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TARBELL DOUBLE DENSITY NEWSLETTER July 23, 1981

DFORMAT problem (7-23-80 version):

The inter-record gaps are a little bit long, so if the drive is running
fast when formatting, the last byte on the track may run into the first.
Symptom shows under DTEST, as track 0 OK, track 1 sector 51 bad, tract 2
and all further tracks with sector 48 (last phsical track) bad. This
may easily be corrected by a one-byte mod to the DFORMAT program. 1In
the assembly-language, at PUTZERO:, should be MVI B,9 instead ot B,10.
The problem will not be evident if your drive is running correct or slow.

DEBLOCK BIOS AVAILABLE

This bios is set up to work with a mix of disks, single or double density,
128-byte or 512-byte sectors, single or double-sided. The 512-byte sectors
provide more space on the disk: 600 kilobytes per side instead ot 500. 1In
most applications, the system will run a little faster. There are two main
disadvantages: 1) the blocking/deblocking routines and buffers take up
space in the bios, so you have 1k less of memory available; 2) For systems
doing a lot of random—access writing, the sector must be read into memory,
then modified with the 128-byte CP/M sector, then written back out to disk.
This requires 2 revolutions of the disk for one sector write, whereas with
the normal bios, several random sectors c¢ould be written in one revolution.

This situation is true for any CP/M system that uses sectors larger than
128 bytes, and could slow the system considerably if many random writes are
being done. For random reads, it should be about the same speed. If you
want this system, order the DEBLOCK BIOS for $25. The disk includes new
routines to format, test, and sysgen, in addition to the BIOS and BOOT.

PUBLIC DOMAIN DISK #2

This always contains the latest standard support software for the double-
density interface. It includes the bios, boot, format, and test programs,
and costs $15., The current date on this disk is 6-30-81.

FORMAT problem,

Symptom is a message: "...Check for write protected disk." Correct by
changing line after DONE: in assembly language source from ANI OFFH
to ANI OC1lH.

CROMEMCO ZPU rev e & f users:
Symptom: difficulty in booting. Correct by removing leg or U47 pin 12
on our board, and reducing or removing Cl7.

If you are ‘having any problems, be sure to let us know. Happy customers
sell more interfaces!

NEW PRODUCTS

We have been delivering CPU/IO boards since December, 1980, and people
seem very happy with them. See the enclosed data sheet for more info.

Our EMPIRE series computers, based on this CPU, also is selling well.

Our next board will be a 4-serial/2-parallel I/0 port board. We expect

to start shipping this fall, as it is now in the layout stage. We are
still in the process ot evaluating different hard disk systems. Any iaeas
or suggestions would be appreciated., We are now selling the complete

line or fine MICROPRO software, including WORDSTAR and WORDMASTER.



TARBELL DOUBLE DENSITY FLOPPY DISK INTERFACE TECHNICAL BULLETIN

August 11, 1980

We have found the source of a problem which has haunted some of our

double density customers from time to time. The symptom is that while
doing large transfers, such as a PIP *.* wiih verify, the routine would
report a verify error, yet there was no error reported from the BIOS.

Other times, the system would just lock up, with no message at all. If
vou don't have one of these symptoms, you probably don't have this problem,
so you may choose to ignore this part of the bulletin.

We determined that the fault was with the way that the 8257 DMA IC
samples the HLDA (hold acknowledge) line. Since the clock for the
8257 1is generated on-board, and is asynchronous with the 8080 or z80
system clock, the HLDA line may be sampled during it's transition. If
this happens, one circuit in the 8257 may think that the HLDA line is
true, while another circuit in it may think that it's false. This can
cause the 8257 to go into an undefined state.

Since the problem is caused by sampling during a transition, there
are several factors which determine whether and how often it will show.
One is the rise-time of the PHLDA signal on the bus, the longer the
worse. This may be affected by position of the interface on the bus
relative to the CPU (the closer the better), and whether or not the
bus is terminated (unterminated busses usually have faster rise-times).
Another factor is the manufacturer of the 8257. Tarbell has used 8257's
from three manuafacturers: AMD's always have the problem, NEC's have

t sometimes, and Intel's have it the least.

This fix works by using a clock signal from the bus which is syncronous
with the PHLDA line to run the 8257 instead of the on-board clock.

1. Determine if you have a 2 Mhz clock signal on pin 49 of the S-100
bus. This is the frequency that is specified by the IEEE standard,
but older CPU's, especially some Z-80 ones, may have some other
frequency, such as 4 Mhz, on this line. This may be determined by
consulting the manual or the manufacturer of your CPU board, or by
measuring it with an oscilloscope or frequency counter. It is also
very important that the line chosen be syncronous with the CPU,
that is, derived from the same clock that is used by the CPU IC.
This is NOT a requirement of the IEEE standard, so some CPU boards,
especially those using the 8085, 8088, or 8086 processors may hot
have a syncronized 2 Mhz signal available. Pin 24 may also be a
good source for 2 Mhz. The IEEE standard DOES specify this line
to be syncronized with the CPU, but does NOT specify that it is
to be 2 Mhz. If you can't find a syncronized 2 Mhz line, call us.

Jumpey te

PLITRRTY
2. After you have found a 2 Mhz syncronized clock e

on the S-100 bus, cut the line from pin 11 'u%f VR }
of U86 (7493) on the solder side of the board . .
as shown. Then conrect a jumper from the hole

" . : - . Cot TS
to the selected S-100 2 Mhz pin, : lj T aaae

(over)




TARBELL DOUBLE DENSITY FLOPPY DISK INTERFACE TECHNICAL BULLETIN (cont'd)
To all revision D board owners:

You may have a cut missing from the modifications that brought your
board up to revision E. Check to the right of U4l. There should be
a cut on each of three traces there. If there are only two, cut the
trace between those two that are cut.

A note about the MWRITE line:

The MWRITE option available on our board is only for those computers
where the MWRITE is not generated directly from the bus signals PWR
and SOUT (as the S-100 standard specifies). It is not intended as a
substitute for the normal MWRITE line, which must be implemented
somewhere on the bus (usually on the CPU or front panel).

A note on dynamic memory boards:

Since we started business in 1976, we have been warning people to avoid
using dynamic memory boards, and to use static boards instead. Although
the new dynamic IC's seem to be more reliable, they still have a higher
susceptibility to alpha particles, causing more soft errors. They are
almost always cheaper and operate cooler. However, they are harder to
troubleshoot, and have a MUCH higher probability of not being compatible
with other boards, such as floppy disk interfaces.

To memory-bank switching customers using ext:ended address lines:

If you are using the extended address register on our interface, it is
important to initialize this register before any DMA transfers take
place, preferably at the beginning of our coldstart loader (DBOOT).

An example: XRA A OouT FD which would set it to zero.

To our double-sided customers:

We now have support for double-sided drives in the BIOS's for both
CP/M 1.4 and 2.2, and in our DFORMAT program. We have also recently
been testing the double-density interface with the PerSci 299B double
density double-sided dual floppy disk drive. It has been working very
well! Much better than the earlier models. If you are interested in
the set—-up for any of the PerSci drives, call or write us.

Notes on using different sector lengths:

Several customers have asked about using different sector lengths with
their Tarbell interface. Although we do not yet have support for this
in our standard BIOS, some of our customers have worked it out. We can
offer one in particular, which uses 512 byte sectors, as is, for a ten
dollar copying/handling/diskette charge.. "As is" means minimally
supported, since we don't ‘have much experience with it yet. Also note
that this version was written for the 280, so customers with 8080 CPU's
will not be able to use it., Using the larger sector lengths give two
advantages: more disk storage, and faster operation. There are also
two disadvantages: uses more main memory (for the buffer and blocking/
deblocking routines), and the disks will not be compatible with

those generated by our other BIOS's.



Persci 299 Jumpers 8-13-80

————— - — - - —— o T —————— -

The Double density interface has provisions on the 50 pin drive
connector at the top to allow the connector to modified for small differances
between drive manufactures. In particular, Persci drives.

You will notice that each connection has a double feed through hole
with a short etch line connecting each end. By cutting this line with a sharp
ex—-acto blade, the line may may be be broken open. To allow the persci 299 to
work with our interface, some of these lines must be cut, and jumpers put on
for the differences between Shugart and Persci. Below is a list of cuts and
jumpers to make to this connector.

CuTS

——

(revision C to revision F only)

Back side of board, cut trace connecting pir. 2 and pin 16 of 50 pin connector.
Front side of board, cut the following lines between feed-through holes:

I

O hole
[

X cut
I

O hole

I
cut 2,4,6,8,12,14,16,18,24,30,32 as shown above.

Jumpers are referenced as being placed in a FROM - TO fashion as shown below.

[m———— Connector----—---- ]
2 4 6 etc.
6 o 0 -
x % x et
R Y

Jumpers to install:

———— - T - — —— -~ W -~

FROM TO
14 2
32 4
18 16



Engineering Change Notice for Double Density Interface
Date 8-8-80

This interface requires that you have a 2 MHz clock on pin 49 of
the S-100 bus in order for it to work correctly. If you have 4 MHz on this
‘Pin, you will have to divide it by 2 in order to comply with the IEEE spec
which says it must be a 2 MHz clock on this line. Our interface uses this
line (49) to correct a problem we have found which occurs during a DMA cycle.

If you have any problems, please feel free to call us.

G.W.Mulchin

b s o)

Engineering
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INTRODUCTION TO THE TARBELL DOUBLE DENSITY FLOPPY DISK INTERFACE

The Tarbell Double Density Interface is an IBM soft sector floppy
disk interface using the Western Digital 1791/1793 Floppy Disk
controller chip and built to the IEEE S-100 Standard.

This interface is very similar to the now popular Tarbell Single
Density Interface in function, but with many added new features.

These features include operation as either single or double
density, or both, direct memory access (DMA), and extended memory
addressing capability, with processor speeds of either 2 or 4 Mhz.
The on-board BOOTSTRAP feature allows full system memory of 64K by
using the PHANTHOM line on the bus.

Software available to run the double density controller is the
widely used CP/M(R) disk operating system, and the new MP/M
multi-tasking operating system. Both operating systems use an enhanced
I/0 system utilizing the new direct memory access capability, and
automatic density select features that this product offers.

The capacity of the Disk Operating System running under CP/M in
Double Density will be 476 Kbytes for an empty disk, or 243 Kbytes
Single Density for an empty disk. The break down is as follows:

Double Density:

The disk will appear to CP/M as 77 tracks of 51 sectors, each
sector containing 128 bytes. Because the first two tracks are used by
CP/M for the operating system, there will only be 75 tracks available

for Directory and data storage. This total space then equals approx.
476 Kbytes.

Single Density:

While running Single Density, the disk will appear to CP/M as 77
tracks of 26 sectors, each containing 128 bytes. The first two tracks
are used for the CP/M operating system, leaving 75 tracks available
for Directory and data storage, about 243 Kbytes of disk space.

It should be noted that the capacities listed above are realized
as a result of using the CP/M operating system. If this operating
system were not used, then the disk could hold more data, because the
disk may be formatted with sectors of 256,512,1024 bytes in length,
For further information about this, consult the 1791/1793 data sheet
for sector lengths that may be used.

Note: CP/M and MP/M are trademark and tradenames of Digital Reaserch
Post Office Box 579, Pacific Grove, California 93950.



SECTION 2: GETTING CP/M RUNNING WITH THE INTERFACE

One of the major problems confronting the implementers of new
micro-computer systems, has been the lack of input/output (I/0)
standards. The emergence of Digital Research's CP/M(r) disk
operating system as a standard I/0 environment has contributed greatly
to aleviating this problem. Now the problem 1is reduced to
implementing CP/M on the target hardware system, which consists of
tailoring the BIOS part of CP/M to the situation. Unfortunately,
since we can't assume any particular console interface at the factory,
there is no way to make the system generation completely automatic.

Because of all the different Ydossible system configurations, and
because we try to update our hardware and software as quickly as
possible, it has been difficult to create and maintain a set of
documentation that is useful and correct for getting our
double-density floppy disk interface working under CP/M. These
instructions represent a major rewrite effort in this direction. We
hope that most of the faults in the earlier instructions have been
corrected in this set.

These instructions explain how to get the Tarbell Double Density
Floppy Disk Interface going with Digital Research's CP/M 1.4 or 2.x
disk operating system. It is important not to try and make more than
one change in your system at a time. For example, if you wish to go
from our single density interface operating under CP/M 1.4, to our
double density interface operating DMA under CP/M 2.2 with a different
memory size, DON'T try to do it all at cnce. First the single-density

to double density, then to DMA, then to 2.2, then to different memory
size. ‘

Be sure that the title of the instructions you are going to use,
matches the situation you have. 1If it doesn't, and you can't seem to
find one that does match, call or write to us, and we'll try to help.
If you don't think you are capable of carrying out the required
instructions yourself, we can generate a customized system for you.
Just have us send you an I/O tailoring questionaire. The cost 1is
usually about $50.

INSTALLATION NOTES

1. If you have a revision D board (revision letter is at bottom
of board), and the board has been modified according to earlier
addendums.,, make a cut on the trace to the right of U4l1, which is the

second trace down. The traces above and below this trace should
already be cut.

2. The MWRITE option available on our board is only for those
computers where the MWRITE is not generated directly from the bus
signals PWR and SOUT. It is not intended as a substitute for the

normal MWRITE 1line, which must be implemented somewhere on the bus
(usually on the CPU or'front panel).

3. Install the double density board as close to the CPU as
possible, between the CPU and memory board(s).



SECTION 2-1 May 2, 1980

INSTRUCTIONS FOR GETTING THE TARBELL DOUBLE DENSITY
INTERFACE OPERATING WITH CP/M 1.4 WHEN YOU HAVE CP/M
1.4 ALREADY GOING ON A TARBELL SINGLE-DENSITY INTERFACE

1. First make sure that your situation matches the title above.
If it doesn't, find another sheet that does match.

2. Check the option jumpers on your double-density interface
board against the manual to make sure the board is addressed for EO
through F8 (hex), and that all other options are correct.

Use your current single-density interface, operating under CP/M 1.4
to do the following steps:

3. Use the FORMAT91 program on the public domain #2 disk
(provided with the interface) to format at least two disks. DON'T use
any of your old format programs to do this. When it says "READY TO
FORMAT?" be SURE to get the public domain disk out of there before
typing Y. Test the disks using the DISKTEST program.

4. Put one of the newly formatted disks in drive B. Put a disk
with your normal CP/M 1.4 system and system programs in drive A, Now
perform the following steps:

a) logged into drive A, type SYSGEN. Answer source as
drive A, destination as drive B. Reboot.

b) type PIP with no arguments, then the following steps.
*B:=A:DDT.COM :
*B:=A:ASM.COM
*B:=A:SYSGEN.COM
*B:=A:ED.COM

¢) while still in PIP program, remove your system diskette
from drive A, and insert into drive A the Public Domain #2
diskette that came with the double-~density interface. Then
continue as shown below:

*B:=A:ABI0S24.ASM
*B:=A:DBO0T24.ASM

5. Now take out the public domain disk #2 and put it aside.
Take the newly formatted disk out of drive B and put it into drive A.
Boot up on it. It should come up normally, since a copy of your
system was” just put onto it.

6. Using ED.COM, edit the ABIOS24.ASM to change the EQU's for
your memory size, console, printer, dr:.ves, etc. Leave the DMACNTL
and DUBSID EQU's set to FALSE. Set the MSIZE EQU to the same size as
the CP/M 1.4 system you are now running on this disk. Be sure to set
the console port numbers correctly. Exit from the editor. Rename the
file to ABIOSxx.ASM, where xx is your MSIUE,

8. Assemble ABIOSxx with ASM.COM.  Print the .PRN file if
desired, then erase it.

9. Using ED.COM} edit DBOOT24.ASM. Set the MSIZE EQU to the

2=2



SECTION 2-1 May 2, 1980

size used above, Leave the DOUBSID, DOUBDEN, and DMACNTL EQU's set to
FALSE. Exit from the editor. Rename the file to DBOOTxx.ASM.

10. Assemble DBOOTxx.ASM with ASM.COM. Print the .PRN file if
desired, then erase it.

11. Use SYSGEN to put a copy of your current CP/M 1.4 system
onto the disk as a file. When it asks for source, answer A. When it

asks for destination, press carriage-return to reboot. Then do a SAVE
32 CPMxx.COM, where xx is your system size,

12. Use DDT to bring in the CPMxx.COM file and to overlay the
BIOS and BOOT hex files onto it. Type DDT CPMxx.COM . Then type
IABIOSxx.HEX . Then type Rbias where bias is in the table below:

XX Dbias XX Dbias XX bias XX Dbias
20 D480 24 C480 28 B480 32 A480
36 9480 40 8480 44 7480 48 6480
52 5480 56 4480 60 3480 64 2480

Now type IDBOOTxx.HEX . Then type R900 . Then do Ctl-C.

13. Next enter SYSGEN. When it asks for source, press return to
skip. When it asks for destination, type A. At this point you may
write this system onto more than one disk. After you are finished
writing onto the disk(s), DON'T press return to reboot.

14. You can now shut off your computer, remove the single
density interface, and put the double-density interface in. Then turn
your computer back on.

15. The system you have just written onto one or more disks
should now boot up correctly on the double-density interface. If it
doesn't, check over the BIOS and BOOT .PRN files to make sure all
EQU's were set correctly. Check your board to verify again that all

the jumper options are right. If you st.1ll can't get it going, read
section 2-3 of these instructions.

l6. If the system does come up cor:-ectly, congratulations! You
are now running the double-density inte:face in non-DMA mode. If you
want to .operate double-density next, see section 2-2 o0of these
instructions. If you want to try operating in DMA mode, go to step 6
in this section, changing the DMACNTL EQU to TRUE in both the BIOS and
the BOOT .ASM files. The rest of the instructions are the same.

17. Finally, if you notice any errors in this documentation,
PLEASE call or write about it.

2-3



SECTION 2-2 April 24, 1980

HOW TO MAKE THE TARBELL DOUBLE DENSITY INTERFACE OPERATE
IN THE DOUBLE DENSITY MODE ASSUMING YOU HAVE THE DOUBLE
DENSITY INTERFACE OPERATING IN THE SINGLE DENSITY MODE.

1. Check your situation against the title above. 1If it doesn't
match, look for other instructions that do. In order to operate 1in
double density mode, you will either need to be operating at 4 or
above 4 Mhz (280 or 8085), or you need to be operating in DMA mode,
To set DMA mode, see step 16 of the instructions in section 2-1.

2. Format some disks double density with DFORMAT, and test them
using DTEST.

3. If you boot up on a single density system which was created
using the auto-select I/0 section (ABIOS or 2ABIOS), all you have to
do is put the formatted double-density diskette in drive B. Files may
be transferred to the new double density disk using PIP., Don't try to
use the COPY utility to copy from single density to double density or
vise-versa.

4. If you want to put a system from the first two tracks on the
single density disk onto a double density disk, SYSGEN alone will not
work. This is because the first sector of the first track contains a
byte which has to be DD (hex) for double density, and your
single-density disk doesn't have that byte. To perform this operation
correctly, follow these steps:

a) On your single density disk, edit the file called DBOOTxx.ASM
to change the DOUBDEN EQU from FALSE to TRUE. It is important
that the MSIZE match your current CP/M system size (xx).

b) Assemble the new file: ASM DBOOTxx

c) Do a SYSGEN, answering source on A, skip the destination and
reboot. Enter SAVE 34 CPMxx.COM where xx is system size.

d) Then overlay the CPMxx.COM system image with the new DBOOT:

DDT CPMxx.COM
IDBOOTxx.HEX
R900

e) Then press control-C to return to CP/M.

f) Then do another SYSGEN, this time skipping the source, and
answering B to the destination. (This assumes you still have
your double-density disk in B.)

5. Now you can take the double density disk out of drive B and
put it into drive A and boot up on it.



SECTION 2-3 May 2, 1980

WHAT TO DO IF YOUR.TARBELL DOUBLE DENSITY
FLOPPY INTERFACE IS NOT WORKING

1. Recheck the jumper options on the interface board against
your manual in section 6. Note that manuals of boards rev B and
earlier have an error in the board addressing section. People with
these manuals can get a new manual free by sending us the cover of
their old manual.

2. Recheck the EQU's in the BIOS and BOOT .ASM files to make
sure that all are set correctly.

3. If you have a friend with a working Tarbell Double
Interface, try using your interface in his computer. 1If his works and
yours doesn't, there is probably something actually wrong with vyour
interface. If so, you might want to consider sending it back to
Tarbell for repair. 1If your interface does work in your friend's
computer, the problem might be in your software, or in some other
component of your system. Just because the other components of your
system work under other circumstances, doesn't mean that there is
nothing wrong with them.

4. Another thing to check is the diskette that you're using.
Is it formatted correctly? How do you know it is?

5. Do you have dynamic memory in your computer. If so, how 1is
it refreshed? It is possible that the way it is refreshed interferes
with our interface, or that the way our interface works interferes
with the memory's refresh circuitry.

6. Does your CPU board fully implement the new IEEE S-100
standard? In particular, does it use pin 67 (the phantom line) for
anything besides phantom? Does it implement the control-disable,
data-disable, and status-disable lines? Does it implement the PSYNC,
PHOLD, and PHLDA lines? Neither the SDS SBC-100 or SBC-200 CPU boards
meet this requirement.

7. Does the memory which occupies address 0000 in your system
have a phantom line on pin 672

8. - Do you have other boards in your system that use the XRDY
and PRDY 1lines (pins 3 and 72) besides the Tarbell interface and the
CPU? If so, it might be best to disconnect those lines completely.

_ 9. Since the Tarbell Double Density Floppy Disk Interface uses
lines on your motherboard that aren't normally used, some of these
lines could be shorted or open, or the connector pins could be dirty.

10. Check your system power supply, with a scope if possible, to
make sure that all your voltages are steady, clean, and the right
level, both on the drives and the motherboard. It is very important
that on the drive power supply, the 24 wvolt, 5 volt, and =5 volt
returns be connected together at the power supply end.

2=-5
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11. If you are having problems with the bootstrap, it's possible
that Cl17 is not a high enough value to reduce the effects of ringing
on the Dbus, You might try 220, 390, 470, or 680 pf capacitors, in
that order. The symptom is that the bootstrap flip-flop gets reset
before it has a chance to read a complete sector. This can be seen by
looking at pin 19 on the 8257. This DRQ line should be a series of
short pulses that should happen over a period of about 2 ms. If they
don't last that long, you may have this problem.

12. If the DRQ line mentioned above never goes high at all, that
means the interface is never receiving a valid data byte. This could
be caused by a wvariety of factors, including a bad data separator
component, bad 1793, bad drive, etc.

13. If the interface ' is picking up excessive errors after
warming up, it could be the 1793. We are now testing these IC's more
carefully.

*%% NOTE **%*

If you decide to send the interface back for repair, be sure to

include a copy of your receipt, showing the date you bought it. Note
that only the parts are warrantied on kits.
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INSTRUCTIONS FOR CETTING THE TARBELL DOUBLE DENSITY
INTERFACE QOPERATING WITH CP/M 2.x WHEN YOU HAVE CP/M
2.X ALREADY GOING OM A TARBELIL SINGLE-DENSITY INTERFACE

1. First make sure that your situation matches the title above.
If it doesn't, find another sheet that does match.

2. Check the option jumpers on your double-density interface
board against the manual to make sure the board is addressed for EO
through F8 (hex), and that all other options are correct.

Use your current single density interface, operating under CP/M 2.x
to do the following steps:

3. Use the FORMATI91 program on the public domain #2 disk
(provided with the interface) to format at least two disks. DON'T use
any of your old format programs to do this. When it says "READY TO
FORMAT?" be SURE to get the public domain disk out of there before
typing Y. Test the disks using the DISKTEST program.

4. Put one of the newly formatted disks in drive B. Put a disk
with your normal CP/M 2.x system and system programs in drive A, Now
perform the following steps:

a) logged into drive A, type SYSGEN. Answer source as
drive A, destination as drive B. Reboot.

b) type PIP with no arguments, then the following steps.
*B:=A:CPM.COM
*B:=A:DDT.COM
*B:=A:ASM.COM
*B:=A:SYSGEN.COM
*B:=A:ED.COM

c) while still in the PIP program, remove your system diskette
from drive A, then insert into drive A the Public Domain #2
diskette that came with the double-density interface. Then
continue as shown below:
*B:=A:2ABI0S24.ASM
*B:=A:2DB0O0T24 .ASM

5. DNow take out the public domain disk #2 and put it aside.
Take the newly formatted disk out of dr:ve B and put it into drive A.

Boot up on it. It should come up normally, since a copy of your
system was just put onto it.

6. Using ED.COM, edit the 2ABIOS24.ASM to change the EQU's for
your memory size, console, printer, drives, etc. Leave the DMACNTL
and DUBSID EQU's set to FALSE. Set the MSIZE EQU to the same size as
the CP/M 2.x system yQu are now running on this disk. Be sure to set
the console port numbers correctly. If you have Shugart 800 drives,
don't set the step rate any faster than 10 ms. Exit from the editor.
Rename the file to 2ABIOSxx.ASM, where xx is your MSIZE.

8. Assemble 2ABIOSxx with ASM.COM. Print the .PRN file 1if
desired, then erase it.
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9. Using ED.COM, edit 2DBOOT24 .ASM. Set the IMSIZE EQU to the
size used above. Leave the DOUBRSID, DOUBDEN, and DMACNTL EQU's set to
FALSE. Exit from the editor. Rename the file to 2DBOOTxx.ASHM.

10. Assemble 2DBOOTxx.ASM with ASM.COM. Print the .PRN file 1if
desired, then erase it. ' ’

11. Use SYSGEN to put a copy of your current CP/M 2.x system
onto the disk as a file. When it asks for source, answer A. When it
asks for destination, press carriage-return to reboot. Then do a SAVE
34 CPMxx.COM, where xx is your system size,

12. Use DDT to bring in the CPMxx.COM file and to overlay the
BIOS and BOOT hex files onto it. Type DDT CPMxx.COM . Then type

I2ABIOSxx.HEX . Then type Rbias where xx is MSIZE and bias is in the
table below:

XX bias XX bias XX Dbias XX bias
20 D580 24 C580 28 B580 32 AS580
36 9580 40 8580 44 7580 48 6580
52 5580 56 4580 60 3580 64 2580

Now type I2DBOOTxx.HEX . Then type R900 . Then do Ctl-C.

13. Next enter SYSGEN. When it asks for source, press return to
skip. When it asks for destination, type A. At this point you may
write this system onto more than one disk. After you are finished
writing onto the disk(s), DON'T press return to reboot.

14. You can now shut off vyour computer, remove the
single~-density interface, and put the double-density interface 1in.
Then turn your computer back on.

15. The system you have just written onto one or more disks
should now boot up correctly on the double-density interface. If it
doesn't, check over the BIOS and BOCT .PRN files to make sure all
EQU's were set correctly. Check your board to verify again that all
the jumper options are right. If you still can't get it going, read
section 2-3 of these instructions.

16. If the system does come up correctly, congratulations! You
are now running the double-density interface in non-DMA mode. If you
want to operate double-density next, see section 2-2 o0f these
instructions. If you want to try operating in DMA mode, go to step 6
in this section, changing the DMACNTL EQU to TRUE in both the BIOS and
the BOOT .ASHM files. The rest of the instructions are the same.

17. Finally, if you nhotice any errors in this documentation,
PLEASE call or write about it.
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GETTING THE TARBELL VERSIOM OF CP/M 1.4 OR 2.X RUNNING ON
YOUR TARBELL DOUBLE-DENSITY FLOPPY DISK INTERFACE WITHOUT
A CURRENTLY RUNMING CP/M SYSTEM OF ANY KIND

1. First make sure that your situation matches the title above.
If not, you may find that another set of instructions will get your
system going sooner.,

2. You need to have the following hardware installed:

a) An assembled and tested Tarbell Double Density Interface

b) At least 24k bytes of random access memory, of which at
least the first 32 bytes can be disabled by phantom line
pin 67 going low.

c) A Z-80, 8085, or 8080 CPU board which conforms to the IEEE

5-100 standard.

d) A console interface of some type, preferably not memory-
mapped video, which supports an alphanumeric keyboard and

a CRT display or teleprinter. If possible, this interface

should be addressed for status on port 0, data on port 1,

with bit 0 of the status low meaning keyboard ready, and

with bit 7 of the status low meaning CRT display ready.

If these port and status requirements are met, the Tarbell
CP/M 1.4 or 2.x disks for the DD controller should boot up
with no further work. Just put the disk in, push reset,
and run. Skip to step 8 if so. If not, you will need to
fulfill the requirements of substep (e) below and continue.

e) Either a front panel or a ROM monitor (any ROM should be
outside the 24k RAM), which allows depositing bytes into
specified RAM addresses and executing at an address.

3. If possible, have a friend make a copy of your original CP/M

disk, and don't use it except to make further copies. Then use the
copy for the following steps.

4. Turn the computer on, then the CRT-keyboard, then the drive
power.

5. Put the CP/M disk into the disk drive (on most drives, the
label on the disk should face the door of the drive). Close the door.
Push reset (and run if you have one) buttons on the computer.

6. The head should load against the disk and move in one track.
If it doesn't do this, something is wrong with the hardware setup, and
you should try a few times more. If it still doesn't do it, FIRST
remove the diskette, then shut down the system. Something is either
wrong with the hardware or the diskette. If so, have someone look at

it or call Tarbell. If it does load and step ok, go onto the next
step.

7. Either stop the computer from running, if you have a front
panel, or jump into your ROM monitor, if you have one.

8. Look at the BIOS (Basic Input OJutput System) 1listing that
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came with our' CP/M. Find the 1label BOOT. After the LXI SP
instruction, you will see a series of NOP's. This area 1is reserved
for initializing console interfaces that require it. Using either
front panel or ROM, deposit the initialization routine required, if
any, at the address indicated by the listing. There should be a copy
of any required initialization routine in the manual on your console
interface. Assembly language code for the initialization of some
common console interfaces can be seen in the following 1lines on the
page.

9. Still looking at the BIOS listing, find the label CONST.
Examine the «code there for our "standard" interface. Put the code
here to do a status check on your console interface. Notice that if
your status bits are true when high, instead of low like ours, you
will need to change the RNZ to an RZ. Other changes which might be
required are the port number after the IN, and the mask after the ANI.
Check your console interface manual for examples and instructions.

10. The next routine is labeled CONIN. Deposit the code to read
a byte from your console keyboard into register A, Notice that you

might need to make similar changes, such as JNZ to JZ, mask, and port
numbers.

11. The last routine to change is labeled CONOT. Deposit the
code to write the byte 1in register C to your console. Again, you
might need to replace our JNZ with a JZ anc make port number and mask

changes. Be sure to end each of tlese routines with an RET
instruction.

12. This should be all the patches yvou need to make to the CP/

—
=

R/t
system residing in memory, to get going temporarily. Now examine the
content of address 5A00 (hex), which should be a C3 (hex for JMP) and

execute (run) at that location.

13. Our BIOS should give you an opening message. If so, you're
on the air, so go to step 14. If not, the system may not have loaded
properly, and something may be wrong with the diskette or hardware
setup. In that case, refer to section 2-3.

14, If you haven't already done so, copy the system and files

onto another disk. In order to do this, keep your system disk in
drive A and put a blank disk into drive B. Then type: COPY ALL. This
will copy your original disk onto the blank disk. Note that the

system you are running is only in memory, and the system on the disk
hasn't yet been modified. Leave the new disk in drive B until vyou
press return to reboot. Then take the original disk out of drive A
and never use it again except to copy it. Now remove the copy you
made from drive B and label it exactly the same as the original. You
will find that it is impoXxtant to keep the disk labels current, as it
is easy to get .confused and make a mistake. Put the new copy into
drive A for further work. Then press Ctl-C.

15. The next thing to do is edit the BIOS and BOOT .ASM files
and overlay them onto your system. Use the method described in the
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Tarbell CP/M 1.4 or 2.x User's Gﬁide, as this will properly document
all your changes and allow you to make use of memory larger than 24k.

16. The latest ABIOS (Auto-density select Basic 1Input Output
System) is always available from Tarbell for $15. Just ask for Public
Domain Disk # 2.



CONTENTS OF PUBLIC DOMAIN DISK #2 May 2, 1980

This is a disk which is reqularly updated with our latest ABIOS
and 2ABIOS for the Tarbell Double Density Floppy Disk Interface.
Other utilities are also maintained on this disk, such as format and
test routines. We also had room to irclude the source for the FORTH
lanquage from the Forth Interest Group. Their name and address are
included on the .ASM file. Following is a short description of each
file. For further information, see the comments in the file itself,
or the Tarbell CP/M User's Guide. The latest version of this disk is
always available within 1 week from Tarbell for $15. If you are
having problems, it's always wise to see if there is a newer version
of this disk available than the one you have.

1. DBOOT24.ASM

THIS IS THE SAME AS THE NORMAL SBOOT PROGRAM USED IN SINGLE
DENSITY, WITH THE EXCEPTION OF A DENSITY CONDITIONAL STATEMENT. AT
THE PRESENT TIME SETTING THIS EQU TO EITHER TRUE OR FALSE WILL MAKE NO
DIFFERENCE TO THE BOOTING OPERATION. THE REASON IT IS THERE IS FOR
DOING AUTO-DENSITY SELECTION DURING BOOTING.

2. DDUMP.ASM & DDUMP.COM

THIS IS A MODIFIED DUMP.COM FROM SAM SINGER AND FROM THE CP/M
USERS GROUP. THIS PROGRAM WILL ALLOW YOU TO VIEW ONLY TRACKS 2 - 76 OF
A DOUBLE DENSITY DISK. THE ONLY LIMITATION IN THE PROGRAM IS THAT IT
WILL NOT DUMP BY GROUP NUMBERS. ALL OTHER FEATURES ARE USEABLE.

3. DFORMAT.ASM & DFORMAT.COM

THIS PROGRAM IS THE DOUBLE DENSITY FORMAT PROGRAM. IT WILL

FORMAT THE DISK IN MANY WAYS DEPENDING ON WHICH EQU'S YOU SET TRUE OR
FALSE.

For example:
SETTING TRK1SD = TRUE,
FORMATS TRACK 0 AND 1 SINGLE DENSITY.

TRACK 2 - 76 DOUBLE DENSITY.
OR

SETTING TRK1DD = TRUE,
FORMATS TRACK O I¥N SINGLE DENSITY.
TRACKS 1 - 76 DOUBLE DENSITY.

k%% NQOTE ***
ONLY ONE (1), TRK1SD OR TRK1DD MAY BE TRUE AT A TIME. THE SKEW

FACTOR IS EASILY CHANGEABLE 1IN THE DFORMAT PROGRAM TO ALLOW FOR
OPTIMIZING DISK SPEED.

AS SIDE SELECT IS ONLY SUPPORTED EY CHANGING YOUR DRIVE SELECT

IF YOU HAVE DOUBLE SIDED, FORMATTING SIDE B WITH THE DFORMAT PROGRAM
MAY OR MAY NOT WORK FOR YOU.

4. DTEST.ASM & DTEST.COM

THIS PROGRAM IS USED TO TEST A DOUBLE DENSITY DISK FOR ERRORS.
WHEN THE PROGRAM FIRST COMES UP IT WILL ASK YOU FOR A "TITLE:". YOU
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MAY TYPE IN ANYTHING YOU WANT SUCH AS <FORMATTED WITH 62.5 NSEC,187.5
NSEC> AND THEN A CNTL-P, CARRIAGE RET, OR IF YOU DON'T WANT TO TYPE
ANYTHING, JUST TYPE A CARRIAGE RET. THE TITLE ALLOWS YOU TO KEEP A
RUNNING TAB ON THE ERRORS AND USING CNTL-P WILL TURN ON THE LIST
DEVICE FOR MAKING A HARDCOPY LISTING. THE NEXT QUESTION WILL BE
STARTING TRACK. YOU MUST ANSWER THIS WITH A TRACK NUMBER OF 0 OR
GREATER. THE REST OF THE PROGRAM SHOULD BE CLEAR. THIS PROGRAM READS
A TRACK AT A TIME AND KEEPS A RUNNING TAB OF ERRORS FOUND. DURING THE
READING OF THE TRACK, IF A SECTOR IS BAD IT WILL DISPLAY THE SECTOR
NUMBER AND THE NUMBER OF RETRYS IT TOOK TO READ IT. IT SHOULD BE NOTED
THAT IT WILL DO 11 RETRYS MAX, AND THEN GO ON TO THE NEXT SECTOR. IF
IT TAKES MORE THAN 10 RETRYS, THEN YOU SHOULD REFORMAT THE DISK AND
CHECK IT AGAIN, AS OUR DBIOS ONLY DOES 10 RETRYS BEFORE INDICATING A
FAILURE. RETRYS ON THE ORDER OF 1 TO 5 IS TYPICAL, IF THEY OCCUR AT

ALL, WITH THIS INTERFACE. THIS PROGRAM DOES NOT WRITE ON THE DISK, IT
IS READ ONLY.

5. FORMAT.ASM & FORMAT,.COM

IF YOU ARE USING OUR OLD SINGLE DENSITY FORMAT PROGRAM, YOU WILL
NOT BE ABLE TO READ THEM ON THE NEW INTEFFACE IN SINGLE DENSITY. THIS
IS BECAUSE THERE IS A BYTE IN THE INNER FECORD GAPS THAT THE 1771 WILL
READ BUT THE 1791/1793 WON'T, THIS FORMAT PROGRAM FIXES THAT PROBLEM
FOR BOTH THE 1791/1793 AND WILL STILL ALLOW YOU TO USE IT WITH YOUR
PRESENT 1771 CONTROLLER ALSO. YOU SHOULD DESTROY AND OLD COPIES OF THE
OLD FORMAT PROGRAM YOU HAVE, AND USE THIS ONE FROM HERE ON OUT.

**k* NOTE **%
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ONLY RUNS ON THE NEW CONTROLLER BOARD.
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6. FORMATQI.ASM & FORMAT91.COM

This program will only run on the single-density interface. It
will format disks in standard IBM single-density format, to read
correctiy on the double density interface.

7 . DFRAND.ASM

This' is another format program, which only runs on the
double-density interface, and which formats disks double-density in a
random format. This 1is very useful to use in conjunction with the
DTEST program, while setting up precomp. It gives a more realistic
representation of the way that data may be present on the disk. Do
NOT use this program to format disks that are to be wused next with
CP/M, as the directory needs to be filled with E5's.

8. MACRO.LIB & SKEW.LIB

THIS LIBRARY IS NECESSARY IF YOU HAVE DIGITALS MACRO ASSEMBLER

AND WISH TO CHANGE AND ASSEMBLE DDUMP.ASM AND DTEST.ASM, THESE
PROGRAMS USE MACROS.
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9. STAT.COM (FOR CPM V1.4 ONLY)‘

THIS IS AN UPDATED VERSION OF THE STAT PROGRAM FOR THE ORIGINAL
DISTURBUTION. IT FUNCTIONS THE SAME AS THE OLD ONE. THE ONLY
IMPROVEMENT WAS TO MAKE IT DISPLAY THE CORRECT CAPACITY OF A DOUBLE
DENSITY DISK. IT WILL STILL WORK SINGLE DENSITY.

10. ABIOS24.ASM

THIS IS THE AUTO-DENSITY SELECT VERSION OF THE BIOS FOR CPHM
Vi.4. THIS BIOS WILL AUTOMATICALLY SELECT THE DENSITY OF THE DISK YOU
ARE USING IN EITHER DRIVE, AND WILL ALLOW YOU TO CHANGE THE DENSITY AT
ANY TIME. IF YOU ARE GOING TO CHANGE THE DENSITY OF THE "A" DRIVE,
YOU MUST HAVE A DISK WITH THE SAME SYSTEIl SIZE AS THE ONE YOU REMOVED.
FILE TRANSFERS FROM SINGLE TO DOUBLE OR DOUBLE TO SINGLE IS COMPLETELY
AUTOMATIC. YOU MUST SET DOUBDEN = TRUE IN THE DBOOT24.ASM FILE BEFORE
YOU USE THE AUTO-DENSITY CAPABILITY OF ABIOS24.ASM, AS THIS IS THE

ONLY WAY THE PROGRAM KNOWS IT IS LOOKING FOR A DOUBLE DENSITY DISK 1IN
ANY DRIVE,

11. 2ABIOS24.ASM

THIS IS THE AUTO-DENSITY SELECT VERSION FOR CPM V2.x AND THE NEW
INTERFACE. THIS BIOS MUST BE USED WITH 2DBOOT24.ASM TO BRING UP THE
SYSTEM. PLEASE NOTE THAT 2ABIOS24 AND 2DBOOT24 ARE ONLY FOR CPM V2.x
AND WILL NOT RUN ON CPM V1.4 OR CONVERSELY, THIS BIOS IS SHIPPED
READY TO RUN 1IN THE AUTO SELECT MODE. YOU MAY CHANGE THIS AFTER YOU
GET A RUNNING SYSTEM SO THAT IT WILL NOT RUN AUTO SELECT BY SETTING
DOUBDEN = FALSE. YOU MAY ALSO DEFEAT THE DMA PORTION BY SETTING

DMACNTL = FALSE, WHICH WILL ALLOW THE BIOS TO RUN 1IN PROGRAM DATA
TRANSFER.

k%% NOTE ***

YOU MUST SET DMACNTL = TRUE AND DOUBDEN = TRUE IF AUTO DENSITY
SELECT IS NEEDED AND YOU WILL BE RUNNING DOUBLE DENSITY at 2 MHz.
12. 2DBO0OT24.ASHM

THIS IS THE SECONDARY COLD START LOADER FOR CPM V2.x FOR USE
WITH 2ABIOS24.ASM. SEVERAL EQU'S APPEAR IN THIS LOADER. DMACNTL -
SETTING THIS TRUE WILL ALLOW THE PROGRAM TO BOOT IN THE SYSTEM USING
DMA CONTROL. IF FALSE, BOOTS SYSTEM UNDER PROGRAM DATA TRANSFER.
DOUBDEN - SETTING THIS TRUE PUTS THE SPECIAL ID BYTE INTO THE DISK
DURING GENERATION OF A DOUBLE DENSITY SYSTEM DISK THAT WILL BE BOOTED
IN FROM DRIVE 'A'. SETTING THIS FALSE ALLOWS BUILDING A SYSTEM ON A
SINGLE DENSITY DISK. THIS BYTE IS HOW THE SYSTEM KNOWS WHETHER OR NOT
A SINGLE OR DOUBLE DENSITY IS ON LINE.

kkkxk NOTE **%*

-

IF YOU HAVE TROUBLE READING A SINGLE DENSITY DISK ON THIS
CONTROLLER, YOU MAY HAVE A DISK WITH THE WRONG SECTOR FORMATTING. TO
FIND OUT, TAKE ANOTHER DISK AND USE THE NEW FORMAT.COM FILE ON THIS
DISK TO REFORMAT IT. THEN USING YOUR OLD CONTROLLER, TRANSFER ALL THE
PROGRAMS YOU WISH TO SAVE FROM THE DISK THAT WOULD NOT RUN ON THE NEW
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CONTROLLER BOARD TO THE NEWLY FORMATTED DISK. WE REALIZE THAT THLS IS
ALSO A REAL HASSEL TOO, BUT IT IS A NECESSARY EVIL. BESIDES, THE NEW
FROMATTED DISK WILL STILL WORK WITH THE OLD CONTROLLER BOARD.

*%x% NOTE ***

IF ALL ELSE FAILS, EVEN AFTER READING THE DIRECTIONS, FEEL FREE
TO CALL ME HERE AT TARBELL ELECTRONICS. AND IF YOU WOULD LIKE TO
DISCUSS ANYTHING ABOUT THE BOARD OR SOFTWARE, CALL ME.

THANKS FOR INPUTS AND OUTPUTS ON THIS PRODUCT AND HOPE YOU WILL
FIND THIS PRODUCT BOTH INFORMATIVE AND FUN TO WORK WITH.

GERALD.W,MULCHIN
ENGINEERING DEPT.
TARBELL ELECTRONICS
213 538 4251



GENERAL THEORY of OPERATION

The internal operation of a floppy disk operating system 1S
probably the most complicated part of a micro-computer system. The
hardware and software interact very closely, and thereﬁore a very
strong knowledge of 8080 assembly language and common logic operations
is desirable to understand this section. Knowledge of the IEEE S-100
standard is also desirable, as there are some changes that have been
made to the S-100 bus with this new specification. The IEEE S-100
Standard has been enclosed with this manual in the appendix, along

with the data sheets for the rest of the integrated circuits used on
the interface.

The heart of the Double Density interface is the 1791/1793 Floppy
Disk Controller Chip. This <chip is very similar to the 1771 in
operation, but now includes all the functions necessary to run Double

Density. For your convenience, the 1791/1793 data sheet is included
in the appendix.

The interface may be broken down into subsections as follows:

1. 1791/1793 disk controller chip.

2. 8257 Direct Memory Access Controller chip.
3. Phase Locked Loop circuit.

4. Write Precompensation circuit.

5. General Drive and Computer interface.

The 1791/1793 controls the actual reading or writing to the <floppy
disk, and in which density this will happen. The floppy controller
chip contains 4 internal registers which are programmed by the

computer through it's data and address lines. the four registers are
as follows:

1. status register

2. track register

3. sector register

L. data register :

Feview of the data sheet will help in understanding each function of
these 4 registers.

DDEN is used to control in which density the floppy disk controller

chip will be operating. Low equals Double Density, High equals Single
Density.

EARLY and LATE control the Write Precompensation of the data being
written to the disk. These two signals along with the TRK > 43 line
control the amount of shift in time the bit that is being written to
the disk 1is subjected. Precompensation during writing is a must
because of the bit packing on the meaium of the disk.

This interface also has provisions for precompensation on tracks <
43, and it is recommended that a small amount be used. The amount of

precompensation is a switch selection, and will be explained in the
jumper options.

READ GATE 1is an output used for synchronization of the data
seperator circuit during read operations. A high on this pin inaicates
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that .a field of 'ones' (or zeros)'has been found in the inner record
gaps of the disk. :

The 8257 Direct Memory Access Controller chip controls the actual
transfer of computer data between the disk and computer. This device
can be thought of as a high speed semi-intelligent c¢pu in its
operation. It contains 16 registers of which only 3 are used by this
floppy disk interface board. One is a command register, and the other
two are byte pair data registers. During read and write operations,
the 8257 must be initialized with the byte transfer count, the address
of where the data is to go, and the type of transfer that is to occur,
such as read or write. The 8257 can transfer up to 16384 bytes of
data, and put it into any memory locations within a normal 8080's
addressing range. The important aspect about the 8257 is that it will
transfer data to or from memory without the need o¢f any cpu
intervention other than being initally programmed by the cpu. After it
has been programmed, it alone transfers the data, and in fact removes
the c¢cpu from the S-100 bus during these transfers. In-depth
information about the 8257 is available in the INTEL data catalog ana
in the appendix of this manual.

The Phase Locked Loop circuitry on this interface is necessary for
reliable data recovery, especially while running under double density.
It's function 1is to remove effects of data fluctuations during READ
operations which may be the result of drive speed or power line
changes, and general system noise. The Phase Locked Loop is used
during Single and Double Density operation. This is accomplished by
logic on the interface and 1is controlled by the DDEN line and an
internal hardware latch. Tri-state switching is used to select the
master oscillator timing clock. When in Single Density, the master
clock is equal to 8 Mhz. Double Density selection causes the master
clock to change to 16 Mhz. A close examination of the schematic will
show these logic changes during density selects.

The write precompensation is in general terms really a count down
circuit, controlled by the EARLY, LATE, and TRK > 43 lines during
writing operations. This applies only when operating in double
density, as the EARLY and LATE signals are not active during single
density. The count down circuit is <clocked by the 16 Mhz master
oscillator «circuit. The amount of precompensation is determined by
the preset value jammed into the 74LS161 from the EARLY or LATE pins
of the floppy <chip. After this value is loaded, the 74LSl6l counts
until it reaches zero, at which time it writes the data to the disk.
The effect of this is to delay the time the bit would have been
written to the disk, until it is actually written. The smallest amount
of precompensation that may be realized from this circuit is:

1 / 16 Mhz = 62.5nsec. oo

Jumpers provided on the ipterface have been selected for optimum drive
performance. Selection is based on manufacturer's recommendations for
the drive in use, and our testing here at Tarbell Electronics.

The computer interface for this board is based on the IEEE S-100

bus interface specification. It is not radically different from the
oléd S-100 bus design, and should run with most S-100 products on the
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market. If you have any questions about your interface cards, check
the section on S-100 compatible products in our manual.

The Disk Interface occupies an address range from EO-EF hex for the
DMA controller portion and F8-FD hex for the disk controller portion.
A jumper is provided to allow the address range to be moved to 60-6F
hex and 78-7D hex respectively, to avoid address conflicts with
exsiting computer boards you may have in your system. This 1is

explained in the jumper options section. The address ports are used
as follows:

E0 hex 8257 address register (must be two bytes to this port)
E1l hex 8257 word count register (must be two bytes to this port)
E8 hex 8257 command register (1 byte)

F8 hex disk command port (input)

F8 hex disk status port (output)

F9 hex disk track port (input/output)

FA hex disk sector port (input/output)

FB hex disk data port (input/output)

FC hex wait control port (input)

FC hex drive select port (output)

FD hex DMA end of operation port (input)

FD hex extended address port (output)

The extended address port (FD hex), allows the DMA controller to
transfer data to and from memory beyond the normal 64k range of the
8080 cpu. This function is avalible for both read and write operations
using the disk interface. The extended address lines are provided on
the ©S-100 bus as described in the IEEE S-100 bus interface
specification. The extended lines are Al6-A23.

To use the extended address function, user written software must
supply an 8 bit value corresponding to the bank ot memory you want to
access, out to port FD hex before any read or write operations occur
with the disk interface. During DMA operation, this 8 bit latch is
enabled, placing its contents onto the extended address 1lines. The
output of this 1latch is normally tri-state until the DMA controller
becomes active. Also, this latch may be programmed at any time wicth
any value you wish, except during an actual transfer by the DMA
controller. You could even change this 1latch value between byte
transfers -'if you wish. With optional decoding on memory boards,
possible memory capacities can be theoretically 8 banks of 64k
(512kbytes), to 256 banks of 64k (16 Megabytes).

The interface is set up for Shugart 8" compatible drives, which
means drives with a Shugart interface such as Shugart 800/801 and
Siemens FDD 100-8,120-8, and 220-8 will interface directly to the
controller board. There are many drives which fall into this catagory
and we will be supplying updates as we go along for your convenience.
At this time we at Tarbell Electronics have run the Shugart 800/801
and all 8" drives made by Siemens. This includes both single and
double density. Persci drives model 270/277's are now supported with
this interface. See the section on jumpers for an explanation and
changes which must be made to support Persci drives.
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This section of the manual will deal in depth with.the theory of
operation of the double density board. The explanation will be broken
down into sections within the board design.

The following logic notation will be used:
XX' = The logic name XX not, or the inversion of XX.

1. RESET circuit

The floppy disk interface receives it's reset from 1line 75
(PRESET) on the S-100 bus whenever a power on sequence is initiated or
whenever a RESET on the front panel of the computer is pushed. This
line is active low (0) whenever a reset 1is pushed. The result of
pushing a reset 1is to cause the floppy disk controller chip to do a
restore of drive 0 to the home position, reset the DMA controller chip
to the idle state, and the 1latch (U46), which 1is wused for drive
select, density select, and side select, to be <cleared to the
following condition, (a.) select drive 0, (b.) select single density,
and (c.) select side 0.

The reset line from the bus is first inverted by U9 (7404) to
provide an active high (1) signal for the DMA controller chip U029
(8257) . This signal is inverted again to provide an active 1low (0)
reset for floppy controller chip, U31 (1791/1793), and for U46
(74L.S174) an 6 bit latch. This active low reset signal also turns on
the bootstrap circuit by pulling the preset line of U35 low.

2. BOOTSTRAP Circuit

The bootstrap circuit is enabled during a power up sequence Or
from the front panel reset switch., The reset causes a preset of
flip~flop U35, a 7474 D-toggle flip flop, causing it's output, pin 5,
to go high (1). This output is tied to one of three (3) inputs of U33,
a 7411 3-input AND gate. The two other inputs come from the S-100 bus
interface pins 47 (SMEMR), and 78 (PDBIN). The output of U33 is tied
to the input of a 7406 (U87), which drives the PHANTOM line (67) 1low.
U33 also also drives a hex inverter U34, which drives the chip select
line on the-Bootstrap Prom low, enabling the data outputs of the prom
on to the data bus. When run is enabled on the computer, the contents
of the prom are read onto the data bus and into the cpu as
instructions. Because this prom is only 32 bytes long, the method of
disabling it when it has completed all its instructions, is to look at
address line 5 of the S-100 bus. This address line is fed to one of
the 1inputs of U47, a 7421 4-input AND gate. The other three (3) lines
in to U47 are PHASE 1 (25),PSYNC (76), and SMI (44). When the
computer has read all 32 bytes of the prom, and an attempt to read the
33rd byte is tried, address line 5 will go high (1), which causes one
input of U47 to go high. The three other inputs of U47 will also go
high, causing its output to go high. This output line then causes the
output of U26, a 7404 inverter, to go LOW (0), resetting U35. When
this flip flop is reset, its output, pin 5, will go low, disabling
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both the PHANTOM line and the Boofstrap From chip select. This act@on
releases the the bus data 1lines back the their norma} operating
condition. During power up of your system, if you wish to disable the

bootstrap circuitry, and have a front panel, you may raise
address~-data switch 5 and hit examine. This will turn off the
bootstrap circuit, allowing you to access all computer memory. The

bootstrap may be defeated entirely by using jumpers E8 to E9 on the
disk interface. Using jumpers E9 to E10 enables the bootstrap during
each reset. Below 1is a listing of the bootstrap prom for both the
standard Tarbell disk ports, and for our non-standard disk ports. Our
standard prom is model # 100 and our non-standard prom is model # 101.

Model 101 is for people who wish to run the disk interface at
addresses 60 to 7D hex.

STANDARD PROM BOOTSTRAP LISTING

————— —— ———— T G — G - S — - - = = —— G W —— ————

0000 ORG 0 ; PROM RUNS AT LOC ZERO.
00F8 = DISK EQU OF8H ;BASE ADDRESS OF DISK PORTS.
00F8 = DCOM EQU DISK ;COMMAND PORT.
00F8 = DSTAT EQU DISK ;DISK STATUS PORT.
00FA = SECT EQU DISK+2 ;SECTOR PORT.
00FB = DDATA EQU DISK+3 ;DATA PORT.
00FC = WAIT EQU DISK+4 ;WAIT PORT.
007D = SBOOT EQU 007DH ; START OF SBOOT.
1
0000 DBFC BOOT: 1IN WAIT ;WAIT FOR HOME. (caused by reset)
0002 AF XRA A ;CLEAR ACCUM.
0003 6F MoV L,A ;CLEAR REG L.
0004 67 MOV H,A ;CLEAR REG H.
0005 3C INR A ;SET A = 1.
0006 D3FA ouT SECT ;START AT SECTOR 1.
0008 3E8C MVI A,8CH ;READ THE SECTOR.
000A D3F8 ouT DCOM ;ISSUE THE COMMAND.
000C DBFC RLOOP: IN WAIT ;WAIT FOR DRQ OR INTRQ.
000F B7 ORA A ;SET FLAGS.
000F F21900 JP RDONE ;DONE IF INTRQ.
0012 DBFB IN DDATA ;ELSE,GET A BYTE FROM DISK.
0014 77 " MOV M,A ;PUT IT INTO MEMORY.
0015 23 INX H ;BUMP POINTER.
0016 C30C00 JMP RLOOP ;LOOP TILL DONE.
0019 DBF8 RDONE: IN DSTAT ;:READ DISK STATUS.
001B B7 ORA A ;SET THE FLAGS.
001C CA7DO0O Jz SBOOT ;IF ZERO, GOTO SBOOT.
001F 76 HLT ;ELSE, DISK ERROR
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NON-STANDARD BOOTSTRAP PROM LISTING

——————— — —— T ——— W~ ——— T S — G W G~ — G S ———— -

0000 ORG 0 ; PROM RUNS AT LOC ZERO.
0078 = bISK EQU 07 8H ;BASE ADDRESS OF DISK PORTS.
0078 = DCOM EQU DISK ; COMMAND PORT.

0078 = DSTAT EQU DISK ;DISK STATUS PORT.

007A = : SECT EQU DISK+2 ;SECTOR PORT.

007B = DDATA EQU DISK+3 ;DATA PORT.

007C = WAIT EQU DISK+4 ;WAIT PORT.

007D = SBOOT EQU 007DH ; START OF SBOOT.

0000 DB7C BOOT: IN WAIT ;sWAIT FOR HOME. (caused by reset)
0002 AF XRA A ;CLEAR ACCUM.

0003 6F MOV L,A ;CLEAR REG L.

0004 67 MOV H,A ;CLEAR REG H.

0005 3C INR A ;SET A = 1.

0006 D37A ourT SECT ; START AT SECTOR 1.

0008 3E8C MVI A,8CH ;READ THE SECTOR.

000A D378 OuT DCOM ;ISSJE THE COMMAND.

000C DB7C RLOOP: IN WAIT ;WAIT FOR DRQ OR INTRQ.
0008 B7 ORA A ; SET FLAGS.

000F F21900 JP RDONE ;DONE IF INTRQ.

0012 DB7B IN DDATA ;ELSE,GET A BYTE FROM DISK.
0014 77 MOV M,A ;PUT IT INTO MEMORY.

0015 23 INX H ;BUMP POINTER.

0016 C30C00 JMP RLOOP ;LOOP TILL DONE.

g0lo DB7S RDCONE: IN DSTAT ;READ DISK STATUS.

001B B7 ORA A ;SET THE FLAGS.

001C CA7DO0O Jz SBOOT ;IF ZERO, GOTO SBOOT.

001F 76 HLT ;ELSE, DISK ERROR

3. ADDRESS SELECTION

The double density controller board is selected based on the low
order 8 address line values presented to the interface during an input
or output instruction. The normal address range for this board is from
EO hex to FD hex. There are provisions for changing the address range
from 60 hex to 7D hex by means of jumpers E4,E5,and E6.

The base address for the DMA controller (8257) is E0O hex, with
all possible 16 address from E0 to EF hex available for use by the DMA
controller chip. U33, a three input AND gate, is used to determine
the base address of EO0 hex by tying address lines A7,A6,and A5 to its
three inputs. You will notice that an inverter, U34, is in between one
input of U033, and address line A7. By selecting the proper jumper at
E4,E5, and E6, you may select a base address of either E0 hex or 60
hex., By using the inverter, U34, you will select the base address of
60 hex. By not using the U34, but using the jumper which bypasses U034,
you will select a base address of E0 hex., The output of U34 is next
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AND'ed with the inversion of A4 through U26. This gate (U48) is used
to allow selections from E0O hex to EF hex for I/0 operations with the
DMA controller. The output of U48 drives one of the inputs to U43 for
selecting the DMA controller chip select line. The other input for U43
(7400) , comes from U45 (7432). U45 determines whether the current 1I/0
operation is an Input or an Output with the interface board. The
signals SINP and SOUT are two status lines from the CPU card used to
determine the I/O operation. Because these two signals will not occur
together, they may be OR'ed together through U43 to provide Jjust one
general signal for I/O operation decoding.

Disk I/0 ports for the 1791/1793 floppy controller chip are
decoded by U47, a 4 input AND gate. One input to U47 comes from U33's
output, which is the address decode for the base address of Ex hex or
6x hex. Address lines 4 and 3 are tied to two of the other inputs of
U47. Address line 2 is inverted through U26 (7404) and is the fourth
input to U47. The Output of U47 goes high whenever any of the
following address appear on the address bus,F8,F9,FA,and FB hex.

-Ports FC and FD hex are decoded by U27 (74LS138) . The output of
gate U33 is used for the enable input of U27. The other two enables of
U27 are an enable when low function and are derived from the inversion
of address 1lines 3 and 4 through two inverters U26. The output of
inverter U26 pin 10 also goes to one input of gate U48. If address
line 4 1is high (eg. Port FC), The output of U26 pin 10 will be low
(0) ,causing the output of gate U48 to be low, disabling the selection
of any port with the base address of Ex hex. The 3 low address lines,
AO,Al, and A2 determine which port is selected on the output of U27.
Also, even though the low 3 lines of the address bus are used by U27,
only two of the possible 8 ports are used by the disk interface board.

Port decodes from U27 for F8,F9,FA, and FB are not used. Only Ports FC
and FD hex are used.

4. DISK CONTROL circuit

The 1791/1793 Floppy disk formatter/controller chip performs all
the functions necessary to read or write data to a floppy disk drive.
Both single and double density storage capabilities are supported. The
chip is compatible with the IBM 3740 (FM) data format,IBM System 34
(MFM) , or may be operated non-standard by using the controllers
variable length sector capability.

The floppy controller chip contains five (5) internal registers
that can be read or be written to. These registers are used to write
commands, read status, and read and write data to and from the floppy
disk drive. These five registers are selected by providing the proper
binary code on the A0 and Al lines of ‘the floppy chip in conjunction
with either a read or write operation. The registers and their
addresses are as follows:



DETAIL THEORY of OPERATION

CS' Al A0 RE'= WE'=0

0 0 0 Status Reg Command Reg
0 0 1 Track Reg . Track Reg

0 1 0 Sector Reg Sector Reg
0 1 1 Data Reg Data Reg

1 X X Deselected Deselected

—— e S~ —— —— - — " G - S S " - - G G G S S S S~ —— —— G~ (- —— P - — — Y — - - - Go W ———

The five internal registers of the floppy controller <chip are
accessed through the internal interface data bus. The internal data
bus is buffered by U71 (8208) and U72 (8208). U71 and U72 are 8 bit
bi-directional transcievers which are used as bi-directional data
buffers between the computer S-100 bus and the floppy disk interface
internal data bus. These transceivers allow data travel in either
direction depending upon whether the TRANS/REC' pin (11) is high or
low. To program the floppy controller chip, A0,Al are selected for
the desired operation. Write enable of U31 is made active 1low by
processor signal SOUT and PWR' gated together by U23 (7400). The data
that the CPU wishes to program the floppy controller with, is now
placed on the DO0 - DO7 lines of the CPU card. This data 1is then
presented to U71. Because we are not in the DMA mode of operation, the
TRANS/REC' pin is already pulled low, causing the transceiver to be in
the receive mode. The data is then passed through U71 onto the
internal data bus and into the floppy chip DALO - DAL7 1lines. Chip
select, pin 3, of U3l is made active low by U486 (7408) output. One
input of U48 comes from the DMA controller and the other input is from
U43 which is the gating of the address port and the I/0 mode desired.
In this case, since we are programming the floppy controller, any port
address in the range of F8 - FB hex gated together with SOUT will
cause the data to be written to the controller chip.

5. Direct Memory Access
The sequence of operations for a DMA access is as follows:

A. The Basic Input Output System (BIOS part of CP/M) program sends
a series of initialization bytes to the 8257. These include
the starting address in memory for the data, the number of
bytes to transfer, and the type of command (read, write, verify)
which is being requested. The port numbers for these and other
transfers are listed on page 3-3 in this manual.

B. The BIOS then sends track number, sector number, and type of
command (read or write) to the 1793.

C. The 1793 then causes the head to load against the media (we
are assuming we're already on the,correct track). When the
1793 finds a sector header that matches the track and sector
number in it's registers, and is ready to write or read the
first byte, it activates its DRQ line, which is fed to the
8257. This signifies that it is ready to transfer a byte.

D. Soon after receiving the input on its DRQO line, the 8257
makes its HRQ line go high. This is fed through an OR gate
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to S-100 bus line PHOLD'. This notifies the CPU that there
is a DMA request pending.

E. When the CPU finishes the cycle it is currently in, it sends
back a PHLDA signal over the S-100 bus to the HLDA input on
the 8257. This tells the 8257 that its DMA request has been
granted, and that the CPU is in a HOLD state.

F. The 8257 then activates its AEN line, which indicates that it
has a valid address on A0 to A7 and DO to D7. This signal is
ORed with the HRQ to keep PHOLD' active, and disables the CPU
address and data lines using S-100 bus lines DO DSB' and
ADR DSB'. AEN also is fed to (U41) and (U67), which gates the
DD board's own status and control lines onto the S-100 bus
(PWR', PDBIN, SMEMR, SINP, SOUT, PSYNC, MWRITE, SINTA, SHLTA, SMl).

G. A short time later, the 8257 activates its DACKO' line, which
disables the CPU's status and control lines, using S-100 bus
lines STAT DSB' and C/C DSB'. The time between step F and
G provides the overlap time, during which both our DD board
and the CPU board have control of these status and control lines.

H. At the same time as the DACKO' line is activated, the 8257
activates either its MEMR' line, or its I/OR' line, depending
upon whether it's going to do a write or read respectively, to
disk. Step I will explain what happens for a write operation,
Step J for a read (from disk) operation.

I. For a write operation: The MEMR' line coming from the 8257 is
used for several things. It is fed through U67 to S-100 lines
PDBIN and SMEMR to the system memory to gate the memory onto
the S-100 bus. It is also used to activate U72 so that the
S-100 DI bus is fed into the DD board's internal data bus and
therefore providing a path from the memory output to the 1793.
A short time after the MEMR' signal, the I/OW' signal is fed
from the 8257 to the WE' input on the 1793, which strobes the
data into the 1793. The 1793 then writes the data onto the
disk.

J. For a read operation: The I/OR' signal from the 8257 is fed

‘ to the 1793, gating the data in its register onto the data bus.
This signal is also used to activate U71 in the outward direction,
so that the data is fed onto the S-100 DO bus out to the system
memory. (mod for rev-e) A short time after the I/OR' signal,
the MEMW' signal is generated by the 8257. This is used to
generate the S-100 bus line PWR', which strobes the data into
memory.

K. After either step I or J above, the reverse sequence occurs,
turning over control of the bus back to the CPU.

6. Write Precompensation

The Write Precombensation circuit consists of a programmable
counter, (U36), for delaying or advancing write data pulses during
disk writes, a dip switch (SW-1) for adjusting the precompensation

value, and the necessary decoding logic for early, late, and TRK > 43
(u12).
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The 1793 produces along with it's write data pulses, two signals
called 'early' and 'late'. These two signals, along with TRK > 43, are
decoded by a 1 of 4 decoder circuit (Ul2) to select the switch setting
from SW-1 for loading into the counter (U36).

Loading the counter starts the counter down counting. If there
is no early or late signal generated (no precomp needed), the
programmable counter is loaded with a positive (0111) 7, which is the
zero precompensation center reference value.

Values from (0110) 6 through (0000) 0 are increasing late times,
and values (1000) 8 through (1110) -2 are increasing early times. The
programmable counter is <clocked with 16 MHz during double density.
Therefore, the minimum resolution is 62.5 nsec,

After the counter has been loaded with the desired value of
precompensation, the counter down counts until a carry is produced.The
carry, delayed one (1) clock cycle by a D-toggle flip-flop(U35), is
used to trigger a 250 nsec. one-shot. The output of the one-shot,
after buffering, 1is the precompensated data which is written to the
drive. The counter then remains stopped until a new data pulse is sent
from the 1793, starting the whole process again.

7. Data Recovery

Data recovery is provided by an on board Phase Locked Loop
circuit. This circuit allows for maximum data recovery reliability,
while rejecting drive speed variations and bit crowding. One shot
(U74) conditions the data being read from the disk and provides RDATA*
to the 1793. It also provides data to the phase comparator (U55) which
is part of the phase 1locked loop. The active filter network which
consist of U55,R5,R6,R7,R8, C5,C6 and Q2 removes noise and jitter from
the incoming data and provides a correction voltage to the voltage
controlled oscillator (U53)- This oscillator provides the master clock
frequency necessary for a stable read clock signal (RCLK) for the
1793. This output is either divided by 2 or divided by 4, controlled
by the DDEN 1line, to provide the necessary 500 KHz or 250 KHz RLCK
signal for double density or single density operation.
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Before attempting any assembly operations, it 1is recommended
that you read this section and the parts list section first. This will
help put vyour mind into a comfortable state about what you are going
to be doing with the board.

1. () Locate and confirm that your kit contains all the parts
listed in the parts list in this manual. Any errors found should be
reported to Tarbell Electronics for corrective measures. Also, Yyou

should make any necessary changes which you receive from Tarbell
Electronics, on your board at this time.

2. () If you are using sockets, install them at this time.

3. () Locate the 50 pin header connector and install it at the
top of using the 2 2-56 x 3/8 mounting screws and hardware.

4. () Locate Ql1, an LM-323 votage regulator, and the heatsink.

Mount the requlator and heatsink on the board using the 4-40 x 3/8
screws and hardware.

5. {( ) Locate Q2, an MPS6571 transistor, and mount it as
indicated by outline on the board.

6. () Locate the 220 uhy choke, L1, and mount it on the board.
This part may appear to you as looking like an resistor. It is not a

resistor but is in fact a RF. coil. Use caution if you are in doubt
about which one L1 is.

7. () Locate the crystal, Y1, and mount it on the board. Mount
the crystal down close to the board. Then take a small piece of wire
and push it through the hole that is to the 1left of crystal, and
solder it. Then, take the other end of this wire and bend it over the
top or the crystal and cut off all but 1/8" of it. Then solder the
wire to the crystal can. Do not over heat the crystal can, or you may
open the hermetic seal.

8. ( ) Using the parts list and using the board layout drawing,
start mounting all the capacitors on the board. Be sure to observe the
polarity of the tantalum capacitors C13,Cl14,Cl5. The little square
block on the board is the end that the plus (+) lead of the capacitor
goes into.’

9. ( ) Using the parts list and board layout drawing, mount all
the resistors on the board.

10. () Locate the dip switch and mount it. ©Note, if the dip
switch you have has only 8 positions, you will have to mount the
switch on the board starting at position 2 at the 1location on the
board. There should be one open location at the top of the switch that
is not used after you mount the switch.

11. ( ) Do not mount the IC's at this time, as you will need to
check the voltage regulators for proper output voltages.
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12.( ) After all the components are mounted, plug the board into
your computer and check the voltage regulators for proper operation.
CAUTION** Be sure your computer is turned off before you plug in the
board. The output of Q1 should be approx. 5 volts +/- .5 volts. The
output of CR1l should be approx. 12 volts +/- .75 volts.

13.( ) Using the parts list and board layout drawing, mount the
IC's into their respective locations. Use ''GREAT'' caution with the
two 40 pin IC's when mounting them as it is possible to bend or break
some of the leads on the part.

14.( ) This completes the assembly of the unit. On the following
pages are the jumper options for setting up the board for your system.
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This board has very little'jumperiqg required to get_it running.
The only Jjumpers that need setup are for address selection, XRDY or
PRDY line, and Write Precompensation value.

1. Normal Board Setup

The normal configuration is as follows:

a. Board address set for base address of E0 hex.

b. PRDY line used for processor wait.

Cc. SW-1 set for 62.5 nsec on trk < 43 and 187.5 nsec
for trk > 43.

NQTE **

The write precompensation may be the only adjustment you
will have to make for your d:ives.

2. Address Selection

This board may be addressed in one (1) of two (2) address areas
in your computer. Either an address range of 60 - 7D hex or E0O - FD
hex may be selected. You should beware of existing computer boards in
your system which wuse these address ports for I/O operations, as a
conflict may exist. Our I/O section for CP/M uses an address range of
E0 - FD hex, as does our Standard bootstrap prom.

FORT JUMPER
£EQO - FD Hex E1S to E20=
60 - 7D Hex E1l9 to E18

~

3. XRDY or PRDY selection

Three possible confiqurations exist in the selection o0f the
right line to use. These are, no front panel, front panel, and if you
have a front panel, who made it.

Mo Front Panel Jumper El-E2 or E3-E2
Insai Front Panel Jumper El1-E2

Altair Front Panel Jumper E3-E2-4—""

NOTE **

Be sure that other boards in your system do not use either the
XRDY or PRDY lines improperly, as this would cause improper operation
of this interface board. Things to beware of are memory boards which
activate a tri-state driver in anticipation of memory wait states, or
daynamic memory boards which require the use of this line for refresh

operations, or memory boards which use s..ow memorys such as old, old
2102’8. \ :

-

4. Write Precompensation Selection

The selection of the write precompensation is based on the type
of drive you are using and the amount of errors you are getting from
the disk when you run our special disk test program., To properly set
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the precompensation, first set the dip switch S1 for a vaisue of
62.5nsec for < 43 and 187.5 nsec for > 43 as shown in the Precomp
Table in Fig.l Next, format a good certified double density disk with
our DFRAND.COM program. Then read the disk for errors using our
DTEST.COM program. If you find any errors, then change the
precompensation switch settings to another value in the table and run
the sequence again. The initial values of 62.5nsec for < 43 and
18/.5nsec for > 43 were found to be midrange values here at Tarbell
Electronics. These values are with the switch positions 5 and 8 on (if

there is a 9 position switch), or positions 4 and 7 on (if there is an
8 position switch).

After vou have found the proper settings for the precompensation
switches, reformat the disk using the DFORMAT.COM program so that the

disk will have the proper data in each sector required for CP/M
operation. (E5 data fill) :

SW - 1 settings

Trk < 43 | | Trk > 43
__________ | l ———— e e e
|--Early--| | --Late--| | ~—--Early----- | | -—--Late----]

POS 1 2 3 4 5 6 7 8 9
ns ns ns ns

62.5 1 62.5 0 0 62.5 0 1 1 62.5 0 0 0
% ® X X X 187.5 0 1 0 4 187.5 0 1 0
% X 250.0 0 1 250.0 0 0 1 250.0 0 1 1
% X X X X 312.5 0 0 0 312.5 1 0 0
X X 375.0 1 0 X X X X 375.0 1 0 1
X X X X X X X X X 437 .5 1 1 0
pls X 500.0 1 1 X X X X 500.0 1 1 1

' FIG 1
Note: x = not adjustable, 1 = on, 0 = off

5. Bootstrap

‘
o

The on-board bootstrap may be enabled or disabled by Jjumpers
ER@,E9,and E10 as follows.

Bodtstrap enabled - Jumper E9 to ElQ#—
Rootstrap disabled - Jumper E9 to ES8

6. Persci drives “

-

If you have a Double Density board Rev. D or Rev. E, and want to

run a Persci model 277/270 with it, then do the follcocwing changes to
the board. '

1. On the double density interface:
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a. on back side, cut the trace connecting E4 to E6 and jumper
E4 to E5. (bypasses step one-shot)

b. Jumper El1 to E12. ( 1793 test pin)
c. Jumper E13 to Fl4. (seek complete line)

Now you must make the Persci 277/270 1look 1like a Shugart
compatible drive. Thanks to John lock of Bits & Bytes of Fullerton,
we now have the all the changes. These ar‘e changes which you must make

to the drive and in some cases will invo.ve making trace cuts on the
Persci drive.

Cuts to make:

. Trace to P1l-16 (back side)

. Trace between BL-BC (front side)

. Trace between Ul1l-12 and Ull-13 (back side)
. Trace between Ul1-10 and Ull-11 (back side)
. Trace from P1-2 to Ul-8 (front side)

. Trace to P1-30 (back side)

. Trace to P1-32 (back side)

Jumpers to add:

———— —————— —— ——

. Ull-12 to P1-32 (back side)
. Ull-10 to Pl-30 (back side)

2. H to M (for head load)

4. I to BL (for head load)

Persci jumpers: (board assy.200263-007 rev N/S)

D

()A-B 2()JdJ-2 3()K-L 4() N=-P 5()T-~- 58
() U=V 7( ) BK-BM 8( ) BA-BB 9( ) AK-AH 10( ) X - W
11( ) AD-AE 12( ) AP-AR 13( ) AS-AT 14( ) AM-AN 15( ) BE-BD

Junipers E<D and G-F and AC-AB should be open.

Drive select:

- —— -t ——— o 4

Drive 1 (A & B)‘ Drive 2 (C & D)

Ull 13 to 2 Ull 12 to 2

Ull 11 to 4 . Ull 10 to 4
Remove Ul

Our bios packages for CP/M use with the double density board

must have some of the equates changed for proper operation with the
Persci 277/270.
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In the bios change HLAB EQU'O to HLAB EQU 8 for head 1load at
beginning of seeks.

Set DUAL to TRUE as there are two heads moving together.

These changes were tried on our Persci model 277/270 here at
Tarbell Electronics which has a revision number of N/S. We are not
sure about other revisions which Persci makes or about there operation
in Double Density. You should probably consult the factory about any
revisions  you have which do not agree with our own. Operation with
the Persci has been quite good in Single Density operation on the new
controller. But Double Density has been poor. This is probably due to
the fact that our Persci 277/270 is not rated for Double Density
operation. This 1is probably due to head design. Adjusting the
precompensation may help some what.

For normal operation with- Shugart compatible drives, install
jumpers as follows:

( ) E13 to E15
() E4 to E6 <-- normally etched on the board

7. Phase Locked Loop circuit

The Phase Locked Loop circuit has provisions for a second order
low pass filter if needed. At this time, we have found no need to

incorporate this feature. Therefore the following jumpers or
components are used.

R7 install a jumper
C4 will be missing
R2 and R4 will be missing

€. Interrupt option

Interrupts from the Floppy controller may be used to generate a
interrupt to the CPU if. desired. The large hole (E23) just above pin 8
of the S-100 connector is the output for the interrupt line. This is
an active low signal and is normally tri-state. This 1line may be
connected to any of the S-100 vector interrupt lines on the bus. You
will need a vector interrupt card if you plan on using interrupts
other than RST 7. The vector interrupt lines are defined in the S$-100
standard on pages 10-1 to 10-5 of this manual.

S. MWRITE option

If your memory~boérds require the MWRITE signal to write data
into memory, and this signal 1is not generated on the cpu or front
panel, then you will have to jumper E16 and E17 together. If your

memory boards use PWR' for writing data into memory, then leave E16 to
E17 open. '



JUMPER OPTIONS

10. 8257 Clock option

An option has been provided on the board for running IC U29 at
either 2MHz or 4MHz. This option is provided so that people who wish
to use the AMD 9517 at full speed may do so. Otherwise, 1if you are
using the 8257 supplied in our interface, then you will have to run it
at 2MHz.

Jumpers are as follows:

device jumpers
8257 E23 - E25 2MHz clock
9517 E24 - E25 4MHz clock

** Note ** Software programming for the 9517 is different
than the 8257. They are pin compatible only.

11. 1793 Read delay

The 1793 has a hold time restriction when reading data or status
from it..A one-shot has been provided to stall the CPU during any
reading from ports F8 - FB Hex (78 - 7B Hex). This option is provided
allready connected on the board. This is the only WAIT, when running
DIIA  operation, generated on the board. This option may be defeated by
cutting the trace between E26 and E27 on the board. The only problem
you may find if you cut this trace is that while running with a Z-80
at 4MHz, you may read the 1793 too fast. This is also a function of
the 1793 you are using at the time. You may have to replace the jumper
if you find you have any problems reliably reading the 1793.

12. Extra buffer chip

Located at U4l is an extra buffer for use as you may see fit.
This Dbuffer is an enabled Tri-state buffer of the non-inverting type.
Jumpers are provided so you may use it.
22 = buffer input
£E21 = buffer output



PARTS LIST

Lty. Descriptor Desiginator
Resistors

1 120 ohm 1/2 watt R29

1 220 ohm 1/8 watt R6

3 330 ohm 1/4 watt R1,R3,R36

5 470 ohm 1/4 watt R10,R11,R12,R13,R14
1 470 ohm 1/8 watt R8

1 510 ohm 1/8 watt R39

5 1 kK ohm 1/4 watt R19,R24

1 1 K ohm 1/8 watt R7

7 2.2kohm 1/4 watt R15,R16 ,R30,R31,R38
2 2.4Kohm 1/8 watt R9,R11

2 4 .3Kohm 1/4 watt R40,R43

5 4.7kohm 1/4 watt R17 ,R18,RZ23,R25,R26
2 5.1Kohm 1/8 watt R41 ,R42 .

1 6 .2Kohm 1/8 watt R5

4 10 kohm 1/4 watt R21,R27 ,R28

2 33 kohm 1/4 watt R37,R35

1 4116-003-221-331 U8

Capacitors

2 18 pf cap C9

2 56 pf cap C3,C4

2 100 pf cap +/- 5% Cc7,C8

2 220 pf cap cl12,Cl17

1 680 pf cap Cl

1 .0015 mfd cap Cé

1 .0039 mfd cap C5

28 .1 mfd cap v11,C20,C21,C22,C23,C24,C25,C26,C27,C238

c29,€30,€31,C32,C33,C34,C35,C36,C37,C38
C39,C40,C41,C42,C43
4.7 mfd @ 10 volts Cl0

1
2 10 mfd @ 16 volts c13,Cl1l5
1 22 mfd @ 10 volts Cl4

1 16 - MHz crystal Y1l

1 MPS 6571 Transistor Q2

1 1N4742 12 volt 1 watt zener CR1
1 9 position dip switch SW-1

Hardware

TO-3 Heatsink .
4-40 x 3/8 screw
4-40 x 1/4 nut

# 4 washer

2-56 x 3/8 screw
2-56 x 3/16 nut
# 2 washer

NN



PARTS LIST

Connectors

1 50 pin connector
1 16 pin dip-socket
2 40 pin dip-socket
IC's

————— ——— —— " G S G - —— -

** Note **

7400/74LS00
7404/74LS04
7404

74504

7406

7407
7408/74LS08
7411/74LS11
7413/74LS13
7432/74LS32
7438
7474/74LS7 4
7493

74LS109
74LS113
74LS123
825123/5331
74125/74LS125
7415138/8205
74145

74LS153
74LS161
74174/74LS174
74LS221
74LS373

8T97
8208/8286/8304
MC4044

LM 323

HIHWWRNNHHHEHEHEWHFORERRENDINOHEREODNDHEEFOOW

LSI chips

1 8257
1 1793

*% Note **

Quad Nand gate

Hex Inverter

Hex Inverter

Schottky Hex Inverter
O.C.Hex Inverter

Hex Buffer

Quad And Gate

3 Input And Gate

4 Input Schmitt Trigger
Quad Or Gate

0.C.Quad Nand Gate

D Toggle Flip Flop

4 Bit Binary Counter
Dual J-K Flip Flop
Dual J-K Flip Flop
Dual One Shot
Bootstrap Prom

Quad Tri-state Buffer
Octal Decoder

1 of 10 Decoder

Dual 4 to 1 mux.
Preset Counter

6 Bit Latch

Dual One-shot

Octal Tri-state Latch
Hex Tri-state Buffer
Octal Transciever
Phase Comparator

5 Volt 3 Amp Regulator

DMA Controller Chip
Floppy Controller

U70 is not used

Jl
U052
029,031

Equiv. 74LS parts may be used where indicated in list,

012,023,043
U9,026,034,044
U66

U85

u87

Ul3,016
U42,048

U033

u47

045,073
021,022
U35,077

U86

U76

U56
Ul0,U032,064
wh2

025,065

027

U24

U75

U36

U46

053,074
U68,U069
07,067,041
028,071,072
U55 (Motorola)
Ql

U29
U31



TARBELL DOUBLE DENSITY FLOPPY DISK INTERFACE FULL WARRANTY

1. Any faulty component part purchased {rom Tarbell Electronics,
which is returned within 6 months after ihe date of purchase will
be replaced at no charge. Components returned under this part ot
the warranty should be with a letter explaining what is wrong with
the part.

2. Any factory-assembled floppy disk interface, which does not
work correctly, and is returned within & months after the date

of purcnase, will be restored to proper operating condition or

replaced without charge.

3. Any floppy disk interface kit, which in the opinion of the
manufacturer has been assembled with reasonable care, and is
returned for repair within 6 months after the date or purchase,
will be repaired for a charge commensurate with the work required.
(parts will be free) but in no case will exceed $100 without
notification of the owner.

4, Any floppy disk interface not covered by the above conditcion
will be subject to a charge commensurate with the work and parts
required, but in no case will exceed $100 without notification of
the owner.

5. Parts can be returned directly to the address below for
replacement., Complete floppy disk interfaces should be returned
to the place of purchase. If this is not possible, or if it is
very inconvenient, it may be returned to the address below, with
proof of purchase.

6. Tarbell Electronics assumes no responsibility for consequential
damages to other connected equipment, or for time lost, or programs
or data lost, because of interface malfunction or incorrect
documantation.

7. If you are disatisfied with the operation of a factory-assembled
Tarbell Double Density Floppy Disk Interface for any reason, your
money will be cheerfully refunded, provided the unit is returned
within the six month warranty period.

8. Tarbell: Electronics does not warvant that the disk interface
will work with all "S-100" computer systems, or with all floppy
disk drives. Call the factory or ask your local dealer about any
possible conflicts in your system.

9. This warranty does not cover parts, or interfaces built from
parts, which are not traceable to Tarbell Electronics.

10. An interface which is assembled from 1 kit by a Tarbell dealer
has only the parts covered by this warran:y, not the labor. All
interfaces which were sold as kits, will have a "K" marked on the
solder side. The dealer may provide his own warranty in this case.



TARBELL DOUBLE DENSITY FLOPPY DISK INTERFACE FULL WARRANTY

Defective parts or interfaces covered under this warranty should
be sent WITH PROOF OF PURCHASE (like a receipt) to:

Tarbell Electronics
950 Dovlen Place, Suite B
Carson, California 90746
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IEEE Specification,

of

N oYU W

IEEE Task 696.1/D2

The following is a list of .the IEEE pin functions, signals, type

signal, active level,

and a description of the signal.

The following conventions will be used:

bus.
slave.

nmnanun

O nm=E %

Type

= open collector.
high or logic level 1
low or logic level 0

Active Level

inverted signal or the NOT function.
master.

Description

- ——— — ————— — —— " —— - ————— i — — T~ ——— G- S T G G —— - — T — T A S o o — " . ————————

8

10
11
12
13
14

+16 volts

XRDY

VIO*
VI1l*
VI2*
VI3*
VIgx
VIS5*
VI6*
VI7*
NI1I*
PWRFAIL¥*
DMA3 *

Al8

n

H

H

0.C.
0.C.
0.C.
0.C.
0.C.
0.C.
o.C.
0.C.

0.C.

O.C.

Instantaneous min greater than 7
volts, instantaneous max less than
25 volts, average max less than 11
volts.

Instantaneous min greater than 14.5

volts, instantaneous max less than

35 volts, average max less than 21.5
volts.

One of fwo ready inputs to the current
bus master. The bus is ready when both
inputs are true (H). see pin 72.
Vectored interrupt line 0.

Vectored interrupt line 1.

Vectored interrupt line 2.

Vectored interrupt line 3.

Vectored interrupt line 4.

Vectored interrupt line 5.

Vectored interrupt line 6.

Vectored interrupt line 7.
Non-maskable interrupt line.

Power® fail bus signal.

Temporary master priority bit 3.

Extended address bit 18.



IEFE Specification,

16
17
18
19
20

21

27
28
29
30
31
32
33
34
35
36
37
38
39
40

41

Al6
Al7
SDSB*
CDSB*
GIMD

NDEF

ADSB¥*

DODSB*

PSTVAL*

pHLDA

RFU

RFU

A5

A4

A3

Al5

Al2

A9
DOl/DATAl
DOO0/DATAQ
Al0
DO4/DATA4
DO5/DATA5
DO6/DATA6

DI2/DATALQ

I1
M
M

M

M

M

M

M

M

I

M

M

M

M
11/MS
M/MS
I1
M/MS
M/ Mé
M/MS

S/M8

L

H

H

1

I

H

H

H

H

H

H

O'C.
0.C.

o.C.

o.C‘

IEEE Task 696.1/D2

‘Extended address bit 16.

extended address bit 17.

Disable signal for 8 status lines.
Disable signal for 8 control lines.
Common with pin 100

Not to be defined. Manufacturer must
specify any use in detail.

Disable signal for 16 address lines.
Disable for 8 data out lines.

Master timing signal for bus.

Status valid signal.

Control signal used in conjunction
with HOLD* to coordinate bus/master
transfer operations.

Reserved for future use.

Reserved for future use.

Address bit 5.

Address bit 4.

Address bit 3.

Address bit 15.

Address bit 12.

Address bit 9.

Data out bit 1l,bidirectional bit 1.
Data ou: bit O0,bidirectional bit 0.
Address bit 10.

Data~out bit 4,bidirectional bit 4.
Data out bit 5,bidirectional bit 5.
Data

out bit 6,bidirectional bit 6.

Data in bit 2,bidirectional bit 10.
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42 DI3/DATAll S/MS H Data in bit 3,bidirectional bit 11.
43 DI7/DATALS S/MS H Data in bit 7,bidirectional bit 15.
44  sil M H Status signal indicating current

cycle is op-code fetch.

45 sOUT Il H Status signal indicating data
transfer bus cycle to output device.

46 gSINP I H Status signal indicating data
transfer bus cycle from input device.

47 sMENMR M H Status signal identifying bus cycles
which transfer data from memory to a
bus masuver, which are not interrupt
acknowledge instruction fetch cycles.

48 SHLTA I H Status signal indicating a HALT
instruction has been executed.

49 CLOCK B 2 MHz (0.5%) 40-60% duty cycle.
Not required to be synchronous with
any other bus signal.

50 GND B , Common with pin 100.
51 +8 volts B : Common with pin 1.
52 =16 volts B Instantaneous max less than =-14.5

volts,instantaneous min greater than
-35 volts, average min greater than
-21.5 volts.

53 GND B Common with pin 100,
54 SLAVE CLR* B L 0.C. Reset signal to reset bus slaves. llust

be active with POC* and may also be
generated by external means.

55 DHAO* ' M . 0.C. Temporary master priority bit 0.

56 DMALl* 1 L 0.C. Temporary master priority bit 1.

57 DMA2* M L 0.C. Temporary master priority bit 2.

58 sXTRQ* 1 L Status signal which requests 1l6-bit
. slaves to assert SIXTN%*,

59 Al9 M | H Extended address bit 19.

60 SIXTN* S L. 0.C. Signal generated by 16-bit slaves in

response to the 16-bit request signal

10-3
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sXTRQ*,
61 A20 i1 H Extended address bit 20.
62 A21 M 51 Extended address bit 21.
63 A22 M H . Extended address bit 22.
64 A23 I H Extended address bit 23.
65 NDEF - Not to be defined signal.
66 NDEF Not to be defined signal.
67 PHAMNTOM* 1/S L 0.C. Bus signal which disables normal slave

devices and enables phantom slaves.
Primarily used for bootstrapping
systems without hardware front panels.

68 MWRT B H Gating of pWR*-sOUT. Signal must follow
PWR* by no more than 30 ns.

69 RFU Reserved for future use.

70 GND B Common with pin 100.

71 RFU Reserved for future use.

72 RDY S H O0.C. See comments for pin 3.

73 INT* 5 L 0.C. Primary interrupt reguest bus signal.

74 HOLD* 11 L 0.C. Control signal used in conjuction with

PHLDA to coorodinate bus master transfer.

75 RESET* B L 0.C. Signal used to reset bus master devices.
This signal must be active with POC*
and may be generated by external means.

76 pPSYNC I H Control signal identifying BSl.

77 pWR* It L Control signal signifying the presence
of valid data on DO bus or data bus.

78 pDBIN I i Control signal that request data on the
DI bus or data bus from the currently
addressed slave.

79 A0 1 B Addressbit 0.
80 Al‘ M H Address bit 1.
81 A2 3y H Address bit 2.

10-4
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82 A6 M I8! Address bit 6.

83 A7 M I Address bit 7.

84 A8 M H Address bit §&.

85 Al3 M 1 Address bit 13.

86 Al4 I 3 Address bit 14.

87 All . I H Address bit 11.

88 DO2/DATA2 M/MS 1 Data out-bit 2,bidirectional bit 2.
89 DO3/DATA3 M/ME H Data out bit 3,bidirectional bit 3.
90 DO7/DATA7 M/MS 11 Data out bit 7,bidirectional bit 7.
91 DI4/DATAL2 S/MS H Data in bit 4,bidirectional bit 12.
92 DI5/DATAl13 S/MS H Data in bit 5,bidirectional bit 13.
93 DI6/DATAl4 S/MS H Data in bit 6,bidirectional bit 13.
94 DI1/DATA9 S/MS H Data in bit 1,bidirectional bit 9.
95 DIO/DATAS S/MS H Data in bit 0,bidirectional bit 8.
86 sINTA M f Status signal identifying the bus input

cycles that may follow an accepted
interrupt request presented on IMNU¥*,

97 sWO* M L Status signal identifying a bus cycle
which transfers data from a bus master
to a slave.

98 ERROR*

195]
[l
O
@]
.

Bus status signal signifying an error
condition during the present bus cycle.
99 POC* B L Power-on clear signal for all bus
devices. During active condition, this
signal must stay low for at least

10 msecs.

100 GHD B System ground bus,

10-5



Compatible S-100 Products

As a service to our customers, we have decided to provide
information about other S-100 products that will work correctly with
our new double density interface.

The list below only represents those products that We here at
Tarbell Electronics have tested ourselves, and does not imply that
these are the only S-100 that the double density interface will wqu
with, and it is hoped that our customers will provide us with

additional information about other S-100 products that they have found
works with our interface.

Imsai 8080, Delta Products Z-80, Cromemco Z-80, S.D.Sales Z-80,
Vector Graphics Z-80.

** NOTE ** S.D,Sales SBC-100 and SBC-200 will not work because there
are no bus disable llnes on their board.

Ithica Audio Z-80 cpu's have been found to be unrellable with our
double density interface when running with the DMA mode ot operation.

MEMORY

Tarbell 32K static, Seals 32K static, Spacebyte 16K static.,
Industrial Microsystems 16K static, Godbout 32K static,
Measurement System & Control DM 6400 and DMB 6400 dynamic boards

I/0 interfaces
Processor Tech 3P+S, MITS SI0O2, Thinker Toys Switcher, Vector Graphics
Bit streamer, Dynabyte Intelligent CRT, S.D.Sales VDB-8024.

Drives
Shugart SA-800/801, Siemens FDD 100-8, FDD 100-8D / 120-8 / 220-8,
CDC 9606 2/3, Remex RFD 4000/4001, MFE model 700.

NOTE **%x%%

In order to use the Delta Products CPU, you must disable the
Power-on-jump to the prom. The following modification to the CPU card
will allow you to use the bootstrap on the floppy interface.

1.( ) Remove ICl0c, bend pin 11 out away from the socket, and put
IC10c back in.
2.( ) Ground pin 13 of ICl3c.

This modification now allows yau to boot up our disk controller
by pushing the front panel reset button.

The Measurement System & Control dynamic memory card 1is not
guaranteed to run with an 8080 cpu and our double density interface at
2 Mhz. They will run ok at 2 or 4 Mhz using %-80 CPUs.
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Compatible S-100 Products

Some dynamic memory cards require PSYNC to control refreshing on their
cards. As our double density interface does not supply PSYNC during a
DMA cycle, there may be a problem in refreshing on these memory cards.



DISK TEST ROUTINES

1. Test routines

The following routines are provided so that you may test your
interface for proper operation. These routines involve both the TYPE 1
and TYPE 2 commands for the floppy disk controller chip. *** Note ***
These routines assume that you have a front panel on your computer.
If you do not have one, you will have to modify these programs to work
with a system monitor, or whatever.

0000 ORG 0

define disk i/o ports.

w~eo we we

00F8 = DCOM EQU OF8H ;DISK COMMAND PORT
O0F8 = DSTAT EQU DCOM ;DISK STATUS PORT
00FS = TRACK EQU DCOM+1 ; TRACK PORT
00FA = SECT EQU DCOM+2 ; SECTOR PORT
00FB = DDATA EQU DCOM+3 ;DATA PORT
00FC = WAIT EQU DCOM+4 "sWAIT PORT

;The following routine will allow you to

;check for any internal shorts or opens

;with in the floppy interiace. The routine

;reads the front panel switches, writes it

;to the floppy disk data port, then reads

;it back from the floppy disk data port, and

;writes it back out to the front panel lights.

;there should be a one to one match of the

;switches to the data lights. If more than

;one light comes on at a time, there is an

;internal short on the floppy data lines. If

;a light does not come on when a switch it

;turned on, then there is an open line on that

;data bit.

’

; TEST ROUTINE FOR CHECKING

; DISK INTERNAL DATA BUS.
0000 DBFF BUSS: 1IN OFFH ;GET FRONT PANEL DATA
0002 D3FB, ouT DDATA ;SEND IT TO CONTROLLER
0004 DBFB IN DDATA ;GET DATA BACK AGAIN
0006 2F CMA ; INVERT FOR FRONT PANEL
0007 D3FF ouT OFFH ;SHOW IT ON FRONT PANEL
0009 C30000 JMP BUSS ;LOOP AGAIN
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DISK TEST ROUTINES

;The following routine allows testing the
;seek operation of the interface. You will
;heed to put in blank disk into the drive
;and close the door. Do not put in a disk
;which contains any important data, as you
;may wipe it out. Do not set the front panel
;switches for anything higher than 3F hex,
;as this will cause the head to slam up past
;track 76, possibly causing damage.

SEEK TEST ROUTINES

DON'T SET FRONT PANEL
SWITCHES FOR A HEX VALUE
HIGHER THAN 3F OR YOU WILL
SLAM THE HEAD BEYOND TRACK

Q) Se Se Ne N Se Se Se S

76 .
000C DBFF EEK: IN OFFH ;READ FRONT PANEL
O00E D3FB outT DDATA ; SEND TRACK NUMBER
0010 3E13 MV1I A,13H ;GET SEEK COMMAND
0012 D3F8 ouT DCOM ;SEND IT
0014 C30C00 JMP SEEK ; LOOP AGAIN
;%he’following routine test for step in
;and step out. You will need to mount a
;disk into the drive and shut the door.
;DO NOT PRESS RUN !!! for this test. Use
;single step operation.,
;The program as listed will step in toward
;track 76. To step out toward track 0, you
;need to change the 43H to a 63H.
H
; STEP IN/OUT ROUTINE
0017 3E43 STEP: MVI A,43H ;STEP IN COMMAND
0019 D3F8 : ouT DCOM ; ISSUE COMMAND
001B C31700 JMP STEP ;LOOP AGAIN
;éhe following routine checks for head
s ;load command. You will need to mount a
;disk and shut the door to run this test.
;DO NOT USE A VALUABLE DISK !!! for this
stest.
"7
; TYPE 2 COMMAND
; HEAD LOAD ROUTINE
001E 3E8C HEAD: MVI A, 8CH ;HEAD LOAD COMMAND
0020 D3F8 . ouT DCOM ; ISSUE COMMAND

0022 C31ECO0 JMP HEAD ;LOOP AGAIN



DISK TEST ROUTINES

1000

0025
0027
0029
002A
002B
002E
0030
0032
0034
0036
0038
0039
003C
003E
003F
0040
0043
0045
0o4e
004B

3EDO
D3F8
E3

E3
210010
3EO01
D3FA
3E8C
D3F8
DBFC
B7
F24300
DBFB
77

23
C33600
DBF8
324B00
C34800
00 .

14

;The following routine reads a sector

;from the disk and puts the data into

;a buffer call RAMADD. This buffer can

;be anywhere in memory you wish.

;:The routine saves the status of the disk
;operation at the location called STAT.
;If you have problems, check the bits at
;this location against the status bits
;shown in the data sheet for the floppy

- ;jcontroller chip,

in Apprendix A (1793).

;You will need to mount a blank disk into

;the drive and shut the door.
;DO NOT USE A VALUABLE DISK

;test.

s Ne “o

RAMADD EQU

READ:

RLOOP:

RDONE:

HIMP:
STAT:

MVI
ouT
XTHL
XTHL
LXI

MVI

out
MVI
ouT
IN
ORA
JP
IN
MOV
INX
JMP
IN
STA
JMP
DB

READ A SECTOR ROUTINE

1000H

A,0DOH
DCOM

H, RAMADD
A,l
SECT
A' 8CH
DCOM
WAIT
A
RDONE
DDATA
M,A

H
RLOOP
DSTAT
STAT
HJMP
0

12-3

for this

;CAN BE ANYWHERE

;s ISSUE FORCE INTERRUPT
;SEND IT

;: SOME

;DELAY

; POINT TO MEMORY BUFFER

; LCAD SECTOR NUMBER

;SEND IT TO SECTOR PORT
;GET READ COMMAND

; ISSUE READ COMMAND

sWAIT FOR DRQ OR INTRQ

; SET FLAGS FOR OPERATION
;DONE IF INTRQ v
;ELSE, READ A BYTE FROM DISK
;PUT IT INTO THE BUFFER
;sBUMP BUFFER POINTER

;s READ NEXT BYTE FROM DISK
;CHECK DISK STATUS

;s SAVE THE STATUS

; HARD LOOP

;s SAVE STATUS HERE WHEN DONE



DISK TEST ROUTINES

004C
004E
0050
0051
0052
0054
0056
0058
005A
005C
005D
0060
0001
0063
0064
0067
0069
006B
006E
0071

3EDO
D3F8
E3

E3
3EO01
D3FA
3EAC
D3F8
DBFC
B7
F26700
7E
D3FB
23
C35A00
DBF8
E6FD
327100
C36E00
00

.

;The following routine writes one
;sector of the disk. If you have

;a problem, check the status bits

;at location WSTAT against the bits
;in the data sheet for the 1793 in
;the appendix.

;This routine is similar in operation
;to the read a sector routine above.
;You must mount a blank disk into the
;drive and shut the door.

;DO NOT USE A VALUABLE DISK !!! as
;this routine does write on the disk,
;and you will lose any data on the
;sector you write to.

14
; WRITE A SECTOR ROUTINE

WRITE: MVI A,0DOH ;FORCE INTERRUPT COMMAND
ouT DCOM ; ISSUE IT
XTHL ; SOME
XTHL ;DELAY
MVI ALl ;GET SECTOR NUMBER
ouT SECT ; TELL SECTOR PORT
MVI A,0ACH ;GET WRITE COMMAND
ouT DCOM ; ISSUE IT
WLOOP: IN WAIT ;WAIT FOR DRQ OR INTRQ
ORA A ;SET FLAGS FOR OPERATION
JP WDONE ;JUMP WHEN INTRQ
MOV A,M ;GET DATA FROM BUFFER
ouT DDATA ;PUT IT TO DISK
INX H ;BUMP BUFFER POINTER
JMP WLOOP ;LOOP FOR MORE DATA
WDONE: IN DSTAT ;CHECK DISK STATUS
ANI OFDH ;MASK OFF NON ERROR BITS
STA STATW ; SAVE STATUS BITS
WIJMpP: JMP WJIMP ;HARD LOOP WHEN DONE
STATW: DB 0 ; SAVE STATUS BITS HERE
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DISK TEST ROUTINES

2. Port and bit explanation

The explanation for the disk controller ports are covered in the
1793 data sheet and will not be covered here. The extendea ports FC
and FD Hex will be explained.

An input from port FC Hex 1is a combination hardware-software
port which allows the disk controller to stall the CPU with a wait
state to allow the disk controller chip time to access the data bus.
This 1is generated by the gating of DRQ and INTRQ from the floppy chip
onto either the XRDY or PRDY lines of the bus. Bit 7 of port FC is
also used in the software during programmed data transfers to tell the
software read/write and seek routines when an interrupt from the
Eloppy chip has occurred. When this bit is a '1' an interrupt has

occurred, and the status port of the 1793 must be read to clear it
back to a '0'.

An output to port FC Hex 1is also the drive select, density
select, and side select port. A break down of the port is as follows:

LSB (bit 0) x not used
(bit 1) x not used
(bit 2) «x not used

(bit 3) 1/0 0 = single density, 1 = double density

(bit 4) 1/0 binary value for drive select |

|

I

|

|

|

|

|

| } 4 drives max
: (bit 5) 1/0 binary value for drive select |
|

v

S

(bit 6) 1/0 0 = side 0, 1 = side 1 (side select)
MSB (bit 7) x not used

An input from port FD Hex is the software port for checking the
INTRQ of the floppy chip while running under DMA operation. This port
polls bit 7 of this port locking for a low (0), which tells the CPU

that the 'DMA operation is complete. A one (1) means that the DMA is
busy. All the rest of the bits in this port are not used.

An output to port FD hex may be used to change the extended
addressing bits on Al6 =~ A23 during a DMA read or write operation.
This port is an latched 8 bit port and is enabled on to the S-100 bus
only during DMA read or write operaticns. The bits which are placed
into the latch, (U68), should be written only when the DMA controller
is in-active, (not doing disk transfers). A typical example might be:

MVI A,l ;select bank # 1
ouT 0FDH ;set extended port latch
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DISK TEST ROUTINES

dma operation

MVI A,0
ouT OFDH

etc

;transfer to/from new bank now
;dma operation complete

;select bank # O
;set extended port latch
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TROUBLIE-SHOOTING

This section of the manual ‘is to help you trouble-shoot the
interface in case you are having problems.

1. Interface between computer cards.

Compare the section on the IEEE S-100 pin functions gseCtlon
10), to the pin function list in your cpu manual, to flnd.ogt 1§ there
are any conflicts with your computer and the new bus specification. If

there are, you should make any necessary corrections for
compatibility.

2. Compatible interfaces

Review the section on S-100 compatible interfaces (section 11).
The computer cards listed in section 11 only represents those products
that we here at Tarbell Electronics have tested ourselves, and in no
way defines any not in this list as not working with out interface. We
would like to encourge our customers to send in any information with
regard to other manufactures products that do or 'do nut' work with
our interface. If they don't work, maybe a reason as to why could be
sent along also. Also, some Z80 cpu cards will not boot up correctiy
at 4Mhz with our board. We have found that in some cases cutting the
phase 1 line (25) of the bus on the controller card may help.

3. Jumper selections

Review the section on jumper selection. If you are going to be
running our software, then you must select the address jumper from the
table in section 6 for the address range of E0 - FD hex. If you are
going to use the on-board bootstrap prom, you "MUST" use the phantom
line (pin 67) to disable your first memory card (addressed at (000
hex). If you are going to use your own bootstrap program, then you
must defeat our on-board bootstrap prom. If you have a revision B or
below, you can turn off the on-board bootstrap by pulling out U35 pin
5 from 1it's socket, and then ground U33 pin 13 to U33 pin 7. For

revision C and above, follow the instructions 1listed in the jumper
options section.

4. XRDY or PRDY line

If you are getting lost data errors, besure to check which 1line
you are using for the processor wait line. This is important during a
cold start load, as the on~board prom bootstrap uses this line during
the booting of the system., If you are using the wrong line, you will
more than likely get lost data errors. If you are not sure which 1line
to use, review the section on jumper options (section 6).

5. Disk Problems

Be sure that the disk you are trying to read has the correct
format on it. It must be an IBM soft sector disk, 128 bytes/sector.
Most disks shipped from the manufacturer that claim to be soft sector,
are. But if you have reformatted the disk with the wrong format
program, then you will have trouble reading it on this interface. If
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TROUBLE-SHOOTING

you have any questions about this, review the documentation that is
supplied with the interface. I can not over stress this point.

6. Drives

This interface is Shugart compatible only. That means drives
which comply with the Shugart pin functions will more than likely work
with no probblems, If you do have problems, consult the OEM drive
manual or the factory for information. The drives that have been
tested here at Tarbell Electronics are the Siemens, Shugart, and
Persci drives. Also, be sure that the drive is set up for soft sector
operation. We have recieved drives from the factory, set up for hard
sector in the past, So 1look carefully at your drives for this
possibility.

7. Review

Be sure and review section 2-3 in the front of this manual very
carefully, as it can not be over stressed enough.

8. Symptoms vs Possible causes

This table is a list of possible troubles with possiblé causes
to look at.

Symptom Possible cause

- —— — — —————— W — - —— o —— G- - - - W~

l. Won't boot.eeeeesesee. Check pin 67. Must use Phantom line
on first memory card. Make sure jump
enables to system proms is defeated.
Check for disk with correct format.
Check Cl17, may have to change the value
of this capac..tor as outlined in section
2-3 of this manual. Check disk drive
power supply lines for all voltage return
lines tied to one commen place at power
supply. Is there an operating system on
the disk you are trying to boot from?

2. Won't run DMA ........ Check IEEE standard for compatibility with
memory cards, cpu, and i/o cards in your
system. If you are using a dynamic memory
are there any problems with refreshing and
control lines necessary to initiate the
refreshing signals and our interface? Check
for slow memory chips, e.g. 0ld 2102's,
Check our compatibility list.

3. Double density errors . Are you using a good certified double
denstiy disk? Have you adjusted the
pre-comp settings for your drive using
the DFRAND.COM program? Is your drive
rated for double denstiy operation?



TROUBLE-SHOOTING

4.

Won't run at all

Check voltage regulator on interface for
correct voltage of #5 volts. Are any
changes required to the board in the way
of corrections to mistakes on the board?
If not a factory assembled unit, are the
changes on correctly?
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DISK DRIVE SETUP

This interface is designed  for Shugart compatiable drives. This
includes Siemens drives also. Jumpers and power requirements for both
drives are listed below.

Power requirements:

Shugart and Siemens

——— — - G — - Gt O w—— O~

DC Power

Pin 1 +24 volts DC
Pin 2 +24 volt return
Pin 3 - 5 volt return
Pin 4 - 5 volts DC
Pin 5 + 5 volts DC
Pin 6 + 5 wvolt return

power supply end.

AC power

Pin 1 110 volts AC
Pin 2 frame ground
Pin 3 110 volts AC

Be sure all return lines are connected solidly together at the

errors.

Shugart Drive Jumpers

——————— - t— " —— Y o W S - Do oy W

If they are not, you may experience actual disk data

The following jumpers should be installed on each drive used:

Drive 0 (A) Drive 1 (B) Drive 2 (C) Drive 3 (D)
A A A A
B B B B
C C C C
Y Y Y Y
T2 T2 T2 T2
DS DS DS DS
€00 (not 801) 800 800 800
DS1 DS2 bDS3 DS4
T1
3
T4
75
T6
llote : Some drives may have a jumper installed at X. If

so, remove it.
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DISK DRIVE SETUP

Siemens =====—--

Drive select:
Drive A Drive B , Drive C Drive d

Radial Sel 0 Radial Sel 1 = Radial Sel 2 Radial Sel 3

Note :
Some drives may come with Radial &el 0 etched on the board.
You will have to cut this etch if you wish to use it for a
drive other than Drive A.
If you are using more tan one drive, you must remove all the
terminating resistor packs but the last one in the daisy chain.
Be sure that the drive is jumpered for SOFT SECTOR options.
If you have any doubts, consult the OEM manual for your drive.
Siemens model FDD 100-8D drives may come from the manufacture
with jumper G installed. You must change this jumper to
location H for proper operation with our interface.

Persci drives

— - ———— " o ——— S

Changes are required to the Persci drive to make it look like a
Shugart compatible drive. These changes are 1listed in the Jumper
section of this manual.
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54/7400
54H/74H00
54S/74S00

54LS/74LS00
QUAD 2-INPUT NAND GATE

ORDERING CODE: See Section 9

CONNECTION DIAGRAMS
PINOUT A

14 V¢

B[] B fe] [ 0
BIBEAE]

«©

GND |7

COMMERCIAL GRADE

MILITARY GRADE

PIN PKG
PKGS VGG = +5.0 V +5%, Voc = +5.0 V £10%, :
OUT| 1 20°Cto+70°C | Ta=-55°C to+125°C | TYFPE

Plastic A | 7400PC, 74H00PC o

DIP (P) 74LS00PC, 74500PC

Ceramic | , |7400DC, 74H00DC 5400DM, 54H00DM oA

DIP (D) 74LS00DC, 74500DC  |54LS00DM, 54500DM

Flatpak A | 74LSOOFC, 74S00FC __ |54LSOOFM, 54500FM N
F) B |7400FC, 74HOOFC 5400FM, 54HO0FM :

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

PINS 54/74 (U.L) 54/74H (U.L.) | 54/74S (U.L.) | 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 1.25/1.25 0.5/0.25
Outputs 20/10 12.5/12.5 25/12.5 10/5.0
(2.5




CONNECTION DIAGRAMS
PINOUT A

54/7404
54H/74H04 — o
1 14|V
54S/74S04 - 4 - “
54S/74S04A & Y E
54LS/74LS04 d—Y o
HEX INVERTER 5] Y [19)
| = A =
ORDERING CODE: See Section 9 ano 7] 8
oin | _COMMERCIAL GRADE | MILITARY GRADE | o
PKGS Voo = +5.0 V 5%, Ve = 5.0 V £10%,
OUT| 1 20°Cto+70°C | Ta=-55°Cto+125°C |1 Y E
olastic 7404PC, T4H04PC
Plaste A |74504PC, 74504APC 9A
74LS04PC
Coramic 7404DC, 74H04DC 5404DM, 54H04DM
Coram A |74504DC, 74S04ADC  |54S04DM, 54S04ADM 6A
74LS04DC 54LS04DM
A |74SO4FC, 74S04AFC  |54S04FM, 54S04AFM
' Flatpak 74LS04FC 54LS04FM 3l
(R B |7404FC. 74HO4FC 5404FM, 54HO4FM

INPUT LOADING/FAN-OUT: See Section 2 for U

54/74H (U.L.)

PINS 54/74 (U.L.) 54/74S (U.L.) | 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 1.25/1.25 0.5/0.256
Outputs 20/10 12.5/12.5 25/12.5 10/5.0
(2.5




CONNECTION DIAGRAM

PINOUT A
!
i HEX INVERTER BUFFER/DRIVER
5 (With Open-Collector High-Voltage Output)
ORDERING CODE: See Section 9 1 j’v 18] vee
pin | COMMERCIAL GRADE |  MILITARY GRADE | o ] % 73]
PKGS | ool Voo =+5.0V 5% Voo = +50V £10%, | o0 ] ¥ 12]
Ta=0°Cto +70°C Ta =-55°C to +325°C a ? 1]
Plastic A |7408PC 9A E ? E
DIP (P) & o
Ceramic A |7406DC 5406DM 6A | GNo[T] LE
DIP (D)
F'fg‘a" A |7408FC 5406FM 3l

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

54/74 (U.L.)

PINS HIGH/LOW
Hnputs 1.0/1.0
. Outputs ocC**/10

h=3




54/7407

HEX BUFFER/DRIVER
(With Open-Collector High-Voltage Output)

ORDERING CODE: See Section 9

COMMERCIAL GRADE

MILITARY GRADE

GNOD

PIN PKG
PKGS Vo = +5.0 V £5%, Voc = +5.0 V £10%,

OUT! 1 Z0°Cto+70°C | Ta=-55°Cto+125°Cc |V 'PE
Plastic '
DIP (P) A | 7407PC 9A
Ceramic
o A |74070C 5407DM 6A
F'f:.f’“k A |7407FC S407FM 3l

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

y 54/74 (U.L.)

PINS HIGH/LOW
Inputs 1.0/1.0
0C**/10

Outputs

CONNECTION DIAGRAM
PINOUT A

14} Vcc

AEAFREAERE
N EEEEE




54/7408
54H/74H08
54S/74S08

54LS/74LS08
QUAD 2-INPUT AND GATE

ORDERING CODE: See Section 9

CONNECTION DIAGRAMS
PINOUT A

~

w

&

20
El

14| Ve

2]

w

-

]
G
a
ano [7]

-
0

o L] ] T &I &

pin | COMMERCIAL GRADE|  MILITARY GRADE |

PKGS Voo = 45.0 V £5%, VoG = +5.0 V £10%,

OUT! 1, 20°Cto+70°C | Ta=-55°C to +125°C |V YPE
Plastic | 7408PC. 74H08PC oA
DIP (P) 74S08PC, 74LS08PC
Ceramic | , |7408DC, 74H08DG 5408DM, 54H08DM oA
DIP (D) 74S08DC, 74LS08DC  |54S08DM, 54LS08DM | -
A | 7408FC, 74508FC 5408FM, 54S08FM

Flatpak 74LS08FC 54LS0BFM 3l

(F) B | 74HO8FC 54HO8FM

INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions

PINS 54/74 (U.L) | 54/74H (U.L)| 54/74S (U.L.) | 54/74LS (U.L.)
HIGH/LOW | HIGH/LOW | HIGH/LOW | HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 1.25/1.25 0.5/0.25
Outputs 20/10 12.5/12.5 25/12.5 10/5.0
(2.5
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54/7411
54H/74H11
. 548/74811
54LS/74LS11
TRIPLE 3-INPUT AND GATE

ORDERING CODE: See Section 9

CONNECTION DIAGRAMS

GND

PINOUT A

—
_

EU—\_“ -

II

b

NEFEFFE
el T e B 18T [ Bl

pin |_COMMERCIAL GRADE |  MILITARY GRADE | .
PKGS Vee = +5.0 V £5%, Vee = +5.0 V £10%,
OUT| 1 2 0°Cto+70°C | Ta=-55°Cto+125°C | 'YTE
Plastic A |7411PC, 74H11PC oA
DIP (P) 74S11PC, 74LS11PC
Ceramic A 7411DC, 74H11DC 54110M, 54H11DM 6A
DIP (D) 74S11DC, 74LS11DC  |54511DM, 54LS110M
Flatpak 74S11FC, 74LS11FC  |54S11FM, 54LS11FM N
(F) B |7411FC, 74H11FC 5411FM, 54H11FM

INPUT LOADING/FAN-OUT: See Section 3

for U.L definitions

PINS 54/74 (U.L.) 54/74H (U.L.) | 54/74S (U.L.) | 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 1.25/1.25 0.5/0.25
Outputs 20/10 12.5/12.5 25/12.5 10/5.0
(2.5

J




54/7421
54H/74H21
54LS/74LS21
DUAL 4-INPUT POSITIVE AND GATE

ORDERING CODE: See Section 9

CONNECTICN DIAGRAMS

PINOUT A

E Vee
73]

2]
ms

5]
8]

o |_COMMERCIAL GRADE| _ MILITARY GRADE | .
PKGS Voo = +5.0 V +5%. Voo = +5.0 V £10%,
OUT| 1.l 0°C10470°C | Ta=-55°Cto +126°C | VY PE
Plastic | 7421PC, 74H21PC oA
DIP (P) 74LS21PC
Ceramic | , |7421DC, 74H21DC 5421DM, 54H21DM oA
DIP (D) 74L821DC 54LS21DM
Flatpak A | 7421FC, 74LS21FC 5421FM, 54LS21FM N
(F) B | 74M21FC 54H21FM

INPUT LOADING/FAN-OQUT: See Section 3 for U.L. definitions

PINS 54/74 (U.L.) 54/74H (U.L.)) 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.26/1.25 0.5/0.25
Qutputs 20/10 12.5/12.5 10/6.0
(2.5

h=-7




54/7432
54S/74S32
54L.S/74LS32
QUAD 2-INPUT OR GATE

CONNECTION DIAGRAM
PINOUT A

. E = E Vce
ORDERING CODE: See Section 9 EE -
pin |_COMMERCIAL GRADE|  MILITARY GRADE | . o ! ﬁ =
PKGS Vee = +5.0 V +5%, Voe = +5.0 V £10%,
out Ta =0°C to +70°C Ta = -55°C to +125°C TYPE K3 o
. E 10]
Plastic A | 7432PC, 74532PC 9A
DIP (P) 74LS32PC (€] s
Ceramic A |7432DC, 745320C 54320M, 54S32D0M 6A ano 7] 8
DIP (D) 74L832DC 54LS32DM
Flatpak A | 7432FC, 74s32FC 5432FM, 54S32FM al
A 74LS32FC 54LS32FM
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
PINS 54/74 (U.L.) 54/74S (U.L.) 54/74LS (U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 0.5/0.25
Outputs 20/10 25/12.5 10/5.0
2.5




QUAD 2-INPUT NAND BUFFER

54/7438

54LS/74L.S38

(With Open-Collector Qutput)

ORDERING CODE: See Section 9

pin |_COMMERCIAL GRADE|  MILITARY GRADE | .
it A |7438PC, 74LS38PC 9A
Ceramic | A |7438DC, 74LS38DC  |5438DM, 54LS38DM 6A
F';”;’)""‘" A |7438FC, 74LS38FC 5438FM, 54LS38FM 3l

INPUT LOADING/FAN-OUT: See Section 3

for U.L. definitions

PINS 54/74 (U.L.)) 54/74LS (U.L.)
HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 0.5/0.25
Outputs 0C**/30 OC**/15
(7.5

CONNECTION DIAGRAM
PINOUT A

=
=0

REEEF R
I Lol BT I B ] E

14jvee |




54/7474
‘ 54H/74H74
54S/74S74
54LS/74LS74

DUAL D-TYPE POSITIVE EDGE-
TRIGGERED FLIP-FLOP

DESCRIPTION — The '74 devices are dual D-type flip-flops with Direct Clear
and Set inputs and complementary (Q, Q) outputs. Information at the input is
transferred to the outputs on the positive edge of the clock pulse. Clock trig-
gering occurs at a voltage level of the clock pulse and is not directly related
to the transition time of the positive going pulse. After the Clock Pulse input
threshold voltage has been passed, the Data input is locked out and informa-
tion present will not be transferred to the outputs until the next rising edge of
the Clock Pulse input.

TRUTH TABLE

Asynchronous Inputs:

LOW input to Sp sets Q to HIGH level

(Each Half)
iNPUT | QUTPUTS
@ tn @ th + 1
D Q Q
R R
H H L tn = Bit time before clock pulse.

ORDERING CODE: See Section 9

tn + 1+ = Bit time after clock pulse.

LOW input to Cp sets Q to LOW luvel
Clear and Set are independent of zlock
Simultaneous LOW on Cp and Sp
makes both Q and Q HIGH

CONNECTION DIAGRAMS

PINOUT A
T
Sor [ — [1a] vee
o (z._| M 13] €z
cPy EJ—F o'cg“ [2] o,
So» E rE cP:
o [5] 02 CP [70] S0z
a: €] cmSozb"E sl
ol “TE_-ms
PINOUT B
cp [0 cP,  Son [14]) 3o
o2 | —{3)o
= Bl =4
vee (4] [T1]Gno
Sz (S e a0 &
02 (&1 02 9 Eaps
on I —esr a5

COMMERCIAL GRADE

MILITARY GRADE

SPIN PKG
PKGS ' ouT Vce = +5.0 V £5%, Vee = +5.0 V £10%, TYPE
: Ta=0°C to +70°C Ta =-55°C to +125°C
Plastic A 7474PC, 74H74PC 9A
DIP P 74S74PC, 74LS74PC
Ceramic A 7474DC, 74H74DC 5474DM, 54H74DM 6A
DIP D) 74S74DC, 74L.574DC 54574DM, 54LS74DM
Flatpak A | 74S74FC, 74LS74FC 54S74FM, 54L.ST4FM" - a)
P B | 7474FC, 7T4H74FC 5474FM, 54H74FM

LOGIC SYMBOL

So1 So2
— D 11— D2 2
—CP —CP2
Q [eF] <ot
Co1 ' Coz 2

Vee = Pin 14 (4)
GND = Pin 7 (11)

»
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54/7493A
54LS/74LS93
DIVIDE-BY-SIXTEEN COUNTER

DESCRIPTION — The 93 is a 4-stage ripple counter containing a high speed
flip-flop acting as a divide-by-two and three flip-flops connected as a divide-
by-eight. HIGH signals on the Master Reset (MR) inputs override the clocks
and force ail outputs to the LOW state.

ORDERING CODE: See Section 9

CONNECTION DIAGRAM

PINOUT A
-
ce[a - 1] CPy
MR 2] B
mR. [3] 2] a.
ne (& [ a.
vee (3 70 GND
ne e Bl
ne (7] s]a.

COMMERCIAL GRADE

MILITARY GRADE

PIN PKG
g"‘{:‘(‘;' A | 7493APC, 74LS93PC 9A
gf;’{g:e A | 7493ADC, 74LS93DC  |5493ADM, 54LS93DM 6A
Flatpak A |7493AFC, 7ALS93FC  |5493AFM, 54LS93FM 3l

LOGIC SYMBOL

14 CPg

cPy
MR

Qu Q@ 0. Qs

23

12 9 8 11t

Vee = Pin 5
GND = Pin 10
NC = Pins 4,6,7, 13



7473

TRUTH TABLE

MODE SELECTION COUNT o OCL;"TPL(.;‘:S 5
RESET OUTPUTS
INPUTS 0 L L L L
MRy MR2 {Qo Q1 Q2 Q3 ; S : t ::
H H L L L L 3 H H L L
L H Count
H L Count 4 L L HoL
L L Count 5 H L H L
6 L H H L
H : HIGH Voltage Level 7 H H H L
L - LOW Voltage Level
8 L L L H
9 H L L H
10 L H L H
11 H H L H
12 L L H H
13 H L H H
14 L H H H
15 H H H H

NOTE: Qutput Qo connected to CPs.




54S/745113
54LS/74L.S113
DUAL JK EDGE-TRIGGERED FLIP-FLOP

DESCRIPTION — The '113 offers individual J, K, Set and Clock inputs. When
the clock goes HIGH the inputs are enabled and data may be entered.
The logic level of the J and K inputs may be changed when the clock
pulse is HIGH and the bistable will perform according to the Truth Table
as long as minimum setup and hold times are observed. Input data is
transferred to the outputs on the falling edge of the clock pulse.

TRUTH TABLE Asynchronous Input:
LOW input to Sp sets Q to HIGH level

INPUTS | OUTPUT] Set is independent of clock

@ tn @ tnh v tn = Bit time before clock pulse.

. tn + 1 = Bit time after clock pulse.
J K Q tL-l = HOIGH Voltage Level
= LOW

L L Qn Voltage Level
L H L
H L H
H H Qn

ORDERING CODE: See Section 9

CONNECTION DIAGRAM
PINOUT A

CPy E:l_] - EVCC
K [2 13)CP
O P
o 3] o) 12] K
KCPS—I
ngr—O Sp -_1_—1].!2
Q: E‘L—JQ a Spp— E $o2
(e} E—-—' ? JE Q.
GND 7] T T dla.

_ | coMmMERcIAL GRADE! muiTARY GRADE
FIN . inahdeit e PKG
PKGS Vce = +5.0 V £5%, Vee = +5.0 V £10%,
our Ta =0°C to +70°C Ta = -55°C to +125°73 TYPE
Plastic
DI (P A |745113PC, 74LS113PC 9A
gf;a('g;c A |743113DC, 74LS113DC |54S113DM, 54LS113DM | 6A
F'(ag’ak A |74S113FC, 74LS113FC  |54S113FM, 54LST13FM | 3l

A-12

LOGIC SYMBOL

] s
a—s P af—s W, ol
1—dcp 13—o|cP
2—k  al—6 2k  ol-s
Vcec = Pin 14
GND = Pin 7



CONNECTION DIAGRAM

PINOUT A
DUAL RETRIGGERABLE _ T
Ay 16{V. .
RESETTABLE MULTIVIBRATOR el
B\E ERUC\\
EU‘E EC)‘!
afE EO|
Q,’E Eaz
Cx;»[s: EEn,
DESCRIPTION — Each half of the '123 features retriggerable capability, com- Rx2Cxz (7] MR
plementary dc level triggering and overriding Direct Clear. When a circuit GND[E] :9_];’,
is in the quasi-stable (delay) state, another trigger applied to the inputs
(per the Truth Table) will cause the delay period to start again, without dis-
turbing the outputs. By repeating this process, the output pulse neriod (Q
HIGH, Q LOW) can be made as long as desired. Alternatively, a delay period
can be terminated at any time by a LOW signal on Cp, which als) inhibits
triggering. An internal connection from Cp to the inputgate makes i: possible LOGIC SYMBOL
to trigger the circuit by a positive-going signal on Cp, as shown in the Truth
Table. For timing capacitor values greater than 1000 pF, the output pulse
width is defined as follows. 7 6
(15) (14)
tw = 0.28 RxCx (1.0 + 0.7/Rx) rcx] e
Where tw is in ns, Rx is in k() and Cx is in pF. '
Q P 5(13)
oA
ORDERING CODE: See Section 9 10(2) g
Q jo— 12(4)
PIN COMMERCIAL GRADE MILITARY GRADE PKG o
PKGS Vce = +5.0 V £5%, Vce = +5.0 V £10%,
OUT | 1 2 0°Ct0+70°C | Ta=-55°Cto+125°C| "' E
Plastic 1
DIP (P) A |74123PC 98 3
Ceramic
DIP (D) A |74123DC 54123D0M 68 Ve = Pin 16
Flatpak GND = Pin 8
e A |74123FC 54123FM 4L
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CONNECTION DIAGRAM
PINOUT A
54LS/74LS125A = I
QUAD BUS BUFFER GATE o o
(With 3-State Outputs) 30 “’E'ﬁlo
ORDERING CODE: See Section 9 DE} mp
o[¢] E D
COMMERCIAL GRADE|  MILITARY GRADE {
PIN —| PKG | o] o
PKGS | our| Vo= +50V 5%, Voo = +5.0 V £10%, | Lo
TA=0°C1t0+470°C | TA=-55°C to +126°C
g'la:t('; A | 74125PC, 74LS125APC 9A TRUTH TABLE
gn’fg;c A |74125DC, 74LS125ADC |54125DM, 54LS125ADM | 6A
INPUTS | outpuT
F 'f‘g’a“ A |74125FC, 74LS125AFC |54125FM, 54LS125AFM |  3i E|D
Lt L
L|H H
. - H| X z
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
PINS 54/74 (U.L.) 54/74LS (U.L.)
HIGH/LOW HIGH/LOW H= HéGHvVoltage Level
L = LOW Voltage Level
Inputs 1.0/1.0 0.5/0.25 . X = Immaterial
Outputs 130/10 85/15 Z = High Impedance
(50) (25)/7.5)

A=-14



54S/74S138
54L.S/74L5138

1-OF-8 DECODER/DEMULTIPLEXER

DESCRIPTION — The '138 is a high speed 1-of-8 decoder/demuitiplexer.
This device is ideally suited for high speed bipolar memory chip select ad-
dress decoding. The muitiple input enables allow parallel expansion to a
1-0f-24 decoder using just three '138 devices or to a 1-0f-32 decoder using
four '138 devices and one inverter. The '138 is fabricated with the Schottky
barrier diode process for high speed.

® SCHOTTKY PROCESS FOR HIGH SPEED
® DEMULTIPLEXING CAPABILITY
® MULTIPLE INPUT ENABLE FOR EASY EXPANSION
® ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS

ORDERING CODE: See Section 9

CONNECTION DIAGRAM

PINOUT A
T

Ao |1 = E Vce

Ay E E Oo

I E [13] 51

&[4 [13] 52

E2 E [12] 05

E3fs [17] 5.

61 [7] [70] 35
GND [&] [5]5s

PIN

COMMERCIAL GRADE

MILITARY GRADE

PKG
g”a:'(‘:) A | 74S138PC, 74LS138PC 9B
gfp',a(';;c A | 745138DC, 74LS138DC |54S138DM, 54LS138DM | 6B
F'f;f’ak A | 74S138FC, 74LS138FC  |54S138FM, 54LS138FM | 4L

A—lS

LOGIC SYMBOL

0o O1 02 03 04 Os O O7

15 14 13 12 11 10 ¢ 7

Vce = Pin 16
GND = Pin 8



74L5138

TRUTH TABLE

Olxzr rxzxxr x4
@O
O|lrzr TTTT TT T
wn
owlOjTTr Tz T
Els<
Zl0|lzrzxr xxxx sxzxx
5l -
ololrzxr rxxs xxxx
Slrrr rrox T
Olrxrr TorxT TIICT
[=]
O|lrrr oIII ITIIXIXIT
M XXX Jdda3 IITIXI
M XXX 44X 59X
[ Qo
m Llxxx aXT 2T 0TI
a
Z|f|xxy ITIT IITICT
nd XIX Jddd3 ddda
M A I I [ R I [

H = HIGH Voltage Level
L = LOW Voitage Level

X

- Immaterial

A-l5a



CONNECTION DIAGRAM

PINOUT A
1-OF-10 DECODER/DRIVER
(With Open-Collector Outputs)
DESCRIPTION — The '145 decoder/drivers are designed to accept BCD
inputs and provide appropriate outputs to drive 7-segment numerical dis-
plays. All outputs remain OFF for all invalid binary input conditions. These T
devices are designed for use as indicator/relay drivers or as open-collector Oo {1 [T6] vec
logic circuit drivers. Each of the high breakdown (15 V) output transistors 6 2] [15] Ao
will sink up to 80 mA of current. 6: 3] [F] &
OJE EA:
. » OPEN-COLLECTOR OUTPUTS o.[3] 1z] a3
¢ 80 mA CURRENT SINKING 6 €] 11] 0y
e 15 V GUARANTEED BREAKDOWN 6] 75) 06
oNo (8] 9]or
ORDERING CODE: See Section 9
PIN COMMERCIAL GRADE MILITARY GRADE PKG
PKGS Vce = +5.0 V £5%, Vee = +5.0 V £11%,
OUT! 1, -0°C10+470°C | Ta=-55°Cto+125°C | 1Y E
Plastic
DIP (P) A | 74145PC 98
Ceramic
DIP (D) A | 74145DC 54145DM B
Flatbak A | 74145FC 54145FM aL
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
L.
PIN NAMES DESCRIPTION i‘:l/(;“H/(CJOVJ
Ao — A3 BCD Inputs 1.0/1.0
Oo — Og Outputs (Active LOW) 0C*/12.5

‘OC - Open Collector

LOGIC SYMBOL

15 14 13 12

[ B

Ao Ay Az A3

(=]
*
o
©

-~ —0l?
» —Of 0
«w —O1 2
s —0O§ 0
o —012
o —ol?

¥ —ol2
© —0|Q

-
(-1
-
-
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74145

TRUTH TABLE

S|TrTrr TITTXII ILIT IIXX
Slrrrzr T oIXIITX TTILT
Slrxxzx H.HHL ITII IIIXI
SlTTIrTr TTror ITIITI IIII
W.% ITIIXITI ILXI IXIT IIILCI
3lglzzzr oxxx zxxxr Tz
S|lrrruso rrrr rITTXIT IIII
SlrrTor ITTTXI XIIII IIII
Ol IXIITI IIXII IIIT
S| TIXITI TIXII IIXIXI IIIXI
M dJdJdd S4a4 I IIII
m Llaada3 ITTT S ITIT,
W |42 03X JaIT UaII
QuaT o XX T XTI

H = HIGH Voltage Lo
L = LOW voitage Leve

A-lGa



54/74161 e 54LS/74LS16"
54/74163 e 54L.S/74L.S163

SYNCHRONOUS PRESETTABLE
BINARY COUNTERS

DESCRIPTION — The '161 and '163 are high sp@ed synchronous modulo-16
binary counters. They are synchronously presettable for application in pro-
grammable dividers and have two types of Count Enable inputs plus a Ter-
minal Count output for versatility in forming synchronous multistage
counters. The ‘161 has an asynchronous Master Reset input that overrides all
other inputs and forces the outputs LOW. The '163 has a Synchronous Reset
input that overrides counting and parallel loading and allows the outputs to
be simultaneously reset on the rising edge of the clock. For functional
description and detail specifications please refer to the '160 data sheet. For
S-TTL and LP-TTL versions please see the 9316 data sheet.

® SYNCHRONOUS COUNTING AND LOADING
® HIGH SPEED SYNCHRONOUS EXPANSION
® LS VERSIONS FULLY EDGE TRIGGERED

ORDERING CODE: See Section 9

CONNECTION DIAGRAM

PINOUT A

‘Rt = EVH
ce(7] [S)ve
pa(3] Ta)on
0 [Ho-
P:E 0;
0 1o,
cer (7] [io)cer

oo (3] 3)ee

*MR for '161
*SR for '163

LOGIC SYMBOL

70— ceP
10 —4 CET 1C p— 1§
2——fce

*MR for '161
*3R for '163

PIN

COMMERCIAL GRADE

MILITARY GRADE

PKG
PKGS Vge = +5.0 V +£5%, Vee = +5.0 V £10%,
our Ta = 0°C to +70°C Ta = -55°C to +125°C TYPE
Plastic A 74161PC, 74LS161PC 98
DIP P 74163PC, 74L.S163PC
Ceramic A 74161DC, 74LS161DC 54161DM, 54L.S161 DM 7B
DIP (D 74163DC, 74L.5163DC 54163DM, 54L.S163 DM
Flatpak A 74161FC, 74LS161FC 54161FM, 54L.S161FM 4L
(F 74163FC, 74LS163FC

54163FM, 54L.S163FM

STATE DIAGRAM
E'E} ~E—--0

2
E}:] :

(0 1]y (0 K

Vce = Pin 16
Gnd = Pin 8



54/74174
54S/74S174

54LS/74LS174
HEX D FLIP-FLOP

DESCRIPTION — The ‘174 is a high speed hex D flip-flop. The device is
used primarily as a 6-bit edge-triggered storage register. The information
on the D inputs is transferred to storage during the LOW-to-HIGH clock
transition. The device has a Master Reset to simultaneously clear all flip-flops.

e EDGE-TRIGGERED D-TYPE INPUTS
e BUFFERED POSITIVE EDGE-TRIGGERED CLOCK
e ASYNCHRONOUS COMMON RESET

ORDERING CODE: See Section 9

CONNECTION DIAGRAM

PINOUT A
L
MA[1 - E]Vn‘
QOE EOs
DoE EDS
o1 [3] 73] Da
o 5] [12] Q4
02 6] mEs
QzE EQJ
GND [3] 9]ce

pin | COMMERCIAL GRADE|  MILITARY GRADE | .
PKGS Vce = +5.0 V £5%, VoG = +5.0 V £10%,
OUT | 1 Z0°Cto+70°C | Ta=-55°Cto+125°C | TYPE
Plastic A |7a17arc, o
DIP (P) 74S174PC, 74LS174PC
Ceramic A 74174DC, 54174DM, 68
DIP (D) 745174DC, 74LS174DC |545174DM, 54L5174DM |
Flatpak A |74174FC, 54174FM, oL
(F) 74S174FC, T4LS174FC | 54S174FM, 54LS174FM

TRUTH TABLE

INPUTS OUTPUTS
@thMR=H | @th+1
Dn Qn
H H
L L

ta = Bit time before positive-going clock Yansition
tn + 1,= Bit time after positive-going clock tranigition

, H = HIGH Voltage Level
L = LOW Voitage Level

A-18

LOGIC SYMBOL

3 4 6 11 13 14

[

1—0

Do D1 D2 D3 D4 Ds
cp

MR

Qo Q1 Q2 Q3 Q4 Qs

HEREN

2 5 7 1012 15



54/74193
54LS/74L.5193

UP/DOWN BINARY COUNTER
(With Separate Up/down Clocks)

DESCRIPTION — The '193 is an up/down modulo-16 binary counter. Sep-
arate Count Up and Count Down Clocks are used and in either counting
mode the circuits operate synchronously. The outputs change state syn-
chronous with the LOW-to-HIGH transitions on the clock inputs. Separate
Terminal Count Up and Terminal Count Down outputs are proviced which
are used as the clocks for subsequent stages without extra logic, thus simpli-
fying multistage counter designs. Individual preset inputs allow tt e circuits
to be used as programmable counters. Both the Parallel Load (Pi.) and the
Master Reset (MR) inputs asynchronously override the clocks. For iunctional
description and detail specifications please refer to the '192 data sheet.

ORDERING CODE: See Section 9

CONNECTION DIAGRAM

PINOUT A
T

P|E - 16] Vee

a:[Z] [15] o

Qo [3] [13] MR
cpo (4] 73] Tco
cpy[3] [12] TCu

a.fs ML

a:[7] 0] P,
GND 3] BLS

pin | COMMERCIAL GRADE| MILITARY GRADE | .
PROS Jout| 1 0o r00 | Tas s o srastc | TYPE
g‘:*:‘(ig) A | 74193PC, 74L8193PC o8
gf:'*‘gjc A | 74193DC, 74LS193DC  |54193DM, 54LS193DM | 68
Flatpak | A | 74193FC, 74LS193FC  |54193FM, 54LS193FM aL

LOGIC SYMBOL

11 15 1 10 8

$l 111

PL PO Py P2 Py
§ mm=t CPy TCy jO—12

4 ~—4 CPp TCo O~ 13
MR Qu Q1 O O

NERR

14 3 2 6 7

Vee = Pin 16
GND = Pin 8



CONNECTION DIAGRAM

PINOUT A
54LS/74LS373 —

OCTAL TRANSPARENT LATCH ol 20 vec
(With 3-State Outputs) o [Z [ig]or
0o [3] 18] 07

D'E _T_i]oc

o:[5] [16] 06

02 E [75] 05

0z (7] [13] 05

DJE Ebo

0s [} B

GNDE‘ m

DESCRIPTION — The '373 consists of eight latches with 3-state outputs for
bus organized system applications. The flip-flops appear transparent to the

data when Latch Enable (LE) is HIGH. When LE is LOW, the data thal meets LOGIC SYMBOL
tr_\_g_setup times is latched. Data appears on the bus when the Output Enable
(OE) is LOW. When OE is HIGH the bus output is in the highimpedance state.

© EIGHT LATCHES IN A SINGLE PACKAGE A S R A

® 3.STATE OUTPUTS FOR BUS INTERFACING . I I T
Do D1 D2 D3 D4 Ds De O7
11—4LE
ORDERING CODE: See Section9 - ' : 1~o| oF
AR y Oo O1 02 O3 O4 Os O O7
e | [ i i T | L9344
OUT| 1 Z0°Cto+70°C | Ta=-55°Cto+125°C | JYPE
Plastic . — i cmmaD )
- DIP (P) A 74L8373PC . 9Z
i Vce = Pin 20
gfg’(gc A | 74Ls373DC 54LS373DM 4E GND = Pin 10
F'f‘g’ak A |74Ls373FC 54LS373FM 4F

'LOGIC DIAGRAM

Ga [<3 G G G
T zj? f_'% 3
A A A |

A=-20



8T97 HEX TRI-STATE INVERTERS

INPUTS | ouTPUT
DIS IN ouT
H X Hi-zZ
L H H
L L L
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828] 23 .256-BlT BIPOLAR  TRI-STATE PROGRAMMABLE ROM

DESCRIPTION

The 82523 (open Collector ‘Outputs) and the 825123
(Tristate Outputs) are Bipolar 256 Bit Read Only Mem-
ories organized as 32 words by 8 bits per word. They are
Field-Programmable, which means that custom patterns are
immediately available by following the simple fusing pro-
cedure given in this data sheet. A chip enable line is pro-
vided and the outputs are bare collector or Tristate to allow
for memory expansion capability.

The 82523 and 825123 are fully TTL compatible and in-
clude on-the-chip decoding. Typical access time is 35 nS.

LOGIC DIAGRAM

CE Agq Ay Ay Ay Ag

O,y Osaae Qe O .. O o
o) 1id) 13 (12 Ty ()

32 x 8 ARRAY

3

P o] T T To T —To
TR CTRED (TR (V1N ;(GT TR G ()]
g B B By B B, By B
Vee = (18
GND =" (8)

(N} = Denotes Pin Numbers

A-22

FEATURES
PNP INPUTS

BUFFERED ADDRESS LINES

ON THE CHIP DECODING

A CHIP ENABLE LINE

OPEN COLLECTOR OR TRISTATE OUTPUTS
DIODE PROTECTED INPUTS

NO SEPARATE “FUSING” PINS

© BOARD PROGRAMMABLE

e o o o o

INPUT/OUTPUT SCHEMATIC DIAGRAMS

INPUT SCHEMATIC

Vee

—

OUTPUT SCHEMATIC

CE

828123

T —— e



, g208 /8287
8-BIT PARALLEL BIDIRECTIONAL BUS DRIVERS

e Data Bus Buffer Driver for MCS-86™M a 3-State Outputs
MCS-80™, MCS-85™, and MCS-48T™

a High Output Drive Capability for g 20-Pin Package with 0.3" Center

Driving System Data Bus

@ No Output Low Noise when Entering
a Fuily Parallel 8-Bit Transceivers or Leaving High Impedance State

8
The -and 8287 are 8-bit bipolar transceivers with 3-state outputs. The 8287 inverts the input data at its outputs
while th982 0 goes not. Thus, a wide variety of applications for buffering in microcomputer systems can be met.

PIN CONFIGURATIONS LOGIC DIAGRAMS
8208

© BN O AN -

z
a
® 0N O R s LN -

e
z
]

e
s

PIN NAMES

Ag-Ay | LOCAL 8US DATA
_s%-o, GYSTEM BUS DATA

OUTPUT ENABLE
T TRANSHIT

v




intgl

8257/8257-5
PROGRAMMABLE DMA CONTROLLER

= MCS-85™ Compatible 8257-5 a Terminal Count and Modulo 128

Outputs
n 4-Channel DMA Controller = Single TTL Clock

m Single + 5V Supply
m Channel Inhibit Logic a Auto Load Mode

m Priority DMA Request Logic

The Intel® 8257 is a 4-channe! direct memory access (DMA) controller. It Is specificaily designed to simplify the
transter of data at high speeds tor the intel® microcomputer systems. its primary function is to generate, upon a
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or
from memory. Acquisition of the system bus in accompiished via the CPU's hold tunction. The 8257 has priority logic
that resolves the peripherals requests and issues a composite hold request to the CPU. it maintains the DMA cycle
count for each channel and outputs a control signal to notity the peripheral that the programmed number of DMA
cycles is complete. Other output control signals simplify sectored data transfers. The 8257 represents a significant
savings in component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at
high speed between peripherals and memories.

PIN CONFIGURATION BLOCK DIAGRAM
WOR(CY 1 ~ wpa,
now(] 2 »[JA,
memRi] 3 kT ;]A. ™
Memw(]e 7 1A, __‘»‘————* r.m:. be— ORQ 0
manx(]s » e o, u.® BATA <:———-—> 'CE_::> ar
RLADY (] 6 3 []A, surren tn 0aLx 0
HLOA() y U A,
avsta(ls nfla, .
AEN(]9 7 g, BEN I -J: cH be—- ORO 1
HRO[] w0 n e 1OR +——eC) : S .
cs{]n %) bq, How -——eq) C “"“‘TD A:;t;n
k(e 2o, o | CNTR DACK }
aeser () 28 {Jo, AESEY | READ/ 1
oack 2(] 1a 22{Jo, e <,—_.—,>
DACK 3(] 15 26 {30, “ vy e o0n02
vra 3} e » Poacko :' - <-‘ : > ]
oro 20} v 24 [J0ACK Y N ADOR
ona[] e 2[00, ? I =] NTh [ Oacx2
onao(] 19 230, ' & 1 J
ano(] 2 2o, Py ——
Jop— cu3  |=—ono3
Ay r< > u‘n‘r
PIN NAMES Ay oy contro ) avor 1 . bacxs
[0, 0, [OATA BUS TAEN ADDRESS ENABLE AEaOY ———f  LOCIC <:>
"A7 Aq_| ADORESS BUS ADST® ADDRESS STROBE 0Dt r—I
TIBR 110 READ G TERMINAL COUNT S 4
TR 110 wRITE T MARK MODULO 128 MARK HLOA ————ert L] rronry
RO TMEMORY READ " DRG, ORGy | OMA REGUEST MEMR <—Q) hesoLveR
RTW | MEMORY WRITE | INPUT Vi -
"Gk T CLOCK INPUT | OACKy DACK, o-:’lmcumteoce AEN = J
[ RESET | ESET iNPUY 3 ey Aoste NTERNAL
READY | READY [ 5 VOLTS .A:i-«—-——-—] L_jsus
HRQ | MOLD REQUEST Y GROUND
bt (TOUSSEA)
HLDA | HOLD ACKNOWL EDGE
(FROM B0GOA | 1

A-23



8257/8257-5

FUNCTIONAL DESCRIPTION

General

The 8257 is a programmable, Direct Memory Access
(DMA) device which, when coupled with a single intel®
8212 1/0 port device, provides a complete four-channel
DMA controller for use in Intel® microcomputer systems.
After being initialized by software, the 8257 can transfer a
block of data, containing up to 16,384 bytes, between
memory and a peripheral device directly, without further
intervention required of the CPU. Upon receiving a DMA
transfer request from an enabled peripheral, the 8257:

1. Acquires control of the system bus.

2. Acknowledges that requesting peripheral which is
- connected to the highest priority channel.

3. Outputs the least significant eight bits of the memory
address onto system address lines Ag-Aj, outputs
the most significant eight bits ot the memory address
to the 8212 /O port via the data bus (the 8212
places these address bits on lines Ag-Ays), and

4. Generates the appropriate memory and I/O read/
write control signals that cause the peripheral to
receive or deposit a data byte directly from or to the
addressed location in memory.

The 8257 will retain control of the system bus and repeat
the transfer sequence, as long as a peripheral maintains its
DMA request. Thus, the 8257 can transter a block of data
to/trom a high speed peripheral (e.g., a sector of dataona
floppy disk) in a single "burst”. When the specified
number of data bytes have been transferred, the 8257

activates its Terminal Count (TC) output, informing the

CPU that the operation is complete.

The 8257 offers three different modes of operation:
(1) DMA read, which causes data to be transferred from
memory to a peripheral; (2) DMA write, which causes
data to be transferred trom a peripheral to memory,
and (3) DMA verify, which does not actually involve the
transter of data. When an 8257 channel is in the DMA verify
mode, it will respond the same as described for transter
operations, except that no memory or I/O read/write
control signals will be generated, thus preventing the
transter of data. The 8257, however, will gain control of the
system bus and will acknowledge the peripheral's DMA
request for each DMA cycle. The peripheral can use these
acknowledge signals to enable an internal access of each
byte of a data block in order to execute some verification
procedure, such as the accumulation of a CRC (Cyclic
Redufidancy Code) checkword. For example, a block of
DMA verity cycles might follow a block of DMA read cycles
(memaory to peripheral) to ailow the peripheral to verify its
newly acquired data.

A-24

Block Diagram Description
1. DMA Ctannels

The 8257 provides tour separate DMA channels (labeled
CH-0 to Ci4-3). Each channel includes two sixteen-bit
registers: (1) a8 DMA address register, and (2) a termi-
nal count register. Both registers must be initialized
before a channel is enabled. The DMA addiess register 18
loaded with the address of the tirst memory location to be
accessed. The value loaded into the low-order 14-bits of
the terminal count register specities the number of DMA
cycles minus one before the Terminal Count (TC) output
is activated. For instance, a terminal count of 0 would
cause the TC output 10 be active in the tirst DMA cycle for
that channel. in general, if N = the number of desired DMA
cycles, load the value N-1 into the low-order 14-bits of the
terminal count register. The most significant two bits of the
terminal count register specify the type of DMA operation
for that channel.

1ICHO
16
L1k
ADOR
CNTR

CH
18
81
ADDR
CNTR

cH2
16
817

ADDR

prend  CNTR

cnl
%

X Wy

ADDR

CNIR P GEERS

Flﬁun 1. 8257 Block Diagram Showing DMA
Channels




825718257 5

These two bits are not modified during a DMA cycle, but - T
can be changed between DMA blocks. BIT 15 BIT 14 TYPE OF DMA OPERATION

Each channel accepts a DMA Request (DRQn) input and
provides a DMA Acknowledge (DACKnN) output.

(DRQ 0-DRQ 3)

DMA Request: These are individual asynchronous chan-
nel request inputs used by the peripherals to obtain a DMA
cycle. It not in the rotating priority mode then DRQ 0 has
the highest priority and DRQ 3 has the lowest. A request
can be generated by raising the request line and holding it
high until DMA acknowledge. For multipie DMA cycles
(Burst Mode) the request ling is held high until the DMA
acknowledge of the last cycle arnves.

Verity DMA Cycle

Write DMA Cycle

Read DMA Cycle
(Megsl)

- - oo
-0 - O

(DACK 0 - DACK 3)

DMA Acknowledge: An active low level on the acknowl-
edge output informs the peripheral connected to that
channel that it has been selected for a DMA cycle. The
DATK output acts as a ““chip select” tor the peripheral
device requesting service. This line goes active {low)
and inactive (high) once for each byte transterred even if
a burst of data is being transferred.

2. Data Bus Buffer R

This three-state, bi-directional, eight bit buffer intertaces
the 8257 to the system data bus.

(Do-Dy)

Data Bus Lines: These are bi-directional three-state lines.
When the 8257 is being programmed by the CPU, eight-
bits of data for a DMA address register, a terminal count
register or the Mode Set register are received on the data
bus. When the CPU reads a DMA address register, a
terminal count register or the Status register, the data is
sent to the CPU over the data bus. During DMA cycles
(when the 8257 is the bus master}, the 8257 wiil output the
maost signiticant eight-bits of the memory address (from
one of the DMA address registers) to the 82121atch viathe
data bus. Thesa address bits will be transferred at the
beginning of the DMA cycile; the bus will then be released
to handle the memory data transfer during the balance of A;w :r,m’r"« :
the DMA cycle. pts 3 it
"?‘W'*‘u"“&"
e ki

:’m:.} P2

e

i;"*qvu'w
L

Figure 2. 8257 Block Diagram Showing Data Bus
Butfer
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8257/8257-5

3. Read/Write Logic

When the CPU is programming or reading one of the
8257's registers (i.e., when the 8257 is a 'slave device on
the system bus), the Read/Write Logic accepts the /O
Read (ITOR) or O Write (TOW) signal, decodes the least
significant four address bits, (Ag-A3), and either writes
the contents of the data bus into the addressed register
(it TOW is true) or places the contents of the addressed
register onto the data bus (it TOR is true).

During DMA cycles (i.e., when the 8257 is the bus
“master”), the Read/Write Logic generates the 1/0 read
and memory write (DMA write cycle) or 1/0 Write and
memory read (DMA read cycle) signals which control the
data link with the peripheral that has been granted the
DMA cycle.

Note that during DMA transfers Non-DMA 1/Q devices
should be de-selected (disabled) using “AEN" signal to
inhibit 1/0 device decoding of the memory address as an
erroneous device address. :

(IOR)

1/0 Read" An active-low, bi-directional three-state line. in
the “slave” mode, it is an input which allows the 8-bit
status register or the upper/iower byte of a 16-bit DMA
address register or terminal count register to be read. In
the “master” mode, 1/ORisa control output which is used

to access data from a peripheral during the DMA write
cycle.

(iow)

1/0 Write: An active-low, bi-directional three-state line. In

the “siave” mode, it is an input which allows the contents
of the data bus to be loaded into the 8-bit mode set register
or the upper/lower byte of a 16-bit DMA address register
or terminal count register. In the “master” mode, i7TOWis a
control output which allows data to be output to a
peripheral during a DMA read cycle.

(CLK)
Clock Input: Generally from an intel® 8224 Clock Gen-
erator device. (¢2 TTL) or Intel® 8085A CLK output.

(RESET)

Reset: An asynchronous input Wetally from an 8224
or 8085 geylce) which disables all DMA channels by
clearing the mode register and 3-states all control lines.

A-2¢

(Ag-Ay

Address Lines: These least signiticant four address lines
are bi-directional. in the “slave” mode they are inputs
which select one of the registers to be read or
programmed. In the "master” mode, they are outputs
which constitute the least significant four bits of the 16-bit
memory address generated by the 8257

€9

Chip Select. An active-low input which enables the 1/0
Read or I/O Wnite input when the 8257 is being read or
programmed in the “"slave” mode In the "master” mode,
CS is automatically disabled to prevent the chip trom
selecting itself while performing the DMA function
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4. Control Logic

This block controls the sequence of operations during ail
DMA cycles by generating the appropriate control signals
and the 16-bit address that specifies the memory location
10 be accessed.

(Ag-A7)

Address Lines: These four address lines are three-state
outputs which constitute bits 4 through 7 of the 16-bit
memory address generated by the 8257 during all DMA
cycles.

(READY)

Ready: This asynchronous input is used to elongate the
memory read and write cycles in the 8257 with wait states
it the selected memory requires longer cycles.

(HRQ)

Hold Request: This output requests control of the system
bus. In systems with only one 8257, HRQ will normally be
applied to the HOLD input on the CPU.

(HLDA)

Hold Acknowtedge: This input from the CPU indicates
that the 8257 has acquired control of the system bus.

(MEMR)
Memory Read: This active-low three-state output is used

to read data from the addressed memory location during
DMA Read cycles.

(MEMW)
Memory Write: This active-low three-state output is used

to write data into the addressed memory location during
DMA Write cycles.

(ADSTB)

Address Strobe: This output strobes the most significant
byte of the memory address into the 8212 device from the
data bus.

(AEN)

Address Enable: This output is used to disable (float) the
System Data Bus and the System Control Bus. it may also
be used to disable (tioat) the System Address Bus by use
of an enable on the Address Bus drivers in systems to
,+inhibit non-OMA devices from responding during DMA
cycles. It may be further used to isolate the 8257 data bus
from the System Data Bus to facilitate the transfer of the 8
most significant DMA address bits over the 8257 data 1/0
pins without subjecting the System Data Bus to any
timing constraints for the transfer. When the 8257 is used
inan /0 device structure (as opposed to memory
mapped), this AEN output should be used to disable the
selection of an I/0 device when the DMA address is on the
address bus. The

channeis,

A-2

/0 device selection should be,
determined by the DMA agknowledge outputs for the 4~

(TC)

Terminal Count. This ‘output notities the currently
selected peripheral that the present DMA cycle should be
the last cycle for this data block 1f the TC STOP bitin the
Mode Set rogister 1s set, the selected channel will be
automatically disabled at the end of that DMA cycle. TCis
activated when the 14-bit value 1n the selected channel’'s
terminal count register equals zero. Recall that the low-
order 14-bits of the terminal count register should be
loaded with the values (n-1), where n = the desired number
of the DMA cycles.

(MARK)

Maodulo 128 Mark: This output notifies the selected
peripheral that the current DMA cycle is the 128th cycie
sir.ce the previous MARK output. MARK always occurs at
123 (and all multiples of 128) cycles from the end of the
data block. Only f the total number of DMA cycles (n) is
evenly divisable by 128 (and the terminal count register
was loaded with n-1), will MARK occur at 128 (and each
succeeding multipie of 128) cycles from the beginning of
the data block.

oo te-ona o
agoa | -
o] S e IREY
J
o4 fe<Dea
R AR R
A2
e K51 o SKGTY <
i .
.y,
Jorr Jemomo e
18 '
Lkl .
V] swwon
oy OYR e BAKY
J-‘ 4', .
9 fe-onoa
" :
» L s
el Siin | SR
monITY
RBOOLVEA
J

Figure 4. 8257 Block Diagram Showing Control Logic
and Mode Set Register
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5. Mode Set Reglster

When set, the various bits in the Mode Set register enable
each of the four DMA channels, and allow four different
options for the 8257;

7 6 b 4 "3 2 A [
Enables AUTOLOAD "~
Enables TC STOP - ——+ -~

Enabies EXTENDED WRITE - - -~
tnables ROTATING PRIORITY oo

Enables DMA Channel 0
— Ensbles DMA Channal 1
b eev~ Enables DMA Channel 2
b e - e Ennsbles DMA Channel 3

The Mode Set register is normally programmed by the
CPU after the DMA address registeris) and terminal
count register(s) are initialized. The Mode Set Register is
cleared by the RESET input, thus disabling all options,
inhibiting all channels, and preventing bus conflicts on
power-up. A channel should not be left enabled unless its
DMA address and terminal count registers contain valid
values; otherwise, an inadvertent DMA request (DRQn)
from a peripheral could initiate a DMA cycle that would
destroy memory data. ' '

The vanous options which can be enabled by bits in the
Mode Set register are explained below:

Rotating Priority Bit 4

In the Rotating Priority Mode, the priority of the channels
has a circular sequence. After each DMA cycle, the
priority of each channel changes. The channel which had
just been serviced will have the lowest priority.

[2]
z>/
z

if the ROTATING PRIORITY bitis not set (set to a zero),
each DMA channel has a fixed priority. In the tixed priority
mode, Channel 0 has the highest priority and Channel 3
has the lowest pniority 1 the ROTATING PRIORITY bitis
set to a one, the priority of each channel changes after
each DMA cycle (not each DMA request). Each channel
moves, up to the next highest priority assignment, while
the channel which has just been serviced moves to the
lowest priority assignment:

CHANNEL—» | CH-0|CH-1|CH-2|CH-3
JUST SERVICED

Priority —» Highest ' |CH-1|CH-2|CH-3|CH-0
Assignments ) CH-2|CH-3|CH-0 [CH-1
¢ |CH-3|CH-0|CH-1|CH-2

Lowest CH-0|CH-1|CH-2|CH-3

\

Note that (otating priority will prevent any one channel
from monopolizing the DMA mode; consecutive DMA
cycles will service difterent channels it more than one
channel is enabled and requesting service. There is no
overhead penalty associated with this mode of opera-
tion. All DMA operations began with Channel 0 initially
assigned to the highest priority for the lirst DMA cycle.

Extended Write Bit 5

If the EXTENDED WRITE bitis set, the duration of both the
MEMW and I7OW signals is extended by activating them
earlier in the DMA cycle. Data transfers within micro-
computer systems proceed asynchronously to allow
use of various types ot memory and /O devices with
different access times. It a device canno! be accessed
within a specific amount of time 1t returns a “not ready”
indication to the 8257 that causes the 8257 to insertone or
more wait states in its internal sequencing. Some devices
are fast enough to be accessed without the use of wai
states, but if they generate their READY response with the
leading edge of the I7OW or MEMW signal (which
generally occurs late in the transfer sequence). they
would normally cause the 8257 to enter a wait state
because it does not receive READY in ime. For systems
with these types of devices, the Extended Write option
provides alternative timing for the 170 and memory write
signals which allows the devices to return an early READY
and prevents the unnecessary occurrence of wait states in
the 8257, thus increasing system throughput.

TC Stop Bit 6

It the TC STOP bit is set, a channel 1s disabled (1.e., its
enable bit is reset) after the Terminal Count (TC) output
goes true, thus automatically preventing further DMA
operation on that channel, The enable hit tor that channel
must be re-programmed to continue or begin another
DMA operation. It the TC STOP bit is not set, the
occurrence of the TC output has no effect on the channel
enable bits. In this case, itis generally the responsibility of
the peripheral to cease DMA requests 1n order to terminate
a DMA operation.

Auto Load Bit 7

The Auto Load mode permits Channel 2 to be used tor
repeat block or block chaining operations, without
immediate software intervention between blocks Chan-
nel 2 registers are initialized as usual for the trst data
block; Channel 3 registers, however, are used to store the
block re-initialization parameters (DMA starting address,
terminal count and DMA transfer mode). After the first
block of DMA cyciles is executed by Channel 2 (1.e., after
the TC output goes true), the parameters stored in the
Channel 3 registers are transferred to Channel 2 during an
“update” cycle. Note that the TC STOP feature, described
above, has no eftect on Channel 2 when the Auto Load bit
is set.
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It the Auto Load bit is set, the initial parameters for
Channel 2 are automatically duplicated in the Channel 3
registers when Channel 2 is programmed. This permits
repeat block operations to be set up with the programming
of a single channel. Repeat block operations can be used
in applications such as CRTY refreshing. Channels 2 and 3
can still be loaded with separate values if Channel 2 18
loaded before loading Channel 3. Note that in the Auto
Load mode, Channel 3 is still available to the user if the
Channel 3 enable bit 1s set, but use of this channel will
change the values to be auto loaded into Channel 2 at
update time. All that is necessary to use the Auto Load
feature for chaining operations is to reload Channel 3
registers at the conclusion of each update cycle with the
new parameters for the next data block transfer.

Each time that the 8257 enters an update cycle, the update
flag in the status register is set and parametersin Channel
3 are transferred to Channel 2, non-destructively for
Channel 3. The actual re-initialization of Channel 2 occurs
at the beginning of the next channel 2 DMA cycle after the
TC cycle. This will be the first DMA cycle of the new data

* block for Channel 2. The update flag is cleared at the
conclusion of this DMA cycle. For chaining operations,
the update flag in the status register can be monitored by
the CPU to determine when the re-initialization process
has been completed so that the next block parameters can
be safely loaded into Channel 3.

6. Status Register

The eight-bit status register indicates which channels
have reached a terminal count condition and includes the
update flag described previously.

?»— 1C STATUS FOR CHANNEL 0
1C STATUS FOR CHANNEL )
TC STATUS FOR CHANNEL 2
— - YC STATUS POR CHANNLL )

[117431;1’1;1'13

UPDATE FLAG — i

The TC status bits are set when the Terminal Count (TC)
output is activated for that channel. These bits remain set
until the status register is read or the 8257 is reset. The
UPDATE FLAG. however, is not affected by a status
register read operation. The UPDATE FLAG can be
cleared by resetting the 8257, by changing to the non-auto
load mode (i.e., by reseting the AUTO LOAD bit in the
Mode Set register) or it can be left to clear itself at the
completion of the update cycle. The purpose of the
UPDATE FLAG is to prevent the CPU from inadvertently
skipping a data block by overwriting a starting address or
terminal count in the Channel 3 registers before those
parameters are properly auto-loaded into Channel 2.

The user Is cautioned against reading the TC status
register and using this information to reenable chan-
nels that have not completed operation. Unless the
DM A channels are inhibited a channel could reach ter-
mial count (TC) between the status read and the mode
write. DMA can be inhibited by a hardware gate on the
HFQ line or by disabling channels with a mode word
besoro reading the TC status.

| PARAMETERS [, ,.|PARAMETERS | PARAMETERS pups - -
FOR BLOCK 1 FOR BLOCK 3 FOR BLOCK 3 f‘ l
€N 2 i cH» CHANNEL 2 UPDATE €H ¥ CHANNEL 2UPDATE
| OCCURS HERE !

1/0 WRITE

OCCURS HERE \

ORU 2 ] l I l I I I |
-
- oara suocx .___.l

Tc

{U’lﬂ

1

Rl

UPDATE FLAG

Figure 5. Autoload Timing
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OPERATIONAL SUMMARY

Programming and Reading the 8257 Registers

There are four paws of “channel registers”: each pair
consisting of a 16-bit DMA address register and a 16-bit
terminal count register (one pair for each channel). The
8257 also includes two “"general registers’: one 8-bit
Mode Set register and one 8-bit Status register. The
registers are loaded or read when the CPU executes a
write or read instruction that addresses the 8257 device
and the appropriate register within the 8257. The 8228
generates the appropriate read or write control signal
(generally I/OR or I/OW while the CPU places a 16-bit
address on the system address bus, and either outputs the
data to be written onto the system data bus or accepts the
data being read from the data bus. All or some of the most
significant 12 address bits As-A;s (depending on the
systems memory, /O configuration) are usually decoded
to produce the chip select (CS) input to the 8257. An I/0
Write input (or Memory Write in memory mapped 1/O
configurations, described below) specifies that the
addressed register is to be programmed, while an 1/O
Read input (or Memory Read) specifies that the addressed
register is to be read. Address bit 3 specifies whether a
“channel register” (A; = 0) or the Mode Set (program
only)/Status (read only) register (A3 = 1) isto be accessed.

The least significant three address bits, Ao-A;, indicate the
specific register to be accessed. When accessing the
Mode Set or Status register, Ao-A2 are all zero. When
accessing a channel register bit A¢ differentiates between
the DMA address register (A = 0) and the terminal count
register (Aq = 1), while bits A; and A; specity one of the

8257 Register Selection

CONTROL INPUT cs I70W | I70R A3
Program Hall ol a 0 0 1 0
Channel Register N o
Read Hall of & 0 1 0 0
Channel Register N N
Program Mode Set 0 0 1 1
“'ﬂ""’ UUNEpUISHS SNSRI WP S P -
Read Status Register 0 __J__ _9 ] _1_ L

four channels. Because the ""channel registers” are 16-
bits, two program instruction cycles are required to load
or read an entire register. The 8257 contains a first/last
(F/L) thp tlop which toggles at the completion of each
channel program or read operation. The F/L thp tlop
determines whether the upper or lower byte of the ragister
Is to be accessed. The F/L thp tlop is reset by the RESET
input and whenever the Mode Set register is loaded. To
maintain proper synchronization when accessing the
“channel registers” all channel command nstruction
operations should occur in pairs, with the lower byte ot a
register always being accessed first. Do not allow CS to
clock while either I7OR or I/OW is active, as this will cause
an erroneous F/L flip fiop state. In systems utiizing an
interrupt structure, interrupts should be disabled prior to
any paired programming operations o prevent an
interrupt from splitting them. The resuit of such a spht
would leave the F/L F/F inthe wrong state This problem s
particularly obvious when other DMA channels are
programmed by an interrupt structure.

ADDRESS INPUTS
REGISTER BYTE A A A Ao LS 0, O D« D, D, 0: o, Do
CH-0 DMA Address LS8 0 0 0 o 0 A As A A4 Ay A A Ay
S8 (] 0 0 0 1 Ais [ A AL AL AL [ A] A | Ay
CH-0 Terminal Count L88 0 0 0 1 0 CriCh|Ci|Ci|Ci|C | C |Ca
Mse 0 [} 0 1 1 Rd wWr|Ch|Cn|Cih |Ciu Cv Cy
H-1 D
CH-1 DMA Adres v B IR D I L P PN
CH-1 Terminal Count Ls8 0 0 1 1 0
MSB 0 0 1 1 1
CH-2 DMA Address ;ss: g : g : ? Sarne as Channel 0
CH-2 Terminal Count Ls8 [} 1 (] 1 ]
i M3SB o | 1] 0| 1
CH-3 DMA Kddross ;:: : : : g ? Same as Channel 0
CH-3 Terminal Count LS8 0 1 1 1 (]
MsB 0 1 1 1 1
MODE SET (Program only) - 1 0 0 (] (-] Al. |TC8| EW | RP | EN3 |EN2 | EN1 |ENO
STATUS (Read only) - 1 0 0 0 0 0 (] 0 | UP |TC3{TC2|TCt |TCO

*Ac-A 5. DMA Starting Address. Co-Cij. Terminal Count value (N-1), Rd and Wr: DMA Verity (00), Write (01) or Read (10) cycle selection,
AL: Auto Load, TCS: TCSTOP, EW: EXTENDED WRITE, RP: ROTATING PRIORITY, EN3-ENO: CHANNEL ENABLE MASK,UP UPDATE

FLAG, TC3-TCO: TERMINAL COUNT STATUS BITS.
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Figure 6. DMA Operation State Diagram

h

-
DMA OPERATION
Single Byte Transters

A single byte transfer is initiated by the /O device rais-
ing the DRQ line of one channel of the 8257. If the chan-
nel 1s enabled, the 8257 will output a HRQ to the CPU.
The 8257 now waits until a HLDA is received insuring
that the system bus is free for its use. Once HLDA is
received the DACK line for the requesting channel Is ac-
tivated (LOW). The DACK line acts as a chip select for
the requesting /O device. The 8257 then generates the
‘

read and write commands and byte transfer occurs be-
tween the selected IO device and memory. After the
transfer is complete, the DACK line is set HIGH and the
HRQ line is set LOW to indicate to the CPU that the bus
is now free tor use. DRQ must remain HIGH until DACK
1s issued to be recognized and must go LOW betore S4
ot the transfer sequence to prevent another transfer
from occuring. (See timing diagram.)

Consecutive Transfers

if more than one channel requests service simultaneous-
ly, the transter will occur in the same way a burst does.
No overhead is incufred by switching from one channel
to another. In each S4 the DRQ lines are sampled and
the highest priority request is recognized during the
next transfer. A burst mode transfer in a lower priority
channel will be overridden by a higher priority request.
Once the high priority transfer has completed control
will return to the lower priority channel if its DRQ is still
active. No extra cycles are needed to execute this se-
quence and the HRQ line remains active until ail DRQ
lines Jo'LOW.

Contrul Override

The continuous DMA transfer mode described above
can be interrupted by an external device by lowering the
HLDA line. After each DMA transiei the 8257 samples
the HLDA line to insure that it is still active. If it is not
active, the 8257 completes the current transfer, releases
the HRQ line (LOW) and returns to the idle state. it DRQ
lines are still active the 8257 will raise the HRQ line in
the third cycie and proceed normally. (See timing
diagram.)

Not Ready

The 8257 has a Ready input similar to the 8080A and the
BOB5A. The Ready line is sampied in State 3. If Ready is
LOW the 8257 enters a wait state. Ready is sampled dur-
ing every wait state. When Ready returns HIGH the 8257
proceeds to State 4 to complete the transfer. Ready is
used to interface memory or /O devices that cannot
meet the bus set up times required by the 8257.

Speed

The 8257 uses four clock cycles to transfer a byte of
data. No cycles are lost in the master to master transfer
maxiiizing bus efficiency. A 2MHz clock input will
allow the 8257 to transter at a rate of S00K bytes/second.

Memory Mapped I/Q Configurations

The 8257 can be connected to the system bus as a memory
device instead of as an /0 device for memory mapped 1/0
configurations by connecting the system memory control
lines 10 the 8257's 1/0O controt hnes and the system /O
control lines to the 8257's memory control lines

This configuration permits use of the 8080’'s considerably
larger repertoire of memory instructions when reading or
ioading the 8257's registers Note that with this

sconnection, the programming of the Read (b1t 15) and
Write (bit 14) bits in the terminal count register will have a
different meaning:
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BIT 15 BIT 14
MEMAD f—— - -—-m e ——- IO RD _ _READ WRITE
w267 MEMWR ——— - - e~ 1/O WR ) 0 DMA Verity Cycle
/O AD = —-— —e———— MEM RD 0 1 DMA Read Cycle
HOWR e e e . MEMWR 1 0 DMA Write Cycle
1 1 Illegal
Figure 7. System Intertace for Memory Mapped I1/0 Figure 8. TC Register for Memory Mapped 1/O Only
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . . . ... .. 0°C to 70°C
Storage Temperature . . . . .
Voltage on Any Pin

With Respect to Ground . . .
Power Disstpation . . . ... ... .. ... ........ 1 Watt

D.C. CHARACTERISTICS
Ta = 0°C 1o 70°C, Vg = +5V £ 6%, GND = OV

*COMMENT: Stresses above those listed under “Absolute Maximum
Ratings" may cause permanent damage to the device This is a stress
rating only and tunctional operation of the device at these or any other
condilions above those indicated in the operational sections of this
specification is not imphied Exposure 1o absolule maximum rating con-
ditions for extended periods may affect device reliabihity

SYMBOL PARAMETER MIN. MAX. UNIT | TEST CONDITIONS
ViL input Low Voltage -0.5 0.8 Volts
Vin Input High Voltage 2.0 Vect.S Volts
VoL Output Low Voltage 0.46 Volts L = 1.6 mA
Vo Qutput High Voltage 24 Vee Volts lon=-150uA for AB,
DB and AEN
lon =-80uA for others
VHH - HRQ Output High Volitage 3.3 Vee Volts lon = -80uA
lce Vec Current Drain 120 mA
e Input Leakage 110 HA ViN = Vcc to OV
loFL Output Leakage During Float 10 uA Vout = Vee to OV
CAPACITANCE
Ta = 25°C: Vg = GND = OV
SYMBOL PARAMETER MIN. TYP, MAX. UNIT | TEST CONDITIONS
Cin Input Capacitance 10 pF fc= 1MHz
Cio 1/0 Capacitance 20 pF Unmeasured pins
returned to GND
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A.C. CHARACTERISTICS: PERIPHERAL (SLAVE) MODE
Ta = 0°C to 70°C, Ve = 5.0V £5%; GND = 0V (Note 1).
8080 Bus Parameters

Read Cycle:
8257 82675
Symbol Parameter Min. Max. | Min, Max. _l:lni_tm _ Test Condiuor»‘ﬁ'"
Tan Adr or €S} Setup to AD 0 0 s |
Tha Adr or C§1 Hold from RD! 0 0 ns
.T RD T Béht:;;;ess from RD!{ 0 00 0 200 ns {Note 2)
Tor DB-—Float Delay from RDt 20 150 20 100 ns
TRR RD width 250 250 ns
\A;m:. Cycle:
I 82t7 82575
Symbol Parameter Min. » Max. | Min. Max. | Unit Test Conditions
Taw Adr Setup to WR 20 20 ns
Twa Adr Hold from WRt 0 0 ns
: -Tow “Data Setup to WR't 200 200 ns
Two Data Hold from WR 1 0 0 ns
Tww WR Width 200 200 ns
Other Timing:
8267 8267-6
Symbol Parameter Min, Max. Min. Max. | Unit Test Conditions
TRSTW | Reset Pulse Width 300 300 ns
TrsTD Power Supplyt (Vcc) Setup to Reset 500 500 us
T, Signal Rise Time 20 20 ns
Ty Signal Fall Time 20 20 ns
TasTs Reset to First I/OWR 2 2 tey
Notes: 1. All timing measurements are made st the foliowing reference voltages uniem specified otherwise: Input “'1" st 2.0V, “0” a1 0.8V
2. 8267: C_= 100pF, 8257-6: C|_~ 150pF. Output 1" st 2.0V, “0” at 0.8V
8257 PERIPHERAL MODE TIMING DIAGRAMS
Write Timing: Read Timing:

o ¥ gy | otmvj ! |
CHIP SELECT CHIP SELECY q k
\ : | ' [0 Tan - - 4 Tna
ADDQ:#(}S BUS X y ADDRESS BUS X K
. [. S FR— ._.1,,4.__ e Tan - s b - Taa

bAaTaBUS i K 10 /D N ew
[+~ Tow——wtTwo+ Tao "l o [ Yo
oW f DATA BUS o o= o o o o ctn e s s e e v e e ofll D e e e e e
Reset Timing: input Waveform for A.C. Tests:
Torw LA 24 Xn = restrOWTS :--“X
o (X el ~08

A= 3

N
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A.C. CHARACTERISTICS: DMA (MASTER) MODE T, - 0°C1070°C, V¢ = + 5V £5%, GND=0V.
Timing Requirements

8257 ‘ 8257-5

SYMBOL PARAMETER MIN. MAX. h_:ll!) MAX. UNIT
Tev Cycle Time (Period) 0.320 4 0.320 4 s
Ta Clock Active (High) 120 BTcy 80 8Tcy ns

" Tas DRQ? Setup to 81 (S, S4) 120 30 ns
Taw DRQM Hold from HLDAT!4! 0 0 ns
Ths HLDAT or {Setup to 6 {(St, S4) 100 100 ns
Trs READY Setup Time to 81 (S3, Sw) 30 30 ns
TRH READY Hold Time from 81 (S3, Sw) 20 20 ns

Note: 4. Tracking Parameter.

Tracking Parameters

Signals labeled as Tracking Parameters (footnotes 4-7 under A.C. Specifications) are signals that follow similar paths
through the silicon die. The propagation speed of these signals varies in the manufacturing process but the rela-
tionship between all these parameters is constant. The variation is less than or equal to 50 ns.

Suppose the following timing equation is being evaluated,
TMM!N) + Tu(u“, <50 ns

and only minimum specifications exist for Ta and Tg. If Topun, 's used, and if T, and Tg are tracking parameters,
Tamax) Can be taken as Tgyun) + 50 ns.

Tapaiyy + (Teiny® + 50 ns) < 150 ns
‘it To and Tg are tracking parameters




8257/8257-5

A.C. CHARACTERISTICS: DMA (MASTER) MODE 71,=0°Ct070°C. Vc= +5V £5%, GND=0V

Timing Responses

8267 8267-6
SYMBOL PARAMETER MIN. MAX. MIN. MAX. | UNIT
Toa HRQ1? or {Delay from 8 1(SI,S4) 160 160 ns

(measured at 2.0V)! !
Toa1 HRQ? or {Delay from 8 t(SI,54) 250 250 ns
{measured at 3.3V)!3}
Ta€L AEN? Delay from 8 4(S1)i ' 300 300 ns
TAET AEM Delay from g t(Si)) 200 200 ns
Taea | Adr(ABMActive) Delay from AENT (S1)14) 20 20 s
Traag Adr (AB}{Active) Delay trom 6 1(S1)12} 250 250 ns
'}AFAB Adr{AB)(Float) Delay from 8 t(S1)i2l 150 150 ns
Tasm Adr(AB)(Stable) Delay from 81(S1)i2] 250 250 s
Tan Adr (AB) (Stable) Hold from 81(S1){2] Tasm-50 Tasm-50 | | ns
Tar | Adr(AB)Valid) Hold from Rdt(S1,S1)14i 60 60 | 1 s
Tamw | Adr(AB)(Valid) Hold from Wrt(S1,51)14) 300 300 T s
Teans | Adr(DB)Active) Delay from 61{S1)I2] 300 300 | ns
Taros | Adr(DB)(Float) Delay from 8 1(S2)i 2l Ter +20 250 Terr+20 | 1720 | ns
Tass | Adr(DB) Setup to AdrStb}(S1-52)14I 100 100 ns
Tans Adr (DB)(Valid) Hokd from AdrStb}(S2)141 5) 50 ns
TstTL AdrStbt Delay from 01 (Si)1! 200 200 n; B
Torr AdrStbi Delay from 81(52) 11 140 | 140 ns
Tew AdrStb Width (S1-S2)i4} Tcy-100 Tey-100 ns
Tasc Rd{ or Wr(Ext)4 Delay from AdrStbi(S2)i4! 70 70 ns
Tosc Rd{ or Wr{Ext}4 Delay from Adr(DB) 20 20 ns
(Float)(S2)!81 -
Tak DACK? or {Delay from 6 4{S2,S1) and 250 250 ns
TC/Mark? Delay from 6 1{S3) and
) TC/Mark{ Delay trom 6t (S4)11.8) B L
TocL Rd{ or Wr(Ext)} Delay from 61(S2) and 200 200 ns
B lel Delay trom 01(S3)! 2.6
Toer Rd1 Delay from 84(S1,51) and 200 200 ns
Wrt Delay from 61(S4)t2.71
Teac Rd or Wr {Active) from 0 1(S1){ 2 300 300 ns
Tarc Rd or Wr (Float) from 01(S1)i2] 150 150 ”
Tawm Rd Width (S2-S1 or S1)i4l 2oy + To-50 2Tcy + Ta-50 ns
Towwm Wr Width (S3-S4)14 Tev-50 Tey-50 ns
TwwME | WrlExt) Width (S2-54)14] 2Tcy-50 2Tcy-50 ns
Notes: 1. Load = 1 TTL., 2. Load =1 TTL +50pF. 3. Load =1 TIL + (RL = 3.3K), VoH = 3.3V. 4. Tracking Paramezter.

5. 4Tak <S0ans. 6. A;"DCL <B0ns. 7. ATpET <50 ns.
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DMA MODE WAVEFORMS

CONSECUTIVE CYCLES AND BURST MODE SEQUENCE
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Figure 12. Consecutive:Cycles and Burst Mode Sequence
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LRG3 X K~~~ 77

Figure 13. Control Override Sequence
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FD 179X-01 Floppy Disk Formatter/Contrcller Family

FEATURES

e TWO VFO CONTROL SIGNALS

o PROGRAMMABLE CONTROLS
Selectable Track to Track Stepping Time
Side Select Compare

o SOFT SECTOR FORMAT COMPATIBILITY o WRITE PRECOMPENSATION (MFM AND FM)
o AUTOMATIC TRACK SEEK WITH o WINDOW EXTENSION

VERIFICATION e INCORPORATES ENCODING/DECODING
¢ ACCOMMODATES SINGLE AND DOUBLE AND ADDRESS MARK CIRCUITRY

DENSITY FORMATS
IBM 3740 Single Density (FM)
IBM System 34 Double Density (MFM)
e READ MODE

e FD1792/4 1S SINGLE DENSITY ONLY
FD1793/4 HAS TRUE DAL LINES

179X-01 FAMILY CHARACTERISTICS

Single/Multiple Sector Read with Automatic  FEATURES 1791-01}1792-01(1783:011794-01
Search or Entire Track Read et EVIEN BEIRVIRS v Ry
Selectable 128 Byte or Variable length Sector Single Density (FM) X X | X X
e WRITE MODE Double Density (MEM) | X | . X
Single/Multiple Sector Write with Automatic True Data Bus 1 X 1 X
Sector Search Inverted Data Bus X X T 3
Entire Track Write for Diskette Formatting WritePrecomp =~ | X XX X
e SYSTEM COMPATIBILITY Window: Extension XX X X
Double Buffering of Data 8 Bit Bi-Directional ,
Bus for Data, Control and Status APPLICATIONS
DMA or Programmed Data Transfers FLOPPY DISK DRIVE INTERFACE
All Inputs and Outputs are TTL Compatible SINGLE OR MULTIPLE DRIVE CONTROLLER/
On-Chip Track and Sector Registers/Comprehensive FORMATTER
Status Information NEW MINI-FLOPPY CONTROLLER
—— _RAWREAD |
< DATA(@8) > :“_ Rok |
A0 | Re_ _]
Al 7] L L:A_TE .
5 & | eaALy ;
v R w S
U WE +5 P
T g P
E MR 10K Y
R FLOPPY DISK WG D
| CONTROLLER — |
N FORMATTER WPRT S
T WE/VEOL K
€ Y p—
b R P ]
A e 00|
c 10K 10K READY v
E B £
TG43
DRQ STEP
T INTRQ DIRC
CLK
*FD1792/4 PIN 37 MUST BE usstoveu‘ o < oo
**FD1793/4 musa / / . | ﬁ ves Voo Ve HLT ?1'22‘22‘83
PIN: connmﬂou = l [ !
+5V

T2 4y

FD179X SYSTEM BLOCK DIAGRAM
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GENEHRAL DESCRIPTION

The FD179X are MOS LSI devices which perform the
functions of a Floppy Disk Formatter/Controller in
a single chip implementation. The FD179X, which
can be considered the end result of both the FD1771
and FD1781 designs, is IBM 3740 compatible in
single density mode (FM) and System 34 compatible
in Double Density Mode (MFM). The FD179X con-
tains all the features of its predecessor the FD1771,
plus the added features necessary to read/write and
format a double density diskette. These include ad-
dress mark detection, FM and MFM encode and de-
code logic, window extension, and write precompen-
sation. In order to maintain compatibility, the FD1771,
FD1781, and FD179X designs were made as close as

possible with the computer interface, instruction set,
and l/O registers being identical. Also, head lcad
control is identical. In each case, the actual pin as-
signments vary by only a few pins from any one to
another.

The processor interface consists of an 8-bit bi-
directicnal bus for data, status, and control word
transfers. The FD179X is set up to operate on a mul-
tiplexec bus with other bus-oriented devices.

The FINM79X is fabricated in N-channel Silicon Gate
MOS technology and is TTL compatible on all inputs
and outputs. The 1793 is identical to the 1791 except
the DAL lines are TRUE for systems that utilize true
data busses.

PIN OUTS
PIN
NUMBER PIN NAME SYMBOL FUNCTION

1 NO CONNECTION NC Pin 1 is internally connected to a back bias
generator and must be left open by the user.

19 MASTER RESET MR A logic low on this input resets the device and
loads HEX 03 into the command register. The Not
Ready (Status Bit 7) is reset during MR ACTIVE.
When MR is brought to a logic high a RESTORE
Command is executed, regardiess of the state of
the Ready signal from the drive. Also, HEX 01 is
loaded into sector register.

20 POWER SUPPLIES Vss Ground

21 Vce +5V +5%

40 Voo +12V =5%

COMPUTER INTERFACE:

2 WRITE ENABLE WE A logic low on this input gates data on the DAL
into the selected register when CS is low.

3 CHIP SELECT CS A logic low on this input selects the chip and ena-
bles computer communication with the device.

4 READ ENABLE RE A logic low on this input controls the placement of
data from a selected register on the DAL when CS
is low.

5,6 REGISTER SELECT . A0, A1 These inputs select the register to receive/
LINES transfer data on the DAL lines under RE and WE
control:
Al A0 RE WE
0 0 Status Reg Command Reg
0 1 Track Reg Track Reg
1 0 Sector Reg Sector Reg
1 1 Data Reg Data Reg
7-14 DATA ACCESS LINES, DALO-DAL7 | Eight bit inverted Bidirectional bus used for trans-
fer of data, control, and status. This bus is receiver
enablec by WE or transmitter enabled by RE.

24 CLOCK CLK This input requires a free-running square wave
clock for internal timing reference, 2 MHz for 8"
drives, 1 MHz for mini-drives.

A-A1



PIN

NUMBER PIN NAME SYMBOL FUNCTION

38 DATA REQUEST DRQ This open drain output indicates that the DR con-
tains assembled data in Read operations, or the
DR is empty in Write operations. This signal is
reset when serviced by the computer through
reading or loading the DR in Read or Write opera-
tions, respectively. Use 10K pull-up resistor to +5.

39 INTERRUPT INTRQ This open drain output is set at the completion of any

REQUEST command and is reset when the STATUS register is
read or thg command register is written to. Use 10K
FLOPPY DISK INTERFACE: pull-up resistor to +5.

15 STEP STEP The step output contains a puise for each step.

16 DIRECTION DIRC Direction Output is active high when stepping in,
active low when stepping out.

17 EARLY EARLY Indicates that the WRITE DATA pulse occurring
while Early is active (high) should be shifted early
for write precompensation. '

18 LATE LATE Indicates that the write data pulse occurring while
Late is active (high) should be shifted late for write
precompensation.

22 TEST TEST This input is used for testing purposes only and
should be tied to +5V or left open by the user un-
less interfacing to voice coil actuated motors.

23 HEAD LOAD TIMING HLT When a logic high is found on the HLT input the
head is assumed to be engaged.

25 READ GATE RG A high level on this output indicates to the data
separator circuitry that a field of zeros (or ones)
has been encountered, and is used for synchroni-
zation.

26 READ CLOCK RCLK A nominal square-wave clock signal derived from
the data stream must be provided to this input.
Phasing (i.e. RCLK transitions) relative to RAW
READ is important but polarity (RCLK high or low)
is not.

27 RAW READ RAW READ | The data input signal directly from the drive. This
input shall be a negative pulse for each recorded
flux transition.

28 ~HEAD LOAD HLD The HLD output controls the loading of the

' L Read-Write head against the media.
29 - TRACK GREATER TG43 This output informs the drive that the Read/Write
THAN 43 head is positioned between iracks 44-76. This output
, is valid only during Read and Write Commands.

30 WRITE GATE WG This output is made valid before writing is to be
performed on the diskette.

31 WRITE DATA wD “A 250 ns (MFM) or 500 ns (FM) pulse per flux

transition. WD contains the unique Address marks
as well as data and clock in both FM and MFM
formats.




FUNCTION

This input indicates disk readiness and is sampled
for a logic high before Read or Write commands
are performed. If Ready is low the Read or Write
operation is not performed and an interrupt is
generated. Type | operations are performed re-
gardless of the state of Ready. The Ready input
appears in inverted format as Status Register bit
7.

This input detects writing fault indications from
the drive. When WG = 1 and WF goes low the
current Write command is terminated and the
Write Fault status bit is set. The WF input should
be made inactive (high) when WG becomes inac-
tive. When WG = 0, this pin functions as a VFO
enable output. VFOE is made active when the
head is. fully engaged and data is being inspected
off of the diskette.

This input informs the FD179X that the Read/Write
head is positioned over Track 00.

This input informs the FD179X when the index hole
is encountered on the diskette.

This input is sampled whenever a Write Command
is received. A logic low terminates the command
and sets the Write Protect Status bit.

This pin selects either single or double density op-
eration. When DDEN = 0, double density is
selected. When DDEN = 1, single density is
selected. This line must be left open on the 1792/4

PIN
NUMBER PIN NAME SYMBOL
32 READY READY
33 WRITE FAULT WF/VFOE
VFO ENABLE
34 TRACK 00 TR0O
35 INDEX PULSE P
36 WRITE PROTECT WPRT
37 DOUBLE DENSITY DDEN
ORGANIZATION

The Floppy Disk Formatter block diagram is illus-
rated on page 5. The primary sections include the
parailel processor interface and the Floppy Disk inter-
face.

Data Shift Register—This 8-bit register assembles
serial data from the Read Data input (RAW READ)
durmg Read operations and transfers serial data to
the Write Data output during Write operations.

Data Register—This 8-bit register is used as a hold-
ing register during Disk Read and Write operations.
in Disk Read operations the assembled data byte is
transferred in parallei to the Data Register from the
Cua Shift Register. In Disk Write operations informa-
aon 1= transferred in paraliel from the Data Register
to the Data Shift Register.

When executing the Seekrcommand the Data Regis-
tar holds the address of the desired Track position.
This register is loaded from the DAL and gated onto
tne DAL under processor control.

Track Register—This 8-bit 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) if the ver-
ify flag is on. The contents of the register are com-
pared with the recorded track number in the ID field
during disk Read, Write, and Verify operations. The
Track Register can be loaded from or transferred to
the DAL. This Register should not be loaded when
the device is busy.

Sector Register (SR)—This 8-bit 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 op-
erations. The Sector Register contents can be loaded
from or transferred to the DAL. This register should
not be loaded when the device is busy.

Command Register (CR)—This 8-bit register holds
the comrmand presently being executed. This register
should not be loaded when the device is busy uniess
the new command is a force interrupt. The command
register can be loaded from the DAL, but not read
onto the DAL.
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Status Register (STR)—This 8-bit register holds de-
vice Status information. The meaning of the Status
bits is a function of the type of command previously
executed. This .register can be read onto the DAL,
but not loaded from the DAL.

CRC Logic—This logic is used to check or to gener-
ate the 16-bit Cyclic Redundancy Check (CRC). The
polynomial is: G(x) = x'® + x'2 + x5 + 1,

The CRC includes all information starting with the
address mark and up to the CRC characters. The
CRC register is preset to ones prior to data being
shifted through the circuit.

Arithmetic/Logic Unit gALU)-——The ALU is a serial
comparator, incrementer, and decrementer and is
used for register modification and compansons with
the disk recorded ID fieid.

Timing and Control—All computer and Floppy Disk
Interface controls are gonerated through this logic.

The internal device timing is generated from an ex-
ternal crystal clock.

The FD1791/3 has two different modes of operation
according to the state of DDEN. When DDEN = 0
double density (MFM) is assumed. When DDEN = 1,
single density (FM) is assumed.

AM Detector—The address mark detector detects
ID, data and index address marks during read and
write operations.

PROCESSOR INTERFACE

The interface to the processor is accomplished
through the eight Data Access Lines (DAL) and as-
sociatad control signals. The DAL are used to trans-
fer Data, Status, and Control words out of, or into the
FD179X. The DAL are three state buffers that are en-
abled as output drivers when Chip Select (CS) and
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Read cnable (RE) are active (low logic state) or_act
as input receivers when CS and Write Enable (WE)
are active.

When transfer of data with the Floppy Disk Controller
is required by the_host processor, the device address
is decoded and CS is made low. The address bits A1
and A0, combined with the signals RE during a Read
operation or WE during a Write operation are inter-
preted as selecting the following registers:

A1-AQ READ (RE) WRITE (WE)
0 0 Status Register Command Register
0o 1 Track Register Track Register
10 Sector Register Sector Register
11 Data Register Data Register

During Direct Memory Access (DMA) types of data
transtfers between the Data Register of the FD179X
and the processor, the Data Request (DRQ) output is
used in Data Transfer control. This signal also ap-
pears as status bit 1 during Read and Write opera-
tions.

On Disk Read operations the Data Request is acti-
vated (set high) when an assembled serial input byte
is transferred in parallel to the Data Register. This bit
is cleared when the Data Register is read by the pro-
cessor. if the Data-Register is read after one or more
characters are lost, by having new data transferred
nto the register prior to processor readout, the Lost
Data bit is set in the Status Register. The Read op-
eration continues until the end of sector is reached.

On Disk Write operations the data Request is acti-
vated when the Data Register transfers its contents
io the Data Shift Register, and requires a new data
byte. It is reset when the Data Register is loaded
with new data by the processor. If new data is not
loaded at the time the next serial byte is required by
the Floppy Disk, a byte of zeroes is written on the
diskette and the Lost Data bit is set in the Status Re-
gister.

At the completion of every command an INTRQ is
generated. INTRQ is reset by either reading the
status register or by loading the command register
with a new command. In addition, INTRQ is gener-
ated if a Forcé Interrupt command condition is met.

FLOPPY DiSK INTERFACE

The 1791 and 1793 have two modes of operation ac-
cording to the state of DDEN (Pin 37). When
DDEN = 1, single density is selected. In either case,
the CLK input (Pin 24) is at 2 MHz. However, when
interfacing with the mini-floppy, the CLK input is set
at 1 MHz for both singlé density and double density.
When the clock is at 2 MHz, the stepping rates of 3,
6, 10, and 15 ms are obtainable. When CLK equals 1
MHz these times are doubled. The 1792/4 operates
in the single density mode only, with Pin 37 left open
by the user.

HEAD POSITIONING

Five commands cause positioning of the Read-Write
head (see Command Section). The period of each
positioning step is specified by the r field in bits 1 and
0 of the command word. After the last directional
step an additional 15 milliseconds of head settling
time takes place if the Verify flag is set in Type |
commands. Note that this time doubles to 30 ms for
a 1 MHz clock. If TEST = 0, there is zero settling
time. There is also a 15 ms head settling time if the E
flag is set in any Type Il or lli command.

The 1ates (shown in Table 1) can be applied to a
Step-Direction Motor through the device interface.

Step—A 2 us (MFM) or 4 us (FM) pulse is provided
as an output to the drive. For every step pulse is-
sued, the drive moves one track location in a direc-
tion determined by the direction output.

Direction (DIRC)—The Direction signal is active high
when stepping in and low when stepping out. The Di-
rection signal is valid 12 us before the first stepping
pulse is generated.

When a Seek, Step or Restore command is executed
an optional verification of Read-Write head position
can be performed by setting bit 2 (V =1) in the
command word to a logic 1. The verification operation
begins at the end of the 15 millisecond settling time
after the head is loaded against the media. The track
numter from the first encountered ID Field is com-
parec against the contents of the Track Register. If
the track numbers compare and the ID Field Cyclic
Redundancy Check (CRC) is correct, the verify oper-
ation is complete and an INTRQ is generated with no
errors. The FD179X must find an ID field with correct
track number and correct CRC within 5 revolutions of
the media; otherwise the seek error is set and an
INTRQ is generated.

Table 1. STEPPING RATES

CLK 2MHz 2 MHz 1 MHz 1 MHz 2 MHz 1 MHz
DDEN 0 1 0 1 X X

R1 RO TEST=1 TEST=1 TEST=1 TEST=1 TEST=0 TEST=0

00 3 ms 3ms 6 ms 6 ms 200 us 400 us
01 6 ms 6 ms 12 ms 12 ms 200 us 400 us
1 0 10 ms 10 ms 20 ms 20 ms 200 us 400 us
11 15 ms 15 ms 30 ms 30 ms 200 pus 400 us

The Head Load (HLD) output controls the movement
of the read/write head against the media. HLD is ac-
tivated at the beginning of a Type | command if the h
flag is set (h = 1), at the end of the Type | command
if the verify flag (V = 1), or upon receipt of any Type
Il or ill command. Once HLD is active it remains ac-
tive until either a Type | command is received with
(h = 0and V = 0); or if the FD179X is in an idle state
(non-busy) and 15 index pulses have occurred.
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Head Load Timing (HLT) is an input to the FD179X
which isused for the head engage time. When
HLT =1, the FD179X assumes the head is com-
pletely engaged. The head engage time is typically
30 to 100 ms depending on drive. The low to high
transition on HLD is typically used to fire a one shot.
The output of the one shot is then used for HLT and
supplied as an input to the FD179X.

HLD}‘—_'———'—'
fe——50 TO 100m$ ——=]
’— — o —

]
i

{
7
: HLT (FROM ONE SHOT)

HEAD LOAD TIMING

When both HLD and HLT are true, the FD179X will
then read from or write to the media. The “and” of
HLD and HLT appears as a status bit in Type |
status.

In summary for the Type | commands: if h = 0 and
V =0,HLDisreset. Ifh = 1andV = 0, HLD is set at the
beginning of the command and HLT is not sampled nor
is there an internal 15 ms delay. f h=0and V =1,
HLD is set near the end of the command, an internal
15 ms occurs, and the FD179X waits for HLT to be
true. Ifh = 1 and V = 1, HLD is set at the beginning
of the command. Near the end of the command, after
all the steps have been issued, an internal 15 ms
delay occurs and the FD179X then waits for HLT to
occeur.

For Type Il and lil commands with E flag off, HLD is
made active and HLT is sampled until true. With E
flag on, HLD is made aciive, an internai 15 ms delay
occurs and then HLT is sampled until true.

UISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtaina-
ble in either FM or MFM formats For FM, DDEN
should be placed to logical "1.” For MFM formats,
DDEN should be placed to a logical 0. Sector
lengths are determined at format time by a speciat
byte in the “ID" field. If this Sector length byte in the
ID field is zero, then the sector length is 128 bytes. If
01 then 256 byies. If 02, then 512 bytes. If 03, then
the sector length is 1024 bytes. The number of sec-
tors per track as far as the FD179X is concerned can
be from 1 to 255 sectors. The number of tracks as far
as the FD179X is concerned is from 0 to 255 tracks.
For IBM 3740 compatibility, sector lengths are 128
bytes with 26 sectors per track. For System 34 com-
patibility (MFM), sector lengths are 256 bytes/sector
with 26 sectors/track; or lengths of+1024 bytes/sector
with 8 sectors/track. (See Sector Length Table.)

For read operations, the FD179X requires RAW
READ Data (Pin 27) signal which is a 250 ns pulse
per flux transmon and a Read clock (RCLK) signal to
indicate flux transition spacings. The RCLK (Pin 26)
signal is provided by some drives but if not it may be

derived externally by Phase lock loops, one shots, or
counter techniques. In addition, a Read Gate Signal
is provided as an output (Pin 25) which can be used
to inform phase lock loops when to acquire syn-
chronization. When reading from the media in FM. RG
is made true when 2 bytes of zeroes are detected.
The FD179X must find an address mark within the
next 10 bytes; otherwise RG is reset and the search
for 2 bytes of zeroes begins all over again. If an ad-
dress mark is found within 10 bytes, RG remains true
as long as the FD179X is deriving any useful informa-
tion from the data stream. Similarly for MFM, RG is
made active when 4 bytes of “00" or “FF" are de-
tected. The FD179X must find an address mark
within the next 16 bytes, otherwise RG is reset and
search resumes.

During read operations (WG = 0), the VFOE (Pin 33)
is_provided for phase lock loop synchronization.
VFOE will go active when:

a) Both HLT and HLD are True

b) Settling Time, if programmed, has expired

c) The 179X is inspecting data off the disk
If WIF/VFOE is not used, leave open or tie to a 10K
resistor to +5.

DISK WRITE GPERATION

When writing is to take place on the diskette the
Write Gate (WG) output is activated, allowing current
to flow into the Read/Write head. As a precaution to
erroneous writing the first data byte must be loaded
into the Data Register in response to a Data Request
from the FD179X before the Write Gate signal can be
activated.

Writing is inhibited when the Write Protect input is a
logic low, in which case any Write command is im-
mediately terminated, an interrupt is generated and
the Write Protect status bit is set. The Write Fault in-
put, when activated, signifies a writing fauit condition
detected in disk drive electronics such as failure to
detect write current flow when the Write Gate is acti-
vated. On detection of this fault the FD179X termi-
nates the current command, and sets the Write Fauit
bit (tit 5) in the Status Word. The Write Fault input
shou d be made inactive when the Write Gate output
beco nes inactive.

For write operations, the FD179X provides Write
Gate (Pin 30) and Write Data (Pin 31) outputs. Write
data_consists of a series of 500 ns pulses in FM
(DDEN = 1) and 250 ns pulses in MFM (DDEN = 0).
Write Data provides the unique address marks in
both formats.

Also during write, two additional signals are provided
for write precompensation. These are EARLY (Pin
17) and LATE (Pin 18). EARLY is active true when
the WD puise appearing on (Pin 30) is to be written
early. LATE is active true when the WD pulse is to be
written LATE. If both EARLY and LATE are low when
the WD pulse is present, the WD pulse is to be written at
nominal. Since write precompensation values vary from
disk manufacturer to disk manufacturer, the actual
value is determined by several one shots or delay lines
which are located external to the FD179X. The write
precompensation signals EARLY and LATE are valid
for the duration of WD in both FM and MFM formats.
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Whenever a Read or Write command (Type |l or liI)
is received the FD179X samples the Ready input. If
this input is logic low the command is not executed
- and an interrupt is generated. All Type | commands
are performed regardless of the state of the Ready
input. Also, whenever a Type |l or Ill command is re-
ceived, the TG43 signal output is updated.

COMMAND DESCRIPTION

The FD179X will accept eleven commands. Com-
mand words should only be loaded in the Command
Register when the Busy status bit is off (Status bit 0).
The one exception is the Force Interrrupt command.
Whenever a command is being executed, the Busy
status bit is set. When a command is completed, an
interrupt is generated and the Busy status bit is re-
set. The Status Register indicates whether the com-
pleted command encountered an error or was fault
free. For ease of discussion, commands are divided
into four types. Commands and types are sum-
marized in Table 2.

Table 2. COMMAND SUMMARY

BITS
TYPE COMMAND 765 43210
| Restore 0000 hVTHT
} Seek 000 1hVnr
| Step 001uhVnrn
! Step In 01 0uhVnr
| Step Out 01 1uhVnn
i Read Sector 100mSECO
i Write Sector 101mSECa
i Read Address 11000EOQ00O0
] Read Track 11100EO00O0
i Write Track 11110EO00
v Force interrrupt 1101 6Lk L Y

Note: Bits shown in TRUE form.

Table 3. FLAG SUMMARY

TYPE | COMMANDS
h = Head Load Flag (Bit 3)

h = 1, Load head at beginning
h =0, Unload head at beginning

V = Verify flag (Bit 2)

V = 1, Verify on destination track
V = 0, No verify

rro = Stepping motor rate*(Bits 1-0)

Refer to Table 1 for rate summary
u = Update flag (Bit 4)

u = 1, Update Track register
u = 0, No update

Tabie 4. FLAG SUMMARY
TYPE Il & Il COMMANDS
m = Multiple Record flag (Bit 4)

m = 0, Single Record
m = 1, Multiple Records

a, = Data Address Mark (Bit 0)

ao = 0, FB (Data Mark)
a = 1, F8 (Deieted .Data Mark)

E = 15 ms Delay (2MHz)
E =1, 15 ms delay
E =0, no 15 ms delay
S = Side Select Flag

S = 0, Compare for Side 0
S = 1, Compare for Side 1

C = Side Cornpare Flag

C = 0, disable side select compare
C =1, enable side select compare

Table 5. FLAG SUMMARY
TYPE IV COMMAND

li = Interrupt Condition flags (Bits 3-0)

10 = 1, Not-Ready to Ready Transition
11 = 1, Ready to Not-Ready Transition
12 = 1, Index Pulse

I3 = 1, Immediate interrupt

13‘-|'0; = 0, Terminate with no Interrupt

TYPE | COMMANDS

The Type | Commands include the Restore, Seek,
Step, Step-in, and Step-Out commands. Each of the
Type | Comrnands contains a rate field (ror), which

determines the stepping motor rate as defined in
Table 1.

The Type | Commands contain a head load flag (h)
whick determines if the head is to be loaded at the
begirning of the command. If h = 1, the head is
loaded at the beginning of the command (HLD output
is mede active). If h = 0, HLD is deactivated. Once
the head is loaded, the head will remain engaged
until the FD179X receives a command that specifi-
cally disengages the head. If the FD179X is idle
(busy = 0) for 15 revolutions of the disk, the head will
be automatically disengaged (HLD made inactive).

The Type | Commands also contain a verification (V)
flag which determines if a verification operation is to
take place on the destination track. If V = 1, a verifi-
cation is performed, if V = 0, no verification is per-
formed.

During verification, the head is loaded and after an
internal 15 ms delay, the HLT input is sampled.
When HLT is active (logic true), the first encountered
ID field is read off the disk. The track address of the

A=-47



ID field is then compared to the Track Register; if
there is a match and a valid ID CRC, the verification
is complete, an interrupt is generated and the Busy
status bit is reset. If there is not a match but there is
valid ID CRC, an interrupt is generated, and Seek
Error 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 FD179X terminates the operation and
sends an interrupt, (INTRQ).

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.

RESTORE (SEEK TRACK 0)

Upon receipt of this command the Track 00 (TROO)
input is sampled. If TROO is active low indicating the
Read-Write head is positioned over track 0, the Track

Register is loaded with zeroes and an interrupt is
generated. If TROO is not active low, stepping pulses
(pins i5 to 16) at a rate specified by the riro field are
issued until the TROO input is activated. At this time the
Track Register is loaded with zeroes and an interrupt is
genelated. If the TROO input does not go active low
after 255 stepping pulses, the FD179X terminates op-
eration, interrupts, and sets the Seek error status bit.
A verification operation takes place if the V flag is
set. The h bit allows the head to be loaded at the
start of command. Note that the Restore command is
executed when MR goes from an active to an inac-
tive state.

SEEK

This command assumes that the Track Register con-
tains the track number of the current position of the
Read-Write head and the Data Register contains the
desired track number. The FD179X will update the
Track register and issue stepping puises in the ap-
propriate direction until the contents of the Track re-
gister are equal to the contents of the Data Register
(the desired track location). A verification operation

HAS

A TYPE |

COUMMAND BEEN

RECEIVED
2

SET BUSY. RESET CRC.
SEEK ERROR. DRQ. INTRQ

SET
DIRECTION

RESEY
DIRECTION

NO . RESTORE

FF,TOTR

\/

r DR TO DSR x

SET DIRECTION

T

TRACK 0 AND
DIRECTION
=0

ISSUE
ONE STEP PULSE

1

DELAY ACCORDING
TO R1. RO FIELD

COMMAND

A STEP, STEP-IN.

OR STEP-OUT,
?

YES

TYPE | COMMAND FLOW

TYPE | OTMMAND FLOW
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takes place if the Vflag is on. The h bit allows the
head to be loaded at the start of the command. An
interrupt is generated at the completion of the com-
mand.

STEP

Upon receipt of this command, the FD179X issues
one stepping puise to the disk drive. The stepping
motor direction is the same as in the previous step
command. After a delay determined by therio field, a
verification takes place if the V flag is on. If the u flag is
on, the Track Register is updated. The h bit allows the
head to be loaded at the start of the command. An
interrupt is generated at the completion of the command.

STEP-IN

Upon receipt of this command, the FD179X issues
one stepping pulse in the direction towards track 76.
If the u flag is on, the Track Register is incremented
by one. After a delay determined by the riro field, a

INTRQ RESET BUSY

No

INTRQ, RESET BUSY
SET SEEK ERROR

HASG

10 AM BEEN

DETECTED
2

1S

THERE A

CRC ERROR
?

DOES
TR: TRACK

b e o e ADDRESS OF 1D
FIELD
A .
YES -
ANTRQ
RESET BUSY
NOTE 1FTEST 0 THERE 15 NO 15MS DELAY

¥ IEST  TAND GUK 3 MMz THERE 1S A 30MS DELAY

TYPE | COMMAND FLOW

verification takes place if the V flag is on. The h bit
allows the head to be loaded at the start of the
command. An interrupt is generated at the comple-
tion of the command.

STEP-OUT

Upon receipt of this command, the FD179X issues
one s.epping 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 niro field, a ver-
ification takes place if the V flag is on. The h bit al-
lows the head to be loaded at the start of the com-
mand. An interrupt is generated at the completion of
the command.

TYPE Il COMMANDS

The Type || Commands are the Read Sector and
Write Sector commands. Prior to loading the Type |l
Command into the Command Register, the computer
must load the Sector Register with the desired sector
number. Upon receipt of the Type Il command, the
busy status Bit is set. If the E flag = 1 (this is the
normal case) HLD is made active and HLT is sam-
pled after a 15 msec delay. If the E flag is O, the
head is loaded and HLT sampied with no 15 msec
delay. The ID field and Data Field format are shown
on page 12.

When an ID field is located on the disk, the FD179X
compares the Track Number on the ID field with the
Track Register. If there is not a match, the next en-
countered ID field is read and a comparison is again
made. If there was a match, the Sector Number of
the ID field is compared with the Sector Register. If
there is not a Sector match, the next encountered D
field is read off the disk and comparisons again
made. If the ID field CRC is correct, the data field is
then located and will be either written into, or read
from depending upon the command. The FD179X
must find an ID field with a Track numkber, Sector
number, side number, and CRC within four revolutions
of the disk; otherwise, the Record not found status bit is
set (Status bit 3) and the command is terminated with an
interrupt.

Sector Length Table

Each of the Type Il Commands contains an (m) flag
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 an inter-
rupt is' generated 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
FD179X will continue to read or write multiple records
and update the sector register until the sector regis-



ter exceeds the number of sectors on the track or
until the Force Interrupt command is loaded into the
Command Register, which terminates the command
and generates an interrupt.

If the Sector Register exceeds the number of sectors

on the track, the Record-Not-Found status bit will be’

set.

The Type Il commands also contain side select com-
pare flags. When C = 0, no side comparison is made.
When C = 1, the LSB of the side number is read off the
ID Field of the disk and compared with the contents of
the (S) flag. If the S flag compares with the side number
recorded in the ID field, the 179X continues with the
ID search. If a comparison is not made within 5 index
pulses, the interrupt line is made active and the Record-
Not-Found status bit is set.

1S
TYPE I
COMMAND
RECEIVED
?

SET BUSY, RESET DRQ, LOST
DATA, RECORD NOT FOUND. &
STATUS BITS 5 & 6 INTRQ

INTRQ
RESEY BUSY

NO
IS HLY «1?

YES

1S YES

TR>43 94
?

TG43

NO

RESET TG43

INTRQ, RESET BUSY
SET WRITE PROTECT

#NOTE: 1F TEST + 0. THERE IS NO 15MS DELAY
1F TEST = 1 AND CLK » 1 MHz, THERE 1S 30MS DELAY

TYPE If COMMAND

READ SECTOR

Upon receipt of the Read Sector command, the head
is loaded, the Busy status bit set, and when an ID
field is encountered that has the correct track
number, correct sector number, correct side number,
and correct CRC, the data field is presented to the
computer. The Data Address Mark of the data field must
be found within 30 bytes in single density and 43 bytes in
double density of the last ID field CRC byte; 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 through the DSR, it is transferred to the
DR, and DRQ is generated. When the next byte is
accumulated in the DSR, it is transferred to the DR
and another DRQ is generated. If the Computer has
not reed the previous contents of the DR before a
new character is transferred that character is lost and

INTRQ. RESET BUSY
SET RECORD-NOT FOUND,

y
HAVE
S5INDEX HOLES
PASSED
?
NO

HAS
10AM

NO

BEEN
DETECTED
?

DOES
TR = TRACK

ADDRESS OF 1D
\me;o
2

NO

DOES
SR - SECTOR
ADDRESS OF ID

NO

BRING IN SECTOR LENGTH FIELD
STORE LENGTH IN INTERNAL
REGISTER

THERE A

SEY CRC
SYATUS ERROR CRC E"RNOR

TYPE Il COMMAND



SECTOR|SECTOR

_ CRC|CRC|GAP |D
‘NUMBER LENGTH 1

|

In MFM only, IDAM and DATA AM are preceded by three bytes of A1 with clock transition between bits 4 and 5

missing.

INTRQ. RESET BUSY
SET RECORD-NOT FOUND

PUT RECORD TYPE IN
STATUS REG 8IT 5

e ] ves

HAS

FIRSY BYTE

BEEN ASSEMBLED
IN OSR

HAS
NEXT BYTE

BEEN ASSEMBLED
IN DSH

HAS'

On NEFN

READ BY

COMPUTER
.

p— SEY DATA
LOST

SECTOR REG

INTRO, RESET BUSY ‘
SET CHC ERAOR
4 ‘ INTRQ RESET BUSY ,

N

{ OELAY 2 BYTES OF GAP

Y

[ SEY DRQ ]

1

F DELAY 8 BYTES OF GAP ]

A

DR BEEN

LOADED BY

COMPUTER

(DRQ : 0]
5

INTRQ. RESEY BUSY
ETLOST DATA

>
s

[ DELAY 1 BYTE OF GAP

TURN ON WG 8 WRITE
6 BYTES OF ZEROS DELAY 11 BYTES

1 !

WRITE DATA AM
ACCORDING TO AQ FIELD
OFf WRITE COMMAND

|
1

f OR TO DSR SEY DRQ l

!

[ WRITE BYTE TO DISK —!

TURN ON WG & WRITE
12 BYTES OF ZEROS

SET DATA
I3l

LOS
WRITE BYTE
OF 2EROS

HAVE

NO ALL BYTES
BEEN WRITTEN WRITE CRC
’ )
[ WRITE 1 BYTE OF FF 1
I TURN OFF WG ]

O

TYPE Il COMMAND

the Lost Data Status bit is set. This sequence con-
tinues 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 if lt is a multiple record
command).

At the end of the Read operatnon the type of Data
Address Mark encountered in the data field is re-
corded in the Status Register (Bit 5) as shown below:

STATUS
BIT S5
1 Deleted Data Mark
0 Data Mark

TYPE Il COMMAND
WRTE SECTOR

Upon receipt of the Write Sector command, the head
is loaded (HLD active) and the Busy status bit is set.
When an ID field is encountered that has the correct
track number, correct sector number, correct side num-
ber, and correct CRC, a DRQ is generated. The FD179X

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 DR 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 ser-
viced, the WG is made active and six bytes of zeros
in single density and 12 bytes in double density are
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then written on the disk. At this time the Data Ad-
dress Mark is then written on the disk as determined
by the ao field of the command as shown below:

ao Data Address Mark (Bit 0)
1 Deleted Data Mark
0 Data Mark

ENTER

NO

Ot

YES

- SEV BUSY, RESET DRQ,
LOST DATA, STATUS
4,

;1) s
) NO INTRQ
RESET BUSY
YES
SET HLD

HAS

15 MS

EXPIRED
?

Y%

NO

Yes OR TO DSR

TG43 UPDATE

NO
SET DRQ

DELAY 3 BYTE
TIMES

HAS
ORQ BEEN
SERVICE
' YES

TYPE Il COMMAND WRITE TRACK

The FD179X 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 Dgta Status Bit is
set and a byte of zeros 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 of logic ones in FM or in MFM. The WG
output is then deactivated. '

TYPE lil COMMANDS
READ ADDRESS

Upon receipt of the Read Address command, the
head is loaded and the Busy Status Bit is set. The

SET DRQ

TG HESET
HBUSY B WIRT

SET INTAQ
LOST DATA
RESET BUSY

YES  (MFM)

WRITE 2 CRC
CHARS CLK « FF

WRITE FC
CLK » D7 bl

WRITE FD, FE OR
| FeFB.CLK:CY
INITIALIZE CRC

WRITE DSR

CLK « FF
T-
PHYS
INTRQ RESET BUSY INDEX MARK
2
NO

WRITE
BYTE OF ZEROS
SET DATA LOST

HAS
DR BEEN
LOADED”?

WRITE A" IN MFM
WITH MISSING CLOCK
INITIALIZE CRC

WRITE C2° IN MFM
WITH MISSING CLOCK|

WRITE 2 CRC
CHARS

WRITE OSR
IN MFM

TYPE |l COMMAND WRITE TRACK

next encountered ID field is then read in from the
disk, and the six data bytes of the ID field are as-
sembled and transferred to the DR, and a DRQ is
generated for each byte. The six bytes of the ID field
are shown below:

TRACK'|-“SIDE | SECTOR::| SECTOR:|.GRC | CRC
ADDR. | NUMBER | ADDRESS |'LENGTH | 1 | 2
T B R e ;5 6

Aithough the CRC characters are transferred to the
computer, the FD179X checks for validity and the
CRC error status bit is set if there is a CRC error.
The Track Address of the ID field is written into the
sector register. At the end of the operation an inter-
rupt is generated and the Busy Status 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 pulse 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. The accumulation
of bytes is synchronized to each Address Mark en-
countered. Upon completion of the command, the in-
terrupl is activated. RG is not activaled during the
Read Track command.

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 the interrupt is activated. The Data Re-
quest 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
DK 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 the Interrupt is activated. If a byte is not present
in the DR when needed, a byte of zeros is substi-
tuted. Address Marks and CRC characters are writ-
ten o0 the disk by detecting certain data byte pat-
terns 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 transfer-
red from the DR to the DSR in FM or by receipt of
F5 in MFM.

CONTROL BYTES FOR INITIALIZATION

DATA PATTERN FD179X INTERPRETATION FD1791/3 INTERPRETATION

IN DR (HEX) IN FM (DDEN = 1) IN MFM (DDEN = 0)

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

F5 Not Allowed Write A1* in MFM, Preset CRC

F6 Not Allowed Write C2** in MFM

F7 Generate 2 CRC bytes Generate 2 CRC bytes

F8 thru FB Write F8 thru FB, Clk = C7, Preset CRC Write F8 thru FB, in MFM

FC Write FC with Cik = D7 Write FC in MFM

FD Write FD with Clk = FF Write FD in MFM

FE Write FE, Clk = C7, Preset CRC Write FE in MFM

FF Write FF with Clk = FF Write FF in MFM

*Missing clock transition between bits 4 and 5
" *Missing clock transition between bits 3 & 4

TYPE IV COMMAND

FORCE INTERRUPT

This command can be loaded into the command re-
gister at any time. If there is a current command
under execution (Busy Status Bit set), the command
will be terminated and an interrupt will be generated
when the condition specified in the.lo through Is field

is detected. The interrupt conditions are shown be-
low:

lo = Not-Ready-To-Ready Transition

I = Ready-To-Not-Ready Transition

Iz = Every Index Puise

Is = Immediate Interrupt (requires reset, see
Note) .

NOTE: Iflo — Is = 0, there is no interrupt generated but
the current command is terminated and busy is
reset. This is the only command that will enable
the immediate interrupt to clear on a subse-
quent Load Command Register or Read Status
Register.

STATUS DESCRIPTION

Upon receipt of any command, except the Force In-
terrupt command, the Busy Status bit is set and the

rest of the status bits are updated or cleared for the
new command. If the Force Interrupt Command is
received when there is a current command under
execution, the Busy status bit is reset, and the rest of
the status bits are unchanged. If the Force Interrupt
command is received when there is not a current
command under execution, the Busy Status bit is
reset and the rest of the status bits are updated or
cleared. In this case, Status refiects the Type { com-
mands.

The format of the Status Register is shown below:

(BITS)
7 (3] 5 4 3 2 1 0
S7 | S6 | S5 1 S4 | 83 | s2 | 81 | SO

Status varies according to the type of command exe-
cuted as shown in Table 6.
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Table 6. STATUS REGISTER SUMMARY

ALL TYPE | READ READ READ WRITE WRITE
BIT | COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK
S7 |NOT READY |NOT READY NOT READY NOT READY |NOT READY | NOT READY
S6 |WRITE 0 0 0 WRITE WRITE

PROTECT PROTECT PROTECT
S5 |HEAD LOADED 0 RECORD TYPE 0 WRITE FAULT | WRITE FAULT
S4 |SEEK ERROR |RNF RNF 0 RNF 0
S3 |CRC ERROR |CRC ERROR CRC ERROR 0 CRC ERROR 0
S2 |TRACK 0 LOST DATA LOST DATA LOST DATA |[LOST DATA |LOST DATA
S1 |INDEX DRQ DRQ DRQ IDRQ DRQ
S0 |BUSY BUSY BUSY BUSY BUSY BUSY

STATUS FOR TYPE | COMMANDS

BIiT NAME

MEANING

S7 NOT READY

This bit when set indicates the drive is not ready. When reset it indicates that the drive
is ready. This bit is an inverted copy of the Ready input and logically ‘orecd’ with MR.

56 PROTECTED
»

When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT
input. '

S5 HEAD LOADED

When set, it indicates the head is loaded and engaged. This bit is a logical “and” of
HLD and HLT signals.

S4 SEEK ERROR

When set, the desired track was not verified. This bit is reset to 0 when updated.

S3 CRC ERROR

CRC encountered in ID fieid. -

52 TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted
copy of the TROO input.

S1INDEX When set, indicates index mark detected from drive. This bit is an inverted copy of the
IP input.

S0 BUSY When set command is in progress. When reset no command is in progress.

STATUS BITS FOR TYPE Il AND Il COMMANDS

BiT NAME

MEANING

57 NOT READY

This bit when set indicates the drive is not ready. When reset, it indicates that the drive
is ready. This bit is an inverted copy of the Ready mput and ‘ored’ with MR. The Type il
and Il Commands will not execute unless the drive is ready.

56 WRITE PROTECT]

On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a
Write Protect. This bit is reset when updated.

55 RECORD TYPE/

WRITE FAULT

On Read Record: It indicates the record-type code from data field address mark.
1 = Deleted Data Mark. 0 = Data Mark. On,any Write: It indicates a Write Fault. This bit
is reset when updated. s

S4 RECORD NOT
FOUND (RNF)

When set, it indicates that the desired track, sector, or side were not found. This bit is
reset when updated.

53 CRC ERROR

If S4 is set, an error is found in one or more ID ﬂelds, otherwase it indicates error in
data field. This bit is reset when updated.

S2 LOST DATA

When set; it indicates the computer did not respond to DRQ in one byte time. This bit is
reset to zero when updated.

51 DATA REQUEST

This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read

{Operation or the DR is empty on a Write operation. This bit is reset to zero whep up-

dated.

$0 BUSY

When set, command is under execution. When reset, no command is under execution.
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FORMATTING THE DISK

(Refer to section on Type lll commands for flow diag-
rams.)

Formatting the disk is a relatively simple task when’

operating programmed /O or when operating under
DMA control with a large amount of memory. When
operating under DMA with limited amount of memory,
formatting is a more difficult task. This is because
gaps as well as data must be provided at the compu-
ter interface.

Formatting the disk is accomplished by positioning
the R/W head over the desired track number and is-
suing the Write Track command. Upon receipt of the
Write Track command, the FD179X raises the Data
Request signal. At this point in time, the user loads
the data register with desired data to be written on
the disk. For every byte of information to be written
on the disk, a data request is generated. This sequ-
ence continues from one index mark to the next
index mark. Normally, whatever data pattern appears
in the data register is written on the disk with a nor-
mal clock pattern. However, if the FD179X detects a
data pattern of F5 thru FE in the data register, this is
interpreted as data address marks with missing
clocks or CRC generation. For instance, in FM an FE
pattern will be interpreted as an ID address mark
(DATA-FE, CLK-C7) and the CRC will be initialized.
An F7 pattern will generate two CRC characters in
FM or MFM. As a consequence, the patterns F5 thru
FE must not appear in the gaps, data fields, or ID
fields. Also, CRC's must be generated by an F7 pat-
tern.

Disks may be formatted in IBM 3740 or System 34
formats with sector lengths of 128, 256, 512, or 1024
bytes.

IBM 3740 FORMAT—128 BYTES/SECTOR

Shown below is the IBM single-density format with
128 bytes/sector. In order to format a diskette, the
user must issue the Write Track command, and load
the data register with the following values. For every
byte to be written, there is one data request.

*Write bracketed field 26 times
**Continue writing until FD1791 interrupts out.
Approx. 247 bytes.

PHYSICAL INDEX

WRYTES IMm
92 BYTLS MIM

/—— INDEX ADDRESS MARK

GAIL S e .
o GAP Y A GAP 2 DATA
DATA PRE INDLX IEYIES POST INDEX | 3 BYTES i 10 GAP FIE 0 DATA 0 0ATA FIELD) DATA FIEL D 0
L0 DATA GAP
HELD "mas:x: ) MFM 26YIEFM | MEm wi‘coo?ﬂ 1TBYIES ¢M | RECORD | 33 BYTE fas | RECORD | 3AP 2 | RECORD | Gap 3 | RECORD | Gap 2 | AECOHD u:gonu Gaw 2| AFCORD oo,
4BVIES MEM | oniy 62 BYTES MFM| ONLY 34 BYTE MFM wo 1 |66 BYTE MF NO 2 NO 7 NO ) NO 3 » NO 2
NOMINAL 0 MEM

anoness | TAacx | sioe | secron fsecron
ARk | NUMBER | NUMBLR | NUMBER | LENGTH

DATA OR
DELETED CRC CRC
ATA

o USER 0ATA BYlEr | Bvie?
ADORESS
MARK

\

H i
. 1 |
“MISSING CLOGK 1o SITION AP | . | .
BETWEEN BITS « ANL & - GAP2 a ar
**MISSING CLOCx 'llNﬁl'lON I I
BETWEEN BITS 3 AND ¢
1
o 1 8YIES 6BYTES ~emd 0 rvavie 28vIES 0
MFM 22 8Y1ES / 12 BYTES 3 1Y \ 3
WRITE GATL TURN ON FOR UPDATE . N wen WHITE TURN OFF TOR UPDATE
OF NEXT DATAFOLD OF PREVIOUS DATA NELD
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IBM SYSTEM 34 FORMAT-
256 BYTES/SECTOR

Shown below is the IBM dual-density format with 256
bytes/sector. In order to format a diskette the user,
must issue the Write Track command and load the
data register with the following values. For every byte
to be written, there is one data request.

NON-IBM FORMATS

Variations in the IBM format are possible to a limited
extent if the following requirements are met: sector
size must be a choice of 128, 512 or 1024 bytes; gap
size must be according to the following table. Note
that the Index Mark is not required by the FD179X.
All gap sizes shown are the minimum values required
by the 179X.

FM MFM
Gap |- 16 bytes FF .| 16 bytes 4E
Gapll' |11 bytes FF: . |22 bytes 4E
. 6 bytes OO M2 bytes 00
SR | 3bytes'Ar -
- Gap Hl - 10 bytes FF~ - /|16 bytes 4E . |
"% | 4bytes00 - ' | 8bytes00 "
Gap IV 16 bytes:FF ... |16 bytes 4E- -

NUMBER HEX VALUE OF .
QE BYTES BYTE WRITTEN .
80 4E ‘ S
12 00
3 F6
1 FC (Index Mark)
50" 4E
12 00
3 F5.
1 FE (ID Address Mark): - ..
1 Track Number (0 thru: 40)
1 Side Number (0 or 1) .
1 Sector Number (1 thru 1A)
1 ()]
1 F7 (2 CRCs wntten)
22 4E
12 00
3 F5
1 FB (Data Address Mark) -
256 DATA
1 F7 (2 CRCs written)
54 4E
598** 4E

* Write bracketed field 26 times
**Continue writing until FD179X interrupts out.
Approx. 598 bytes.

*Byte counts must be exact.
**Byte counts are minimum, except exactly 3 bytes
of A1 must be written.

ELECTRICAL CHARACTERISTICS

MAXIMUM RATINGS
Voo With Respect to Vss (Ground) =15 to - 0.3V

Max. Voitage to Any Input With =15to 0.3V
Respect to Vss
Operating Temperature 0°C to 70°C

Storage Temperature -55°C to +125°C

OPERATING CHARACTERISTICS (DC)
Ta = 0°C to 70°C, Voo = +12.0V %.6V,
Vss = OV, Vcc =+5V +.25V
Voo = 10 ma Nominal, Vec = 35 ma Nominal

SYMBOL CHARACTERISTIC MIN. TYPE. MAX. UNITS | CONDITIONS
I Input Leakage 10 MA Vin = Voo
lou Output Leakage 10 MA Vour = Voo
Vin Input High Voltage 2.6 Vv
Vi Input Low Voltage 0.8 Vv
Von Output High Voltage 2.8 \Y lo = 100 A
Vou Output Low Voltage 0.45 \ lo = 1.6 mA
Po .| Power Dissipation 0.5 w
TIMING CHARACTERISTICS
Ta = 0°C to 70°C, Voo = + 12V * .6V, Vss = OV, Vec =+5V = .25V
READ ENABLE TIMING ’
SYMBOL CHARACTERISTIC MIN. . TYP. MAX. UNITS | CONDITIONS
TSET Setup ADDR& CStoRE | 0 nsec
THLD Hold ADDR & CS from RE| ~ 10 nsec
TRE RE Pulse Width 400 nsec C. = 50 pf
TDRR DRQ Reset from RE__ 400 500 nsec
TIRR INTRQ Reset from RE 500 3000 nsec See Note 6
TDACC Data Access from RE : 300 nsec CL = 50 pt
TDOH Data Hold From RE 50 150 | nsec Cu. = 50 pf
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' ALID

OH|

;b

NOTE 1 CS MAY BE PERMANENTLY TIED LOW IF DESIRED
*TIME DOUBLES WHEN CLOCK * 1MH2

' \EIWI(‘E (WORSY CASE)
27

lv(n

NOTE 1 TS MAY BE PERMANENTLY TIED LOW IF DESIRED
2 WHEN WRITING DATA INTO SECTOR TRACK ORDATA
REGISTER USER CANNOT READ THIS REGISTER UNTIL
ATLEAST4 LSEC INMFMAFTER THE RISING EDGE OF WE
WHEN WRITING INTO THE COMMAND REGISTER STATUS

t SERVICE (WORST CASE)
“FM 235 0S8 1S NOT VALID UNTIL SOME 12 uSEC INFM 6 ,SEC INMFM

—=] Tos

e

—e{ TON

[ERS— 16" OR 32° uS e
IO I
| - ~ 16" OR 32" u$ —.
I -] !—~~ ToRR I l
‘) (AT
DHO 1 i YRk .'{
[ INTRQ g
H ¢
H e TiAR® — —-{ l
INTAQ Qe Hhvict = T o "
_..' GEUVICL  fram— l
,"LD vOL A— l‘
e o [ |
A0 AY (S
I §
A0 A1 CS G___I l it l W e
T .
g TRE wT
RE VIH
TSET -
‘..{ Toacc I-‘ . r [CATA M
o PRy 4 BE VA LID l
{ORTT vaint l

MrM ias uS “MEM - 11 508 LATER THESE TIMES ARE DOUBLED WHEN CLK 1 Mz
*TIME DOUBLES WHEN CLOCK * TMM2
READ ENABLE TIMING WRITE ENABLE TIMING
WRITE ENABLE TIMING
SYMBOL CHARACTERISTIC MIN TYP. MAX. UNITS | CONDITIONS

- TSET
| THLD.
- TDRR
TIRR
- TDS
TDH

.| 'Setup ADDR & CS 1o WE
-] Hold ADDR & CS:from. WE.
'l WE Pulse Width -
DRQ Reset from. WE
INTRQ Reset from W_
" Data Setup o, WE
- Data Hold from WE .

| 500
1 3000

INPUT DATA TIMING:

SYMBOL CHARACTERISTIC

CONDITIONS

| Raw. Read Pulse Width.
|- ‘Raw Read Cycle Tim

1~ RCLK Duty:(High) -
RCLK Duty:(Low)
RpLK Cycle Time. .
"RCLK hold 1o Faw’ ﬁead

. Raw Read hold to RCLK"

MAX.

See Note 1 2

WRITE
GATE

J

WRITE
DATA *

TBC ——-—lmp l-.-—-

A EARLY

OR r
LATE

IF ON
Ts“l -

I"“‘TH

WRITE DATA TIMING



WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK = 1 MHz)

SYMBOL CHARACTERISTICS MIN. TYP. MAX. UNITS | CONDITIONS
Twp Write Data PulseWidth | 450 | 500 | 550 nsec.
P © 180 1 200 ). 250 |. nsec
- Twg Write Gate to Write Data - . o1 2 b | wusec
, 1 1 B M1SeC ;
The Write data cycle Time : ‘ 23,0r4 ' msec . '_:;“ +CLK Error
Ts Early (Late) toWrite Data | 125 _ nsec’ | 7 MFM
Th Early (Late) From R R -1 ‘ nsec | MFM
_ Write Data RN R N R e 3 1.
Twi Write Gate offfromWD -] ° | usec | T FM
| | msee | MM
MISCELLANEOUS TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TCDs Clock Duty (low) : 230 | 250 | 20000 - nsec . |1
TCD2 Clock Duty (high) : 200 250 | 20000 nsec | - .
TSTP Step Puise Output | 2or4 usec .|
TDIR Dir Setup to Step S 12 : msec Seeﬂoteﬁ
TMR Master Reset Pulse Width 50 usec
TIP " Index Pulse Width A 10 A ’ usec :
TWF | Write Fault Pulse Width 10 usec See Ngte 6 .

[ W___i " )———l-—[————;

¢ READ - ..l |< I‘n—m " -l
L L S "
—-| o t_—_-—____‘ [t ]
l__._..__. Ta —.,.’i_..._,. W - ﬁ I‘—_ Tt __,__{
I_,__ e € - e e __1 l,—'cv(.—{

- —Lﬂ_—

_..’yw,
!- -Tco

P NOMINAL I pr— ”—1
DISKETTE |MODE {DDEN | Clk | T. | T | T RN
8" MFM 0 2MHz {1 us | 1 us | 2 pus [—-‘om o"svvl-—oisti—— |~'0'R -1'919}——
8" FM 1 2MHz |2 us | 2us | 4us l'_]
5" MFM 0 TMHz | 2us | 2us | 4 ps sTeEP i_\._“ j_]--
5" FM 1 TMHz |4 us | 4 us | 8 us o
INPUT DATA TlMlNG . MISCELLANEOQOUS TIMING
NOTES:

1. Pulse width on RAW READ (Pm 27) is normally

100-300 ns. However, pulse may be any width if in FM. Times double when CLK = 1 MHz. _

puise is entirely within window. If pulse occurs in both RCLK may be high or low during RAW READ (Polarity

3. tbc should be 2 us, nominal in MFM and 4 us nominal

4.
windows, then pulse width must be less than 300 ns is unimportant).

5.

6

for MFM at CLK ='2 MHz and 600 ns for FM at 2 RCLK should be forced low when VFOE - 1 and
MHz. Times double for 1 MHz. free-running when VFOE = 0.

2. 100 ns. pulses are recommended for 8" MFM. . Times double when clock = 1 MHz.
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179X-01 Application Notes

INTRODUCTION

The FD179X Floppy Disk Formatter/Controller per-
forms all the functions necessary to read or write
data to any type of floppy disk drive. Both 8" and 5"
{mini-floppy) drives with single or double density
storage capabilities are supported. These MOS/LSI
devices will replace a large amount of discrete logic
required for interfacing a host processor to a floppy
disk. The FD179X is ideally suited for microproces-
sor interfacing, either in a stand-alone computer
system, or as a slave processor for mini-computer
applications. The chip has been designed to be
compatible with the IBM 3740 (FM) data format, or
IBM System 34 (MFM). Provisions for non-star.uard
variable length sectors have been included to pro-
vide more data storage capability per track. Pro-
grammable stepping rates via a 2-bit setting in the
Command Register allows for interfacing to disk
drives with different track-to-track access times.
Requiring standard +5V, +12V power supplies, the
FD179X is available in a standard 40-pin dual-in-line
package.

When DDEN - 1, the FD1791/3 reads and writes data
in a frequency-modulated format. Both clock and
data are recorded serially on each track of the disk.
A data pulse or flux transition recorded between two
clock pulses indicates a Logic “17; the absence of a
pulse between clocks indicates a Logic “0".
Recorded on each track are unique combinations of
data and clock bits called Address Marks. These
address marks do not appear elsewhere on the disk
and are used for synchronization. Four distinct
address marks used are:

Description Data Clock
Index Address Mark FC D7
ID Address Mark FE c7
Data Address Mark FB C7
Deleted Address Mark F8 Cc7

Figure 1A illustrates a typical recording in FM for-
mat. Note that a clock bitis always written before the
data bit, regardless if the data writtepisa 1 or0. The
1792 and 1794 have been designed for single den-
sity applications. Pin 37 “must be left open by the
user for proper operation.

When the Double Density Enable (DDEN) pin of the
1791/3 is brought low, MFM recording is enabled.

This modified-frequency-modulated technique
uses a self-clocking feature to allow for recording at
higher densities. Figure 1B illustrates this format. A
clock pulse is written to the disk only if the preced-
ing and present data bit written is zero. Without the
use of this encoding scheme, recording densities at
this higher speed would not be possible.

PRO:CESSOR INTERFACE

The FI)179X contains five internal registers that can
read or be written to. These registers are used to
write commands, read status, and read and write
data to and from the floppy disk. They are selected
by a proper binary code on the A0, A1 lines in con-
junction with the RE and WE lines when the device s
selected. The registers and their addresses are:

CS| A |A, RE=0 WE : 0

0 0 | 0 | STATUS REG | COMMAND REG
0 0| 1 |TRACKREG |TRACK REG

0 1| 0 |.SECTOR REG | SECTOR REG

0 111 | DATA REG DATA REG

1 X | X | Deselected Deselected

X = don't care

REGISTER ACCESS

Because of internal clock synchronization, certain
delays are required when accessing registers in
read and write conditions. These time delays are:

OPERATION NEXT QPERATION TIME DELAY REQD
Write to Commanag Read from Status |MFM =4 us FM = 8 us
Register Register Before Status is Valid
Write t¢ Command Read Busy Bit in MFM = 6 us
Register Status Register FM =12 us
Writa to any Read from a Different { No Delay Req'd.
Register Register

Note: All time delays double for mini-floppy
(CLK = 1MHz) operation.

MASTER RESET

The MR line of the FD179X is used during a power-
up condition when processor initialization is to take
place. During the trailing edge of MR, a RESTORE
command (HEX 03) is jammed into the command
register and executed at the slowest stepping rate. If
a faster stepping rate is desired, this can be loaded




into the command register during the RESTORE, in
which case the remainder of the steps will occur at
the new selected rate until Track 00 is sensed. The
minimum pulse width of MR is 50 us.

DATA REQUEST

The Data Request line (pin 38) and the Data Request
bit of the status register indicate valid data transfers.
When performing any read command, it indicates
that valid data is contained in the data register and
the host processor may read this byte. In any write
command, it indicates that the data register is empty
and may be loaded by the host processor with a new
data byte. If it is desired to have separate DRQ’s to
indicate “read” and “write” mode, the circuit of fig-
ure 2 may be used. Whenever RGis true, DRQ will be
caused by a read operation. When false, DRQ must
have been caused by a write operation.

DRQ is always reset when the Data Register is read
or written to. DRQ is also reset when the Command
Register is ioaded with a new command, providing
the FD179X is IDLE (Busy = 0).

HEAD LOAD TIMING

The Head Load Output (HLD) controls the move-
ment of the R/W head against the media. When HLD
= 1, the head is to be loaded against the disk. An
internal 15 ms. delay allows for the head to fully
engage. If the drive used requires more head load
time, an external circuit must be used to increase
this time delay. Figure 3 illustrates the use of a one-
shot to perform this function. When the E flag of any
Type tl or lll command is reset (E =0), the internal 15
ms. delay is disabled and the HLT line is sampied
immediately. The duration of the one-shot pulse
width set by the Resistor/Capacitor combination
selected will prevent a Logic 1" from appearing on
HLT until the preset time has expired. The “AND"”
tunction of HLT and HLD &ppears in the status reg-
ister as BIT 5 and may be used to avoid another time
delay by informing the host processor that the R/W
head is already engaged. This will speed up access
when doing 2 consecutive READ SECTOR com-
mands, for example. Regardless of the head load
configuration Gsed, HLT is always sampled for a
Logic “1" before the current command is continued.

TEST INPUT

The TEST input of the FD179X is used when inter-
facing to voice-coil activated motors. in most appli-
cations, it may be tied high or simply left open by the
user. When TEST = 0, the internal stépping rates are
decreased to about 400, microseconds, the HLT
internal 15 ms. delay is disabled, and acts as if the E
flag was reset. Figure 4 shows a typical implementa-
tion of TEST when used with a voice-coil activated
drive.

DDEN INPUT (1791 and 1793 only)

The Double Density Enable (DDEN) pin is used to
select single and double density operation. When
DDEN =1, single density is selected; when DDEN =
0, double density is selected. This line can be
switched from 0 to 1 or from 1to 0 at any time except
when WRITE GATE (WG) is activated. IBM double
density diskettes have TRACK 00 side O recorded in
single density instead of double density. The “AND-
ING” of the TROO and a side 0 signal can be used to
force DDEN to a Logic “1”" when on TRACK 00. The
DDEN (pin 37) of the 1792 and 1794 must be left
open for proper operation.

COMMAND USAGE

Whenever a command is successfully or unsuccess-
fully completed, the busy bit of the status register is
reset and the INTRQ line is forced high. Command
termination may be detected either way. The INTRQ
can be tied to the host processor's interrupt line,
causing a system interrupt with an appropriate ser-
vice routine to terminate commands. The busy bit
may be monitored with a user program and will
achieve the same results through software. Per-
forming both an INTRQ and a busy bit check is not
recommended because a read of the status register
to determine the condition of the busy bit will reset
the INTRQ line. This can cause an INTRQ from not
occurring.

RESTORE COMMAND

On some disk drives, it is possible to position the
R/W head outward past Track 00 and prevent the
TROO line from going low unless a STEP N is first
performed. If this condition exists in the drive used,
the RESTORE command will never detect a TROO.
Issuing several STEP IN pulses before a RESTORE
command will remedy this situation. The RESTORE
and all other Type 1 commands will execute even
though the READY bit indicates the drive in not
ready (NOT READY =1).

READ TRACK COMMAND

The READ TRACK command can be used to manu-
ally inspect data on a hard copy printout. Gaps,
address marks, and all data are brought in to the
data register during this command. The READ
TRACK command may be used to inspect diskettes
for valid formatting and data fields as well as
address marks. Since the 179X does not synchron-
ize clock and data until the Index Address Mark is
detected, data previous to this ID mark will not be
valid. READ GATE (RQG) is not actuated during this
command.

READ ADDRESS COMMAND

In systems that use either multiple drives or sides,
the read address command can be used to tell the
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host processor which drive or side is selected. The
current position of the R/W head is also denoted in
the six bytes of data that are sent to the computer.

-1 crc | GRC -
o1 2

The READ ADDRESS command as well as all other
Type |l and Type Il commands will not execute if
the READY line is inactive (READY =0). Instead, an
interrupt will be generated and the NOT READY sta-
tus bit will be setto a 1.

FORCED INTERRUPT COMMAND

The Forced Interrupt command is generally used to
terminate a multiple sector command or to insure
Type | status in the status register. The lower four
bits of the command determine the conditional
interrupt as follows:

o = NOT-READY TO READY TRANSITION
READY TO NOT-READY TRANSITION
EVERY INDEX PULSE
I, = IMMEDIATE INTERRUPT

Regardless of the conditional interrupt set, any
command that is currently being executed when the
Forced Interrupt command is loaded will imme-
diately be terminated and the busy bit will be reset
indicating an idle condition. Then, when the condi-
tion for interrupt is met, the INTRQ line will go high
signifying that the condition specified has occurred.

The conditional interrupt is enabled when the cor-
responding bit positions of the command (I; -1,) are
setto a 1. If I, -1, are all set to zero, no interrupt will
occur, but any command presently under execution
will be immediately terminated upon receipt of the
Force Interrupt command (HEX DO0).

As usual, to clear the interrupt a read of the status
register or a write to the command register is
required. The exception is when using the imme-
diate interrupt condition (I;= 1). If this command is
loaded into the command register, an interrupt will
be immediately generated and the current com-
mand terminated. Reading the status or writing to
tne command register will not automatically clear
the interrupt; another forced interrupt command
with I3 -1, = 0 must be loaded into the command reg-
ister in order to reset the INTRQ from this condition.

More than one condition may be set at a time. If for
example, the READY TO NOT-READY condition (!,
= 1) and the Every Index Pulse (I, = 1) are both set,
the resultant command would be HEX "DA”. The
“"OR" function is performed so that either a READY
TO NOT-READY or the next Index Pulse will cause
an interrupt condition.

FLOPPY DISK INTERFACE

READ GATE

The Read Gate output from the FD179X is used to
inform the external data separator circuitry that a

i
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field of ones or zeros has been read off the disk. in
FM mode, the RG signal will go high only after the
following conditions are met:

1. The Head is loaded

2. HLT is at a Logic “1"

3. Settling time, if programmed, has elapsed
4. A field of zeros has been read off the disk

RG will be reset back to a zero upon a Master Reset
(MR) or upon receipt of any command including the
Force Interrupt command when BUSY =0,orupona
Force Interrupt command when terminating a muiti-
ple sector Read/Write command. For double den-
sity operation (MFM), the RG characteristics are as
follows: Assume the FD1791/3 issearching foran ID
field. When 4 consecutive bytes of zeros are
detected, RG will be made active. RG will be reset
upon any one of the following conditions:

1. 3 A1's with missing clocks not found within
16 bytes

2. HEX "FE"” not found within the next byte

3. One byte after CRC

4. Invalid TRACK/SECTOR Address (only
during a READ/WRITE sector command)

If the ID search was unsuccessful, the FD1791/3 wili
then continue the search for the specified ID field.
When the correct ID field is encountered and if the
currert command was a WRITE SECTOR, RG will
remain at a Logic “0". If the current command was a
READ SECTOR, the FD1791/3 will then look for 4
consecutive bytes of zeros. If 4 bytes of zeros were
not found, the FD1791/3 will do an internalretry. If 4
bytes are found within the next 33 bytes, RG will
then be set to a Logic “1".

RG is now deactivated (RG = Q) upon one of the fol-
lowing conditions:

1. 3 A1’s with missing clocks found within 16

bytes

2. HEX"FB" or “F8" not found within the next
byte

3. After the CRC is read (successful
completion)

Items 1 and 2 will resultin an internal retry. RG is not
activated during the Read Track command.

VFOE/WF

The 179X provides an additional signal that can be
used to control the external data separator,
VFOE/WF (pin 33) is an input/output pin that func-
tions as a VFO enable and a write fault signal.

When Write Gate (WG) = 1, pin 33 functions as an
input to detect write fault conditions at the drive. If
pin 33 is brought low when WG = 1, the current Write
commzand is terminated and the INTRQ is activated.
The write fault status bit is then set indicating a fail-
ure in drive electronics.
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When WG = 0, pin 33 functions as an output, pin 33
will go active (Logic “0") when the following condi-
tions are met:

1. Head is loaded
2. Settling time, if programmed, has elapsed
3. Data is being inspected off the disk

The VFOE signal can be used to control RCLK.
When VFOE = 0, RCLK should be allowed to free
run; when VFOE = 1, RCLK should be forced low.
The following circuits can be used to separate
VFOE/WF signals.

10K

33 VFOE
179X

-01 74L504

t———— WF (FROM DRIVE)
33 WG
179X
-M
30 o——~ WG (TO DRIVE)

PIN 33 USED AS A WF SIGNAL ONLY

+5

% 10K 741801
WG
33 - WE

179X :

-01
30

# (WG TO DRIVE)
< (WF FROM DRIVE)

VFOE

741502
PIN 33 USED AS A VFOE AND WF SIGNALS

RAW READ

The RAW READ input should be supplied a negative
going pulse for every clock or data bit recorded on

the media. The normal pulse width is 100 to 200 ns.
but may be any pulse width providing the pulse
occurs entirely in the read clock window.

When flux reversals are totally non-existant (i.e.,
head is disengaged), the external separator should
ensure that the RAW READ is held at a Logic “1".

RCLK

The READ CLOCK signal must be supplied from an
external data separator and is used to “frame’” each
RAW READ transition. The FD179X will determine
whether the RAW READ pulse is clock or data, so
the active state of RCLK is unimportant (i.e., highor
low during RAW READ). RCLK transitions must be
phased with RAW READ either by acounter/separa-
tor, or phase lock loop configuration.

For proper operation, RCLK must be a minimum of
800 ns. high and 800 ns. low. For 8" MFM, this
requires a 50-50 RCLK window. VFQO's that operate
in the 8-16 MHz range are recommended. When
switching RCLK from one source to another, great
care must be exercised to ensure this 800 ns. mar-
gin. Figure 5 shows the RAW READ and RCLK tim-
ing relationships. When VFOE = 1 RCLK should be
forced low, and free-running when VFOE = 0.

WRITE PRECOMPENSATION

Write precompensation is a technique where the
WRITE DATA (both clock and data) is written in a
direction opposite of the anticipated bit shift. it is
generally required for 8" MFM recording and is usu-
ally not used for FM single density. Write precom-
pensation may be obtained by the use of external
circuitry in conjunction with WD, EARLY and LATE.
The algorithm for write precompensation is shown
in figure 6. The external logic required is in the form
of delay circuits or one shots. As a general rule,
write precompensation is done only on Tracks 44-
77, but may be required on all tracks if specified by
the dr.ve manufacturer.

Figure 8 illustrates a precomp circuit using the
Western Digital 2143 4-phase clock generator. The
timing relationships are shown in figure 9. The early,
late or nominal condition is latched into the
74LS175 on the rising edge of WD. This fires the
2143 via its OSC in (pin 11) line and starts the 4-
phase generation. Depending upon the condition,
the resultant WD is generated by 92 on nominal, §1
on early, or 3 on late. The @4 output resets the latch
in anticipation of the next WD pulse. The 7438 is an
open collector device and requires a pull-up resistor
if not supplied at the drive. A 5K potentiometer is
used to adjust the desired pulse width.

DATA SEPARATION

The FD179X requires an external data separator.
Data separators range from the counter/one-shot
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technique to phase lock loops. The choice of separ-
ator design is dependent upon data reliability and
system cost.

The FD179X requires a RAW READ signal whichis a
negative going pulse for every flux reversal, and a
Read Clock (RCLK) signal to indicate flux reversal
spacing. RAW READ must be a minimum of 100 ns.
and RCLK (high or low) at 800 ns. Because of high
flux reversal rates, Write Precompensation with a
Phase Lock Loop separator is recommended for 8"
MFM applications.

Figure 10illustrates a counter separator. This circuit
uses a crystal clock and Read Gate (RG) is not used.
Figure 11 shows the timing of the circuit. Any nega-
tive RAW READ transition loads the counter with a
“5". When the counter counts down to zero, the
RCLK flip-flop (74LS74) toggles, producing a
RCLK. If the next data bit is zero (no RAW READ
pulse), the counter continually counts down until
another RAW READ puilse occurs. Then it is loaded
again and the process repeats. Many users are using
this circuit and are achieving error rates better than
10-8, even for 8" MFM with write precompensation.
This circuit may also be used for the 5" mini-floppy.

Figure 12 illustrates a phase lock loop method of

data separation. The advantage of this scheme over
ccunter/separators is its excellent data recovery
and high reliability. The RCLK “tracks” the RAW
READ transitions, allowing for greater flexibility in
bit shifts and overall system margins. Although the
PPL arrangement is preferred, its added component
count generally limits its use to 8" MFM and FM
applications.

DATA RECOVERY

Occasionally, the R/W head of the disk drive may
get “off track”, and dust or dirt may get trapped on
the media. Both of these conditions will cause a
RECORD NOT FOUND and/or a CRC error to
occur. This “soft error” can usually be recovered by
the following procedure:

1. Issue the command again
2. Unload and load the head and repeat step

3. Issue a restore, seek the track, and repeat
step 1

If RN or CRC errors are still occurring after trying
these methods, a “hard error” may exist. This is usu-
ally caused by improper disk handling, exposure to
high magnetic fields, etc. and generally results in
destroying portions or tracks of the diskette.

e A1 e

BIT 2

BIT 0 l BIT 1

HE X 1 1 0

_ALF_RAA A

BIT3

AL A R

BIT 4 BIT 5 BIT 6

BIT 7 t

o] 0 1 0

ALA_RA

RULE:

1} WRITE DATA BITS AT CENTER
OF BIT CELL IF A "1"

2) WRITE CLOCK BITS AT LEADING
EDGE OF THE 8IT CELL

FIGURE 1A. FM RECORDING

e 2 U5

-~ BITO 8IT 1 BIT 2

1 1 0 1
HEX

“_ Bl F Bl

8IT 3

BIT 4 BITS B8IT 6 BIT 7

RULE:

1) WRITE DATA BITS AT CENTER
OF BIT CELLIF A" -

2) WRITE CLOCK BITS AT LEADING
EDGE OF BIT CELL IF:

-
A) NO DATA BIT'HAS BEEN WRITTEN LAST
-~ AND -

8) NO DATA BITWILL BE WRITTEN NEXT

FIGURE 1B. MFM RECORDING
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NOTES.
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FIGURE 5. READ DATA TIMING
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FIGURE 6A. INTERNAL WRITE PRE-COMP
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Notes:

All other Early/Late conditions areillegal. & =100 —
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figure 7 for timing with Early/Late.

FIGURE 6B. PRE-COMP CIRCUIT REQUIREMENTS
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