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INTRODUCTION

The 16FDC is Cromemco's second generation floppy disk
controller board. The 16FDC provides a complete system
for floppy disk operation including serial I/O for an
RS-232 terminal, a pre-programmed Read Only Memory with
system bootstrap and diagnostic routines, and of course
full read/write/format capability for any combination of
single or double sided, single or double density, 5"
(mini) or 8" (maxi) floppy disks. The 16FDC normally
handles up to 4 drives in a daisy chain configuration,
although 16 drives may be chained if the drives decode
the 4 drive select lines.

The 16FDC includes an 8 channel interrupt system which
is connected to the flag bits of the disk controller,
serial I/0, and a set of interval timers. One of the
interrupt inputs can optionally be connected to a 512
millisecond crystal controlled clock for real time
interrupt capability.

All timing on the 16FDC is referenced to an onboard
crystal clock. This includes the head load delay (which
is switched according to the size of the diskette), the
head stepping rate, the motor turnoff timer, and the
watchdog timer in the autowait circuit.

The data recovery circuit uses a unique phase locked
loop (pat. pending) to optimize performance for each
size and density diskette. Single density data is
recorded in the FM format while double density data uses
the MFM format. Density on a given diskette may vary
from track to track. Such dual density diskettes often
require the first track to contain a label, written in
single density, which informs the operating system of
the density and number of sides of the remainder of the
diskette.

The phase locked loop circuitry incorporates an
adjustable trim capacitor which is clearly visible on
the circuit board. This trim cap is adjusted at the
factory. Special test equipment must be operated by
trained personnel to adjust the setting of this
capacitor,

THE USER MUST NOT MAKE ANY ATTEMPT TO ADJUST THE TRIM
CAPACITOR.
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Chapter 1

GETTING STARTED WITH THE 16FDC

Most users of the 16FDC will be running under the
Cromemco Disk Operating System (CDOS) or the Cromemco

Cromix Operating System. For these users, getting
started with the 16FDC is simple -- a matter of plugging
in the cables and setting the switches. These

operations are explained below.

SWITCHES

The first four switches on the 16FDC are important to
CDOS and Cromix Operating System users.

The first switch (numbered 1, located at the top of the
rank of switches) is the RDOS-II DEFEAT control. The
operating system uses the RDOS-II program for bootstrap
when the system is turned on, so be sure that switch 1
is OFF (pushed to the left).

Switch 2 is the control for DISABLE RDOS-II AFTER BOOT,
This switch should be ON (pushed to the right) to clear
all 64k bytes of memory space for the operating system
after RDOS has performed the bootstrap.

Switch 3 is the AUTOMATIC BOOT control. Set it ON to
make your system load the operating system. If the
switch is OFF, RDOS-II enters a diagnostic monitor mode
and waits for further commands.

Switch 4 INHIBITS INITIALIZATION. When on, Cromemco
initialization programs will not allow diskettes to be
formatted. Turn the switch OFF if you are expecting to
format double density (or any) diskettes.

Table of Standard Switch Settings

Switch  Position Function

1 OFF RDOS-II is not defeated

2 ON RDOS-II disabled after boot

3 ON operating system locads automatically

4 OFF operating system can format
diskettes

5 OFF baud rate not pre-set

6-8 N/A reserved
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CABLES

A 26 wire ribbon cable connects the RS-232 socket at the
back of the computer to the 16FDC., This cable should be
plugged into the serial connector (J4) of the 16FDC.
The cable has a stripe along one edge. This stripe face
left, towards the center of the 16FDC.

Now find the disk signal cables. If you have 8" drives,
the cable will have 50 wires; if you have 5" drives, the
cable will have 34 wires. Connect these cables to their
jacks (J3 and J2 respectively). Ensure that the cable
stripe is to the left.

Finally, connect the interrupt daisy chain to connector
Jl. This step is necessary if you have a WDI, PRI,
TU-ART, or other cards capable of generating interrupts
or if you are running the Cromix Operating System. If
these cards are not present, or if interrupts will not
be used, the daisy chain cable need not be connected.

J2 J3 Switch J4

16FDC CABLE CONNECTIONS

4
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1. Getting Started

INITIALIZATION OF DISKETTES

The initialization format of the 16FDC is more
restrictive than that required by the 4FDC. The 16FDC
may not be able to read small (5-1/4 inch) diskettes
which were initialized using versions of the Cromemco
Init program prior to version 2.15., It also may not be
able to read large (8 inch) diskettes which were
initialized around the wrong index hole. The following
procedures will assist users who encounter either of
these problems.

Floppy diskettes which cannot be read by the 16FDC
because of improper initialization must be copied to
properly initialized diskettes using the 4FDC. A
properly initialized small diskette is one which has
been initialized using the Init program, version 2.15 or
higher. A properly initialized large diskette is one
which has been initialized using the 1Init program,
version 2.15 or higher, with the proper index hole
exposed (refer to the following paragraph on index
holes). After it has been determined that the copied
diskettes can be read by the 16FDC, the old diskettes
may be reinitialized using the 16FDC.

Index Holes

Cromemco large (8 inch) double sided, double density
floppy diskettes have two index holes. The hole closest
to the top of the diskette should be exposed when using
the diskette as single sided. The hole to the right
should be exposed when using the diskette as double
sided.

Cromemco strongly recommends that only the correct index
hole be exposed before using an 8 inch diskette.
Cromemco supplies special labels for this purpose.

Write Protection

The 16FDC, when used in conjunction with a Cromemco
floppy disk drive, provides write protection.

An 8 inch diskette is write protected if the write
protect notch is not covered. A 5-1/4 inch diskette is
write protected if the write protect notch is covered.
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STARTING THE SYSTEM

With all cables installed and the switches set, the
16FDC is ready for operation. Set the ZPU power on jump
(refer to the Cromemco ZPU manual, part number 023-0012)
so that execution will begin at C000 hex (start of
RDOS-~II). Set the switches on the RAM card(s) so that
memory at C000 to D000 hex is disabled and memory from
0000 to 1000 hex (or more) is enabled.

Now apply power to the system and insert a disk
containing the operating system into drive A, RDOS-1I1
will print out a sign-on message after determining the
baud rate of the terminal. (Note: if you are not using
a Cromemco 3102 Video Terminal it will be necessary to
press the RETURN key on your terminal several times so
that the 16FDC can determine the baud rate.)

After the sign-on is complete, RDOS-II will try to load
the operating system from drive A. The light on the
drive will come on, indicating that the 16FDC 1is
accessing the drive.

If you would prefer not to load the operating system,
press the ESC key immediately after the RDOS-II sign-on
appears. This instructs RDOS-II to abort the bootstrap
procedure.
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Chapter 2

RDOS-I1I

The Cromemco Resident Disk Operating System II (RDOS-II)
is a 4K byte program supplied in ROM with each Cromemco
model 16FDC disk controller card. The RDOS program is
designed to execute beginning at memory location C00O0h.

COMMAND FORMAT

All commands must be terminated by a carriage RETURN
character. RDOS-II will not respond to any command
until the command is properly terminated with a RETURN.

The normal prompt of the monitor is a semicolon (;). If
a disk drive is selected, the prompt changes in order to
remind the user which drive 1is current. All disk
commands refer to the drive most recently selected.

Spaces within the command string are ignored, but spaces
must not be embedded inside numeric arguments. Thus,
the command format is generally free form with respect
to spaces.

Wherever a numeric value is expected, a decimal integer
may be specified by following the number with a decimal
point (e.g., 123.). If no decimal point is present, the
number is assumed to be hexadecimal.

Console input is line buffered thus allowing use of the
following edit commands:

Backspace Deletes previous character
CNTRL-U Deletes current input line
Backarrow or

Underline Same as Backspace

Delete or

Rubout Same as Backspace

CNTRL-P may be selected at any time to start or
terminate the echoing of terminal output to the printer.
The printer must be a dot matrix printer, such as the
Cromemco Model 3703. RDOS~II does not support the use
of fully formed character printers, such as the Cromemco
Model 3355A.

CNTRL-S may be used to suspend the display, with another

9
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CNTRL-S (or any other character) used to resume the
display. ~

ESC or RETURN may be used to abort the display and
return control to RDOS-IT.

SWATH OPERATOR

Commands requiring multiple address arguments may be
specified in one of two ways: either by explicitly
declaring the start & stop addresses, or by declaring
the start address and the swath (or width). This is
done by following the start address with the letter S
and the swath width. For example, the following two
commands are identical in function:

DM 100 142 Display memory starting at 100h through
142h

DM 100 S 43 Display memory starting at 100h for 43h
bytes

ALIGNMENT OPTION

A ON
A OFF

This command is used to force disk select on a
continuous basis. A ON enables the option, A OFF
disables 1it. This command is used when aligning disk
drives. When the option is enabled, the current drive
will be selected and stay selected until the option has
been disabled. 1In this mode the user may perform all of
the usual disk operations.

BOOT

B

Upon receiving the boot command, RDOS-II will print the
message:

Preparing to BOOT, ESC to Abort

indicating the boot command has been received.

10
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2.

RDOS-II

After this, RDOS-II will wait one second before reading
the boot sector. The disk is then read. If the boot
sector can be read, RDOS-II will check to see if an ESC
has been typed at the console. If it has, the boot will
be aborted. If not, RDOS-II will print:

Standby

and jump to the boot. This will allow the user to abort
the boot during the boot preparation by typing <ESC>.
If the boot is not aborted, then the operating system
will display its sign on message and prompt.

Note that if the disk controller board is set for power
on boot, the boot may be aborted by typing <ESC> as
described above, allowing the user to go into RDOS-II
without having to reset the power on boot switch on the
16FDC.

DISPLAY MEMORY

DM

DM start

DM start finish
DM start S swath
DM S swath

The contents of memory is displayed in hexadecimal and
ASCIT, Each line of the display is preceded by the
address of the first byte. The ASCII portion 1is
displayed to the right of the hexadecimal part, with bit
7 set to 0. Any nonprinting ASCII characters are
displayed as a period (.).

The first form of the command will display 80h bytes
starting with the ending address of the previous DM
command plus 1, or 100h if no DM command has been given
yet. The second form will display 80h bytes from the
address specified. The third form will display from
start to finish as specified. The fourth form will
display swath bytes beginning at start. The last form
will display swath bytes starting with the ending
address as above.,

The default swath width for the DM command is 80h (128
decimal) bytes. The letter M following the D 1is
optional.
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EXAMINE INPUT PORT
E port

Displays the current contents of the specified input
port.

GO
‘G addr

Begins execution starting at addr.

INITIALIZE BAUD RATE
I

After the I command and the following RETURN are typed,
change the baud rate of the terminal to the desired
value and then type RETURNs until the monitor responds
with its prompt. On Cromemco 3102 terminals, RDOS-II
establishes the baud rate by sending a <BREAK> to the
terminal, thus eliminating the need for the user to type
RETURNs to set the baud rate. The monitor is capable of
selecting 19200, 9600, 4800, 2400, 1200, 300, 150, or
110 baud. The maximum number of RETURNs required is
four. During this process, any character other than the
<CR> is ignored. If switch 5 is set, then the baud rate
will be automatically set to 300 baud. This is so a
modem can be used instead of a terminal, not requiring
the use of <CR>s to initialize the baud rate.

12
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RDOS~II

LIST ALL DISKS LOGGED IN
L

List details of all disks logged in, in the following
format:

Drive $1, Size $2, $3 Sided, $4 Density, $5 Seek, Cromix

where:
$1 is drive letter A through D
$2 is L or S for Large or Small
$3 is 8 or D for Single or Double
$4 is 8 or D for Single or Dual
$5 is F, M, or 8 for Fast, Medium, or Slow
Cromix is printed if the disk is formatted for use
with the Cromix Operating System.

MOVE

M source finish dest
M source S swath dest

Move (or copy) the contents of memory beginning with
source and ending with finish to memory beginning at
dest. After the move, the monitor will verify that the
source and destination are the same. This will result
in a display of discrepancies which are not really
errors after certain types of overlapping moves. This
printout can be terminated by depressing <ESC>.

The move command can be used to fill a block of memory
with a constant. For example, to enter zeros between
locations 100h and 108h, use the SM command to enter 0

at location 100h, and then move 100h through 107h to
101h:

M 100 107 101 or
M 100 s 8 101

OUTPUT

O byte port

Writes byte to the output port specified.

13
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QUERY

Q start finish string of bytes
Q start S swath string of bytes

This command is used to search memory specified for a
certain string of bytes. The string of bytes is in the
same format as in the SM command. If the string of
bytes is found, 16 bytes starting at the first byte
which matches are displayed as in the DM command.

READ DISK

RD start finish sector
RD start S swath sector

Before this command will be accepted, the disk drive,
side number, and track number must have been specified.
(See the Select Disk, Seek and Set Side commands,)

This command reads enough sectors from disk to f£ill the
specified memory area, starting with the specified
sector of the current track. The first track, sector
and side and the last track, sector and side read are
then displayed (e.g., 1D01 0 1D02 0).

If the last sector on the last track is read before the
memory area is filled then the message is displayed:

Next Memory: nnnn
End of Disk

where nnnn is the next location to be read into. The
command is terminated.

The command is also terminated if an error occurs 1in

reading a sector. In this case the message Rnn is
printed, where nn is a hex number which indicates the
Status:

14
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Bit Indication

7 Not Ready

6* 0

5*¥ Record Type

4 Record Not Found
3 CRC Error

2 Lost Data

1* Dpata Request

0* Busy

*
are not really errors

SET DISK SIDE
SX side
The current drive is set to the side specified. If the

current drive is single sided a question mark will be
displayed and the command terminated.

SEEK
S track e.g., S 28,
Seek track 28 (decimal)
S track side e.g., S 1C 1
Seek track 1C (hex) on side 1
SS side €e.gd., SS 1

Set side to 1

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

This command seeks the specified track of the current
drive. The first form will seek on the current side;
the second form will select the side before seeking.

If the second form is specified with a single sided
drive or disk, an error message will be printed and the
operation terminated.

In the third form the current drive is set to the side
specified. If the current drive is single sided a
question mark will be displayed and the command
terminated.

15
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RDOS-II

Bit Indication

7 Not Ready
6* Write Protect
5% Head loaded

4 Record Not Found
3 CRC Error

2*  Track 0

1* Index

0¥ Busy

*
are not really errors

SELECT DISK DRIVE

The 16FDC will control up to 4 disk drives labelled A,
B, C, and D. It can handle seeks 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.

It can handle single or dual density format, double
sided as well as single sided drives and disks,
including Cromemco Cromix Operating System format disks.

To select a drive, type the drive name followed by 1
semicolon for large disk and fast seek, 2 semicolons for
large disk and medium seek, and 3 semicolons for small
disk and slow seek, followed optionally by the
sides/density/Cromix configuration. These options are
specified as follows:

d;xyz

where:

is the drive name

is 8 or D for Single/Double sided
is S or D for Single/Dual density
is € for Cromix (optional)

NN X O

Side/Density options must be specified together. Cromix
may be specified only if Side and Density are specified.

16
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Examples:

A;DS Specifies drive A with fast seek, double
sided, single density:

D;;;SDC Specifies drive D with slow seek, single
sided, dual density, Cromix

If no options are given, RDOS-II will read the label
from the disk and log it in with the specification given
on the label.

Disk selection also restores the disk drive head to
home, track O. If an error is made in doing this the
message Hnn is printed where nn is a hex number
indicating the status:

Not Ready

Write Protect
Head loaded
Record Not Found
CRC Error

Track 0

Index

Busy

OHNWIEUIO
*

* X ¥

*
are not really errors

SUBSTITUTE MEMORY

SM
SM addr

This command is used to substitute memory. The first
format will substitute memory at the last 1location
substituted plus 1, (100h if no SM command has been
given yet); the second form will substitute at the
address specified. RDOS~I1 displays the address
followed by the contents of the memory byte. One of the
following may then be entered:

1. A data byte value followed by a RETURN. The data
byte value is stored at the address of the prompt.

The address is then incremented by 1 and displayed
on the next line.

2. A string enclosed between apostrophes (') followed
by a RETURN., The string is stored beginning at the

17
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address of the prompt. The address 1is then
incremented past the string and displayed on the
next line.

3. Any number of 1 and 2 above can be entered on one
line with just one RETURN terminating the line.
The address is then incremented past the bytes that
were stored and the new address is displayed on the
next line.

4. A minus sign (-). A minus sign does not store a
byte. The address will be decremented to the
previous address. The minus sign can be used to
back up to a previous location in case an error was
made.

5. A RETURN only. If no entry is made on the line,
the memory byte remains unchanged. The address is
incremented by 1 and displayed on the next line.

6. A Period (.). A period ends the input mode and
returns control to RDOS-II.

Wherever a numeric value is expected, a decimal integer
may be specified in place of a hexadecimal value by
following the number with a decimal point (e.g. 123.).

TEST SYSTEM

T
TZ

The first command moves RDOS-II out of ROM into the
bottom of RAM (lower 16K), enables the upper block of
RAM, and moves RDOS back into RAM at CO00Oh. It then
performs a routine check of the system memory and the
operation of the 16FDC. The memory check will display a
map of all 4K blocks of available memory, followed by a
map of which blocks have errors or no errors. A check
is then made of the 16FDC seek, read, and write
operations, with progress reports being displayed on the
console. The drive used in the test is prompted for by
the test command, and remains selected when the test
terminates.

The second command does not move RDOS-II into RAM and
may be used to test systems with no RAM at C000h.

Note that after executing the first command, RDOS-II
resides in RAM. The user should exercise caution so as
not to overwrite this part of RAM.

18
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VERIFY

V source finish dest
V source S swath dest

Verify that the Dblock of memory starting at source
through finish (or for length swath) is the same as the
block starting at dest. The addresses and contents are
displayed for each discrepancy found.

The command works by reading bytes from the source and
destination and comparing them. If a discrepancy 1is
found it is displayed on the following order: source
address, source contents, dest contents, dest address.

WRITE DISK

WD start finish sector
WD start S swath sector

Before this command will be accepted the disk drive,
side number, and track number must have been specified.
(See the Select Disk, Seek, and Set Side commands.)

Thig command writes the contents of the specified memory
area to the current drive, starting with the specified
sector of the current track. The first track, sector
and side and the last track, sector and side written are
then displayed (e.g., 2045 1 2503 1).

If the last sector on the last track is written before
the memory area has been read then the message is
displayed:

Next Memory: nnn
End of Disk

where nnn is the next location to be written from. The
command is terminated.

The command is also terminated if an error occurs in
writing a sector. In this case the message Wnn is

printed, where nn is a hex number which indicates the
status:

19
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.

Indi .

Not Ready

Write Protect
Write fault
Record Not Found
CRC Error

Lost Data

Data Request
Busy

* %

OHNWEUIOY ]

*
are not really errors

20
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Chapter 3

REGISTER DESCRIPTIONS

The registers of the

below:

I/0
Address
(hex)

00
01
02
03
04

05
06
07
08
09

30
31
32
33
34
40

INPU

UART status register
UART receiver data register

not

T

assigned

16FDC will be discussed
numerical order according to their I/O addresses shown

Interrupt address

Auxiliary disk

st

not
not
not
not
not

DISK
DISK
DISK
DISK
DISK
not

atus

assigned
assigned
assigned
assigned
assigned

status
track
sector
data
flags
assigned

21

OUTPUT

UART
UART
UART
Inter
Auxil

baud rate
data
command
rupt mask
iary disk

command

Timer
Timer
Timer
Timer
Timer

DISK
DISK
DISK
DISK
DISK
Bank

U W N

command
track
sector
data
control
select

in
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00 IN

D7

D6

D5

STATUS REGISTER:
Status flags from the TMS5501 UART.

D7 Transmitter Buffer Empty
D6 Receiver Data Available
D5 Interrupt Pending

D4 Start Bit Detect

D3 Full Bit Detect
D2 Serial Receive
D1 Overrun Error
D0 Frame Error

The functions of these flags are indicated in the
following sections.

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 even before the previous byte
has been totally transmitted. TBE also activates
interrupt request bit 5 (refer to the Interrupt Mask).
TBE is cleared when the buffer is loaded and is set by
the RESET command.

Receiver Data Available (RDA):

A high in bit 6 indicates that a byte of data is
available 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 o0ld byte and the overrun error flag will
be set. RDA also activates interrupt request bit 4
(refer to the Interrupt Mask).

Interrupt Pending (IPG):
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.

22
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D4 Start Bit Detect (SBD):

D3

D2

D1

DO

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.

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.

Serial Receive (SRV):

A high in bit 2 indicates high level on the serial data
input 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. '

Overrun Error (ORE):

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

Frame Error (FME):
A high in bit 0 indicates an error in one or both of the

stop bits which "framed" the last received data byte.
FME remains high until a valid character is received.

23
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00 ouT

D7

BAUD RATE REGISTER:

L.oading this register sets the baud rate and stop bits
for serial receive and transmit data. The bits are
assigned as follows:

D7 STOP BITS
D6 9600
D5 4800
D4 2400

D3 1200
D2 300
D1 150
DO 110

Stop
A high in bit 7 selects one stop bit for serial receive

and transmit data. A low in bit 7 selects two stop
bits. :

D6-D0 Baud 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, the baud rates can
be octupled -- see the description of HBD in the command
register.)
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ﬂ!‘0‘1 IN RECEIVER DATA:

This register contains an assembled byte of data from
the serial receiver.

01 ouT TRANSMITTER DATA:

This register is loaded with data for the serial
transmitter.

02 IN Not Assigned:

Reading this port causes no response from the 16FDC.
This address 1is available for other parts of the
computer system.
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02 outr

D5

D4

D3

D2

COMMAND REGISTER:
The command register format is shown below.

D7 Not Used
D6 Not Used
D5 Test

D4 HIGH BAUD

D3 INTA Enable
D2 RST7 Sel.
Dl Break

D0 Reset

(o BN S o ol ' I m

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). TB5 should be low for normal
operation.

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.

INTA Enable (INE):

A high in bit 3 allows the 5501 to respond to an
Interrupt Acknowledge by gating a Restart instruction
onto 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,

RST7 Select (RS7):

A high in bit 2 connects the MSB of the parallel input
port to the interrupt request 1latch for the lowest
priority interrupt (interrupt 7). A low-to-high
transition on the MSB of the parallel input port (XI7)
will activate the interrupt request latch. The 16FDC
provides an optional jumper to connect DRQ from the disk
to XI7,. When the jumper is inserted and RS7 is high,
DRQ's from the disk will generate interrupts.
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Another optional jumper connects a 512 millisecond clock
to XI7. When this jumper (RTC) is inserted and RS7 is

high, interrupts will be generated every 512
milliseconds.,.

Either the DRQ or the RTC jumper may be connected, but
not both.

A low in bit 2 connects the output of Timer 5 to the
interrupt request 1latch for the lowest priority
interrupt (interrupt 7). When the timer count reaches
zero, the interrupt request latch will be activated.

DRQ jumper

2SI, 8T I
oszv. 0P €970l

*RTC jumper

DRQ AND RTC JUMPER LOCATIONS
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D1 Break (BRK):

DO

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

BRK should be low for normal operation.

Reset (RES):

A high in bit O causes the following actions:

1.

The Serial Receiver goes into search mode; RDA,
SBD, FBD, and ORE are set to zero. The contents of
the receiver buffer are not affected.

The Serial Transmitter output is set high
(marking). If DO (RES) and D1 (BRK) are both high,
the RES function will override. RES sets TBE high.

The interrupt register is cleared except for the
TBE interrupt request which is set high.

The interval timers are cleared. RES is not
latched.
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03 IN

3. Register Description

INTERRUPT ADDRESS:

This register contains the encoded address of the
highest priority interrupt currently requesting service.
This address is identical to the "Restart" instruction
opcode for the interrupt acknowledge. Thus, the
register contents may be (in order of service priority):

HEX SOURCE

Cc7 Timer 1

CF Timer 2

D7 End of job (From disk)

DF Timer 3

E7 Receiver Data Available

EF Transmitter Buffer Empty

F7 Timer 4

FF Timer 5 or DRQ from disk or real time clock

This register is provided for servicing interrupts via
polling. 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.
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03 our

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 in the interrupt mask inhibits the
corresponding interrupt 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:

D7 Timer 5 or DRQ or real time clock
D6 Timer 4

D5 TBE (Transmitter Buffer Empty)

D4 RDA (Read Data Available)

D3 Timer 3
D2 EOJ (End of Job)
D1 Timer 2
DO Timer 1
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T oo m

D7

D6

AUXILIARY DISK STATUS:
This register contains the following bits:

D7 DRQ or RTC

D6 Seek in progress
D5 X

D4 X

D3 Switch 5
D2 Switch 6
D1 Switch 7
DO Switch 8

Data Request (DRQ) or Real Time Clock (RTC) (jumper
option)

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 16FDC does not have the enabling jumper
inserted.

When the real time clock (RTC) jumper is inserted, D7
will be connected to a 512 millisecond square wave,
This signal can be used to generate an interrupt when
the RS7 mode of the UART is selected.

Seek In Progress

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

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 currently
selected drive has a voice coil head stepper motor (e.qg.

PERSCI 277 or 299B). 1In all other cases, it will flocat
high through the 150 ohm pullup to +5 volts.
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D5-D4 Not'assigned
D3-D0 Sense Switches

'Bits D3 through DO reflect the state of switch sections
5-8. A zero bit corresponds to a switch being ON.
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_; T 04 ouT

D7

D6

D5

D4

D3

AUXILIARY DISK COMMAND:

This register contains the data which drives the
parallel output buffers. The options which pertain to
the Cromemco 299B disk drive follow.

D7 X

D6 ~EJECT

D5 -DRIVE SELECT OVERRIDE
D4 -FAST SEEK

D3 -RESTORE

D2 -CONTROL OUT
Dl -SIDE SELECT
DO X

Not assigned

Eject

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

Drive Select Override

A one in bit five causes no action. A zero in bit five
activates four drive select outputs from the 16FDC.
Normally these outputs are controlled by the 1793; this
bit is provided for testing and reading drive status in
multiplex applications. This bit is normally high.

Fast Seek

A one in bit four causes no action. A zero in bit four
puts the FD 1793 into fast step mode as needed by voice
coil drives. D4 should be returned to logic 1 after the
drive has signalled seek complete, This bit is normally
high,

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.
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D2

D1

DO

Control OUT

A zero in bit two activates the Control OUT pin of Jl.
This bit is provided for testing and is normally set to
one.

Side Select

A zero in bit one selects the opposite side (side 1) of
the currently selected diskette. A one 1in bit one
selects the normal side of the diskette (side 0). This
bit should be switched in accordance with the head
select delays of the drive used.

Not assigned
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ﬁt5 05 IN

05 ouT

06 IN

06 oUT

07 IN

Not Connected:

Addressing this port causes no response from the 16FDC.
This address is available for use by other parts of the
computer system,

TIMER 1:

This register contains the count used to start Timer 1.
This count is decremented by 1 every 64 microseconds
after initial loading. When the count reaches zero, bit
0 of the interrupt request register is set and the timer
disabled. Since the maximum count is 255, the longest
interval is 255x64 microseconds = 16,32 milliseconds.
Accuracy is plus 0 and minus 64 microseconds. Loading a
count of zero causes an immediate interrupt request to
the interrupt 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 timers will 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.
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07 ouT

08 IN

08 ouT

09 IN

09 our

TIMER 3:

Operates in the same fashion as timer 1.

Not Connected: Same as Input 05.

TIMER 4:

Operates in the same fashion as timer 1.

Not Connected:

Same as Input 05,

TIMER 5:

Operates in the same fashion as

36
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30 IN DISK STATUS:

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

Last

Command D7 D6 D5 D4 D3 D2 Dl DO
SEEK, Not Write Head Not CRC TK Index Busy
STEP, or Ready Protect Down Found Error 00

RESTORE

READ Not 0 Record Not CRC Lost DRQ Busy
RECORD( S) Ready Type Found Error Data

WRITE Not Write 0 Not CRC Lost DRQ Busy
RECORD( S) Ready Protect Found Error Data

READ Not 0 0 Not CRC Lost DRQ Busy
ADDRESS Ready Found Error Data

READ Not 0 0 0 0 Lost DRQ Busy
TRACk Ready Data

WRITE Not Protect 0 0 0 Lost DRQ Busy
TRACK Ready Data

D7 Not Ready

A one in bit 7 indicates the drive is 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
During WRITE or head moving operations, this bit is set

to one if the diskette in the currently selected drive
has been write protected.
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D5

D4

D3

D2

D1

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.

During READ RECORD(S), a zero in this bit represents a
Data Mark, a one in this bit represents a Deleted Data
Mark.

During WRITE operations, this bit is a copy of the WRITE
FAULT signal from the currently selected drive.

This bit is reset after being read.
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 1is cleared after the status
register is read.

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 occurred in an address field; otherwise,
it indicates an error in a data field.

Track 00 or Lost Data

During head movement commands, a one in bit 2 indicates
the head is positioned over TRACK 00 (farthest from the
center) . This signal is a copy of TK00 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. LOST DATA is cleared after being read.

Index or DRQ

During head movement commands, a one in bit 1 indicates
that the diskette in the currently selected drive is
passing 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
16FDC has a data byte from the disk ready to be read at
port 33H. This bit is reset after being read.

During WRITE commands, a high in bit 2 indicates the
16FDC needs a data byte from the computer at port 33H.
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T

This bit is reset after it is written.

D0 Busy

A high in bit 0 indicates the 16FDC is executing a disk
command and cannot accept a new disk command yet (except
a FORCE INTERRUPT command; see description of FORCE
INTERRUPT) .
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30 out

DISK COMMAND REGISTER:

The bit assignment varies with each command, therefore,
each command will be discussed separately. A summary of
the commands and bit assignments follow.

Command D7 D6 D5 D4 D3 D2 D1 DO
RESTORE 0 0 0 0 1 \% rl 0
SEEK 0 0 0 1 1 \% rl r0
STEP 0 0 1 u 1 \% rl r0
STEP IN 0 1 0 u 1 v rl r0
STEP OUT 0 1 1 u 1 v rl r0
READ RECORD({S) 1 0 0 m ] E c 0
WRITE RECORD(S) 1 0 1 m [S] E c al
READ ADDRESS 1 1 0 0 0 1 0 0
READ TRACK 1 1 1 0 0 1 0 0
WRITE TRACK 1 1 1 1 0 1 0 0
FORCE INTERRUPT 1 1 0 1 I3 12 1I1 10
Flags =1 =0
v Verify on last track No verify
u Update track register No update
m Multiple records Single record
s Compare for side 1 Compare for side 0
C Enable side compare Disable side compare
E Enable head load delay Assume head is down
Fields =0 =1 =2 =3
rlr0 3 ms 6 ms 10 ms 15 ms (8" Stepping Rate)
6 ms 12 ms 20 ms 30 ms (5" Stepping Rate)
a0 FB(DATA F8 (DELETED
MARK) DATA)

INTERRUPT I3=1 I2=1 Il=1 I10=1

CONDITIONS IMMED- INDEX WHEN WHEN
IATE NOT READY
READY
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COMMAND

RESTORE

SEEK

STEP

STEP IN

STEP OUOT

3. Register Description

DE PT

Upon receipt of this command, the Track 00
(TROO) input is sampled. If TROO is active
indicating the Read/Write head is positioned
over track 0, the Track Register is loaded
with zeroes and EOJ is set. If TROO is not
active stepping pulses are issued until the
TROO0 input is activated. At this time, the
Track Register is loaded with zeroes and EOJ
is set.

If the TROO input does not go active after 255
stepping pulses, the 16FDC terminates
operation, sets EOJ, and sets the Not Found
status bit. Note that the RESTORE command is
executed after a RESET, A verification
operation takes place if the V flag is set.

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.
The 16FDC will update the Track Register and
issue stepping pulses in the appropriate
direction until the contents of the Track
Register are equal to the contents of the Data
Register (the desired track 1location). A
verification operation takes place if the V
flag is on. EOJ is set at the completion of
the command.

Upon receipt of this command, the 16FDC 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 rlr0 field, a verification
takes place if the V flag is on. If the u
flag is on, the Track Register is updated.
EOJ is set at the completion of the command.

Upon receipt of this command, the 16FDC issues
one stepping 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 rlr0 field, a
verification takes place if the V flag is on.
EOJ is set at the completion of the command.

Upon receipt of this command, the 16FDC 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
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determined by the rlr0 field, a verification
takes place if the V flag is on. EOJ 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, EOJ is
set, and the BUSY status bit is reset. If there is not
a match but there is a valid ID CRC, EOJ is set, the Not
Found status bit (Status bit 4) is set, and the BUSY
status bit is reset. If there is a match 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 valid CRC cannot be found after four revolutions
of the disk, the 16FDC terminates the operation, sets
EOJ, and sets the Not Found bit in the status register.

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)

Upon receipt of the Read command the head is
1oaded and the BUSY status bit is set. When
an ID field is encountered that has the
correct side number (if side compare is
enabled, s=1), 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 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. 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 input 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 if it 1is a
multiple record command) .

At the end of the Read operation, the type of
Data Address Mark encountered 1in the data
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field is recorded in the Status Register (Bit
5) as shown below:

Status Data AM
_Bit 5 (HEX)
0 Data Mark
1 Deleted Data Mark

WRITE RECORD(S)

Upon receipt of the Write command, the head is
loaded and the BUSY status bit is set. When
an ID field is encountered that has the
correct side number (if the side compare is
enabled, s=1), the correct track number,
correct sector number, and correct CRC, a DRQ
is generated. The 16FDC counts off 11 bytes
in single density and 22 bytes in double
density 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 this DRQ has
been serviced, six bytes of zeroes in single
density and 12 bytes in double density are
written on the disk. The Data Address Mark is
then written on the disk as determined by the
a0 field of the Write Record(s) command as
shown below. Refer to the Disk Command
Register for additional information.

DATA MARK
a0 (HEX)

Data Mark
Deleted Data Mark

| i =

The 16FDC 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 zerces 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.
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The two commands which READ RECORD(S) and WRITE
RECORD(S) determine the sector size by examining the
Sector Length byte in the 1ID field. The numbers of
bytes in the data field (sector) is then 128 x 20 where

n=0 ,l ,2 ,3.
Sector Length Number of bytes
Field (hex) i i
00 128
01 256
02 512
03 1024

These two commands also contain a flag ,m, which
determines if multiple records (sectors) are to be read
or written, depending upon the command. If m = 0, a
single sector is read or written and EOJ is set at the
completion of the command. If m = 1, multiple records
are read or written with the sector register internally
updated so that an address verification can occur on the
next record. The 16FDC 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 bit and EOJ are set.

READ ADDRESS
Upon receipt of the Read Address command, 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 generated for
each byte. The six bytes of the ID field are:

TRACK SIDE SECTOR SECTOR CRC CRC
ADDR NUMBER _ADDR LENGTH L 2
Byte 1 2 3 4 5 6

Although the CRC characters are transferred to
the computer, the 16FDC checks for validity
and the CRC error status bit is set if there
is a CRC error. The Sector Address of the ID
field is written into the sector register. At
the end of the operation, EOJ is set and the
BUSY status bit is reset.
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READ TRACK

Upon receipt of the Read Track 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 1is 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.
The accumulation of bytes is synchronized to
each Address Mark encountered. Upon
completion of the command, EOJ is set.

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 encountered index pulse and continues
until the next index pulse at which time EOJ
is set. The Data Request 1is 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 encountered, the
operation is terminated making the device Not
Busy, the Lost Data status bit is set, and EOJ
is set. If a byte is not present in the Data
Register when needed, a byte of =zeroes 1is
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 1is initialized when any data byte
from F8 to FE is about to be written in single
density, or by F5 in double density.
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CONTROL BYTES FOR INITIALIZATION

DATA PATTERN
IN DR (HEX)

| FD179X INTERPRETATION FD1791/3 INTERPRETATION

IN FM (DDEN\=1) IN MFM (DDEN\=0)

00 thru F4

F5
F6
F7
F8 thru FB

FC
FD
FE

FF

Write 00 thru F4 with Write 00 thru F4, in MFM
Clk=FF

Not Allowed Write Al* in MFM, Preset CRC
Not Allowed Write C2** in MFM

Generate 2 CRC bytes Generate 2 CRC bytes

Write F8 thru FB, Write F8 thru FB, in MFM

clk=C7, Preset CRC
Write FC with Clk=D7 Write FC in MFM
Write FD with Clk=FF Write FD in MFM
Write FE, Clk=C7, Write FE in MFM
Preset CRC
Write FF with Clk=FF Write FF in MFM

*Missing clock
**Missing clock

Note that one F

transition between bits 4 and 5
transition between bits 3 and 4

7 pattern generates 2 CRC characters.'

FORCE INTERRUPT

The command c¢an be loaded into the 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 IO
through I3 field is detected. The interrupt
conditions are shown below:

I0 = Not-Ready-To-Ready Transition
I1 = Ready-To—-Not—-Ready Transition
I2 = Every Index Pulse

I3 = Immediate Interrupt

If I3 - 10 = 0, the command will be- terminated
but EOJ will not be set. The FORCE INTERRUPT
commands above must be cleared in this manner
before the 16FDC is given its next command.
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31 IN/OUT 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 16FDC is busy.

32 IN/OUT SECTOR REGISTER:

This register holds the address of 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.

33 IN/OUT DATA REGISTER:

This register is used as a holding register during Disk
Read and Write operations. 1In 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 Register to the Data Shift Register.

In Seek operations the desired track number is output to
the Data Register.
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