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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 1s running
fast when formatting, the last byte on the track may run into the first.
Symptom snows 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. In
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 fior one sector write, whereas with
the normal bios, several random sectors could be written in one revolution,

This situation is true fer 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 te 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 0C1H,

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/IC 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 ideas
or suggestions would be appreciated.,, We are now selling the complete

line ot 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
deing large transfers, such as a PIP *.* wiih verify, the routine woulcd
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 is generated on-~board, and is asynchronous with the 8080 or 280
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 c¢ften 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 5-100
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 not
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.

Jumper te

2 MHEA sa§too
2, After you have found a 2 Mhz syncronized clock

on the S-100 bus, cut the line from pin 11 AN 4 )
of U86 (7493} on the solder side of the board . : -\
as shown. Then conrect a jumper from the heole

i . .. Lok TR
to the selected S-100 2 Mhz pin, . ‘: T e

{(over)




TARBELL DOUBLE DENSITY FLOPPY DISK INTERFACE TECHNICAL BULLETIN {cont'd)
To all revision D beoard 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 extended 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 (DBOQOT).

An example: XRA A OUT 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
dellar 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, sic 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

———n —————— e o e e

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 line: between feed-through holes:

O hole
|

X cut

|

0 hole

|
<ut 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.

[mmomerme Connector—---———- ]
2 4 6 etc.
| I |
0 0 o --—- TC
f I i
X X X cut
} l I
0
I

0 O =--- FROM
I

Jumpers to install:

ke R . A el W W S s e W P T b

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 8§~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 DHA cycle.

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

G.W.Mulchin

b }7hﬁaQ£L;LJ

Engineering
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INTRODUCTION TO THE TARBELL DOQUBLE DENSITY FLOPPY DISK INTERFACE

The Tarbell Double Density Interface is an IBM softf sector floppy
disk interface wusing the Western Digital 1791/1793 Floppy Disk
controller chip and built to the IEEE $-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 PHANTHCM 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/0O 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 wusing 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

Cne 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 1s 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 dossible system configurations, and
because we try to update our hardware and software as quickly as
possible, it has been difficult to c¢reate 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. If 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/0 tailoring guestionaire. 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 U4l, 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. 1Install 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 bhoard is addressed for EQ
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. DUse the FORMATY91 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 ¥, 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) Jlogged 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:ABIOS24,ASM
*B:=A:DBOOT24 ,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 MSGIZE 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 tc DBOOTxx.ASM.

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

11. Use SYSGEN to put a copy of your current CP/M 1.4 system
ontc 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 bias XX bias Xxx bias Xx bias
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.

i4. 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. 1If you st:.ll can't get it going, read
section 2-3 of these instructions.

16. If the system does come up cor-cectly, 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 1in this documentation,
PLEASE call or write about it.



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 QOPERATING 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 in
double density mode, you will either need to be operating at 4 or
above 4 Mhz (2Z80 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 I1/0 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
wOork. This is because the first sector of the first track containsg a
byte which has to be DD (hex) for double density, and vyour
single-density disk doesn't have that byte. To perform this operation
correctiy, 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
R9G0O

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

£} 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.
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WHAT TC 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 o0ld manual.

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

3. 1If you have a friend with a working Tarbell Double
Interface, try using your interface in his computer., If 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. If your interface doces 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 c¢ircumstances, 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 is
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. boes your CPU board £fully implement the new IEEE 5-100
standard? In particular, does it use pin 67 (the phantom line) for
anything besides phantom? Does it implement the c¢ontrol-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 677

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? 1If so, it might be best to disconnect those lines completely.

' 9. 8Since the Tarbell Double Density Floppy Disk Interface uses
lines on your motherboard that aren't normally used, some of these
lines could bhe 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, c¢lean, and the right
level, both on the drives and the mothaerboard. 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 bus, 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 problen.

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 variety of factors, including a bad data separator
component, bad 17%3, 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 GETTING THE TARBELL DOUBLLE DENSITY
INTERFACE OPERATING WITH CP/M 2.x WHEN YOU HAVE CP/M
2.x ALREADY GOING OM A TARBELI SINGLE-DENSITY INTERFACE

1. PFirst make sure that your situation matches the title above.
I1f 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 E0
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 FORMATY91 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 70O
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 & 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.COHM
*B:=A:SYSGEN.COHM
*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.A8M
AB:=NA: 2DBO0OT24 .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.COIMN, 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 arc 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 2ABIQOSxx with ASM.COM. Print the LLPRN file if
desired, then erase it.
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9. Using ED.COM, edit 2DBOOT24 ,ASM. Set the HMSIZE EQU to the
size used above. Leave the DOURSID, DOUBDEN, and DMACNTL EQU's set to
FALSE. Exit from the editor. Rename the file to 2DBOOTxx.ASHM.

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

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 bilas XX bias
20 D580 24 C580 28 BS5B80 32 A580
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 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 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 of these
instructions. If you want to try operating in DMA mode, go to step 6
in thie 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 hotice any errors in this documentation,
PLEASE call or write about it.
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GETTING THE TARBELL VEREIOM OF CP/M 1.4 OR 2.X RUNNING ON
YOUR TARBELL DOUBLE-DENSITY FLOPPY DISK INTERFACE WITHCUT
A CURRENTLY RUNNIMG CP/M SYSTEM OF ANY KIND

1. First make sure that your sitiration matches the title above,
If not, you may £ind that another set of instructions will get your
system geoing 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.

¢) A Z-80, 8085, or B080 CPU board which conforms to the IEEE

5-1006 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

aisk, 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-keybeoard, 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 1is either
wrong with the hardware or the diskette. If so, have someone lock at

i1t 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 Output System) listing that
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came with our CP/M. Find the 1label BOQOT. After the LXI SP
instruction, you will see a series of NOP's, This area 1is reservea
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 lines on the
page.

9. Still looking at the BIOS listing, find the label CONST.
Examine the c¢code there for our "standard" interface. Put the code
here to 4o 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 in register C to your console. Again, you
might need to replace our JNZ with a JZ2 and make port number and mask

changes. Be sure to end each of tlese routines with an RE?Z
instruction.

12, This should be all the patches vou need to make teo the CIP/H
system residing in memory, to get going temporarily. Now examine the
content of address 5A00 (hex), which shoulid 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
cn  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.

l14. 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 yvet 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 impotrtant 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 Input Output
System) 1is always available from Tarbell for $15. Just ask for Public
Domain Disk # 2.
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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 alsc had room to irclude the source for the FORTH
lanquage from the Forth Interest Group. Their name and address arc
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.A5M

TRIS 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.ASH & DDUMP.COM

THIS IS A MODIFIED DUMP,COM FROM SAM SINGER AND FROM THE CP/N
USERS GROUP. THIS PROGRAM WILL ALLOW YQU 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 PROCGRAM IS THE DOUBLE DENSITY FORMAT PROGRAM. IT WILL

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

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

TRACK 2 - 76 DOQUBLE DENSITY.
OR

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

*kk NQTE ***

ONLY ONE (1), TRK1SD OR TRK1DD MAY BE TRUE AT A TIME. THE SKEW
FACTOR IS EASILY CHANGEABLE IN THE DPFORMAT PROGRAM TO ALLOW FOR
OPTIMIZING DISK SPEED.

AS SIDE SELECT IS ONLY SUPPQORTED EY CHANGING YOUR DRIVE SELECT

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

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:". YOQU
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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 TOC 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 HARBCOPY 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 TC 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 UGSING OUR QLD 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 PECORD 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,

*kkk NOTE *%%

THIS FORMATS SINGLE DENSITY ONLY. 26 SECTORS QOF 128 BYTES

== r

ONLY RUNS ON THE NEW CONTROLLER BOARD.

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
correctly 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 is 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 te be used 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. TEE ONLY
IMPROVEMENT WAS TO MAKE IT DISPLAY THE CORRECT CAPACITY OF A DOUBLE
DERSITY DISK. IT WILL STILL WORK SINGLE DENSITY.

10. ARIOS524.ASM

THIS IS THE AUTO-DENSITY SELECT VERSION OF THE BIOS FOR CPH
Vi.4. THIS BIOS WILL AUTOMATICALLY SELECT THE DENSITY OF THE DISK YOQU
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 SYSTEI4 SIZE AS THE ONE YOU REMOVED.
FILE TRANSFERS FROM SINGLE TO DOUBLE OR NDOUBLE 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 IN
ANY DRIVE.

11. 2ABIOS24.AS5M

THIS IS THE AUTO-DENSITY SELECT VERSION FOR CPM V2.x AND THi NEW
INTERFACE, THIS BIOS MUST BE USED WITH 2DBOOT24,ASM TO BRING UP THE
SYSTEM. PLEASE NOTE THAT 2ABI0S24 AND 2DB0OOT24 ARE ONLY FOR CPM V2.x
AND WILL NOT RUN ON CPM V1.4 OR CONVERSELY. THIS BIOS IS SHIPPED
READY TC RUN 1IN THE AUTO SELECT MODE. YOU MAY CEANGE THIS AFTER YQU
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.

*%% 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. 2DBOOT24 ,ASH

THIS 1S THE SECONDARY COLD START LOADER FOR CPM V2.x FOR USE
WITH 2ABIOS24.ASM. SEVERAL EQU'S APPEAR IN THIS LOADER. DMACNTL -
SETTING TEIS TRUE WILL ALLOW THE PROGRAM TO BOOT IN THE SYSTEM USING
brMa  CONTROL. IF FALSE, BOQTS SYSTEM UNDER PROGRAM DATA TRANSFER.
DOURBDEN -~ 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 DOQUBLE DENSITY IS ON LINE.

kkkk 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
BISK 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 TH1S 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% NQTE **%%

IF ALL ELSE FAILS, EVEN AFTER READING THE DIRECTIONS, FEEL FREE
T0 CALL ME HERE AT TARBELL ELECTRONICS. AND IF YOU WOQULD LIKE TO
DISCUSS ANYTHING ABOUT THE BOARD QR 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.
TARBELIL ELECTRONICS
213 538 4251
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The internal operation of a floppy disk operating system 1is
probably +the most complicated part of a micro-computer system. The
hardware and software interact very closely, and therefore a very
strong knowledge of 8080 assembly language and common logic operatlons
is desirable to understand this section. Knowledge of the IEEE 5-100
standard is also desirable, as there are some changes that have been
made to the 8-100 bus with this new specification., The IEEE 5-100
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:

l. status reqister

2. track register

3. sector register

4. data register

Leview of the data sheet will help in understanding each function of
thegse 4 registers,

DDE!M is used to control in which density the floppy disk controller

chip will be operating. Low eguals 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
ecause 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 is an output used for synchronization of +the data
seperator circuit during read operations. A high on this pin indicates
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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 1t
has been programmed, it alone transfers the data, and in fact removes
the c¢pu fLrom 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 is 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 1is used
during Single and Double Density o¢operation. This is accomplished by
logic on the interface and 1s 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, th

_______ When ensity, the master
clock is equal to 8 Mhz. Double Density selectlon 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
uensity, The count down circuit is clocked by the 16 HMhz 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 <c¢hip., After this value is loaded, the 74LSlé1 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 froxn this circuit is:

1/ 16 Mhz = 62.5nsec,

Junpers provided on the 1nterface have een selected for optimum drive
performance. Selec¢tion is based on manufacturer's recommendations for
the drive in use, and our testing here at Tarbell Electronics.

The computer interface for this beoard is based on the IEBEE 5-100

bus interface specification. It is not radically different from the
old 5~100 bus design, and should run with most S5~100 products on the
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market. If you have any questions about your interface cards, check
the section on S5-100 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:

L0 hex 8257 address register (must be two bytes to this port)
El hex 8237 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 <c¢ontroller 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 5-100 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
accesg, out to port FD hex before any read or write operations occur
with the disk interface. During DMA c¢operation, this 8 bit latch is
enabled, placing its contents onto the extended address lines. The
output of this latch is normally tri-state until the DMA controller
becomes active. Also, this latch may be rrogrammed at any time wicth
any value you wish, except during an actual transfer by the DMA
controller., You could even change this 1latch wvalue between byte
transfers -'if you wish. With optional decoding on memory boards,
possible memory capacities can be theoretically 8 banks of 64Kk
(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 fail 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 dGrives.
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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 1it's reset from line 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 is 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 is used for drive
select, density select, and side select, to be cleared to the
fellowing 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 U29
{8257} . This signal is inverted again to provide an active 1low ({0)
reset for floppy controller chip, U31 (17%1/1793), and for U46
(74L.8174) 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 sSequence oOr
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 S5-100 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} low.
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 c¢pu 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 $-100 bus. This address line is fed to o¢ne of
the inputs 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 Dbyte is tried, address line 5 will go high (1), which causes one
input of U47 to go high. The three other inputs of U047 will also go
high, causing its output to go high. This output line then causes the
cutput 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 action
releases the the bus data lines back the the@r norma} operating
condition. During power up of your system, if you wish to disable the

bootstrap c¢ircuitry, 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 is 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

B St A T e S Yo o e Y —————— Ty ——————— T ———

GOOD 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.
G0FA = 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,
4
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.
9006 D3FA ouT SECT ;START AT SECTOR 1.
0008 3ESC MVI A,8CH  ;READ THE SECTOR.
000A D3F8 ouT DCOM ;ISSUE THE COMMAND.
600C DBFC RLOOP: IN WAIT ;WAIT FOR DRQ OR INTRQ.
000E 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 CA7DOO Jz SBOOT  ;IF ZERO, GOTO SBOOT.
001F 76 HLT ;ELSE, DISK ERROR
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NON-STANDARD BOOTSTRAP PROM LISTING

e ——— — T o i o e T o S ————— i —— ——

0000 ORG 0 ; PROM RUNS AT LOC ZERO,
g078 = DISK EQU 07 8H ;BASE ADDRESS OF DISK PORTS.
Q078 = DCoM EQU DISK ;COMMAND PORT.
0078 = DSTAT EQU DISK :DISK STATUS PORT.
o074 = . SECT EQU DISK+2 ;s SECTOR PORT.
0078 = DDATA EQU DISK+3 ;DATA PORT.
go7C = WAIT EQU. DISK+4 :WAIT PORT,
007D = SBOOT EQU 007DH ;s START OF SBQOT.
F
Q000 DBTC BOOT: 1IN WAIT :WAIT FOR HOME. (caused by reset)
0002 AF XRA A ;:CLEAR ACCUM,
0003 6F MOV L,A :CLBAR REG L.
0004 67 MOV H,A ;CLEAR REG H.
0005 3C INR A :SET A = 1.,
0006 D3I7A outT SECT ; START AT SECTOR 1.
008 3E8C MVI A,BCH :REA) THE SECTOR.
000A D378 ou'T DCCM :ISSJE THE COMMAND,
000C DB7C RLOOP: IN WAIT :WAIT FOR DRQ OR INTRQ.
a00K B7 ORA A ; SET FLAGS,
GooF F21900 JP RDONE ;DONE IF INTRQ.
0012 DB7B IN DDATA ;ELSE,GET A BYTE FROM DIGSK.
6014 77 MOV M,A s POT 1T INTO MEMORY.
0015 23 INX H ;BUMP POINTER.
0016 C30C00 JMP RLOOP ;LOOP TILL DONE,
0019 DR7RB RECNE: IN DSTAT jREAD DISK BTATUS.
001B B7 ORA A +SET THE PFLAGS.
001C CA7DOO 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 g address line values presented to the interface during an input
or output instruction. The normal address range for this board is from
E0 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 E0 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 E0 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 U33, 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 U34,
you will select a base address of E0 hex, The output of U334 1is next
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AND'ed with the inversion of A4 through U26. This gate (U48) is used
to allow selections from EQ0 hex to EF hex for 1I/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 I/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/0 operation. Because these two signals will not occur
together, they may be OR'ed together through U43 to provide just one
general signal for I/0 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
cutput, 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
47, Address line 2 is inverted through U026 {7404) and is the fourth
input to U47. The OQutput 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 048 to be low, disabling the selection
of any port with the base address of Ex hex. The 3 low address lines,
AO0,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 U027 for F8,F9,FA, and FB are not used. Only Ports FC
and I'D 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 1is 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 c¢hip contains five (5) internal registers
that <¢an 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 c¢onjunction

with either a read or write operation, The registers and their
addresses are as follows:
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Cs' Al AQ RE'= 0O WE'=

G 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

ot ks A A S A Rl S B i s S B Sl ko i e AL ok W R ey . A b o ey b e fr i Ty e e el A e W Y ey ey P e ok AL P B -

The five internal registers of the floppy <c¢ontroller chip are
accessed through the internal interface data bus. The internal data
bus is buffered by U71 (8208) and U72 (8208). U71 and U772 are 8 bit
bi-directional transcievers which are used as bi-directional data
buffers between the computer S5-100 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) 1is high or
low. To program the floppy controller chip, A0,Al are selected for
the desired operation. Write enable of U31 1is made active 1low by
processor signal SOUT and PWR' gated together by U023 (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 is 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 1is then passed through U771 onto the
internal data bus and into the floppy chip DALO0 - DAL7 lines. Chip
select, pin 3, of U3l is made active low by U4§ (7408} output. Cne
input of U48 comes from the DMA controller and the other input is from
D43 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 SQUT 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 Qutput 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 sectol 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. Scoon after receiving the input on its DRQO line, the 8257
makes its HRQ line go high., This is fed through an OR gate

4~5
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to 5-100 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, 1t 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 disablies the CPU
address and data lines using S8-100 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, S0UT, PSYNC, MWRITE, SINTA, SHLTA, SMl).

G. A short time later, the 8257 activates its DACK{O' 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 DACK(' 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 fhrough U687 to S-100 lines
PDBIN and SMEMR to the system memory to gate the memory onto
the 8-100 bus., It is also used to activate U072 so that the
5-100 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 ghort 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 $-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 Precomﬁensation 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
{012},
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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 wearly 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 (011Q0) 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, is 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 disgk and provides RDATA®
to the 1793. It also provides data to the phase comparator (US55} which
igs part of the phase 1locked loop. The active filter network which
consist of US55,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 line, 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 asseﬁbly operations, it %s recommen@ed
that you read this section and the parts list section first. This will

help put your mind into a comfortable state akout 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, you
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 Ql, an LM~323 votage regulator, and the heatsink.

Mount the regulator 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 1in 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 ot 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
ocpen the hermetic seal.

8. ( ) Using the parts list and using the board layocut drawing,
start mounting all the capacitors on the board. Be sure to observe the
polarity of the tantalum capacitors C13,C14,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.

1¢. { ) 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.

5-1
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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 beoard 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 1ittle'jumpering 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. Beoard address set for base address of EO hex,
b. PRDY line used for processor wait,
c. SW-1 set for £2.5 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 drives,

2. Address Selection

This board may be addressed in one (1) of two (2) address areas
in vyour computer. Either an address range of 60 - 7D hex or E0 ~ D
llex may be selected. You should beware of existing computer boards in
your system which use these address ports for I/0 operations, as a
conflict may exist. Our I/0 section for CP/M uses an address range of
O - FD hex, as does our Standard bootstrap prom.

FORTY JUMPER
O - FPD Hex E1S to BE20-~""
60 - 7D Hex F19 to E18

3. XRDY or PRDY selection

Three possible configurations exist 1in the selection of 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
Innsai Front Panel Jumper El-~E2

Altair Front Panel Jumper E3=-EZ:<&—"

HOTE *¥*

Be sure that other boards in your system do not use elither the
ARDY 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
dynamic memory boards which require the use of this line for refresh

operations, or memory boards which use si.ow memorys such as old, old
2102's. '

4. Write Precompensation Selection
The selection of the write precompensation is based on the type

of drive vyou 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 81 for a vaiue of
62.5nsec for < 43 and 187.5 nsec for > 43 as shown 1in the Preconmp
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
18/7.5nsec 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

e ———————— ——— ————

Trk < 43 I ] Trk > 43
__________ | ] e
[-=Barly=--| | ~-Late~-| | m=—-Barly=~———- ! | ——=-Late-===}
Pos 1 2 3 4 5 6 7 8 5]
ns ns ns ns
62.5 1 62.5 0 0 62.5 0 1 1 62.5 ] 0 0
P % X X X 187.5 0 ]l 0 # 187.5 0 1 0
% X Z50.0 O 1 250.0 0 0 1 256.0 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
X X 500.0 1 1 X X X X 500.0 1 1 1
' FIG 1
Mote: x = not adjustable, 1 = on, 0 = off

5. Pootstrap

-

The on-board bootstrap may be enabled or disabled by jumpers
E8,E9,and E10 as follows.

Bootstrap enabled - Jumper E9 to ElQ:& ~
Bootstrap disabled - Jumper E9 to EB

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 follcwing changes to
the board. '

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

b. Jumper El11 to E12. { 1793 test pin)

c. Jumper Ei3 to

Now you must
compatible drive.
we now have the all
to the drive and in
Perscl drive,

Cuts to make:

L e ST I S I 6 I
L)

»

Jumpers to add:

e e Y ey ——

F14. (seek complete line)

make the Persci 277/270 1look 1like a Shugart

Thanks to John llock of Bits & Bytes of Fullerton,
the changes. These are changes which you must make
some cases will invo.ve making trace cuts on the

Trace to P1-16 (back side)

Trace between BL-BC (front side)

Trace between Ull-12 and Ul1-13 (back side)
Trace between Ul11-10 and Ul1l-11 (back side)
Trace from P1-2 to Ul-8 (front side)

Trace to P1-30 (back side)

Trace to P1-32 (back side)

711-12 to P1-32 (back side)

. H to 1 {for head load)

1.
2. Ul1-10 to Pl-30 (back side)
3
4

t. I to BL (for head load)

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

——————— i ——— T — ot

< W
~J o

{
U - (
() AD~AE 12

} Jd
) BK-BHM
()

A

) K-L 4( ) N-P 5{( ) T- 8
) BA-BB 9{ )} AK-AH 10{ ) X - W
3( ) AS-AT 14( )} AM-AN 15{( ) BE-BD

2 3
8(

P-AR 1

Junigers E<D and G-F and AC-AB should be npen.

Drive select:

s B oy ot by e ——

Drive 1 (A & B) Drive 2 (C & D)

U1l 13 to 2
Ull 11 to 4

U1l 12 to 2
. 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 BLAB EQU 0 to HLAB EQU 8 for head load at
beginning of seeks,

Set DUAIL, 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 aqree 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
oweration. This 1is probably due to head design. Adjusting the
crecompensation 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 Eilter 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 junper
C4 will be missing
RZ and R4 will be missing

B. 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 §-100 ceonnector 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 5-100 vector interrupt lines on the bus. You
will need a vector interrupt card if you plan on using interrupts
other than R8T 7. The vector interrupt lines are defined in the S-100
standard on pages 10-1 to 10-5 of this manual.

9. MWRITE option

If your memory~boérds require the MWRITE signal to write data
into memory, arfid this signal 1is not generated on the cpu or front
panel, then you will have to jumper El16 and El7 together. If vyour

memory boards use PWR' for writing data into memory, then leave El6 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 2Miz.

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. 1733 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
DA 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 2-80
at 4MHz, you may read the 1793 teoo fast. This is also a function of
the 1793 you are using at the time., You may have to replace the jumper
if you f£ind 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,.
Thig buffer is an enabled Tri-state buifer of the non-inverting type.
Jumpers are provided so you may use it.
£22 = buffer input
521 = buffer output



PARTS LIST

uty. Descriptor Desiginator

Eesistors

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 R16,R11,R12,R13,R14

1 470 ohm 1/8 watt R3

1 510 ohm 1/8 watt R39

5 1 k 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 R%9,R11

2 4.3Kohm 1/4 watt R40,R43

5 4.7kohm 1/4 watt R17,R18,R23,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 pt cap C9

2 56 pf cap C3,C4

2 100 pf cap +/- 5% c7,C8

2 220 pf cap Cclz2,C17

1 680 pf cap Cl

1 0015 mfd cap Co

1 .0039 mfd cap C5

28 .1 mfd cap «“il,C2¢,C21,C22,C23,C24,C25,C26,C27,C24
c29,C30,€31,€32,€33,C34,C35,C36,C37,C38
C39,C40,C41,C42,C43

1 4.7 mfd @ 10 volts Cl9

2 10 mfd 8 16 volts c13,C1l5

1 22 mfd 8 10 volts Cl4

Misc.

1 16 - MHz crystal Yl

1 MPS 6571 Transistor Q2

1 1N4742 12 volt 1 watt zener CR1

1 9 position dip switch SW-1

Hardware

i e o g e

1 TO~3 Heatsink .
pA 4-40 x 3/8 screw
2 4-40 x 1/4 nut

2 + 4 washer

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



PARTS LIST

Connectors

pin connector

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

e A i ey S Bt e ki e ke B ok R T A B

** Note **

7400/74LS00
7404/74LS04
7404

74504

7406

7407
7408/74LS08
7411/74LS11
7413/74LS13
7432/74L832
7438
7474/74L574
7493

74LS109
74LS113
7415123
825123/5331
74125/74LS125
7415138/8205
74145

74LS153
74LS161
74174/74LS174
74L5221
74LS373

8T97
8208/8286/8304
MC4044

LM 323

= LI W B PO bt b k= e e 0 D b e = RO R RO R R N e

LSI chips

1 8257
1 1793

* % Note * %

Quad Nand gate

Hex Inverter

Hex Inverter

Schottky Hex Inverter
0.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
bual J-K Flip Flop
bual One Shot
Bootstrap Prom

Quad Tri-state Buffer
Octal Decoder

1l 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

U070 is not used

Jl
052
029,031

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

Ur2,023,043
U%,U026,034,U044
U66

U85

u87

Ul3,U0l16
42,048

033

a7

0as5,u073
021,022
035,077

Use

076

Use
Ul0,032,064
wh2

025,065

127

U24

U75

U3e

V46

Us3,074
Ue8,U069
U7,067,041
028,071,072
U55 (Motorola)
Ql

v29
U3l



TARBELL DOUBLE DENSITY FLOPPY DISK INTERFACE FULL WARRANTY

1. Any faulty component part purchased i{rom Tarbell Electronics,

which is returned within & months after ithe date of purchase will

be replaced at no charge. Components returned under this part of

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 6 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 ot purchase,
will be repaired for a charge commensurate with the work required.
(parts will be free) but in no case will exceed 5100 without
notification of the owner.

4. Any floppy disk interface not covered by the above conditcion
will be subject to a charge commensurste 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 equipnent, or for time lost, ¢r programs
or data lost, because of interface malfunctiocn or incorrect
documantation.

7. If you are disatisfied with the operation of a factory-assembled
Tarbell Double Density Floppy PRisk 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 warrant 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 1s assembled from 4 kit by a Tarbell dealer
has only the parts covered by this warran:y, not the labor. All
interfaces which were gsold as kits, will nave a "K" marked on the
solder side, The dealer may provide his own warranty in this case.



TARBELL DQUBLE DENSITY FLOPPY DISK INTERFACE FULL WARRANTY

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

Tarbell Electronics
950 Dovlen Place, Suite B
Carson, California 90746
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IEEE Specification,
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IEEE Task 696.1/D2

The following is a list of .the IEEE pin functions, signals, Lype
and a description of the signal,

ignal, active level,

The following conventions will be used:

bus.
slave,

[ I T { | I |
L]

Type

= open collector.
high or logic level 1
low or legic level O

Active Level

inverted signal or the NOT function.
master.

Description

A A A e G e A i S A S Al S e i i S A o . o i o b o e e Mk ol iy Al AL e Ay e Sk Ak L L M B R W S S TS T T e e S S Y —— — — —

8

10
11
12
i3
14

+16 volts

XRDY

VIQ*
VIL*

VI2x*

NI1T*
PWRFAIL*
DMA3*

AlB

n

il

0.C.
G.C.
G.C.
0.C.
0.C.
0.C.
0.cC.
0.C.

0.C.

Instantaneous min greater than 7
volts, instantanecus 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 iwo ready inputs to the current
bus master. The bus 1is ready when both
inputs are true (). see pin 72,
Vectored interrupt line 0.

Vectored interrupnf 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.

10-1
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16
17
18
19
20
21

23
24
25
26

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

41

Al6
Al7
SDSB*
CDSB*
GMND

NDEF

ADSB*

DODSE*

PSTVAL*

pPHLDA

RFU

RFU

AS

hd

A3

Al5

Al2

A9 .
DOl/DATAl
DOO/DATAD
AlQ
DO4/DATA4
DO5/DATAS

DOO6/DATAG

DI2/DATALQ

H
M
H

M

B

In

M

M

M

I
M/MS
M/MS
I
M/MS
M/MS
M/M1S

S/M8

L

H

H

R

H

H

H

H

C.C.

o.C.

O.C'

0.C.

IEEE Task 696.1/D2

‘Extended address bit 16.

extended address bit 17,

Disable signal for 8 status lines.
Disable signal for 8 conitrol 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.

Regerved 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 ouw: bit 0,bidirectional bit 0.
Address bit 10.

Data-out bit 4,bidirectional kit 4.
Data out bit 5,bidirectional bit 5.
Data out bit 6,bidirectional bit 6.

Data in bit 2,bidirectional bit 10.

1e--2



IECE Specification, IEEE Task 696.1/D2

42 DI3/DATAlLl S/MS H Data in bit 3,bidirectional bit 11.
43 DI7/DATALS S/MS H Data in bit 7,bidirecticnal bit 15.
44  sHl M H Status signal indicating current

cycle is op-code fetch.

45 sQUT 1 R Status signal indicating data
transfer bus cycle to output device.

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

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

45 sSHLTA 1 B 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 GHD 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 GMND 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 L. 0.C. Temporary master priority bit 0.

56 DMAL* {1 I. 0.C. Temporary master priority bit 1.

57 DHNA2* 1 L 0.C. Temporary master priority bit 2,

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

59 Al9 ko on Extended address bit 19.

60 SIXTH* S L 0.C. §&Signal generated by l6-bit slaves in

response to the l6-~bit request signal

10-3



IELE Specification, IEEE Task 696.1/D2

sXTRQ*,

61 A20 i1 H Extended address bit 20.

62 A2l M 1 Extended address bit 21.

63 A22 11 H . Extended address bit 22.

64 A23 I H Extended address bit 23.

65 NDEF - Not to be defined signal.

66 HNDEF Not to be defined signal.

67  PHANTOM* 11/ L 0.C, Bus signal which disables normal slave

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

68 MHRT B H Gating of pWR*-s0UT. 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 0.C. See comments for pin 3.

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

74 HOLD* I L 0.C. Control signal used in conjuction wich
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 1 H Control signal identifying BSl.

77 pWR* 1 L Control signal signifying the presence
of valid data on DO bus or data bus.

78 pDhBIN [ H Control signal that request data on the
DI bus or data bus from the currently
addressed slave.

79 AQ Iy H» Address bit 0.
80 Al M H Address bit 1.
81 A2 1 3 Address bit 2.

10-4
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82 A6 M 1 Address bit 0.

83 A7 I i Address bit 7.

84 AL 11 i Address bit 8.

85 Al3 M H Address bit 13.

B6 Al4 9! n Address bit 14.

87 All . I B Address bit 11.

88 DO2/DATA2 M/MS 1§ Data outlbit 2,bidirectional bit 2.
89 DO3/DATA3 M/MS H Data out bit 3,bidirectional bit 3.
90 DO7/DATAT M/MS Ih Data out bit 7,bidirectional bit 7.
91 DI4/DATAL2 S/MS H Data in bit 4,bidirectional bit 12.
972 DIS/DATAL3  S§/HM8 H Data in bit 5,bidirectional bit 13.
93 DI6/DATALL S/MS H Data in bit 6,bidirectional bit 13,
94 DI1/DATA9 S/MS H Data in bit 1l,bidirectaional bit 9,
95 DIG/DATAS S/M8 H Data in bit O0,bidirecticnal bit .
26 sINTA I § Status signal identifying the bus iaput

cycles that may follow an accepted
interrupt request presented on I+,

97 sWO¥* I L Status signal identiiyving a bus cycle
which transfers data from a bus master
to a slave.

98 ERROR*

£5}
[
Q
&«
]
*

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

10 nmsecs.

160 GUD 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 work
with, and it is hoped that our customers will provide us with

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

—_——

Imsai 8080, Delta Products Z-80, Cromenco Z—-80, S.D.Sales 4-80,
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 85I02, Thinker Toys Switcher, Vector Graphics
Bit streamer, Dynabyte Intelligent CRT, S.D.Sales VDB-8(24.

Drives
Shugart SA-800/801, Siemens FDD 100-8, FDD 100-8D / 120-8 / 220-8,
CDC 9606 2/3, Remex RFD 4000/40CG1l, 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
ICl0c 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 c¢ard is 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 %Z-80 CPUs.

11~1



Compatible 5-100 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 vyour
interface for proper operation. These routines involve both the TYPE 1
and TYPE 2 commands for the floppy disk controller chip. *** Note **x
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.

-y ‘me Ny

00F8 = BCOM EQU 0F8H ;DISK COMMAND PORT
00F8 = DSTAT EQU DCOM ;DISK STATUS PORT
Q0F% = TRACK EQU DCOM+1 ; TRACK PCRT
Q0FA = SECT EQU DCOM+2 ;SECTOR PORT
Q0FB = DDATA EQU DCOM+3 ;DATA PORT
00rC = 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.

r

; TEST RQUTINE FOR CHECKING

; DISK INTERNAL DATA BUS.
000G 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 s INVERT FOR FRONT PANEL
0007 D3FF ogT OFFH ;SHOW IT ON FRONT PANEL
000¢ C30000 JMP BUSS ;LOOP AGAIN

12-1



DISK TEST ROUTINES

00CC DBFF
000E D3FR
0010 3E13
0012 D3F8

0014 C30C00

0017 3EA43
0019 D3F8
001B C31700

001E 3E8C
0020 D3F8
0022 C31E00

;The following routine allows testing the
;seek operation of the interface. You will
;jneed 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

LA ™e me s ™ e N4 e

76.
EEK: IN OFFH ;READ FRONT PANEL
QUT ° DDATA ; SEND TRACK NUMBER
MV A,13H ;:GET SEEK COMMAND
ouT DCOM ;SEND IT
JMP SEEK ;LOOP AGAIN

The 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.

L T LT L LTI T T

: STEP IN/OUT ROUTINE
;
STEP: MVI A,43H ;STEP 1IN COMMAND
ouT DCOM s ISSUE COMMAND
JMP STEP :LOOP AGATIN
3%he following routine checks for hiead
:1load command. You will need to mount a
sdisk and shut the door to run this test.
:DO NQT USE A VALUABLE DISK !!tl for this
stest.
CF
: TYPE 2 COMMAND
; HEAD LOAD ROUTINE
- ‘ “
HEAD: MVI A,8CH +HEAD LOAD COMMAND
J ouT DCOM s ISSUE COMMAND

JMP HEAD ;LOOP AGAIN



DISK TEST ROUTINES

1000

0025
0027
0629
002A
0028
002E
0030
0032
0034
00636
0038
6039
Q3¢
O0G3E
003F
6040
0043
0045
goag
co4pe

3EDO
D3F8
E3

E3
210010
3E01
D3Fa
3E8C
D3F8
DBFC

B7
F24300
DRFB
77

23
C33600
DBF8
324B00
C34800
06 .

;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

;controller chip,

;:the drive and shut the door.

;DO NOT USE A VALUABLE DISK !!!

jtest,

READ A SECTOR ROUTINE

LI v T TR ]

AMADD EQU 1000H
READ: MVI A,0DOH
OU'T DCOM
XTHL
XTHL
LXI H, RAMADD
MV I A,1
oUT SECT
MVI A, 8CH
ouT DCOM
RLOOP: IN WAIT
ORA A
JP RDONE
IN DDATA
MOV M, A
INX H
JMP RLOOP
RDONE: IN DSTAT
STA STAT
HIMP: JMP HIMP
STAT: DB 0

12-3

in Appendix A (1793).
s:You will need to mount a blank

disk into

for this

; CAN BE ANYWHERE

s ISSUE FORCE INTERRUPT
;jSEND IT

;s SOME

;DELAY

; POINT TO MEMORY BUFFER

s LCAD SECTOR NUMBER

$;SEND IT TO SECTCOR PORT
;:GET READ COMMAND

; ISSUE READ COMMAND

sWAIT FOR DRQ OR INTRQ

; SET FLAGS FOR OPERATION
;DONE IF INTRQ

;ELSE, READ A BYTE FROM DISK
;PUT IT INTO THE BUFFER
;BUMP BUFFER POINTER

; READ NEXT BYTE FROM DISK
;CHBECK DISK STATUS

;SAVE THE STATUS

:HARD LOOP

; SAVE STATUS HERE WHEN DCONE



PISK TEST ROUTINES

004C
004E
0050
0051
0452
0054
0056
8058
0G5A
Q05C
005D
3060
(Vo
0063
0064
0667
06069
C06E
006E

0071

3EDO
D3F8
E3

E3
3E01
D3FA
3EAC
D3F8
DBFC
B7
F26700
7E
D3FE
23
C35A00
DBI'8
E6FD
327100
C36E00
00

!

:The fellowing 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
;jthe appendix.

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

;DO NOT USE A VALUABLE PISK !!! as
sthis routine does write on the disk,
;and you will lose any data on the
:sector you write to,

; WRITE A SECTOR ROUTINE

WRITE: MVI A,0DOH ;FORCE INTERRUPT COMMAND
auT DCOM ;ISSUE IT
XTHL ; SOME
XTHL ;DELAY
MVI Al ;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 FLAGE FOR OPERATION
JP WDONE ;s 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
S5TA STATW ; SAVE STATUS BITS
WIMP: JMP WJIMP ;HARD LOOP WHEMN DONE
5TATW: DB 0 ; SAVE STATUS BITS HERE

12-4



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 is a combination hardware-software
pert 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 is 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
floppy chip has occurred. When this bit is & 'l' 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 1s 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

}
I
I
I
}
!
I
|
; (bit 5} 1/0 binary value for drive select |
I
v
S

(bit 4) 1/0 binary value for drive select |
} 4 drives max
{(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 extendea
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 Al ;select bank # 1
ouT OFDII :;set extended port latch
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DISK TEST ROUTINES

dma operation

MVI A,0
ouT OFDH

etc

stransfer to/from new bank now
;dma operation complete

;select bank # 0
:s5et extended port latch

17-6



TROUBLLE-SHOOTING

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

l. Interface between computer cards.

Compare the section on the IEEE 8$-100 pin functions {section
10), to the pin function list in your cpu manual, to find out if 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 $-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 wicth
regard to other manufactures products that do or 'do nut' work with
our interface. If they don't work, mavbe a reason as to why could be
sent aleng also. Also, some Z80 cpu cards will not boot up correctly
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 c¢an turn off the on-board bootstrap by pulling out U35 pin
5 from it'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-SHQOTING

you have any gquestions 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 Posgsible cause

——— —— e ———— ——— ——————————

1. Won't booteseceseses.. Check pin 67. Must use Phantom line
on first memory card. Make sure jump
enables to system proms is defeated.
Check for disl 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,., old 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-SIHOOTING

4.

Won't run at all

L B B

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

—— A A e R e W i — -

DC Power

Pin 1 +24
Pin 2 +24
Pin 3 =5
Pin 4 - 5
Pin 5 + 5
Pin 6 + 5

Be sure all return
power supply end.

errors.

volts DC
volt return
volt return
volts DC
volts DC
volt return

Shugart Drive Jumpers

AC power

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

lines are connected solidly together at the
If they are not, you may experience actual disk data

The following jumpers should be installed on each drive used:

Grive 0 (A)

T2
DS

Drive 1 (B)

M et e b b T

800 (not 801) 800

DSl
T1
3
T4
T5
T6

tote

DS2

Drive 2 (C} Drive 3 (D)
A A
B B
C C
Y Y
72 T2
DS DS
800 800
D33 Dsd

Some drives may have a jumper installed at X. If

so, remove it.
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DISK DRIVE SETUP

Siemens —--——--—---
Drive select:l

Drive A Drive B Drive C Drive d
Radial Sel ¢ 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

——————— i e e e

Changes are required to the Persci drive to make it look like a
Shugart compatible drive. These changes are listed in the Jumper
section of this manual.



54/7400
54H/74H00
54S/74S00

54LS/74LS00
QUAD 2-INPUT NAND GATE

ORDERING CODE: See Section 9

CONNECTION DIAGRAMS

GHD

PINOQUT A

G ) v
@ 2]
(h— &:1
@ )
] % 3
d 4?23
| 5]

pin |_COMMERCIAL GRADE |  MILITARY GRADE | . |
PKGS Voo = +5.0 V £5%, Voe = +5.0 V £10%,
OUT! 1 -0°Cto+70°C | Ta=-55°Cto+125°G | 1Y E
Plastic A |7400PC, 74HOOPC oA
DIP (P) 74LS00PC, 74S00PC
| Ceramic A 74000, 74H00DC §4000M, 54H00DM 6A
' DIP (B 74LS00DG, 74500DC  [54LS00DM, 54500DM
Flaipak 74LS00FC, 74S00FC  |S54LSO00FM, 54500FM N
iF 7400FC, 74HOOFC 5400FM, S4HOGFM :

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

PINS 54/74 (UL) | S4/74H (UL | 54/748 (U.L.) | 54/74LS (U.L.)
HIGH/ALOW HIGH/LOW HEGH/LOW IIGH/LOW
inputs 1.0/1.0 1.25/1.25 1,25/1.25 0.5/0.25
Outputs 20010 12.5/12.5 25/12.5 10/5.0
2.5




CONNECTION DIAGRAMS

PINOUT A
54/7404
54H/74H04 —
] L1k
545/74504 E—? g
54S/74S04A G Y o
54LS/74LS04 = g
HEX INVERTER ] 4 59
' (& Y 51
ORDERING CODE: See Section 9 ano 7] 51
oy | COMMERCIAL GRADE | MILITARY GRADE [ o
PKGS Voe = +5.0 V +5%, Voe = 45.0 V £10%,
OUT| 1. 50°C1to+70°C | Ta=-85°Cto +125°C |VYTE
. 7404PC, T4HO4PC
g'f’::‘lf) A |74504PC, 74504APC 9A
74LS04PC
Coramic 7404DC, 74H04DC 5404DM, 54HC4DM
o A |74S04DC. 74S04ADC  |54504DM, 54504ADM 6A
74L.5040C 54L5040M
'\ |74S04FC, 74S04AFC  |54SO4FM, S4S04AFM
' Flatpak 74LS04FC 54 SO4FM 3l
() B |7404FC. 74HO4FC 5404FM, 56H04FM

INPUT LOADING/FAN-OLIT: Sge Section 2

PINS 54/74 (U.L.) S4/7TAH (UL} | 54/745 {U.L.} | 54/74LS (U.L,)
HIGH/LOW HIGH/LQW HIGH/LOW HIGH/LOW
inputs 1.0/1.0 1.25/1.26 1.258/1.25 3.5/0.25
Cutputs 20710 12.5/12.5 25M12.5 10/5.0
(2.5




54/7406

HEX INVERTER BUFFER/DRIVER
(With Open-Coliector High-Voltage Qutput

ORDERING CODE: See Section 8

pin | COMMERCIAL GRADE |  MILITARY GRADE | .
E'f‘:‘(‘:} A |7408PC 9A
g;’;ig:c A |74080C 5406 DM 6A
Flatpak 1 A |7a06FC 5406FM 31

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

54/74 (U.L)

PINS HIGH/LOW
inputs 1.0/1.0
. Qutputs ac /10

A=3

CONNECTION DIAGRAM

GND

PINOUT A

-

L4)

M FLEFEFFELG

7

EIETEE B E E

al




54/7407

HEX BUFFER/DRIVER

ORDENING CODE: Ses Section

{(With Open-Collector High-Veltage Output)

pin | _COMMERCIAL GRADE| MILITARY GRADE | .

PREE Tour] D0 e | Tas s G0 r12sec |TYPE
g'f;f‘:'; A |7407PC | 9A
g‘:’;"{"r;;“ A |74070C 5407DM A
F'?;f“" A |7407FC S407FM 3i

NPUT LOADING/FAN-QUT: See Section 3 for U.L. delinitions

54/74 (U.L.)

PiNS HIGHA.OW
tnputs 1.0/1.0
0C** /10

Qutputs

CONNECTION DIAGRAM

PINOUT A

L
—

4 ¥ce

Y

Y

= [ & FF

—

v
Y
|

GND

~

te] Lo} [o] 5] &) ot




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

54LS/74LS08
QUAD 2-INPUT AND GATE

ORDERING CODE: See Section 9

CONNECTION DIAGRAMS
PINQUT A

GND

14 e

1&] 12

-

&
T

=loiciciaizis

0

DRCRERSHEE)

PIN COMMERCIAL GRADE MILITARY GRADE PKG
PKGS Voo = +5.0 V 5%, Voo = +5.0 V £10%,
ouy Ta=0°Cto +70°C Ta = -55°C to +125°C TYPE
Plastic A T408PC, 74HOBPC A
DiP (P 74508PC, 74LS08PC
Ceramic A 7408DC, 74H080CC 5408DM, 54H0BDM 6A
DIF Y 745080C, 74L508DC 545080M, 54L508DM .
A T408FC, 74508FC 5408FM, 54S08FM
Flatpak 74L.S0BFC 54L308FM 3i
) B I V4HOBFC S54HOBFM

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

PINS 54/74 (U.L.) S4/74H (U.L.) | 54/748 (U.L.) | 5454LS (U.L.}
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW
inputs 1.0/1.¢ 1.25/1.25 1.25/1.25 0.5/0.25
Qutputs 20/10 12.5/12.5 25/12.5 10/5.G
2.5

h=-5




54/7411
54H/74H11
. 548/74511
54LS/74LS11
TRIPLE 3-INPUT AND GATE

QRDERING CODE: See Section §

CONNECTION DIAGRAMS

PINOUT A

E = E\Fcc
] 13}
G 2]
d—| —
] i
a 7]
B o

pi |_COMMERCIAL GRADE |  MILITARY GRADE | .
PKGS Vee = +5.0 V 6%, Ve = +5.0 V £10%,
OUT| 1 o°Cto+70°C | Ta=-55°Ctlo+125°C | TYFE
Plastic A T411PC, TAH11PC 9A
DIP (P 74S11PC, 74LS11PC
Ceramic |, J74110C, 7am110C 5411DM, 54H110M oA
DIP (D) 745110C, 74LS11DC  |54S11DM, 54L8110M
Flatpak 74S11FC. 74LS11FC  |54511FM, S4LS11FM N
tF) B |7411FC, TaHtiFC 5411FM, S4H11FM

INPUT LOADING/FAN-OUT: See Section 3

for UL definitions

PINS 54/74 (U.L.) S54/7T40 (VL) | 54/748 (UL)) | 54/74L% {U.L.)
HIGH/LOW HIGH/LOW HIGH/LOW HIGH/LOW
inputs 1.0/1.0 1.25/1.25 1.25/1.25 0.8/0.25
CGutputs 2010 12.5/12.5 256/12.5 10/5.0
(2.5)

'1




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

ORDERING CODE: See Section 9

CONNECTION DIAGRAMS

PINOUT A

0 - [14] vee
] 13
we (] B
= e
& o
o g
ano 7] [1

b |_COMMERCIAL GRADE|  MILITARY GRADE |
PKGS Voo = 45.0 V £5%, Voo = +5.0 V £10%,
OUTH v - 0eC 1o +70°C | Ta=-55°GC to +125°G | 'FE
Plastic . | 7421PC. 74H21PC o
DIP (P TALS21PC
Ceramic |, |7421DC, 74K210C 54210M. 54H21DM A
DIP (D) 74L521DG 540521 DM
Fiatpak A | 7421FC, 74L821FC 5421FM, 54LS21FM o
F B | 74H21FC 54H21FM

INPUT LOADING/FAN-QUT: See Section 3 for U.L. detinitions

PINS 54/74 (U.L) 54/74H (U.L) 54/74LS (U.L)
HIGH/ALOW HIGH/AOW HIGH/LOW
inputs 1.0M1.0 1.25/1.25 0.5/0.25
Cutputs 20/10 12.5/12.5 10/5.0
2.8

A=TT




54/7432
545/74832
54L.5/741.832

QRDERING CODE: See Section 9

QUAD 2-INPUT OR GATE

PIN COMMERCIAL GRADE MILITARY GRADE PKG
PKGS Voo = +5.0 V £5%, Voo = +5.0 V 210%,
OUT| 1, 0°Cto+70°C | Ta=-55°Cto+128°C | "I C
Plastic A T432PC, 74532PC oA
DIP (P} 74L832PC
Ceramic A 1432DC, 748320C 54320M, 545320M 6A
DIP (D T4LS32DC 541.5320M
Flatpak A T432FC, 74832FC S5432FM, 54532FM 3t
(3] T4L832FC 54L832FM
INPUT LOADING/FAN-QUT: See Section 3 for U.L. definitions
PINS 5474 {U.L.) 54/745 (U.L..) S4/74LS (UL
HIGH/LOW HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 1.25/1.25 0.5/0.2%
Qutputs 20/10 25/12.5 10/5.0
2.5

CONNECTION DIAGRAM
PINOUT A

E"ﬁ vec
S

cicizicicicie
N EEEEE

GND




54/7438
541.S/74L.938

QUAD 2-iINPUT NAND BUFFER
{With Open-Collector Qutput!

ORDERING CODE: See Section 8

COMMERCIAL GRADE

MILITARY GRADE

PIN PKG
Paste A |7438PC, 741.538PC 9A
g:a':a(r[r;;c A |7438DC, 74L838DC 54330M. 54LS380M 6A
Flatpak A |7438FC. 74L838FC 5438FM. 54LS38FM 3l

INPUT LOADING/FAN-QUT: See Section 3

for U.L. definitions

PINS 54/74 (U.L.} 54/74LS {UL.)
HIGH/LOW HIGH/LOW
inputs 1.0/1.0 0.5/0.25
Cutputs OC™ /30 QG b
1.5

CONNECTION DIAGRAM
PINOUT A

14| Voo

ma[;mmmm
L[]
TS §EE

GO Y

=}




54/7474
54H/74H74
54S/74S74

54L.8/74L874

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, Clack trig-
gering occurs at a voltage tevel of the clock pulse and is not directly related
to the transition time of the positive going pulse. After the Clock Pulse input
threshoid voltage has been passed. the Data input is ioccked gut and informa-
tion present wilt not be translerrad to the outputs until the next rising edge of
the Clock Pulse input.

TAUTH TABLE Asynchronous inputs:

(Each Half) LOW input to Sp sets Q to HIGH levet
——— LOW input to Cp sets Q to LOW luvel
INFUT | OUTPUTS Ciear and Set are indepandent of zlock

@ tn @the Simultaneous LOW on Cp and Sp
o o a makes both Q and Q HIGH
H = HIGH Voltage Level
L L H L= LOW an!a;e Leval
H H L in = Bit lim# pafore clock pulse.

n + 1 = Bit {ime after clock puise.

ORDERING CODE: See Section 9

CONNECTION DIAGRAMS

PINOUT A
-
@0y [1] - [13] vee
0. EW}T ! 13] €cz
cP Ej_ro.c:: mez
§o:[4] rE cre
e [5] 0: CP; 1] 505
a3 cmSuzD_E:Bj 2
GND [7] QLJ—E B:
PINOUT B
CPIE CP: St 2] Son
o1 (2] | —ajo
o1 3] I%;G [12) &
vee [3] [11jGNo
Cor (U deorao——18 0
02 E 0; G EG{
er: T =57 50 5] See

pin | COMMERCIAL GRADE| _WILITARY GRADE | o
PKGS ' gup | Voo = 5.0V 5%, Ve = +5.0V £10%, | 1oon
ou Ta=0°C to +70°C | Ta=-85°C to+125°C
Plastic o |7474PC, 74HT4PC oA
DIP P 74S74PC. TALSTAPC
Cerarmic | 5 |7474DC. 74HT40C 5474DM, S4HT4DM oA
DIP (DI 74S74DC, TALSTADC | 54574DM, 54LST40M
Flatpak A [74STAFC, T4LSTAFC | 545T4FM, SALST4RM- |
7 B | 7474FC. TAHT4FC 5474FM, 54H74FM

LOGIC SYMBOL

4 4
S0 502
—tn ] i
—LP1 —CP:
CmQI jo— CD_‘Ozo—
¥ 7

Voo = Pin 14 (4]
GND = Fin 7 {11

L4

A" :! 0



54/7493A
54L.S/74LS93
DIVIDE-BY-SIXTEEN COUNTER

DESCRIPTION — The "33 is a 4-stage ripple counter coniaining a high speed
flip-flop acting as a divide-by-two and thtiree flip-fiops connected as a divide-
by-eight. HIGH signals on the Master Reset (MR} inputs averride the clocks
and force alt outputs to the LOW state.

ORDERING CODE: See Section 9

CONNECTION DIAGRAM
PINOUT A

COMMERCIAL GRADE

MILITARY GRADE

PiN PKG

PKGS | ooy };:c z °+c_=;,.?0v+ }+_r 05:!:.: T:'c : ; St%ot: 511;1::-0 TYPE
;‘Ifg"c‘:] A | 7493APC, 74LS93PC 94
gfé‘i”&'f A | 7493ADC, 74LS93DC  |5493ADM, 54LS93DM 6A
F‘?;i]’ﬂk A | T493AFC, 74LSO3FC  [5493AFM, 54LS93FM 3

ch- [T = 14} CPa
me. [ T3] ne
MR 3] [z a
ne (4] (1] o
ver 3] 10] GND
ne [ E]u.
we 7] ¥] .
LOGIC SYMBOL
ta —Of CRy
1 ¥ CP:
ME QO 0O
23 12 9
Voo = Pin
GND = Pin 10

MNC = Ping 4, 8,7, 12



7473

MODE SELECTION

RESET

PUT
INPUTS OUTPUTS

MRy MR2 [Qp @1 Q2 Qs

H H L L L L
L H Count
+ L Count
L L Count

H - HIGH Vollage Level

L

LOW volhage Level

A-1lla

TRUTH TABLE

QUTPUTS

COUNT On O Q2
Q L L. L i
1 H L L L
2 L H L L
3 H H L. L
4 L L H L
5 H L H L
[ L H H L
7 H H H L
8 L L L H
9 M L L H
10 L H L H
H H H L 4
12 L L H H
i3 H L H R
1“4 L H H H
15 H H H H

NOTE: Qutput Qo connected ta CPy.



548/74S113
54LS/74LS113

DUAL JK EDGE-TRIGGERED FLIP-FLOP

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

TRUTH TABLE

Asynchranous Input:

LOW input ta Sp sets Q to HIGH level
INPUTS | QUTPUT Set is independent of clock
@ tn @tn+1 In = Bul time bafore clock pulse.

tn « 1 = Bit lime alter clock pulse.
J Q H = HIGH VoHage Level

L= LOW W
L L On 'oltaga Level
L H t
H L H
4] H Qn

ORDERING CODE: See Section 9

CONNECTION DIAGRAM
PINOQUT A

&p D ——T - [12] vee
K\E [13] P2
o[ ICPK ‘ ke
s (Tl-dls1 KCPJ e
3] o o spb-{10] 805
0 [s o o EQ{
Gno [7] ae

COMMERCIAL GRADE MILITARY CRADE

PiN PKG
PKGS Voo = +5.0 V £5%. Voo = +5.0 V £10%,
OUT ! ¢ - 0°Cto+70°C | Ta=-55°Cto+125°3 | TYPE
Plaslic
e A |748113PC, 74LS113PC 9A
gﬁ;ﬂg;c A |745113DC, 74LS113DC |545113DM, 54LS113DM | 64
F'f;?a“ A |74S113FC, 74LS113FC  |54S113FM, 54LS113FM | 3l

A~-12

LOGIC SYMBOL

} Iy
a—{s % gl—s 1, %0 g}
1-olcP 13—olcP
2—k  ak-& Bk  ok-s
vee = Pin 14
GND = Pin 7



54/74123

DUAL RETRIGGERABLE
RESETTABLE MULTIVIBRATOR

DESCRIPTION — Each half of the "123 features retriggerable capability, com-
plementary dc {evel triggering and overriding Direct Clear. When a circuit
i5 in the quasi-stabie (deiayl state, another trigger applied to the inputs
iper the Truth Table) will cause the delay peried to start again, without dis-
turbing the outputs. By repeating this process, the output pulse neriod (Q
HIGH, G 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 2 inhibits
triggering. An internal connection from Gotothe input gate makes i. possible
to trigger the circuit by a positive-going signal on Co. as shown in the Truth
Tabie. For timing capacitor values greater than 1000 pF, the output pulse
width is defined as follows.

CONNECTION DIAGRAM

PINOUT A
—r

aly = E\,,_
87} [15]RuiCas

Cuf1] 73] ca

afa 13]a.

a: g (17},

e E] 1] G,

RonzCa{7] [10] .,

anofE] [5)A.

LOGIC SYMBOL

7 B
(158 (1)
tw = 0.28 RxCx (1.0 + 0.7/Ax) recn| e
Where tw is in ns, Rx is in k) and Cx is in pF. '
Q5011
TR
ORDERING CODE: See Section 9 102 g
o fo— 12041
PIN |_COMMERCIAL GRADE MILITARY GRADE PKG ..
PKGS Vec = +5.0 V £5%, Voo = +5.0 V £10%,
OUT | 1l 0eCto+70°C | Ta=-55°Cto+125°C | ' YPE
Piastic 1n
OIP (1 A |7a123PC 9B e
Ceramic
DIP (D) A |74123DC 541230M 6B Vee = Pin 16
= GND = Pin 8
f'::?ak A |78123FC 54123FM 4L




54/74125
54L.S/74LS125A

QUAD BUS BUFFER GATE

(With 3-State Outputs)

QORDERING CODE: See Seclion 9

COMMERCIAL GRADE

MILITARY GRADE

CONNECTION DIAGRAM

PIN E | pka
PKGS Voo = +5.0 V 5%, Voo = 15.0 V £10%,
OUT| o 0°Cto+470"C | Ta=-568°Cto+126°G | TTPE
Plastic
P A | 74125PC, 74L5125APC 9A
gﬁ;ﬁgr’ A | 74125DC, 74LS125ADC |54125DM, 54L5125A0M | 6A
F'?;f"“‘k A 174125FC, 74LS125AFC |54125FM, 54LS125AFM | 3

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

PINS 54/74 {U.L.) 54/74L.S {(U.L.)
HIGH/LOW HIGH/LOW
Inputs 1.0/1.0 0.5/0.25
Qutputs 130410 &5/15
50 {25147 .5)

A=14

H = HIGH Vollage Leval
L = LOW Vollage Level
X = Immatarial

Z = High impedance

PINOUT A
‘£ E - _‘T_‘lvcc
o] e
QE} _CEED
£ 170
S I
T Ly
GND 7] [d]o
TRAUTH TABLE
INPUTS | outpuT
[ D
L L L
l. H H
H X 2z



548/745138
54LS/74LS138
1-OF-8 DECODER/DEMULTIPLEXER

DESCRIPTION — The 138 is a high speed 1-of-8 decoder/demuliiplexer.
This device is ideally suited for high speed bipolar memory chip select ad-
dress decoding. The multiple input enables allow parallel expansion to a
1-of-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 dicde process for high speed.

* SCHOTYKY PROCESS FOR HIGH SPEED

* DEMULTIPLEXING CAPABILITY

e MULTIPLE INPUY ENABLE FOR EASY EXPANSION
® ACTIVE LOW MUTUALLY EXCLUSIVE OUTPUTS

QORDERING CQDE: See Sectiogn 9

CONNECTION DIAGRAM

PINOUT A
T

Ap | 1 - Evcc

a2 [¥5) 5o

a3 [12] &

& )0:

i [5] [12] &a

E:fs [77] 8.

8, [7] 10} Bs
sHo [E] 4] 5

piy |_COMMERCIAL GRADE| _MILITARY GRADE | .
pias | gur| doe=snvsh | ez novie v
g'ﬁf“ﬁ A | 745138PC, 74L5138PC 9B
gf’;g;c A | 745138DC, 74LS138DC [645138DM, 54L.5138DM | 6B
F'f;?a" A | 74S138FC, 74LS138FC  |545138FM, 54LS138FM | 4L

LOGIC SYMBOL

Qo O Oz O3 D4 Q5 Os Oy

TTTTITTY

15 14 13 12 11 10 9 7

Voo = Pin 16
GND = Pin @



TAUTH TABLE

74L5/138

ITT ITTT
ITT IT T
o IITT TaIT
-
g I 4ITI
51 o
aldjxrzzx TTITIT
Sixxx ITICT
Olzxzz ITTIT
o0
Slrrr ITIT
™
== ITIT
<= x 4dIX
[0 =)
AR 44X aX
z
Z|9]xx p g e A
W [=x T x J3 13
g | 1 x [ R |

A-15a

H = HIGH Vollage Lavel
L = LOW Vollage Leval

X = Immaterial



CONNECTION DIAGRAM

PINOUT A
1-OF-10 DECODER/DRIVER
iWith Open-Collector Outputs)
DESCRIPTION - The "146 decoder/dnvers are designed to accept BCD
mputs and provide appropriale ocutpuls to drive 7-segment numerical dis-
plays. All outputs remain OFF for ali invalid binary input conditicns. These T
dewvices are designed 1or use as mdicator/relay drivers or ag cpen-collector L] 16 vic
lagic circuit drivers, Each of the high breakdown (15 V! ocutput transistars &[] [13] A
will sink up to 80 mA of current, &:(3] mee
OJE EA?
~ + OPEN-COLLECTOR OUTPUTS 04[] [77] 44
« 80 mA CURRENT SINKING & [&] [31] Ou
* 15 V GUARANTEED BREAKDOWN 6] el os
oo ] #]a,
ORDERING CODE: See Section 9
PIN COMMERCIAL GRADE MILITARY GRAZE PKG
PKGS Voo = +5.0 V 5%, Voo = +5.0 V £12%,
out Ta = 0°C to +70°C Ta = -55°C to +125°C TYPE
Plaslic
DIP (P} A | TA145PC a8
Ceramic
DIP (D) A | 74145DC 541450M B8
ke
F";‘T?a A | 74145FC 54145FM aL
INPUT LOADING/FAN-OUT: See Section 3 for U.L. definitions
S4/74 (U.L.
PIN NAMES DESCRIPTION H!GHELOVJ
A - Ag 8CD Inputs 1.0/1.0
Op— Oy Qutputs {Active LOW QC /125

TOC - Gpen Collegton

LOGIC SYMBOL

15 14 13

An Ay Az

o
-1

—=

Q
=

- —L
» —O D
0—09
S o
o —of &
o -0 &
- —

A-16

» —O1Q

-
)
-
-



74145

TRUTH TABLE

Slrrrx TTXIr oI IIIZI
Slrrrr Txxx oxrxr TII T
wlrzrx H.HHL IXILIIT IIIXI
$SlTTTT IXTS ITIT XTI X
W.&a IXrfrI TIuLuEXL XTI ITIIXT
Alg|rzxr oxzxzx zxTr T
SIETT s TXTT IIIXT EILI
$]|EITa ITITII IXTXX XIIXT
SlE2ITX *XIII IIXX ITIZI
]« IIXT TXXI IITXI IXIIZI
|43 Jwa ITILTI IIIT
...._mo Ll daa TITIT s HHHH[
nwr G4 TT WS II ooIXT oI
FlaT ST 4TI XX 4aXaX

H = HIGH Joltage La:
L = LOW vgllage Leve

h=-1Ga



CONNECTION DIAGRAM

PINOUT A
- AP R i
54/74161 » 541.5/741. 516 e o
£
54/74163 ¢ 54L.S/741L.5163 el =
Pifa [EIL:B
SYNCHRONOUS PRESETTABLE e
BINARY COUNTERS "
cer[Fl et
cwo(¥] [F)es
DESCRIPTION — The '16% and "163 are hugh splled synchranaus modula-16 :;."_f"m."'g
binary counters. They are synchronously presettable for application in pro- or
grammable dividers and have two types of Count €nable inputs plus a Ter- LOGIC SYMBOL
minal Count output for versatihty in forming synchronous multistage
counters. The "161 has an asynchronous Master Resel inpul that overrides al e 3w s s
ather inputs and forces the outputs LOW. The "163 has a Synchronous Reset 'S EEE
input that overrides counting and parallel loading and allows the outputs to PEPo R B P
be simultanecusly reset on the rising edge of the clock. For functional ‘::‘:: .
description and detail specifications please refer ¢ the "160 data sheet. For 7 —{ce
S-TTL and LP-TTL versions please see the 9316 data sheet. ‘%‘ ‘i °| "I- “l

T W rn

* SYNCHRONOUS COUNTING AND LOADING A for 161 vec = Pin <6
* HIGH SPEED SYNCHRONOUS EXPANSION ‘SR for'163  Gag < Pin 8
* LS VERSIONS FULLY EDGE TRIGGERED

ORDERING CODE: See Section 9 STATE DIAGRAM
MMERCIAL GRADE|  MILITARY
pin |_S9 RY GRADE | . [} ol e~
PKGS Voo = +5.0 V 5%, Voo = 5.0 V £10%, |
ouT Ta = 0°C to +70°C Ta = «55°C 10 +125°C TYPE ¥ d]
1]
Plastic A |74181PC, 74L5161PC 56 ] G
DIP B TABIPC, TALS163PC o [}]
Ceramic A |74161DC. 74LS161DC  |54161DM, 54LS1610M 78 i
DIP (D 74163DC. 74LS163DC 1 54163DM, 54LS1630M @‘ﬂ*ﬁ“ﬂ*—fﬁ
Flatpak A |74161FC. 74LSIEIFC  [54161FM, 54LS161FM ol
iFi 74163FC, 74LS163FC | 54163FM, 54L51635M

A~17



54/74174
545/745174
54LS/74LS174
HEX D FLIP-FLOP

DESCRIPTION -~ The "174 is a high speed hex D fip-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 hasa Master Reset to simultaneously clear all flip-flops.

* ERGE-TRIGGERED D-TYPE INPUTS
+ BUFFERED POSITIVE EDGE-TRIGGERED CLOCK
= ASYNCHRONQOUS COMMON RESET

ORDERING CODE: See Section 9

CONNECTION DIAGRAM

PINOUT A

[T
ooz
ODE
%o
o5
o:E
@7

GND (8

6] v.s
EO&
@Ds
Em
[17] 0.
[11] 0y
[70) @5
5] cp

COMMERCIAL GRADE

MILITARY GRADE

PIN PKG
PKGS Vee = +5.0 V £5%, Voo = +5.0 V £10%,
ouv Ta=0°C to +70°C Ta = =55°C to +125°C TYPE
Plastic A 74174PC, 9B
DIP (P} 745174PC, 74LS174PC
Ceramig A 74174DC, 54174DM, | 68
CIP (D} 7451740C, 74LS174DC [545174DM, S4LS174DM
Flatpak A |F4174FC, 54174FM, .
{F) TASTY4FC, 74LS174FC [ 548174FM, S4LS1TAFM }

TRUTH TABLE

INPUTS OUTPUTS.
@tnMR=H { @ty
Dn Qn
H H
L L

tn = Bit lime balore positive-going clock 't;gnsition
tn « 1= Bit timer after positive-going clogk trafsition

., H = HIGH Voitage Levet
L = LOW Valtage Leval

218

LOGIC SYMBOL

8 11 33

LLL]

14

3
0o Dy Dy Oa Da
cp

3 —( ME

Go Q1 Q2 Gy Qu

Ds

s

BRBN

2 % T 102

e = Dim 18
Voo = Pin i

GND = Fin 8

|

15



54/74193
54LS/74LS193
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 ang Terminal Count Down outputs are provic ed which
are used as the clocks tor subseguent stages without extra togic, thus simpli-
fying multistage counter designs. Individual preset inputs allow it e circuits
10 be used as programmable counters. Both the Parallel Load (Fl.) and the
Master Reset (MR inputs asynchronously override the clocks. Foriunctional
description and detail specifications please refer to the '192 gata shest.

ORDERING CODE: See Section 9

CPUE
CPUE

GND 5]

CONNECTION DIAGRAM
PINQUT A

PtE e
a-{7]
OaE

[16] v
{75] Py
2] M
3] TE
2] TE..
7] AL
10] P

E]?:

Q. E
Q3 E

COMMERCIAL GRADE

MILITARY GRADE

§ TPy

§ =~ CPp

PIN PKG
PKGS Veo = +5.0 V 5%, Voo = +5.0 V 210%,
ouT Ta =0°C to +70°C Ta = -55°C o +125°0 TYPE
Flastic
DIP (P) A | 74193PC, 74LS193PC 0B
g?;a{rg;c A |74193DC, 74LS193DC  |54193DM, 54L.S193DM 68
Flia;;i:ak A | T4193FC, T4LS193FC §4193FM, 54LS193FM 4L

A~19

LOGIC SYMBOL

11 15 1 10 §

AR

PL Py P P2 P
TCy fO—12

TCa jO—13
o

Q;
6 7

HMA Ou O
2

14 3

1

Voo = Pin 16
GNE =Pin 8



CONNECTION DIAGRAM

PINQUT A
54L.S/74LS373 -
OCTAL TRANSPARENT LATCH oe L1 el vec

(With 3-State Outputs) Col isjor
K] [18] o7
0. {3} 57) 0
01[5] 18] 0
02 8] 5] 0s
Dz [7] Ebs
s [8] [13] D4
03 [¢] 1204
GND 1] TT]Le

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

data when Latch Enable (LE! is HIGH. When LE is LOW, the data tha: meets LOGIC SYMBOL
the setup times is jatched. Data appears on the bus when the Qutput Enable
{OE) is LOW. When OE is HIGH the bus output is inthe high impedance state.

® EIGHT LATCHES IN A SINGLE PAGKAGE T ‘; TL ‘i’ ‘1’ ‘l‘ T s
® 3.$TATE OUTPUTS FOR BUS INTERFACING Y
1 r 3 L] 5 L)
1—{LE
ORDERING CODE: See Section® -~ ' : 10| o€
piN [.COMMERCIAL GRADE| MILITARY GRADE | . . E'lu 0! T T °I °|5 °|'* O
PKGS Voo = +6.0 V £5%, Voo = +5.0 V £10%, 0 T S S A A
OUT| 'l 0°C 1o +70°C | Ta=-55°Cto+126°C | TYPE
Piastic [, )
- DIP (P A TALS373P : 9z
i Voo = Pin 20
gf‘,’f{'g;" A | 7aLsaranc 54.53730M 4E GND = Pin 10
F'f‘g’ak A |74Lsarsrc 54LS373FM 4F

LOGIC DIAGRAM

A-20



DS 4
1Ny
ouTy

ouT,
iNg
QUTy
GNOD

8T97 HEX TRI-STATE INVERTERS

=

o

Tt fen

nEC

DRCNORGRERGEONE

F=1~2

A-21

INPUTS | OUTPUT
DIS N ouUT
H X Hi-Z
L H H
L L L




825123  sean BIPOLAR  TRI-STATE PROGRAMMABLE ROM

DESCRIPTION

The 82523 {open Colector Quiputs) and the B25123
{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 custem patterns are
inunediately 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

U,n Do 0 s
iidp [1Fi) LLRY] b

G999y
P7ilY
NERNEEEE

42 2 B ARKAY

- 1 el | .1 U i i | i
IS D N T S I
P T 1) i 5t T3] 7 ]
Hy L Bz By By a, 8g 8
Vee = U161
GND =" {8}

INI = Denctes Pin Numbers

A-22

FEATURES

PNP INPUTS

BUFFERED ADDRESS LINES

ON THE CHIP DECODING

A CHIP ENABLE LINE

OPEN COLLECTOR OR TRISTATE CUTPUTS
DIODE PROTECTED INPUTS

® NOQ SEPARATE “FUSING™ PINS

BOARD PROGRAMMABLE

INPUT/QUTPUT SCHEMATIC DIAGRAMS

INPUT SCHEMATIC

Veo

OUTPUT SCHEMATIC

CE

825123




_ g208 18287
8-BIT PARALLEL BIDIRECTIONAL BUS DRIVERS

# Data Bue Buffer Driver for MCS-GS“:.‘ m 3-State Quiputs
MCS-80™, MCS-85T™, and MCS-48T

Oriving System Data Bus

& No Qutput Low Noise when Entering
e Fuily Parailel 8-Bit Transceivers or Leaving High Impedance State

208
The -and 8287 are 8-bit blpolar tranaceivers with 3-state outputs. The 8287 inveris the Input data ai ita outputs
whila th98 20 goea not. Thus, & wide varialy of applicatlons for bufterlng in microcomputer systams can be met.

PIN CONFIQURATIONS LOGIC DIAGRAMS
8208

Aa] [1vec
LInE] sl
Azl [
L m L] slH
[ ¥ia | ,’:Ila
A0 sih
a7 i}
Arfle ) %a
Mi)e aLi

1
2
3
‘.
&
.
'
.
*

P
L)

PIN NAMES

Ag-Ay [ LOCAL BUE GATA
ﬁ-lr TYRTEN BUS DATA

QUTPLT ERANLE
X TRANRMT

.




intel

8257/8257-5
PROGRAMMABLE DMA CONTROLLER

a MCS-85™ Compatible 82575 a Terminal Count and Modulo 128

Outputs
4-
= 4-Channel DMA Controtler a Singie TTL Clock

w Single + 5V Supply
= Channel Inhibit Logic u Auto Load Made

m Priority DMA Request Logic

The Intal®* 8257 is a 4-channel giract memory access (DMA} controlier. It is spacitically designed 10 simplify the
transter ol data al high speeds lor the Intel®* microcomputer syslems. ts primary funclion is to generais, upon a
poripharal request, a sequential memory addrass which wili allow the peripheral (o read or write data dlrectly to or
from mamory. Acquisition of the system bus In accomplished via the CPU's hotd tunction. The B257 has priority logic
that resolvas the paripherals requests and iasues a composite hold request 1o the CPU. Il mainiains the DMA cycte
count for each channal and cutputs a control signal (o notlty the paerlpheral that the programmed numbear of DMA
cycles ls comnpiete. Other output control signatls simpilty sectored data tranefers. The 8257 represents a significant
savings In componant count for DMA-based microcomputer syatems and greatly simgiifias the iranster of daia at
high speed betwesn peripherais and memories.

PIN CONFIGURATION BLOCK DIAGRAM
I e W e
WOR] 1 40 A,
vowl] 2 wl1a,
memnt] 2 L ST ™
mewmwila 1z 1A, — T T omas
— n
MaRE[F s [T o, 0 <I> °:J: <::> :‘/’ ".'
te T AQDR
ALADYf e [y BUEFLR ! —] cwrm | bale b
LI & A,
AusTai e 1l 7 [ SR
s
Atn(]e stlite b H - --n-”----*—. M ft—r- DD
wroilw nFlvee [T ., ; — i
asln 30, LGN ) < e e __:::> ‘:‘;‘
[AT e I ¥ F.) ?u. .- ptef CHTA v DaZn 1
mise1lf o w{ia, ALKET i ::aTaa T
vacw 3] 1 1o, m:hé
Dace 30] 1% o, ] CH3 P GRU
wAp A . » [IoACK b Ay e .. N "
L. - Ay ) ant
ona (] 1y 24 [1pack " ADOA
[FUTPRER RTY n[la, + =l CFR e (alK ]
oaool] 1o n[lo, ' a___.__.....__._j [ S A |
G [ n{lo, "y
- - i w1 |=—DRo3
L]
Ay < > wt
PIN NAMES &y — ) ADCR :
CONINOL + cnen |- Sakn 3
Py R — ] e
[or o T[muaus 1 wER ACORESE ENARLE AKAGY Fov T
T hy gt ALHIRE 55 S5 T ADETH ADDRESS STHORE wORE '
ORI REaD T TEAMINAL COUKT ne s M
TR O wAITE TMARK MOBULO 120 MARK i — L raomery
THER [ MEMOR Y READ DR, ORGy | DMA REGUEST W ———y hEsDLVIR
ST [wemoRy waITk nrut W =) !
Férk  Teiook ieut :_ﬂh,bic-t. o-:]t?cumumt YTV S—
; LTI proety RS
TRESET | RESET iNwisT .3 Wl ARAL
e . CHIP SELECT
!'gnmr READY e RV [y — i [ _fous
’_nno WOLD B EQLEET l—-——n - CROURD AR
Lo itowoma | LOK =
rmoa THOLD ACANOWL L DGE
! b iFROM mwga 1

o

2-23



825718257-5

FUNCTIONAL DESCRIPTION

Qenarsl

The 8257 & a programmable, Direct Memory ACCass
(DMA) device which, when coupled with 8 singie intel®
8212 WO port device, providas a complete four-channel
CMA controlier for use in Intel® microcomputer systema.
After being initialized by aottware, the 8257 can transter g
black of data, containing up to 16,384 bytes, belwsen
memory and a paripheral device directly, wathout further
intervention required of the CPU. Upon receiving a DMA
trangter request from an enabled peripheral, tha 8257

1. Acquires control ol the sysiem bus.

2. Acknowledges that requesting peripheral which is
- connected 10 tha highesl prigrity channel.

3. Outputs the leasi signiticant eighl bita of 1he memory
address onto syslem address lines Ap-Asz outpuls
ths mast significant ewght bils of the mamory address
to the 8212 VO pon via 1the dala bus (the 8212
piaces these address bils on lines Ag-A,g), and

4. Generates the appropriate memory and 1/0 read/
wiile control signals that cause the peapharal 10
receive Or deposit a datla byte directly from or to the
addressed localion in memory.

The B257 witl retain control of the syatem ous and repeal
tha transter sequence, as long as & peripharail maintains its
[IMA request. Thus, the 8257 can transter a bioch of data
10/from & high speed peripharal (e.g., a sector of dataona
ficppy disk) in a single "burst”. When the specified
aumber of dala bytes have beon transferred, the 8257

activales its Tarminal Count {TC) output, informing the

CPU that the operelion is complels.

The 8257 cffers three dillerant modes of operation:
{1} DMA read, which causes dats to be tranaterred from
memory 10 a peripheral; (2) DMA write, which causes
data to be wransferrad from a peripheral 10 memory;
and (3 DMA venty, which doss not actually involve tha
tranglar of dale When an 8257 channel 15 in the DMA verity
mode. it will respond the same as deacribed for iransler
operationa, except that no memory or /0 resd/writa
conty¢l signels will be generaled, thus preventing the
translar of data. The 8257, however, wili gain ¢control of the
system bus and will acknowledge the patipheral's DMA
request tor each DMA cycle. The peripheral can useihese
acknowledge signels o enable an internal access of each
byte of a dala block in order 10 execute some verification
procedure, such as the accumulation of a CRC {Cyclic
Redufidancy Code) chackword. For example, a block of
DA verity cycles might Joilow a block of DMA read cycles
{memory to panipheral) to adow the peripheral to verify its
nawly acquired gdals.

A-24

Block Diagram Descriplion
1. DMA Crannels '

The §257 provides tour saparate DMA channgls {labeled
CH-0 to Ci4-3). Each ¢hannel includes two sixtean-bu
registers: (1) a DMA address register, and {2) & 1ermi-
nal count ragister. Both registers must be wnitialized
belore & channal is enabled. The DMA address regisier s
ioaded with the address of the firsl méamory location 10 be
accessed. The vaiue 1oaded intQ the iQw-order 14-bis of
the 1erminal count register specitigs the number ot OMA
cycles minus one before the Terminal Count (TC) culput
is activated For instance, & terminal counl of § would
cause tha TC outpul 10 e active in the first DMA cycle for
that channel. In general, it N = the number of desired DMA
cycles, (0ad the value N-1 into the low-order 14-bils of the
terminal count registar, The most sigrificant two bits of the
terminai count register specify the type of OMA oporslion
tar that channel.

Figure 1. 8257 Block Diagram Showing DMA
Channeis



82578257 5

These two bits are not moditied duning a DMA cycle, but
can be changed betwean OMA blocks.

Each channet accepis 8 DMA Request {DRQ#A) input ang
proviges a DMA Acknowledge (DACKN) output,

{ORQ 0-DRQ 3)

DMA Request. These are individual asynchronous chan-
nal request Inputs used by 1he peripherais to obtain a DMA
cycle. If not in the ratabing prionty mads then DAQ 0 has
the highes| priorily and DRO 3 has 1he lowest. A requast
can be generated by raising the request line and holdwng it
Righ until DMA acknowledge. For multiple DMA cycles
{Burst Mode} the request ling i3 held high unitil the OMA
achnowledge of Lhe last Cycle armves.

(CACK 0 - DACK 3)

DMA Acknowtedge: An aclive low level on tha acknowl-
edge outpul informs the peripheral connected 10 that
channel (hat it has been selacted for a DMA cycie. The
DACTR output ucts as a ““chip seiact™ tor 1he perlpheras
devica requesting service. This line goes active {low)

and inactive (high}once tor each byte transterred avan i
a burst of data is being transferred.

2. Dala Bus Buller

This Inree-stata, bi-directionat, aight bit buffer interfaces
the 8257 to the aystem data bus,

(Do~03)

Data Bus Lines: These are bi-directional threg-state lines.
Whsn the 8257 15 being programmed by the CPU, eight-
bits of data for a DMA address register, & tarminal count
register or the Mode Set rogister are raceived on (he data
bus When the CPU resds a DMA address register, a
terminat count registar or the Status register, the data 13
sen! 1o the CPU over the data bus. During DMA cycles
iwhen the 8257 is the bus master}, tha 8257 wili cutput ihe
mog significant aighi-bita of the mamaory addaress itrom
one ol ihe DMA addraess registars! to the B2121atch viaihe
data bus. Thesa address bits will be transferred at tha
beginning of the DMA cycie, the bus will then be released
to handle the meamory data transfer dufing the beiance of
the DMA cycle.

BIT 15 BT 14 TYPE OF DMA OPERATION
] Q Verily DMA Cycie
4] 1 Wrile DMA Cycie
1 0 Read DMA Cycle
+ 1 1 (Hiegal)

-

ST __"'.'-:_.'»‘ .
RGO TR AT TR+ ST T NS Y PP )

Flgure 2. 8257 Block Diagram Showing Dats Bus
' Butler
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3. Asad/Write Logic

When the CPU i3 programming or reading one of the
B8257's registers {l.e., whon the 8257 is a "slave" davice on
the system bus), the Read/Wrlte Loglc acceps the O
Read {IFOR) of HO Wrile (TOW) algnat, decodes the leas!
gignllicant touwr sddress bis, (Ag-Aj), and either wriles
the conlenls of the data bus into the addreased register
{It IFOW is true) or places the contents of the addressed
registar onto the dala bus {it [[TOR ia true).

Ouring DMA cycles {ie., when the B257 s the bus
“masier”), the Read/Write Logic genarates the 1/0 read
and maemory wnte (DMA wiite cycle) or /0 Write and
memory read (OMA read cycie) signats which control the
data link with the peripheral that has been grantad the
DMA cycile,

Note that dunng OMA translers Non-DMA 110 devices
should be de-selected (disabled] using "AEN" signai to
inhibit 1/Q device decoding of the memory address as an
arrongous device address. :

(i/GA}

170 Read An active-iow, bi-directional three-state lina. in
the “slave™ mode, it i5 an input which aliows the 8-bii
slatus regisier or the uppardower byte of a 16-bit DMA
address fegistar or terminal count register (o be read. In
tha “master” mode, 1/OH is a contral output which is usad

to access dalg lyorn a periphers) during the DMA wrile
cycla.

(oW

170 Writa: An active-iow, bi-directional three-state line. In

1he "siave” mode, it is an input which allows the conients
of the data bus 10 be loaded into tha 8-bil mode sel register
or the upper/lowes byte of a 16-bit DMA address register
or lermingt count regislar. In the “master” mods, i7OWis a
conirol outpul which allows data 10 be outpul to a
parnphesal during & DMA read cycle.

{CLK)
Clock Input: Generally trom an Inte)® 8224 Clock Gen-
arator device, (¢2 TTL} or intel® B085A CLK output.

(RESET)

Reset: An asynchronaus input heﬁerally from an 8224
or BOBS davice) which disables all DMA channels by
clearning the mods register and 3-atatas all controt lines.

{Ag-Ay

Address Lines: These least signiticant tour adadress lines
ara bi-direclional. In the “siave” mode they are inputs
which sselect one of the registers 1o be read or
programmed. ln the "master” mode, Lhey are ouiputs
which constitute the least signilicant tour bits of the 16-bit
memory address genaraleg by the §257

(CS)

Chip Selecl. An active-low mnpul which enables {he 110
Aead or I/0 Wnta input when the 8257 15 being read or
programmed in the “slave” mode in the "masler” mode,

cS s autamatically disabled to preven! the chip from
salecting itseif while performing the OMA lunclion

™
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Figure ». 8257 Block Diagram Showing
Read/Write Logic Function
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4. Control Logic

This btock controls the sequence of oparalions dunng al
CMA cycles by generating the appropnale control signals
and the 18-t address that specifies the memaory locaiion
10 be accessed. '

{Ag-Ag)

Address Lines’ These four address lines are three-state
outpuls which constitule bils 4 through 7 of the 16-bn
memory address generated by the 8257 dunng all DMA
cyglas

(READY)

Ready This asynchronous input is used 10 elongale the
mamory read and wriie ¢ycles n the 8257 with wail stales
f the selgcted memory requires longer cycles.

{HRQ)

Howd Request  This outpul reguests control of the syslem
bus. In systems with only one B257, HRQ will normally be
spphed 10 the HOLD input on the CPU.

(HLDA)

Hoid Acknowtedge: This input ram the CPU indicates
that the 8257 has acquired control of the syatam bus.

(MENMR)
Memory Read. This active-iow three-state output i5 used

to read dgata rom the addressed memory location during
DOMA Read cycles.

(MEMW)
Memory Wrile. This active-iow three-state output is used

to wrile data inta the addrassed mamory jocation during
DMA Write cycles.

{ADSTR)

Addrass Sirobe: This output sirobes 1he most significant
byte of the memory address inte the 8212 device from the
dath bus.

{AEN)

Address Enable: This oulput i3 used to gisable itloat) the
System Data Bus and the System Conltrof Bus. It may also
be usad 1o disable figat! the System Address Bus by use
ot an enable on the Address Bus drivers in gystems (o
Smhibit non-DMA devices from responding during DMA
cycles. it may ba lunther used Lo isolate the 8257 data bus
trom the System Dala Bus to tacilitate the tranafer ofthe §
most significant DMA address bits over the 8257 data /O
pins without subyjecting the System Data Bus to any
Lming constrainis tor the tranafer. When the 8257 is used
noan /O device structure ias opposed to memory
mappad:, this AEN output Bhould be used to disable ihe
selection of an 1/0 device when the DMA address is on tha
address bus. The /0 device selection shauld be

determined by the DMA acknowledge outputs for the 4

channals.

A-2

{1C}

Terminal Court. Truis oulpul natihes the currently
selgcted penphersal 1hal the present DMA cycle shouid ba
the tasi cycle for this data block It the TC STOP bit in the
Mode Set ragister 1s 3et, the seiected channet will be
aulomaticaily disabiad at the and of that DMA cycie. TCis
activated whan tha 14-bit value in the selecied channel’'s
terminal count register equals zero. Recalf Lhat the iow-
orger 14-bils of the 1erminal count register should be
toaded with the valuas (n-1), where n = the desired number
of the DMA cycles.

{MARK)

Miduio 128 Mark. This cutpul notfies Lhe selected
pasipharal ihat the current BMA cycle s the 125th cycle
s5i.cae the previous MARK gutpul. MARK always OLCurs at
123 {and at} mutlipies ot 128) cycles from the end of the
data biock. Oniy if the tolal number of DMA cycles [n) s
evenly divisable by 128 (and the termunal count register
was toaded with n-1}, will MARK accur at 128 {and each
succeeding mulbpie of 128) ¢ycles trom the beginning ot
the data block.
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Figure 4. 8357 Block Diagram Showing Coatrol Loglc
and Mode Sat Register



8257i8257-5

5. Mode Sel Regisiar

when sel, ths vanious bits in the Mode Set register anable
each of the lour DMA channeis, and ailow four dilfereny
aplions lor tha 8257:

! L] TN A B 1 i
Eombies ALFOLOAD-—
Enables TCSTOR - — - -

Erabbs EXTENDEO WHITE - - -
kostbe ADTATING FHIODHITY - s

Ensaies OMA Channgd O
— Erables DMA Chanret 1
br—r——— Erabta OMA Cranne 3
b e s im bt DA Chpnrad 3

The Made Set register is normally programmed by the
CPU aftar the DMA address registeris) and terminal
count register(s} are initiahzed. The Mode Set Register is
cleared by the RESET input, thus disabling ali oplions,
intibiting alt channais, and preventing bus conlticts on
power-up A channel should not be left anabled untaess ils
OMA acdress and lermimal count regisiers contain vakid
values, otherwise. an inadvertent DMA request (DRQR)
from a peripherat could initiate a DMA cycie that would
destroy memory data. : '

The vanous oplions which can be enabled by bils m the
Muode Set ragisier are explawned below:

Rotating Priority Bit 4

In the Rotating Priority Mode, the priority of the channeis
has & circular seguence. Alter each DMA cycle, the
prority of each channel changes. The channei which had
just been serviced will have the iowes! priority.

itthe ACTATING PRIORITY bit 15 nod set (301 to & zero),
each DYA chanael has a hced priocity. In the fixed priority
made, Channel O has the highes! priosity and Channel 3
has 1he lowost preordy 11 the ROTATING PRIORITY bil s
sel to a one, the prontly ol each channei changes alter
aach DMA cycle (not each DMA request). Each channei
noves, up to the next highest priordy assignment, while
the channel which has (ust been serviced moves 10 the
iowest priordy assignment.

CHANNEL—® | CH-0|CH-1|CH-2!ICH-3
JUST SERAVICED

Priority —m- Highes! CH-1|CH-2}CH-3 |CH-0
Assighmenia CH-2 |CH-3]CH-6 |[CH-1
|CH-3|CH-8|CH-1 [CH-2

Lowast CH-#|CH-1|CH-2 |CH-3

Note thai :otating priority wiil prevenl any one channel
from monupollzing tha DMA mode, conseculive DMA
cycles wili service difterent channeis 1t more than one
channel is enabied and srequesling service. There is no
overhead penally assotCialed with this mode of opeja-
tion. Ali DMA operaticns began with Channai 0 nitiaily
assigned to the highast paanty tor the lirst DMA cyclo.

Extanded Writs Bi &

1 the EXTENDED WRITE it 15 sel. lhe durgtion o1 bolh the
MEMW and I7OW signals is extendad by activahing them
garier in the DMA cycie. Dala translers wrthin micra-
computer systems proceed asynchronously 10 allow
use of varous types of memory and {/Q devices with
ditlerent access times, If a device cannot be accessed
within @ specific amount of ime it relurns a “"not ready”
ingication {0 the B257 that causes the B257 1oin3ert ane or
mara wait states 11 118 Inlernal sequencing. Scine devices
are fast enough to bs accessed wilhout the use of wait
states, but if they generate ihewr READY rasponse with the
leading edge of tha JOW or MEMW signal (which
penerally occurs lalg in the transler svquence) lhey
would normally causa the 8257 to enter B wisl $lale
because it doas not receive READY in time. For sysiems
wilh these types ol devices, the Extanded Write option
provides alternative timing 1or the 1/0 and memory wrile
signais which aliows the devices 1o return an early READY
and pravents the unnecessary pccurrence Gf wad statesin
the B257, thus increasing system ihroughput.

TC Stop Bil 8

It the TS STOP ot 1s se1, a channel 15 disabled (&, 113
enaple kit 15 reset) alter the Tevminal Count (TC) culput
goes true. thus automatically preventing turther DMA
cperation on that channegl, The enable ot for that channe!
musl be re-programmed to conlinue of begin anothar
DMA operation. i the TC STOF it 15 not set, whe
occurrence ol 1he TC cutput has no effect on the channel
anabte bits. in this case, it1s ganerally the responsibiiny of
Ihe peripheral 1o cease DMA requests it order toterminate
a DMA operatian.

Auit Load Bit ¥

The Auto Load mode permits Channel 2 1o oe usod lor
ropoat block or block chamung oOperabions, withaul
immadiate soltwara intarveniion between blocks Chan-
nel 2 registers are iniliahzed as usual Ior tha hirst data
lock; Channol 3 registers, however, are used 10 5lore the
block re-initiaiization paramelers (DMA starting address.
terminal courd and DMA transter mode) Atter the first
block of OMA cycles is executed by Channel 2 (1.e., after
the TC output goes true). the paramelers slored in the
Channal 3 regisiors are transferred to Channel 2 durnng an
"update” cycla. Note that the TC STOP featurg, described
abova, has np eftecl on Channal 2 when the Aulo Load bit
is s6i.

A-28
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If the Aulc Load bit 13 se!, the imtial parameisrs lor
Channael 2 are automatically duplicatad in the Channel 3
ragisters when Channgl 2 is programmed. This parmits
repeat Block operations to be aal up with the programming
of a single channal. Repeat biock oparalions can be used
in applications such as CRT refreshing. Channels 2 and 3
can siiti be loaded with saparate values « Channel 2 18
loaded batore loading Channet 3 Note Lhat in the Auto
Load mode, Channel 3 is still available to the user if the
Channel 2 anable bit 15 set, but use of this channel will
change the vatues 10 be autc ioaded into Channel 2 a1
update time. Ali that is neceasary 1o use the Auto Load
feature for chamning operations 8 10 reload Channsl 3
registers at the congiusion ol sach update cycie with the
new paramsters tor the next data block transter.

Each time ihat the 8257 enters an updata cycie, tha update
flag in the status register is sel and paramelars in Channe)
3 are transterred 1o Channei 2, non-dastructively for
Channel 3. The actual re-initialization ot Channel 2 gccurs
ai the baginning of the next channel 2 DMA cycle atter the
TC cycle. This will be the first DMA ¢ycle of the new data

" block tor Channat 2. The update lag is cleared et the
conclusion of this DMA cycie, For chaining oparations,
the update flap in the siatus register can be monitored by
the CPU 1o determine when the re-initialization process
has baen completed 30 that the next block parametera can
be safely loaded into Channel 3.

8. Status Regiater

The eight-bil status register indicates which channels
have reached a terminal count condition and includeathes
updcate flag described previously.

I L] L] 4 1 F A | i}
Gofofel P I 11 G

*' ! E ‘ t—- 10 STATUS FOR CHAMNEL O

woatEFLa | 1 L HCSTATUS FOR CHANNEL

{ L 1E STATUS FOR CHAMNLY 7

- 10 STATUS FOR CHANNLYL ]

The TC stalus bits are sel whan the Terminal Count {TC}
output is aclivated tor that channel. These bits remain set
until the stetus register is read or the 8257 15 resel. The
UPDATE FLAG, however. is not alfected by a status
register read operation. The UPDATE FLAG can be
cleared by resetting the 8257, by changing1othe non-aulo
lpad mode (i .. by resetung the ALTO LDAD bit in the
Made Set regester) or it can be left to clear usell at the
cempiglion of the update cycle The purpose of the
UPDATE FLAG is 10 prevent the CPU from inadvertently
skipping & data block by averwriting a starting address or
termingl count 0 the Channel 3 ragislers before those
parametars are properly aulo-loaded into Channel 2

The user |8 cautioned against reading tha TC status
register and using this information to reenable chan-
ne!3 that have not compisled operation. Uniess Lhe
Dk A channels are inhibited a channe! could reach tes-
ml &l count (TC} betwean the slatus read and the mode
wriig. DMA can be inhibited by a hardwara gaie on the
HF.Q line or by disabling channals with a mode worg
betoro teading the TG status.

-

PARAMETERS |, o |PARAMEYERS
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Figure 5. Autoload Timing
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OPERATIONAL SUMMARY
Programming and Reading the 8257 Reglsters

There are lgur paws ol "channel registers™ each par
consisting of a 16-bit DMA address register and a 16-bit
terminai count regisier (one pair tor sach channel). The
8257 also includes two “genoral registers’: one 8-bit
Mode Sat register and one 8bit Status register. The
ragisters are loaded or read when the CPU executes a
write or read insiruction thal addresses the 8257 device
and the appropriate register within the 8257, The 8228
generatles \heé appropriate read or write controt signal
igenerally I/OR or 1/70W while the CPU places a 16-bit
address on the sysltem address bus, and either cutputs the
data 1o be writtan onlo the sysiem dala bus or accepts the
dats being read from the dala bus. All or some of the most
signihicant 12 address bits A.A s (depending on the
systams memory, t/Q conliguration} ere usually decaded
to praduce the chip aelect (6‘31 inpul to the 8257 An /O
Wrile inpul [or Memory Write in memagry mappad O
conhigurations, described below} specifies that the
addrassed register 15 to be programmed, while an /0
Read input (or Memory Read) specilies that the addressed
ragister is to be read. Address bit 3 specifias whather a
“"channal ragister” {A; = 0} or the Mode Set [program
only)/Status [read only) register (A} = 1)1310 be Bccesasd.

The teast aignificant three address bits, Ag-A;, indicatathe
spacific register to De accessed. When accessing the
Mode Sel or Status register, Ag-A: are &ll zerc. Whan
accessing a channet register bit A, differentiates between
the DMA address register {Agy = Q) and lthe terminal cound
ragister (Ag = 1), while bits A, and A; specify one ot the

8257 Register Selection

CONTROL INPUT €s oW | 1/0R A3
Program Hall of » 0 0 1 0
Chennet Register I T R R
Read Halt of & 0 1 o ioo
Channel Register | | . ———
Program Mods Set 0 o 1 1
Ragister N I DR -
Resd Blatus Reglater 8 0 I A T

tour channels. Because the “"channe! registors” are 16-
bits, twe program struction cycles are required 1o load
OF roRd an entre register. The 8257 contains 3 first/las!
{F/L} Hip llop which togplas at the completion of sach
channet program or read operation. The F/L Hip tiop
determings whether tha upper Or lower byte of the ragister
5 g bo accessed. The F/L flip flop s rese! by the RESET
nput and whenever the Mode Set registes 1s loades To
maintain proper synchronmization when accessing the
“channel ragiuters” a8l channgl command nslruction
oparations should occur in pairs, with the lower byte of a
register always baing accessed hrsi. Do not allow TS to
clock while either I7OR or IFOW (s active. as this will cause
an grroneous F/L flip Nop state. in systems ulihzing an
interrupt structure, interrupts should be disables pHor {a
any paired programming operations [0 preveni an
intarrupt rom spiitting 1hem. The resull of Such a splvt
would laave the F/L F/F inthe wrong slate This problem s
parficutarly obvious when other DMA channels are
programmed by an interrupl structura.

ADDRESS INPUTS DATA BUS
REGISTER BYTE Ml mla ™ loedlofo]n o] oo
CH-0 DMA Addreas 158 a o ] o a A Ay A Ay LY Ay Ay LM
M58 9 @ -} o 1 A [ A | A A T AL | A | A Ay
CH-0 Terminal Counl L80 -] 0 0 1 [ Cr |G | €| Ca € | & G | Cn
M&B -] ] ] 1 t Ad | Wr | Cn | G 1CH 1 Qo | Co Ch
CH-1 DMA Add B
e lL.lssa : : : : ‘: Bai 1o an Channel O
CH-1 Termbnal Count L58 -] L:] 1 1 [}
MiB a a ] 1 1
-2 0N Addinas - B I I I SR 3 PO P
CH-2 Terminei Counl %1 ] 8 1 ] 1 L}
. M3 o |18l 1
CH-3 DMA Addrese LEE : : ‘: g l: Samu us Chuansl 0
G- Torminal Count LR :] 1 1 1 ]
MEB ] 1 1 1 1
MODE SET (Program only) - 1 |atelo s AL [TCB | Ew | RP | EN3 |ENZ | ENt {ENG
STATUS (Mead sniy) - 1 [} o -] ] ] Q L] UP [ TC3 | TC2 | TCY | TCO

“Ag-Ayy. DMA Starhing Address, Co-Ciy Terminal Count value (N-1), Rd and Wr: DA Viesily (00]. Write (01) or Read {10) cycle selactan.
AL Auto Lomd, TCS: TCSTOP, EW: EXTENDED WRITE, RP: ROTATING PFRIQRITY, ENMEND. CHANNEL ENABLE MASK UF UPDATE

FLAG, YC3-TCO: TERMINAL COUNT STATUE BITS.

A-3C
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S
DM A OPERATION
Single Byte Transters

A single byte transier is witiated by the HO device rais-
ing the DRQ Line of one channal of tha 8257_If tha chan-
nel 15 enabled, the 8257 wili outpul a HRQ {0 the CPU.
The 8257 now waits untii a8 HLDA is received insuring
thal the sysiem bus is tree for ifs use. Once HLDA is
receivad the DACK lina tor the requesting channel is ac-
tivated (LOW). The SATK line acts as a chip select for
lhe requesiing WQ device. The B257 then generates the
.

read and wrile commands and byte ranster occurs b
tween the selecled 10 device and memory. Alter the
wranster is compilete, the BACK iine is set HIGH and the
HRQ lina is sei LOW 10 indicatle to the CPU that 1he bus
18 now Irge 1or y3e. DRC must remain HIGH until DACK
15 455064d to be recagnized and must go LOW belore 54
of the transier sequence o pievent ancther transfer
{rom occuring. (See iming diagram.)

Conseculilve Transtars

It more than one channal reQuests saniice SiMullaneous:
ly, the transfer will occur (n the same way a burst does.
No overhead s incured by switching from one channal
{0 angther. In sach 54 the DRQG lines are samplad and
the highest priority request is 1ecognized dunng the
nexl {ranster. A burst mode transter in a lower priorily
channei will be overcdden by a higher priofity request.
Once the high priority tranater has compisted control
will return to the lowers priority channel o 1ts DRQ is a1l
acllve. No extra cycles are needed 10 execuls this se-
quence and the HRQ line remains active until all DRQ
llnas (Jo"LOW.

Cantnd Override

The continuous DMA transfer mode described above
can be interrupied by an axiernal davice by lowering the
HLDA line. After each DMA transis: the B257 samples
the MLDA line to insure that if is still active. If i1 is nol
active, the 8257 completes the curreént transter, releasss
the HAQ line {LOW) and relwrns 10 the idia stale. il DRQ
lings are siill active the 8257 will raise {the HRQ lins in
the third cycle and proceed normaily. (See timing
diagram.}

Not Ready

The B257 has a Ready input simitar 10 the B0BOA and the
BOBSA. Tha Ready iine is sampled in State 3. H Ready is
LOW the 8257 entars a wail stale. Ready 1s sampled dur-
ing evary wail siate. When Raady taturns MIGH the 82567
proceeds to Slate 4 to complate the transfer. Ready is
used lo intertace memory or /O devicgs thal cannot
meet the bus set up Limes required by tha 8257

Spesd

The 8257 uses four ciock cycles (o transter a byta of
data. Na cycles are 1ost in lthe masier 1o masier lransler
maxirizing bus etliciency. A MMz ciock input will
aliow the B257 to ransier at a rata of 500K byles/second.

Mem:ry Mappad KO Conligurations

The 257 can be connecied 1o the System Dus 45 a memaory
device instead of as an 110 device lor memory mapped /O
contigurations by connecting the system memory conirol
nes to 1the 8257's 1/0 conirod hnes and the system /O
control hnes to the B257's mamory control lines.

This cenfiguration permits use of the B080's considerably
iarger repartore of memory INSruCLONs when reading or
loading the &257's registers Nate that with ths

,.connecuien, the programming of the Road (it 15} and
"Write {bit 34) bis in the lerminal count register will have a
ditferent meaning:
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ABSOLUTE MAXIMUM RATINGS®

Ambient Temperatuse Under Bias. . . . . .. .. 0°c 10 }0°C
Storage Temperature . .. .. .. ... ... ~65°C to +150°C
Voltage an Any Pin

With Respect to Ground oo =058V 1047V
Power Dhssipation . . . . .. ., . ... ... ........1Wan

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

“COMMENT: S1resses abuve 1Nose Gsteg under “Absohule Maximum
Aatiags™ may cause patmanent gamage 1o the device This 15 a stress
rating ¢y and lunctionai operabion of 1he dgvica at 1hese or any other
congilions above those wndicaled v the operahonal sechons al Ihis

p 315 nolimphed Exposurg 16 absoiule Maxymum raling con
deiana fod exlended panods may ailacl device rebaddny

SYMBOL PARAMETER MIN. MAX. UNIT | TEST CONDITIONS
L input Low Voltage -0.5 0.8 Woits
Vin Input High Voitage 2.0 Veet s Vaolts
Voo Ouiput Low Voltage 0.45 Vols oL = 1.6 mA
Vou Output High Voltags 2.4 Voo Volts | igu=-150uA for AB,
DB and AEN
lop=-BOuA for others
VN - HAQ Cutput High Voltage 3 Vee | Vohs | gy = -80uA
e Ve Current Drain 120 T mA
" Input Leaksge 10 pA Vin = Ve te OV
loFL Output Leskage During Float 1o uA Vout ® Veg to OV
CAPACITANCE
Ty = 25°C: Ve = GND = OV
SYMBOL PARAMETER MIN, TYP, MAX. UNIT | TEST CONBITIONS
Cin Input Capecitance 10 pF fo= 1MH2
Cio 1/Q Capacitanca 20 pF Unmeasured pins
returned to GNOD

A-34
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A.C. CHARACTERISTICS: PERIPHERAL (SLAVE) MODE
Ta = 0°C 10 70°C, Ve = 5.0V 5%; GND = OV (Note ).

8080 Bun Paramelars
Raad Cycile:

‘‘‘‘‘ T 8257 8267-5 -
Symbol Parsmeter Min. Max. | Min, Max, | Unit TuE Conditiony
Tan Adr or C5i Setup to ARG i} o w0 _
Taa | Adsor €51 Hok from RDI 0 a ns
_TRD " ‘Data Access from R4 ¢ 00 0 200 ns {Note 2
ToF " DB~Float Delay from RD? 20 150 20 100 ng
Tra AD Width 250 260 s -
|bﬁ;r.lil_l-_C:ﬂ::lo: B
T 82t7 8257-5
Symbal Parsmaeter Min. Max. Min, Max, Unat Tust Conditions
Taw Adr Setup to WR I 2 20 ns
Twa | Adr Hold from WR! 0 0 |
Tow Data s.m;s‘fo“mf 200 200 ! ns
Two Data Hold from WR T 0 ] ns
Tows__|_ WA W 29 200 o
Othar Timing:
8267 8267-6
Symbol Paramater Min, Max. Min, Max, | Unit Ten Conditwons
ThsTw | Roset Pulse Width 00 300 ns
Tasto Powar Supply? {Vecl Setup to Resetd S00 500 HS
T, Signal Rise Time 20 20 ns
T Signal Fail Time 0 20 ns
TasTs Resat to First [JOWR 2 2 Toy
Notet: 1. Al 1iming maasuremants sre made 8T tha 10llowing cefarancy voliagas unlem spacilied otherwise ! (nput 1" st 2.0V, 07 at 0.8V
2. 8267 ¢ =100pF, 9257-6: Ty = 160pF. Output "1 a1 20%, "0 a1 0.0V
8257 PERIPHERAL MODE TIMING DIAGRAMS
Write Timing: Read Timing:

i-—— T gy ———md YA . I
CHIP SELRCY y CHIP BELELT \ 4

I 1 ! i-_ Tou _1 ‘i"'"'l"‘

1

ADI:J‘:HISS BUS X _K ADDAELS BUS X-

|
1 et

b Y — ——-T.,]-—- | ].. Tam -t ,_.I -

UATA SIS X_ X K G D ) r-l..,.! !

T I
-..-m.'l“—--o--—‘”-« Tag - - -~ = Ipn
1WA H k DATA B v e e e — o e — 3 —————-
Resel Timing: 1 1 J Inpul Wavelorm for A.C. Tesls:

Tasrw= 2o +' .
Thare  Fam R L] T o= 1}
RESET }1 . {-‘ X,.; THEt ramte ~._:.X

T L1
E‘} Taure —=|

w J
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AC. CHARACTERISTICS: DMA {(MASTER) MODE 1, : 0°C 10 70°C. Vo= + 5V 5%, GND=0V.

Timing Requirerments

azs7 82576

SYMBOL _ PARAMETER MIN. MAX . h_i]_N MAX, UNIT
}cy C;;';e Time {Periad] 0,320 4 0.320 4 s
Ta Clock Active {High) 120 BTey a0 BTey ns

" Tas DRAT Sstup to 4 (51, 54} 120 30 ns
Tan DROY Hold from HLDAT 14} . 0 o ns
Ths HLDA? or |Setup to 81(S1, 54) 100 100 ns
Tas READY Setup Time to 81 {S3, Sw) 30 30 ns
Tan READY Hoid Time from 81 (83, Sw) 20 20 ng

Mowe 4. Vrackng Paramater,

Tracking Parameters

Signals labeled as Tracking Parameters (loolnotas 4-7 under A.C. Specltications) are signais 1hat follow simuar paths
through the sihcon die. The propagation speed ol thesa signaly varies in the manufactunng process bul the rela-
tionship beltwaen all these paramaters s conatanl. The variation |s less than or equal 10 50 ns.

Suppose the lolliowing timing equalion is being evaluated,
Tagumy + Taguaxy s 50 ns

and only minimum specifications sxist tor Ty and Tp. il Togn s used, and if T, and Ty are fracking paramaters,
Tapaax) Can ba taken as Tgun; + 50 ns.

TWlN] -+ (Tu""“' + 50 n&} < 150 ns
*if To, and Tg are tracking parametsrs

A-36
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A.C. CHARACTERISTICS: DMA {(MASTER) MODE T,-0°C 10 70°C. V¢ - + 5V 5%, GND = 0V

Timing Responses

8267 82576
SYMBOL PARAMETER MIN, MAX. MIN. MAX. | UNIT
Toa HRQ! or 4Delay from 8 1{S1,54) 160 160 ns
{maasured at 2.0V)111
Toa HRQ1 or Delay trom 8 1(51,54) 250 250 ns
{mesasured at 3.3\#‘]'3" H
TaeL AENT Delay from #Lis1)11! 1 300 300 ns
Taer AEN{ Delay from 8 {1} 200 200 o
Taea | Ade(AB}Activa) Dalay from AENT (ST)4] 20 20 s
Teang | Adr(ABH(Adtive) Detay trom §HSIN?I %0 | 250 s
Tarae Adr{sB){Fiont} Delay tfrom 81{SnI20 150 150 ns
Tash Ad¢{AB){Stable} Delay from 815112} %0 | _4_25_{1—_ s
TaH Adr{AB) [Stable) Hold from 91 (51312} Tasw-50 Tasm-50 ns
Tasn AdriABHValid} Hold from Rat (1,574l 60 0 | 1 s
Tarw | Adr{ABHValid) Hold from WrH{S1,8I184 | 300 B
Trane | Adr{DB)Active} Dolay fram 81{S1)I2] 300 " 300 | ne
Tarop | Adr (DB)IFtoat) Delay from 8 15212} Terr+20 | 250 Tgrre20 | 170 | ns
Tass | Adr(DB) Setup to AdrStb+(51-52)i4] o w0 | as
Tans Adr{DBI{Valid} Hoid from AdrStbd {52141 5) 50 Tas
Tere AdrStbt Detay fram 01 (1) 200 200 oy
Tort AdrStbd Delay from 81{52)i 1] 190 | 140 ns
Tow AdrStb Width {51-52)14] Tey-100 E Toy-100 ns
Tasc Ra4 or Wr(Ext)4 Delay from AdrStbi (§2)1 4! 70 j 0 s
Tasc Ad} or Wr(Ext)¢ Delay from Ade{DB} 20 ! 20 n:- B
(Float){s2)14! .
Tax DACK?Y or |Delay fram 8 452,51} and il 250 "y
TC/Mark? Delay from 8 1{53) anc
L _TC/Mark Delay from 8 1 (S4)l 15! U R A
TocL Ad4 or Wr(Ext)} Delay from 01(S2) and 200 | 200 ns
) Wr i Delay from 0 1{53)1 28/ _
Tocr | Rét Delay from 84(51,51) and 200 | 200 | as
_ Wr1 Delay fram 81 (54 2.71
.Ti“c Ad or Wr (Active) flom 81151312} 300 ' 300 ns
TAFG Ad or Wi {Float} from 01{S1)1 2! 80 | 150 o
Trwm Ad Width {52-51 or St TTey + Ta-50 Zioy + Ta-50 Tns
Towsa | Wi Width (53844l Toy-50 T80 o
Twwme | WriExt) Width (S2.54)i4! v -50 2Ty -50 -

Nates: V.o Load =1 TTL., 2 Losds17TTL +50pF. 3. iged =1 TTL+ (R~ 33K], Vou = 1.3V, 4. Tracking Parameter.
S aTag <50 ns. 6, *“‘TDCL <B0ns. T ATQCT < SDns

PL-.?J?
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DMA MODE WAVEFORMS
CONSECUTIVE CYCLES AND BURST MODE SEQUENCE
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Figure 12. Consecutive-Cycies and Burst Mode Sequence
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e Tas

Figure 13. Control Overids Sequence

SWa VAUAY o Wal o WaWaWall

oRa oS _-..-....1‘-_ _______ \

AEADY
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SO AN 7 |
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Figure 14. Not Ready Sequance
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FD 179X-01 Floppy Disk Formatter/Controller Family

FEATURES

¢ TWO VFO CONTROL SIGNALS

s SQFT SECTOR FORMAT COMPATIBILITY
* AUTOMATIC TRACK SEEK WITH
VERIFICATION
¢ ACCOMMODATES SINGLE AND DOUBLE
DENSITY FORMATS
IBM 3740 Single Density (FM)
IBM System 34 Double Density (MFM)
» READ MODE
Single/Muiltiple Sector Read with Automatic

e PROGRAMMABLE CONTROLS
Selectable Track to Track Stepping Time

Side Select Compare

¢ WRITE PRECOMPENSATION (MFM AND FM)

-

WINDOW EXTENSION
o INCORPORATES ENCODING/DECODING
AND ADDRESS MARK CIRCUITRY

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

179X-01 FAMILY CHARACTERISTICS

. 1791-01{1722-01{1783-01[1794-01
Search or Entire Track Read — FEATUBES o P
Selectable 128 Byte or Variable length Sector Single De-'f's“}f (FM) X X 1 X X
« WRITE MODE Double Density (MFM) § X -1 X
Single/Muitiple Sector Write with Aulomatic True Data Bus o X 1. X
Sector Search Inverted Data Bus XX » )
Entire Track Write for Diskette Formatting Write- Precomp ' X | X X Fox.
* SYSTEM COMPATIBILITY Window. £xtension X O POX ) 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 QOutputs are TTL Compatible SINGLE OR MULTIPLE DRIVE CONTROLLER/
On-Chip Track and Sector Registers/Comprehensive FORMATTER
Status Information NEW MINI-FLOPPY CONTROLLER
[
<o i
A0 m6 |
- LT s
c 2 LATE ]
o s _ EARLY F
p RE - | WD -
u wE -5 P
T p— »
E MR élOK ¥
. -
FLOPPY [JikK WG Is}
| CONTROLLEN M f
M FOAMATTER wPAT S
T Wi VEOL "
E [3-1"] -— ——-
R .. o
. oo 1
c 10K 101 READY i
E e ——t £
TG43
| DRQ STEP
T INTRG DIRC
CLK o
C, 5V
. T o \ HLD -
1;%11%?‘?'!2&;;%25?35L5570?EN _m“ — LT ) DNE SHOT
. - LN ¥ss vop vee | -1 {IF USED.
PIN CONNE.Q‘F!ONS» = l l !
5y
T o412 v _]

FD179X SYSTEM BLOCK DIAGRAM

4 A S T T
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GENEHAL. DESCRIPTION

The FD179X are MOS LS| devices which perform the
functions of a Floppy Disk Formatter/Controfler 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 exiension, and write precompen-
sation. In order to maintain compatibility, the FD1771,

FD1781, and FD179X designs were made as close as

PIN QUTS

possibia with the compuier interface, instruction set,
and /O registers being identical. Also, head load
controi is identical. In each case, the aclual pin as-
signmenis 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
transfats. The FD179X is set up to operate on a mul-
tiplexec bus with other bus-oriented devices.

The FIN79X is fabricated in N-channel Silicon Gaie
MOS technology and is TTL compatible on all inputs
and outputs. The 1793 is identical 1o the 1791 except
the DAL lines are TRUE for systems that ulilize true
data busses.

PIN
NUMBER PIN NAME SYMBOL

FUNCTION

1 NQ CONNECTION NC

19 MASTER RESET MR

20 POWER SUPPLIES Vss
21 Vee

40 Voo
COMPUTER INTERFACE:

2 WRITE ENABLE WE

3 CHIP SELECT CS

4 READ ENABLE RE

5,6 REGISTER SELECT
LINES

AQD, Al

714 DATA ACCESS LINES.

24 CLOCK CLK

DALO-DAL?

Pin 1 is internally connected to a back bias
generator and must be left open by the user.

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, regardless of the state of
the Ready signal from the drive. Also, HEX 01 is
loaded into sector register.

Ground
+5V +58%
+12V %5%

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

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

A logic low on this input controls the placerment  0f
data from a selected register on the DAL whan CS
is low.

These inputs select the register to_receive/
transtfer data on the DAL iines under RE and WE
control;

Al AQ RE WE

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

1 ¢ Sector Reg Sector Reg

1 1 Data Reg Data Reg

Eight bit inverted Bidirectional bus used for trans-
fer of duta, control, and status. This bus is receiver
enabiec by WE or transmitter enabled by RE.

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




PIN
NUMBER

PIN NAME

SYMBOL

FUNCTION

38

39

FLOPPY DIiSK INTERFACE:

15
16

17

18

22
23

25

26

27

28

29

30

3

DATA REQUEST

INTERRUPT
REQUEST

STEP
DIRECTION

EARLY

LATE

TEST

READ GATE

RAW READ

, HEAD LOAD

THAN 43

WRITE DATA

HEAD LOAD TIMING

READ CLOCK

' TRACK GREATER

WRITE GATE

DRQ

INTRQ

STEP
DIRC

EARLY

LATE

TEST

HLT

RG

RCLK

RAW READ

HLD

TG43

WG

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 ioading the DR in Read or Write opera-
tions, respectively. Use 10K pull-up resistor to +5.

This open drain output is set at the completion of any
command and is reset when the STATUS register is

read or the command register is written to. Use 10K
pull-up resistor to +5,

The step output contains a pulse for each step.

Direstion Qutput is active high when stepping in,
active iow when stepping out.

indicates that the WRITE DATA pulse occurring
while Early is active (high} shouid be shifted early
for write precompensation.

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

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

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

A high ievel on this output indicates to the data
saparator circuitry that a field of zeros (or ones)
has been encountered, and is used for synchroni-
zation.

A nominal square-wave ciock 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 iow)
is not.

The data input signal directly from the drive. This
input shail be a negative pulse for each recorded
flux transition,

The HLD output controls the loading of the
Read-Write head against the media.

This output informs the drive that the Read/Write
head is positioned between iracks 44-76. This output
is valid only during Read and Write Commands.
This oulput is made valid before writing is to be
performed on the diskette.

“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 Fauit status bit is set. The WF input should
be made inactive (high} when WG becomes inac-
tive. Wnen 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 iow terminates the command
and sets the Write Protect Status bit.

This pin setects either single or double density op-
eration. When DOEN = 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 TROO
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
paraitel processor interface and the Floppy Disk inter-
face.

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

Data Register—This 8-bit register is used as a holg-
ing reqister during Disk Read and Write operations.
In Disk Read operations the assembied data byte is
transterred in parallel o the Data Register from the
Cua Shift Register. in Disk Write operations informa-
aon 1< transferred in paratiel from the Data Register
to the ata Shift Register. -

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

Track Register—This 8-bit regisier holds the track
number of the current Read/White head position. 1 is

D

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-
ity 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 operaticns. 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 hoids 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 Ipaded
from or transferred to the DAL. This register shouid
nol be loaded when the device is busy.

Command Register (CR}—This 8-bit register holds
the comrnand presently being executed. This register
should not be loaded when the device is busy unless
the new command is a force interrupt. The command
regisler can be loaded from the DAL, but not read
anto the DAL.

>
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Status Reglster (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 lLoglc—This logic is used to check or to gener-
ate the 16-bit Cyclic Radundancy Check (CRC). The
polynomial is: G{x) = x'¥ + X2 + x5 + 1,

The CRC includes all information starting with the
address mark and up to the CRC characters. The
CHC register is preset 1o ones prior to data being
shifted through the circuit.

Arithmetic/Logic Unit (ALU)—The ALU is a serial
comparator, incrementeér, and decrementer and is
used for register modification and comparisons with
the disk recorded 1D fisld.

Timing and Control—All computer and Fioppy Disk
interface controls are generated through this logic.

The internal device timing is genserated from an ex-
ternal crystal clack.

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

AM Detector—The address mark detector detects
D, 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
FD174X. The DAL are thres state buffers that are en-
abled as cutput 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 aclive.

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 Al
and AQ, combined with the signals HE during a Read
operation or WE during a Wrile operation are inter-
preted as selecting the following registers:

A1-AD READ (RE) WRITE {WE)
0 0 Status Register Command Register
01 Track Register Frack Register
1 0 Sector Register Sector Register
1 1 Data Register Dala Register

During Direct Memory Access (DMA) types of dala
transfers between the Data Register of the FD179X
and the processor, the Data Request (DRQ) output is
used in Data Transfer controi. 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 senal input byte
is transferred in paraliel to the Data Register. This bit
is cieared when the Data Register is read by the pro-
cessor. i the Data -Register is read after one or more
characiers are lost, by having new data transferred
ko the register prior 1o processor readout, the Lost
Data bit 1s set in the Slatus 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 contenls
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. H new data is not
ioaded at the time the next serial byte is required by
the Floppy Disk, a byte of zerces is wriiten on the
disketie and the Lost Data bit is set in the Status Re-
gister,

At the compietion of every command an INTRQ is
agenerated. 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 it a Forcé interrupt command condition is met.

FLOPPY DISK INTERFACE

The 1791 and 1793 have two_modes of operation ac-
cording t6 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 MRz for both singlé density and doubie density.
When the clock is at 2 MHz, the stepping rates of 3,
6, 10, and 15 ms are oblainable. When CLK equals 1
MHz these times are doubled. The 1792/4 operates
in the single densily 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 additionai 15 milliseconds of head setiling
time takes place if the Verify flag is set in Type |
commangs. Note that this time doubles to 30 ms for
a t MHz clock. If TEST = 0, there is zero seltling
time There is also a 15 ms head settling time if the E
flag i= set in any Type i or Il command.

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

Step—A 2 us {MFM} or 4 us (FM) puise is provided
as an output to the drive. For every step puise 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 Gi-
rection signal is valid 12 us before the first stepping
puise is generated.

When a Seek, Step or Restore command is executed
an optionai verification of Read-Write bead position
can be performed by setling bit 2 (V =1) in the
command word to a logic 1. The verification operation
begins at the end of the 15 millisecond settiing time
after the head is loaded against the medta. The track
numbter from the first encountered 1D Field is com-
parec against the contents of the Track Register. If
the track numbers compare and the D Field Cyclic
Redundancy Check (CRC) is correct, the verity 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 2 MHz2 2 MHz ¥ MHz 1 MHz ¢ MHz 1T MHz
ODEN a 1 Q 1 X *
R1 RO TEST=1 TEST=1 TEST=% TEST=1 TEST=0 TEST-0

00 Ims Ims 8 ms 6 ms 200 us 400 us
0 6 ms & ms 12 ms 12 ms 200 us 400 us
10 10ms 10 ms 20 ms 20 ms 200 us 400 ps

1 15 ms 16 ms 30 ms 30 ms 200 us 400 us

The Head Load (MLD) 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
Hlag is set (h = 1), at the end of the Type | command
if the verity flag (V = 1), or upon receipt of any Type
1i or il command. Qnce HLD is active it remains ac-
tive until either a Type | command is received with
(h = Qand V = 0); or if the FD179X is in an idle state
(non-busy) and 15 index pulses have o¢curred.
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Head Load Timing (HLT) is an input to the FD179X
which is used for the head engage time. When
HLT =1, the FD179X assumes the head is com-
pietely 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.

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 slatus bit in Type |
status.

In summary for the Type | commands: if h = 0 and
V=0 HLDisreset. lth = 1and V = 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=0 and V =1,
HL D is set near the end of the command, an internal
15 ms occurs, and the FD179X waits for HLT to be
frue, If h = 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
oceur,

For Type H and ill commands with E flag oft, HLD is
made active and HLT is sampled until true. With E
flag on, RLD 13 made aciive, an internai 15 ms delay
occurs and then HLT is sampled untit true.,

UISK READ GPERATIONS

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 shouid be placed to a logical "0." Sector
lengths are determined at format time by a special
byle 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 bytes. If 02, then 512 bytes. It 03, then
the sector iength is 1024 bytes. The number of sec-
iors 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 compalibility, sector lengths are 128
bytes with 26 sectors per track. For Sysiem 34 com-
patibifity (MFM), sector lengths are 256 bytes/sector
with 26 sectorsftrack; or lengths of+1024 bytes/sector
with 8 sectors/track. (Se¢ Sector Length Table.)

For read operations, the FD179X requires RAW
READ Data (Pin 27) signal which is a 250 ns puise
per flux transition and a Read clock (RCLK) signal to
indicate tlux 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 {0 acquire syn-
chronization. When reading from the media in FM. RG
is made irue when 2 byles 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 useiul 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, ctherwise RG is reset and
search resumes.

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

a) Both HLT and HLD are True

b) Settiing Time, if programmed, has expired

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

DISK WRITE OPERATION

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 1o
erroneous writing the first data byte must be 10aded
into the Data Register in responsa 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 Fauit in-
put, when activated, signifies a writing fault condition
detecied 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 FD178X 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 gperations, 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 = Q).
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 1o be
written LATE. if both EARLY and LATE are low when
the WD pulse is present, the WD puise is to be written at
nominal. Since write precompensation values vary from
disk manufacturer {o 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 li or {ll)
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 H or Hl 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 compieted, 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 fauilt
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
i Restore 0000 hVTHNT
[ Seek 000 1hVnr
i Step O01TuhVnrn
| Step In 01 0uhVnn
i Step Out O1T1TuhVrmn
i Read Sector 100mSECDO
il Write Sector 101 mSECES
it Read Address 11000E00
I Read Track 11100E00
] Write Track 1111 0E00O0
v Force interrrupt 110105 kLY

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 destinétion frack
V =0, No verify

rife = 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

Tabile 4. FLAG SUMMARY
TYPE Il & Iii COMMANDS

m = Multiple Record flag (Bit 4)

m = 0, Singie Record
m = 1, Muitiple Records

a, = Data Address Mark (Bit 0)

a, = 0, FB (Data Mark)
a, = 1, F8 (Deleted Data Mark}

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

8§ = 0, Compare for Side 0
S = 1, Compare for Side 1

C = Side Compare Flag

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

Table 5. FLAG SUMMARY
TYPE IV COMMAND

ii = Interrupt Condition flags (Bits 3-0}

0 = 1, Not-Ready to Ready Transition
i1 = 1, Ready to Not-Ready Transition
2 = 1, index Pulse

13 = 1, iImmediate interrupt

I3.-g.:= 0, Farminata with no interrupt

TYPE | COMMANDS

The Type | Commands include the Restore, Seek,
Step, Step-in, and Step-Out commands. Each of the
Type | Commands 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 b = 1, the head is
loaded at the beginning of the command (HLD qutput
is mede active). If h = 0, HLD is deactivated. Once
the read is loaded, the head will remain engaged
until the FD179X receives a command that specifi-
cally disengages the head. if the FD179X is idie
{busy = 0) for 15 revolutions of the disk, the head wili
be automatically disengaged {HLD rnade inactive).

The Type | Commands also contain a verification (V)
flag which determines i 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 lcaded and after an
internal 15 ms detay, the HLT input is sampled.
When HLT is active {logic true), the first encountered
D fieid is read off the disk. The track address of the
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ID field is then compared to the Track Register; if
there is a match and a vaiid ID CRC, the verification
is compiete, an interrupt is generated and the Busy
status bit is reset. If there is not a match but there is
valid I 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. i an 1D field with a
valid CRC cannot be found after four revoiutions of
the digk, 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 fow indicating the
Read-Write head is positioned over track 0, the Track

Register is loaded with zeroes and an interrupt is
generated. If TROQ is not active low, stepping pulses
{pins 15 o 168) at a rate specified by the rir field are
issued until the TROO input is activated. At this time the
Track Register is loaded with zeroes and an interrupt is
genetated. [f the TROO input does not go active iow
after 285 stepping pulses, the FD179X terminates qp-
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 FO179X will update the
Track register and issue stepping pulses 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
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takes place if the V flag is on. The h bit aliows 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 pulse to the disk drive. The stepping
motor direction is the same as in the previous step
command. After a delay determined by therro 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 FDI179X issues
one stepping pulse in the direction lowards track 76.
if the u flag ts on, the Track Register is incremented
by one. After a delay determined by the rire field, a

N
IMTRE KESET BUSY

mAS

"% NS

ExMRED
3

NTAQ. RESEY BUSY
SET SEEM ERROA

DOES
A TRACK

.- — AGDRESS OF 1D
FikLD
3 +
YES -
HTAD
RESET BLISY
MOTE LICTESY 1k THEI 15 MO WS DEE &Y

HOTENT VAN Gk 1% THDHE 15 A b5 10 LAY

TYPE | COMMAND FLOW

verification takes place if the V flag is on. The h bit
aliows the head to be loaded at the start of the
command. An interrupt is generated at the comple-
tion of the command.

STEP-QUT

Upon receipt of this command, the FD178X issues
one s epping pulse in the direction towards track 0. If
the u Hlag is on, the Track Register is decremented by
one. Afler a delay determined by the nre field, a ver-
ification lakes place i the V flag is on. The h bit al-
lows the head 1o be loaded at the start of the com-
mand. An interrupt 15 generated at the completion of
the command.

TYPE Il COMMANDS

The Type I Commands are the Read Secior and
Write Sector commands. Prior to loading the Type il
Command into the Command Register, the computer
must {oad 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 0. the
head is loaded and HLT sampied with no 15 msec
delay. The ID field and Data Field formal are shown
on page 12.

When an 1D field is located on the disk, the FD179X
compares the Track Number on the 1D field with the
Track Register. If there is not a match, the next en-
countered 1D 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 fieid CRC is correct, the data field is
then located and will be either written into, or read
from Jdepending upon the command. The FD179X
must find an 1D field with a Track number, 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

; Sector Length.». NUraher of Bytes
- Field (hex) e -m:swtor (decimal)

Each of the Type I Commands contains an (m} flag
which determines if multiple records (sectors) are to
be read or writien, depending upon the command. If
m = 0. a single sector is read or written and an inter-
rupt is generated at the comnpletion of the command.
it m = 1, multiple records are read or written with the
sector register internally updated so that an address
verification can oc¢cur on the nexi record. The
FD179X will continue 1o read or write muitiple records
and update the sector register until the sector regis-
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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 ails¢ 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 nurmnber
recorded in the 1D field, the 179X continues with the
1D search. If a comparison is not made within 5 index
puises, the interrupt line is made active and the Record-
Not-Found status bit is set.

5
TYSE Iy
COMMARD
RECEIVED
7

SET BUSY. RESET DR, LOST
DATA, RECOAD NOT FOUKD, &
STATUS GITS 5 & & INTAG

WTRG
AESET BU3Y

T4

¥ROTE: IF TELST + 0. THERF IS NO 15MS DELAY
IF TEEY « 1 AND CLK = 1 MHE THERE 15 20M5 DELAY

TYPE i COMMAND

READ SECTOR

Upon receipt of the Read Sector command. the head
is loaded, the Busy status bit set, and when an D
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 bytesin
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

INTHO. RESET BUSY
SEY AECORAG-MOT FOUND

|
HAVE
SINDEX HOLES
PASSED
T
N

HA%
10k b
BEEN
DETECTED
T

NO

DOES
TR« TRACK
ADDRESS OF 10
FIELD
[

HO

N 5R - SECTOR

AQDRESS OF ID

HO

BRING IN SECTOR LENGTH FIELD
STORE LENGTH N INTERNAL
REGISTER

SET CRC
STATUS ERRDR

TYPE 1i COMMAND
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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 fieid, the CRC error status bit is set, and the
command is terminated {even if it is a multiple record
command}.

At the end of the Read operatioh, the type of Data
Address Mark encountered in the data field is re-
corded in the Status Register (Bit 5) as shown below:

STATUS
BITS
1 Deleted Data Mark
0 Data Mark

TYPE i’ COMMAND
WRITE SECTOR

Upon receipt of the Write Sector command, the head
is loaded (HLD active)} and the Busy status bit is set.
When an 1D 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 DAQ 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:

2o Data Address Mark (Bit 0}
1 Deleted Data Mark
0 Data Mark

(o )
G

YES

SET BUST, RESET DRO,
LOST DATA. STATUS
BITS 4, 5

HAS

15 WS

EXPIRED
?

NQ

U 14 el

SET DAG

[LELIT P R
SR BRI T

MY
SET DR

DELAY J BYTE
TIMES

HAS
CAQ BEEH
SERVIGCE
. YES

TYPE jl 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 terminaied. 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 i COMMANDS
READ ADDRESS

Upon receipt of the Read Address command, the
head is loaded and the Busy Status Bit is set. The

SET INTAG
LS DATA
AESET BUSY

YES (MFM|

WRITE I CAS
CHARS CLK - FF

WRITE FLO
CLK» D2 bl

WRITE £ FE OA
| FRFB. Cuk = C7
HITIALITE CRC

WRITE D5 |
CLK - FF i

MAS
L BEEN
LOADED?

!
| wRITE
Ho BYTE OF ZEROS —
3ET DATA LOST

WRITE &1' ik MFt '
WITH CLOCK
ITIALILE CAC

WRITE £F" 1N SaF b |
Wit e MiSSING TLOCK * 1

WRITE 2 CAC
CHARS

wRITE O5R
(UL

TYPE Il COMMAND WRITE TRACK

next encountered 1D fisld 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 PRQ is
generated for each byte. The six bytes of the 1D field
are shown below:

TRACK-| < SIDE  |.SECTOR:'[ SECTOR.{:GRC | CRC
ADDR. | NUMBER | ADDRESS |LENGTH | 1 | 2

Although 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.

A=52



REAI) TRACK

Upon receipt of the Read Track command, the head
1s loaded and the Busy Status bil is set Reading
starts with the leading edge of Ihe first encounlered
index pulse and continues until the next index pulse.
As each byte is assembled it is transferred to the
Data Register and the Data Reguest is generated for
each byle. No CRC checking is performed. Gaps are
included in the inpul data stream. The accumulation
of bytes is synchronized to each Address Mark en-
countered. Upon campletion of the command, the in-
terrupt is activated. RG is not aclivaled 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 ieading 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 1s activated immediately upon receiving the
command, but writing will not start until after the first
byle has been loaded into the Data Register. If the
DF has not been ipaded by the time the index pulse
is encountered the operation is lerminaled making
the device Not Busy. the Lost Data Status Bit ig set,
and the Interrupt is acttvaled. If a byle is not present
in the DR when needed, a byte of zeros is substi-
luted. Address Marks and CRC characters are writ-
len o1 the disk by detecting certain data byte pat-
lerns in the outgoing data stream as shown in he
table below. The CRC generator is initialized when
any data byte from F8 to FE is about ic be transfer-
red from the DR to the D3R in FM or by receipt of
F5 in MFM.

CONTROL BYTES FOR INITIALIZATION

DATA PATTERN FD179X INTERPRETATION FD1791/3 INTERPRETATION
IN DR (HEX) iIN FM (DDEN = 1) IN MFM (ODEN = 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, Praset CRC Write F8 thru FB, in MFM
FC Write FC with Clk = 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 bils 4 and 5
- *Missing clock transition between bits 3 & 4

TYPE IV COMMAND

FORCE INTERRUPT

This command can be loaded into the command re-
gisler 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 b field

is detected. The interrupt conditions are shown be-
fow:

lo = Not-Ready-To-Ready Transition

h = Ready-To-Not-Ready Transition

i = Every index Pulse

s = Immediate Interrupt {requires reset, see
Note) -

NOTE: liie — 13 = 0, there is no interrupt generated but
the current command is terminated and busy is
resel. This is the only command that will enable
the immediate interrupt to ciear on a subse-
qguent 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 reftects the Type | com-
mands.

The format of the Status Register is shown below:

(BITS)
7 1.6 1 5 | 4 [ 3 1 3 1 1 0
S7 | s6 [ s5] 54 [ 83 s21 s1 ] so

Status varies according 1o the type of command exe-
cuted as shown in Table 6.
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Table 6. STATUS REGISTER SUMMARY

ALL TYPE I READ READ AREAD WRITE WRITE
BIT | COMMANDS ADDRESS SECTCR TRACK SECTOR TRACK
S7 [NOT READY NOT READY NOT READY NOT READY |NOT READY |NOT READY
56 |WRITE 0 0 0 WRITE WRITE

PROTECT PROTECT PROTECT

55 |HEAD LOADED 0 RECORD TYPE 0 WRITE FAULT |WRITE FAULT
S4 |SEEK ERROR [RNF ANF 0 RNF 0
S3 |CRC ERROR [CRC ERROR CRC ERROR 0 CRC ERROR 0
82 |{TRACK O LOST DATA LOST DATA LOST DATA [LOST DATA LOST DATA
S1 [INDEX DRQ DHQ DRQ 1 DRQ DRQ
S0 _|BUSY BUSY BUSY BUSY BUSY BUSY

STATUS FOR TYPE | 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 input and logically ‘ored’ with MR,

56 PROTECTED
¢

When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT
input.

55 HEAD LOADBED

When set, it indicates the head is loaded and engaged. This bit is a togical “and” of
HLD and HLT signals.

54 SEEK ERROR

When set, the desired track was not verified. This bit is reset to 0 when updated.

52 CRC ERROR

CRC encountered in ID fieid. o

'S2 TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted

j copy of the TROO input.

IS1 INDEX When set, indicates index mark detected from drive. This bit is an inverted copy of the
P input.

S0 BUSY

When set command is in progress. When reset no command is in prograss.

STATUS BITS FOR TYPE It 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 input and 'ored’ with MR, The Type il
and [l Commands will not execute unless the drive is ready.

$6 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.

S5 RECORD TYPE/
WRITE FAULT

On Read Record: It indicates the record-type code from data field address mark.
1 = Deieted Data Mark,. 0 = Data Mark. Onany Write: it indicates a Write Fault. This bit
is reset when updaied. s

FOUND (RNF)

54 RECORD NOT

When set, it indicates that the desired track, sector, or side were not found. This bil is
reset when updated.

53 CRC ERROR

If S4 is set, an error is found in one or more D ﬂeids, otherwise it indicates error in
data field. This bit is reset when updated.

52 LOST DATA

When set; it indicates the computer did not respond to DRQ in one byte tima. This bit is
reset to zero when updated,

51 DATA REQUEST

This bit is a copy of the DRQ output. When sef, it indicates the DR is full on a Head

Operation or the DR is empty on a Write operation. This bit is reset to zero whep up-
dated,

80 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 !l commands for flow diag-
rams.)

Formatting the disk is a relatively simpie task when

operating programmed /O or when operating under
DMA control with a large amount of memory. When
operating under DMA with limited amount ot 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 dala to be written on
the disk. For every byie of information to be written
on the disk, a data request is generated. This sequ-
ence continues from one index mark to the nexi
index mark. Normally, whatever data patiern 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 1D
fields. Also, CRC’s must be generated by an F7 pat-
tern.

Disks may be tormatted in IBM 3740 or System 34
formats with sector lengths of 128, 256, 512, or 1024
bytes.

IBM 3740 FORMAT—128 BYTES/SECTOR

Shown beiow is the [BM singie-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 requast,

FE( :
.'TrackNumbar [
'Gm&umbmfb;rﬂ(}m’ Gﬂ

“Write bracketed field 26 times
**Continue writing untii FD1791 interrupts out.
Approx. 247 bytes.
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g £ a0 BelE bW erusi 37 BYEE fM win | MECDAC | nv?ss m ..:E;,E., S".ﬂ:’:: Accoen | gar g | RICORD | Gae s FRFCORD | gaw g | mECOND arcopn |, b e b
i i wvres wiaal omr | MO | s arie wes WO 1 |ehavTE mEm ? NO 3 L) NG 3 O M BT
L)
-
© oATa DA
' 1RACK S0k sEC1fm | SECTOR [4.74 CRC Dhnsr.l LAr cro
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3
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IBM TRACK FORMAT
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IBM SYSTEM 34 FORMAT-
256 BYTES/SECTOR

Shown below is the IBM dual-density format with 256
hytes/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.

NUMBER
OF BYTES
‘80
12

1,
G)MC:—‘CO

- 3
-t 0 P Y ek ok b el ok b

HEX VALUE CF

4E
00 _
F8 : S
FG (Index Mark) .
4E o

00

F5

FE (ID Address Mark}-

BYTE WRITTEN -

Track Number (0 thru 40)

Side Number (0 or 1)

o1 _
F?7 (2 CRCs written)
4E :

00
F5

FB (Data Addrass Mark) -

DATA
F7 (2 CRCs written)
4E

4E

" Write bracketed field 26 times
**Continue writing until FD179X interrupts out.
Approx. 598 bytes.

Sector Number (1 thru 14) .

NON-iBM FORMATS

Variations in the IBM format are possiblie to a limited
extent if the following requiremenis are met: sector
size muast be a choice of 128, 512 or 1024 bytes; gap
size wust be according to the foliowing tablte. Note
that the Index Mark is not required by the FD179X.
All gap sizes shown are the minimum values reguired

by the 179X.
FM MF M
Gap - 16 bytes FF 116 bytes 4
- Gapil |11 bytes FF - . 122 bytes'4E
* 6 bytes 00 "~ "{12 bytes 00
- Gap il - 110 bytes:FF = /|16 bytes 4E .
% . 1 4bytes00 - ' | 8bytes00 ~
T | Bbytes Al
Gap IV |16 bytes FF .. |16 bytes 4E .

*Byte counts must be exact.

**Byte counts are minimum, except exactly 3 bytes

of A1 must be written.

ELECTRICAL CHARACTERISTICS

MAXIMUM BATINGS

Voo With Respect 1o Vss (Ground) =15 10 - 0.3V

Max. Voltage to Any Input With
Respect to Vss

Operating Temperature
Storage Temperature

=15 to

- 0.3V

0°C to 70°C

-58°C to +125°C

OPERATING CHARACTERISTICS (DC)
Ta = 0°C 1o 70°C, Voo = +12.0V .6V,

Vss = OV, Voo =+5V +.258V

Voo = 10 ma Nominal, Vec = 35 ma Nominal

SYMBOL CHARACTERISTIC MIN. TYPE. MAX. UNITS | CONDITIONS
e Input Leakage 10 HA Vin = Voo
low Output Leakage 10 A Vour = Voo
Vi Input High Voltage 26 Vv
Vi input Low Voltage 0.8 v
Von Qutput High Voltage 28 Vv lo = 100 pA
Vol Output Low Voltage 0.45 v lo=16 mA
Po Power Dissipation 0.5 W
TIMING CHARACTERISTICS
Ta = Q°C lo 70°C, Voo = + 12V = 6V, Vss = OV, Voo =+5V = .25V
READ ENABLE TIMING .
SYMBOL CHARACTERISTIC MIN. .TYP. MAX, UNITS 1 CONDITIONS
TSET Setup ADDR & CS to RE_ 0 nsec
THLD Hold ADDR & CS from RE 10 nsec
TRE RE Pulse Width 400 nsec Cu = 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 C. = 50 pf
TDOH Data Hold From RE 50 150 | nsec Ci = 50 pf
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READ ENABLE TIMING WRITE ENABLE TIMING
WRITE ENABLE TIMING
SYMBOL CHARACTERISTIC MilN. TYP. UNITS

- TSET

- THLD
JTWE

- TDRR
TIRR

' TDS
TOH

‘Setup ADDR & CS to WE

Hold ADDR & CS: from

I WE Pulse-Width -

DRQ Reset from. WE

INTRQ Reset from WE

Data Setup 1o, WE

) _"Dﬁt& HO‘d homW

10

T.

“20.
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13000

MAX. CONDITIONS

500

INPUT DATA TiMING:

i SYMBOL

CHARACTERISTIC

Tpw o
Sioet
'I"'fT:'a.'g“ P
b Tb..-l-‘_-‘ . )
wTC
T
s T

. Raw_ Read Puise Width
|- ‘Raw Read Cycle Time"
{1 RCLK Duty:(High)

RCLK Duty: (Low)
RELK Cycle Time. ©

"RCLK hoid 1o Raw ﬁaaa IR
“. 1 Raw Read hold to RCLK < | - " 4 -

MAX.

WRITE
GATE |

|

WARITE
DATA *

WG [=~—"Tac

—-a—l'nwo |—-—
[

A EARLY

LATE

.
L

iF ON

.
bal

WRITE DATA TIMING
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WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK =1 MHz)

SYMBOL CHARACTERISTICS MIN, TYP. MAX. UNITS CONDITIHONS
Twp Write Data Pulse Width 450 |- 500 1 850 nsec. FM
' © 180 - 200 ). - 250 - nsec - MFM
- Twg Write Gate to Write Data : 2 - - psec {0 VFML
: 1 ' usec . MFM
The Write data cycle Time ‘ 23,0r4 | usec | . £CLKError
Ts Eary (Late) toWrite Data | 125 nsec | - MFM
Th Early (L.ate) From b 128 nsec ) MFM
Write Data : B T o N L e
Twi Write Gate offfromWD - .| -~ C2 e meee [T FM
: : CA e | psee [ MFM
MISCELLANEOUS TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TCD Clock Duty (low) 230 250 } 20000-°| nsec
TCD:2 Clack Duty (high) 200 250 | 20000 nsec | .
TSTP Step Pulse Output 2or4d usec | - !
TOIR Dir Setup to Step B usec SeeNote 6
TMA Master Reset Pulse Width 50 Hsec
TIP " Index Pulse Width _ 10 usec :
D TwF Write Fault Pulse Width - 10 nsec SeaNote®
L.____.,_ S T v "-.-—l—‘—% o
[ .._‘ |_. J._.._._ [T ._[
_4—1 - tl‘"_‘-—l ]-* Tt -{
(] }_-.‘ {_.-—.—-—.—--_5 vive
i...,_..__ fe — _._,__l_,_.__. [T n_,l |‘-“_ o -_._l
|____,....._. - te _,_l I'-TC'C-i
o
v NOMINAL —J STES N J‘; I
DISKETTE | MODE |DOEN ) ik | T | T | T o Yol
a" MFM 4] 2 MHz |1 us 1 Iri) 2 M3 ]--'DIR —l’slpld———{"gw}-—— E-ﬂ'UIR——“L’,TD ——
g FM 1 2MHZ (2 us | 2u5 | 4 us m ] |
5 MFd 4] TMHz | 2ps | 2us | 4 us STEP —_— -
5 FM 1 TMHzZ [4 5 [ 405 |8 us ver m_f
INPUT DATA TIMING . MISCELLANEOUS TIMING
NOTES: .

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
windows, then pulse width must be less than 300 ns is unimportant).
for MFM at CLK = 2 MHz and 600 ns for FM at 2 5. RCLK should be forced low when VFOE ~ 1 and
MHz. Times double for 1 MHz. free-running when VEOE = 0.

2. 100 ns. pulses are recommended for 8" MFM. 6. Times double when clock = 1 MHz.

1. Pulse width on RAW READ (Pin 27) is normaliy 3. tbc should be 2 us, nominal in MFM and 4 us nominal
4



WESTERK LiGITA

INTRODUCTION

The FD179X Fioppy Disk Formatter/Controlier per-
iorms all the functions necessary to read or write
data to any type of floppy disk drive. Both 8” and 5~
(mini-floppy} drives with singie or double density
slorage capabihties are supported. These MOS/LSI
devices will replace a large amount of discrete iogic
required far interfacing a host processor to a tloppy
disk. The FD179X i1s ideally suited for microproces-
sor interfacing, either in a stand-atone computer
system, or as a slave processor for mini-computer
applications. The chip has been designed to be
compatible with the 1BM 3740 (FM) daia format, or
{BM System 34 (MFM). Provisions for non-star. uard
variable tength sectors have been included o pro-
vide more data storage capabtity per track. Pro-
grammable slepping rates via a 2-bit setting in the
Command Register allows for interfacing to disk
drives with dificvent track-to-track access times.
Hequimng standard 15V, 112V power supplies, the
FD179X s available in a standard 40-pin dual-in-iine
package.

When DDEN 1. the FD1791/3 reads and writes data
in a frequoncy-madulated format, Both clock and
data are recorded seriatly 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"
Hecorded 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 distingt
address marks used are:

179X-01 Application Notes

‘ Description Data Clock

i index Address Mark FC D7
iD Address Mark FE Cc7
Data Address Mark FB C7

i Deileled Address Mark Fg8 C7

Figure 1A illustrates a typical recording in FM for-
mat. Noie that a clock bitis aiways wrilten beforethe
data bit, regardless if the datawrittepisa 1 0orQ. The
1792 and 1794 have been designed for single den-
sity appiications. 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.

/ g own

This modified-frequency-modulated technique
uses a self-clocking feature to allow for recording at
higher densities. Figure 1B iliustrates this format. A
clock puise is written to the disk only if the preced-
ing and present data bit wntien is zero. Without the
use of this encoding scheme, recording densities at
this higher speed would not be possible.

PROCESSOR INTERFACE

The FID179X contains five internal registers thatcan
read or be written to, These registers are used to
write commands, read status, and read and write
data to and frem the floppy disk. They are selected
by a proper binary code on the AD, A1l lines in con-
junction with the RE and WE lines when the devices
selected. The registers and their addresses are:

CS| A A, RE = 0 WE - 0

0 0| 0 |STATUS REG | COMMAND REG
G 0.1 1 |TRACK REG | TRACK REG

0 110 | SECTOR REG | SECTOR REG

0 1 1 1 DATA REG DATA REG

1 X [ X ! Desetected 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 OPERATION TIME DELAY HEGD
Write to Command Read from Stajus [MFM = 4 us FM = 8 ps
Aegister Regisier Before Status is Valid
Write 1o Command Read Busy 8it in MFM = 6 us
Register Status Register FM =12 us
Writu to any Raad from a Difterent {| No Delay Reqg'd.
Register Raglster

Note: All time defays double for mini-floppy
(CLK = 1MHz) operation.

MASTER RESET

The MR tine 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. I{
a faster stepping rate is desired, this can be loaded
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into the command register during the RESTORE, in
which case the remainder of the steps wiil occur at
the new selected rate until Track 00 is sensed. The
minimum puise width of MR is 50 us.

DATA REQUEST

The Data Requestiine (pin 38) and the Data Request
bit of the status registerindicate 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 RG is true, DRQ will be
caused by a read operation. When faise, 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 loaded 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
internai 15 ms. delay allows for the head to fully
engage. If the drive used requires more head load
time, an exiernal circuit must be used to increase
this time delay. Figure 3 itlustrates the use of a one-
shot to pertorm this function. When the E fiag of any
Type il orlll command is reset {E = 0), the internal 15
ms, delay is disabled and the BHLT 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"
function of HLT and HLD appears in the status reg-
ister as BIT 5 and may be used to avoid another time
delay by inferming the host processor that the R/W
head is already engaged. This will speed up access
when doing 2 consecutive READ SECTQOR com-
mands, for example. Regardless of the head load
configuration Osed, 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 leftopen by the
user. When TEST =0, the internal st&pping rates are
decreased t(o about 400 microseconds, the HLT
internal 15 ms. delay is disabled, and acts as if the E
ftag was reset. Figure 4 shows a typical implementa-
tion of TEST when used with a voice-coil activated
drive.

DDEN INPUT (1791 and 1723 only)

The Doubie Density Enabie (DDEN) pin is used to
select single and doubile 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. I1BM double
density diskettes have TRACK 00 side 0 recorded in
single density instead of doubie density. The "AND-
ING” of the TR0OO and a side 0 signal can be used to
force DDEN to aLogic “1" when on TRACK 00. The
DDEN (pin 37} of the 1792 and 1784 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 forceg 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 maonitored 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 tine. This can cause an INTRQ from not
occuring.

RESTORE COMMAND

On some disk drives, it is possibie to position the
R/W head outward past Track 00 and prevent the
TROQ line from going low unless 2 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 RESTCRE
commandgd wilt remedy this situation. The RESTORE
and all other Type 1 commands wiil 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 untii the Index Address Mark is
detected, data previous to this {D mark will not be
valid. READ GATE (RG) is not actuated during this
command.

READ ADDRESS COMMAND

In systems that use either multipie 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.

~CRC}. CRC | /CGRC
“Length | 1 2.0

Track " Sider secto

The READ ADDRESS command as well as all other
Type |l and Type |ll 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 set to a 1.

FORCED INTERRUPT COMMAND

The Forced Interrupt command is generally used to
terminate a multiple sector commanc or to insure
Type 1 status in the status register. The lower four
bits of the command determine the conditional
imerrupt as follows:

= NOT-READY TO READY TRANSITION

= READY TO NOT-READY TRANSITION
EVERY iNDEX PULSE

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 wili 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, -i;) are
settoal. If I, -, 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 DQj.

As usual, to clear the interrupt a read of the status
register or a write {o the command register is
required. The exception is when using the imme-
diate interrupt condition (i;= 1). i this command is
loaded into the comimand register, an interrupt witl
be immediately generated and the current com-
mand terminated. Reading the status or writing to
the command register will not automatically clear
the interrupt; another forced interrupt command
with 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. |f for
example, the READY TO NOT-READY condition (I,
= 1} and the Every index Pulse {lI; = 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 conditicn. -

FLOPPY DISK INTERFACE

READ GATE

The Read Gate output from the FD179X is used to
infarm the external data separator circuitry that a

Iﬂ
I1
l
I:i

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 ipaded

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 10 a zero upon a Master Reset
(MR} or upon receipt of any command including the
Force Interrupt command when BUSY =0, orupon a
Force Interrupt command when terminating a multi-
ple sector Read/Write command. For double den-
sity operation (MFM). the RG characteristics are as
follows: Assume the FD1791/3 is searchingforan D
fietd. When 4 consecutive byles of zeros are
detecied, RG wili be made active. RG wiil be reset
upon any one of the following conditions:

1. 3 At'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/SECTQOR Address {only
during a READ/WRITE sector command)

Hthe ID search was unsuccessful, the FC1791/3 wili
then continue the search for the specified 1D fieid.
When the correct ID field is encountered and if the
currert command was a WRITE SECTOR, RG will
remain: ata Logic “0". {f the current command was a
READ SECTOR, the FD1791/3 will then ook for 4
consecutive bytes of zeros. i 4 bytes of zeros were
notfound, the FO1781/3 will do an internal retry. If 4
bytes are found within the next 33 bytes, RG wiil
then be set to a L.ogic "1".

RG i3 now deactivated (RG = 0} upen 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)

Iterns 1 and 2 will result in an internai retry. RG is not
activated during the Read Track command.

VFOE/WF

The 179X provides an additional signai that can be
used to controi the externai data separator,
VECE/WF (pin 33) is an input/output pin that func-
tions as a VFO enable and a write fauht 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 tow when WG = 1,the current Write
command 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 iree
run; when VFOE = 1, RCLK should be forced low.
The following circuits can be used to separate
VFOE/WEF signals.

33 VFOE
FIOK

i 4LE04

PIN 31 USED AS A VFOE SIGNAL ONLY

10K 74501

———— WF {FAOM DRIVE)
3 WG
18X — ]
-in
i 36 &—-B WG ITO DRIVE}
e ——t

PIN 33 USED AS A WF SIGNAL ONLY

> 10K 741501

wQ
33 4 WE
1769x

-
30

Fy

#= (WG TO DRIVE}
< IWF FROM DAIVE)

VFOE

74L502
AN 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 puise
occurs entirety 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 wili determine
whether the RAW READ pulse is clock or data, so
the active state of RCLK is unimportant (i.e., high or
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 nus. 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 scurce to another, great
care must be exercised to ensure this 800 ns. mar-
gin. Figure § shows the RAW READ and RCLK tim-
ing relationships. When VFOE = 1 RCLK should be
forced iow, and free-running when VFQE = 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 hit shift. I} is
generally required for 8" MFM recording and s 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 1s 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, bui 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 infigure 9. Theearly,
late or nominal condition is latched into the
74L5175 on the rising edge of WD. This fires the
2143 via its OSC in {pin 11) line and staris 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 94 output resets the laich
in anticipation of the next WD pulse. The 7438 is an
ogpen colliector device and requires a pull-up resistor
it not supplied at the drive. A 5K potentiometer is
used to adjust the desired puise 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 puse 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 B00 ns. Because of high
flux reversal rates, Write Precompensation with a
Phase Lock Loop separator is recommended for 8"
MFM applications.

Figure 10 ilustrates 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 BEAD transition loads the counter with a
“5". When the counter counts down to zero, the
RCLK flip-flop (74L574) toggles, producing a
RCLK. {f the next data bit is zero (no RAW READ
pulse), the counter continually counts down until
another RAW READ pulse occurs. Then it is loaded
again and the process repeats. Many users are using
this circuit and are achieving error rates better than
16-8, even for 8° MFM with write precompensation,
This circuit may also be used for the 5" mini-fioppy.

Figure 12 iliustrates a phase lock loop method of

data separation. The advantage of this scheme over
countar/separators is its excellent data recovery
and high reliability, The RCLK "tracks” the RAW
READ transitions, aliowing for greater flexibility in
bit shifts and overall system margins. Although the
PPL arrangement is preterred, its added component
count generaily 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. Unioad 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. Thisis usu-
ally caused by improper disk handling, exposure to
high magnetic fields, etc. and generally resuits in
destroying portions or tracks of the diskette.

e Y ———

‘ BIT ¢ ‘ BT

HEX 1 4 0

_ALF_FRA_H

BIT 2 I BIT 2

FLFLF__R

RULE

1} WRITE DATA BITS AT CENTER
GF B3T CELL IF A ~1*

70 WRITE CLOCK BITS AT LEADING
EQGE OF THE 8iT CELL

FIGURE 1A, FM RECORDING

—— D i —a—

AT BITo aIT 1 BIT 2

HEX

oy l"D—I ﬂ ) JEI

BiT 3

BIT 4 BIT & BIT 6

RULE:

1} WRITE DATA BITS AT CENTER
OF BIT CELL IF A ™1™

20 WRITE CLOCK BITS AT LEADING
EDGE QF BIT‘_CELL IF;

Al NO DATA BIT HAS BEEN WRITTEN LAST
- AND -

i NODATA BIT WILL BE WRITTEN NEXT

FIGURE 18. MFM RECORDING
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191508
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DRIVE
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FIGURE 5. READ DATA TIMING
Alrgady ) To Be
Sent Sending Sent MFM FM

X 1 1 0 Precomp Early Precomp Early !

X 0 1 1 Precomp Late Precomp Late !
Precomp Early

0 0 0 L {Inhibit Dunng A1 & C2)? N/A
Precomp Late

! 0 0 0 {Inhibit During A1 & C2)2 N/A

X = Don't Care
/A = Not Applicable

-
[l

Inhibited during missing clocks

2 = With missing clock transitions
{Address marks}

FIGURE 6A. INTERNAL WRITE PRE-COMP

ALGORITHM

garly Late Precomp Required
1 0 Do not Delay WD
0 o Delay WD By 4
Q 1 Detay WD by 2 &
Notes:

Ali other Early/Late conditions are illegal. & = 100 —

150 ns. depending upon drive manufactur 2r. See
figure 7 for timing with Earty/Late.

FIGURE 6B. PRE-COMP CIRCUIT REQUIREMENTS
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