in Chapter 3).
The cycle finally. termlnates when 02 rlses again sh1ft1ng a
high level to IC3P16.- e

Case 3, Input/Output references to ports 30-34H: When
IC7P12 goes low signifying disk reference operations, the
common pins of exclusive-or gates ICs 34, 35, 47, and 48 go

- ~high. . This causes the intermal data bus of the 4FDC to be

. complemented with respect to the S$-100 bus, as required by

- the FD1771-1. During output cycles, data from the processor
"is latched into IC33 by PWR/. During input cycles, latch
IC50 is read during PDBIN, :
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Case 4, Output reference to port 40H: Although the data
bus is not examined by the 4FDC during bank select, the data
on the 5-100 DO bus is latched 1nto IC33 anyway '

Wait State Generator

The wait state generator, IC42P11, passes on wait re-
quests when enabled by IC18. There are four enabling condi-
tions: 1) 4MHz Inputs from ports 30-33H, 2) 4AMHz Ml fetches
from the ROM at. CO00-C3FFH, 3) Disk references with Auto Wait
mode selected, and 4) Any’ reference to the TMSSSOI (ports _
00-09Y. There are three sources of wait request:' 1) PSYNC,
2) ‘Ready from wait ICZSPB and 3) Ready from TMSS5501 (IC25P12)
The coincidence of an enabllng condition and a walt request
stops the processor in mid cycle.

Clocks_

"The 4FDC has an 8.000 MHz on board crystal clock whlch
controls all internal board timing. IC2 conditions the clock
for the TMS5501 and FD1771. 2MHz 01 and 02 51gnals are
generated at' IC4P3 and IC1P10 respectively. - A 1MHz timing
signal is generated at IC2P15 and a switchable ‘2 or 1MHz
clock is generated atIC2P16 (controliedby the max1/m1n1 .
51gnal at IC4P13).

Bank Select

The 1K ROM on board the 4FDC may be dlsabled through
output port 40H if switch Z (RE3) is on. 1In this case, the
ROM is deselected permanently after the first output to port
40H clocks flip-flop IC29P11 and forces IC29P9 low. This
forces’ the memory address decoder' IC30P9 high, deselectlng
the ROM. The ROM may be re-enabled by a hardware RESET
51gnal whlch sets ICZ9P9 hlgh agaln

TMSSSOl Interfaces

IC12 requires 12 volt clock levels at the 01 and 02
inputs. These are supplied by active pullups Q1 and Q2
which when triggered by a falling edge at the input of open
collector inverter package IC25 switch on briefly to pull
the inverter outputs up to 12 volts.

The serial output IC12P40 is inverted and shifted from
TTL levels to +12 and -5 levels by Q3 and Q4. IC25P2 pro-
v1des an open collector current 51nk for current loops.
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The serial input IC12P5 is controlled by discrete NAND
gate made up of Q5 and Q6 which shifts and inverts -5/+12
levels to +5/0 volt levels.

The parallel inputs and outputs are buffered by octal
bus buffers ICs 13 and 14. _ :

ED1771-1 Interfaces

All signals from the drives are TTL buffered and have
150 ohm pullups. Maxi and mini signals are wired and at
the pullup side of the buffers. Signals which do not apply
to the mini (i.e., READY and SEP CLOCK), are disabled an
pulled high when the mini is selected. '

Signals to the drives from the 1771 are TTL buffered
with separate buffers for mini and maxi connectors. The.
STEP output is stretched by IC37 to about 16 microseconds
before going to the drives. The HLD (head load) output does
not go directly to the drives but rather enables the drive
select lines through IC10P1. Thus, the actual drive select
signal to the drive is the coincidence of a latched drive
selection (done at port 34H)} and HLD from the 1771. Head
loading time is determined by counters IC36 and 27. Time-
out is controlled by the count loaded into IC38 by IC53.

Signals DRQ, HLD, and INTRQ (or EOJ) are available at

input port 34H (IC9). Various control signals are assigned
to output port 34H and are latched by ICs 24 and 41. '

Priority Chain

The 4FDC includes a ripple priority circuit which will
defeat the interrupt acknowledge cycle of Priority IN/ is
held low. If the 4FDC is allowed to perform the interrupt
acknowledge, it will pull down its Priority Out/ line to
signal others in the chain not to respond. This chain is
compatible with the Cromemco TU-ART. o
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CHAPTER 8: PARTS LIST

4FDC Revision B

49
50
51
52
53

PARTS LIST
74LS0O4 IC
74276 IC
TL276 IC
74LS00 IC
74367 IC
74368

';ﬁigéga' Transistors
74368 Ql
7u368 _ - Q2
FD 1771-1 Q3
™S 5501 ! Qb
TULS241. - Q5
7418240 Q6
7905/LM320-5
7TLLSOL
U802 - Diodes :
74864 Dl
7425 D2
74LS10 D3
TLLS 0N
785260
7ha03 Resistors
THLS1T7Yy _
7406 R 1
7TUHLSOY R 2
CD4020AE R 3
741508 R 4
THLSTY R 5
748133 R 6
2708 R 7
THLSON R 8
748373 R .9
741586 R10
741586 R11
7420 R12 -
416U . R13 -
74161 . R1u
7812/LM340=-12 -~ R15
7805/LM340-5 : - R16
THLS 7Y "R17
74367 - R18
741.503 - R19
74L0Y - R20
74367 R21
74367 R22
741886 R23
THLS8S R24
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7418157
7418373
741832
THLOM
74LS157

2N3906

+2N39086

2N3906

"2N3904-

2N390u
2N3504

LED, TIL-211 Green

IN91u
IN914



Resistors (con't)

R25 39 % wo Cu3
R26 330 % w _ Cliy
R27 5.6K % w Cu5
: C46
Cu7
Resistor HNetworks cus
RN1 SIP, 8Pin, 7Resistors
150 obhm Miscella
RN? SIP, 8Pin, 7Resistors 18 neous
1K ohm
J2
Capacitors
30 pF ceramic disc J3

QOOCOOO00
W3 & WP

10 uF tantalum

.1 ul ceramic disc

.1 uf ceramic disc JY
.1 uF ceramic disc

.1 uF ceramic disc

10 uF +antalum 2
10 uF tantalum 1
.1 uF ceramic disc
.1 uF ceramic disc 1
.1 uF ceramic dise 1
.1 uf ceramic disc 5
.1 uF ceramic disc 5
.1 ufF ceramic disc 1
.1 ul ceramic disc 1
.05 uF ceramic disc
.1 uF ceramic disc Sockets
.1 ul ceramic disc
.1 uF ceramic disc 26
. . 15
.1 ufF ceramic disc 6
.05 uF ceramic disc 1
-1 uF ceramic disc

75 pF ceramic disc _2
75 pF ceramic disc
.1 uF. ceramic disc
.1 uF ceramic disc
.1 uF ceramic disc
.1 ul ceramic disc
.1 ufF ceramic disc
.1 uF ceramic disc
.05 ufF ceramic disc
.1 ul ceramic disc
.1 uF ceramic disc
.1 uF ‘ceramic disc
.1 ull ceramic disc
10 uT tantalum

10 uF tantalum

10 uF tantalum

.1 uf ceramic disc
.1 uF ceramiec disc
.1 uF ceramic disc
.1 uF eceramic disc

Capacitors (con't)
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.1 uF ceramic disc
.1 uF ceramic disc
.1 uF ceramic disc
.1 uF ceramic disc
.1 uF ceramic disc
.1 uF ceramic disc

Connector, 50Pin, Circuit
Agsembly, CA-DS50RSP100-
230~-099 .
Connector, 34Pin, Circuit
Assembly, CA-D34RSP100-
230-090

Connector, 26Pin, Circuit
Assembly, CA-D26RS5P100~
230-090

h-h0 Berews and Hex Nutbs

Heat Sink

8 MHz Crystal

4 Pole Dipswitch

6-32x3/8 pan head screws
6-32 small pattern hex n
PC Board '

Serial I/0 Cable Assembly

14 pin
16 pin
20 pin
24 pin
40 pin
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CHAPTER 9 : WARRANTY

~ Your factory-built 4FDC disk controller card is warranted
against defects in materials and workmanship for a

period of 90 days from the date of delivery. We will
repair or replace products that prove to be defective
during the warranty period provided that they are re-
turned to Cromemco. No other warranty is expressed

or implied. We are not liable for consequential

damages.

Your assembled 4FDC kit or your factory-built 4FDC after
the warranty period will be repaired, provided that it
is returned to Cromemco, for a set service fee. We
reserve the right to refuse to repair any kit that was
not assembled in a workmanlike manner or any product
that in our opinion has been subject to abnormal
electrical or mechanical abuse. Payment of the

service fee must accompany the returned merchandise.

The service fee is currently $70 and is subject to
change.



