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iTHACA TNTERSYSTEMS LIMITED WARRANTY

All equipment manufactured by ITHACA INTERSYSTE!NS shall be guaranteed
against cdefects in materials and workmanship for a neriod of ninety (90)
days from date of delivery to the Buyer by the Seller, and the Seller agrees
to repair or replace, at its sole option, any part which proves to be
defective and attributable to any defect in materials or workmanship.

EXCEPT FOR THE WARRANTIES THAT THE GOODS ARE MADE IN A
WORKMAMLIKE MANNER AND IN ACCORDANCE WITH THE
SPECIFICATIONS SUPPLIED, SELLER HMAKES MO VARRANTY
GXPRESS OR IMPLIED, AND ANY IMPLIED WARRANTY OF
MERCHANITARILITY OR FITNESS FOR A PARTICULAR PURPOSE
WHICH EXCEEDS THE FOREGOING VARRANTY IS5 HERERY
DISCLAIMED BY SELLER AND EXCLUDED FRO!M AMNY ACREEMENT.

Buyer expressly waives 1its rights to any consequential damages, loss or
expense arising in connection with the use of or the inability to wuse its
goods for any purpose whatsoever,

Mo warranty shall be applicable to any damages arising out of any act of q~‘)
Buyer, his employees, agents, patrons or other persons.

In the event that a unit proves to be defective, and after authorization by
Seller, the defective part and/or wunit, as authorized, must be securely
packaged and returned Freight Prepaid by the Buyer to ITHACA INTERSYSTEMS
for repair. Upon receipt of the unit, ITHACA INTERSYSTEMS will repair or
replace, at its sole option, the defective part or product and return such
part/product Freight Prepaid to the Buyer.

The remedies set forth herein are exclusive and the liability of Seller to
any contract or sale or anything done in connection therewith, whether in
contract, in tort, under any warranty, or otherwise, shall not, except as
expressly provided herein, exceed the price of the equipment or part on
which said liability is based.

This warranty is given solely to the original ZRBuyer. No employee or
representative of Seller is authorized to change this warranty in any way or
crant any other quaranty or warranty.




FDC-2

A Double Density Floppy Disk Controller
for the IEEE 696.2 S-100 Bus

Economical, flexible, efficient mass storage has become a basic requirement
for all but the most primitive microcomputer systems. Floppy disks are a
recognized standard for this purpose, providing users with not only a means
for storage, but for communication as well. The FDC-2 floppy disk
controller implements this fundamental mass storage function reliably and
elegantly.

Double density, dual head capacity brings large data base processing into
the reach of the small system, while direct memory access means that the
controller is entirely responsible for data transfer, eliminating the need
for wait states and other processing required in less sophisticated floppy
disk systems. Conforming to the new IEEE 696.2 S-100 standard, including
24-bit extended addressing DMA, the FDC-2 is entirely upward compatible with
the new 16-bit processors, such as Ithaca Intersystems' Series II MPU-8000
Z-8000 CPU card.

The FDC-2 is available with the CP/M™ operating system, for use in standard
8-bit microcomputers. With an Ithaca Intersystems MPU-80 Z-80 card and IEEE
S§-100 extended addressing memory, 8080/280 application programs can use a
megabyte of address space, all of which can be directly loaded by the FDC-2
floppy disk controller (under application program control).

Adaptable to 5-1/4" and 8" drives, compatible with old and new $-100
systems, the FDC-2 provides the microcomputer designer and user with a mass
storage interface for most current and anticipated floppy disk
applications.
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1.0 Introduction and General Information
The Intersystems Floppy Disk Controller (FDC-2) is a powerful and versatile
mass storage system for the S-100 computer. The FDC-2 offers the following
features:

* Up to 4 Mbyte direct access mass storage

* Single or Double Density

* Soft Sector IBM compatible

* 8" or 5.25" disks, single or double sided

&%

1 thru 4 drives controlled by one board

* LSI controller with extensive instruction set including disk to
memory compare instructions

* DMA data transfers between disk and system memory relieve CPU of
cumbersome transfer routines

* Efficient operation allows entire track contents transferred in
one disk revolution

* On board EPROM
* CPM compatible

* IEEE 696.2 S-100 compatible including:
2 or 4 MHz operation;
8 or 16 bit I/0 mapping;
16 or 24 bit memory mapping for EPROM;
16 or 24 bit DMA.

1.1 Serviée Information

Receiving Inspection

When your FDC-2 arrives, inspect both the equipment and the shipping carton
immediately for evidence of damage during transit. If the shipping carton
is damaged or water-stained, request the carrier's agent to be present when
the carton is opened. If the carrier's agent is not present when the carton
is opened, and the contents of the carton are damaged, save the carton and
packing material for the agent's inspection. Shipping damages should be
-immediately reported to the carrier. Do not attempt to service the board
yourself as this will void the warranty.
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We advise that in any case you should save the shipping container for use in
returning the module to Intersystems, should it become necessary to do so.
Factory Service

Intersystems provides a factory repair service for all of its products.
Before returning the module to Intersystems, first obtain a Return
Authorization Number from our sales department. This may be done by calling
us, sending us a TWX, or by writing to us. After the return has been
authorized, proceed as follows:

1) Write a letter describing the problem as best you can.

2) Describe your system to us, 1list boards by manufacturer and
name. '

3) Include Xerox copies of the schematics of boards by manufacturers
other than Intersystems.

4)  Include the Return Authorization Number.

5) Pack the above information in a container suitable to the method
of shipment. '

6) Ship prepaid to Intersystems.

Your module will be repaired as soon as possible after receipt and ‘return
shipped to you prepaid.
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Contacting Intersystems:
The following apply both for correspondence and service.

Ithaca Intersystems Inc.

1650 Hanshaw Rd.

P.0. Box 91

Ithaca N.Y. U.S.A.
14850

Telephone (607) 257-0190
TWX 510 255-4346

In Europe:

Ithaca Intersystems (U.K.) Ltd.
58 Crouch Hall Rd.
London N8 8HG. U.K.

Telephone 01-341-2447
Telex 299568

1.2 Overview

The FDC-2 may be instructed, through a series of output operatioms, to
perform two basic functions: read data from anywhere in memory and write it
at a desired drive, side, sector, and track; and the inverse function of
reading specified disk data and writing it at any desired location in system
memory.

The FDC-2 provides a modern disk interface for the S-100 bus. A single 8",
double density, single sided disk provides the user with approximately 500
kbytes of mass storage. Since the controller board is capable of handling
4 double sided disks, 4 Mbytes of mass storage is available.

The FDC-2 may be parsed out into separate functional areas for easier
understanding. These are:

Disk Controller

This area of the FDC-2 interfaces directly with the disk drives. It can be
instructed by the CPU to select one of four drives, move the recording head
in .a specified drive to a specified track position, read a specified
quantity of data from a drive, write a quantity of data to a drive, format a
disk, and even compare data on the disk to system data. The controller also

.performs CRC checks on all disk data to establish that data's validity.
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DMA Controller

This functional area of the FDC~2 is dedicated to the direct transfer of
data between the Disk Controller and the user's system memory. The DMA
controller has the ability to disable the system CPU asynchronously to
program execution, whenever the Disk Controller indicates readiness for data
transfer. Once the CPU is disabled the DMA Controller will either read a
byte from system memory and send it to the Disk controller, or read a byte
from the Disk Controller and write it into system memory. After the DMA
transfer, the CPU is re-enabled and will continue program execution. The
" user may program the DMA Controller to access any area of an IEEE 696.2
S-100 16 Mbyte address space.

Addressing

The FDC-2 occupies 16 consecutive locations of system I/0 space. The
function assignment of each of these locations is shown in the FDC-2 Address
Map. The user may jumper select the board location at any l6-location
boundary in the standard IEEE S-100 64k I/0 space. Optiomnally, of course,
the 8-bit I/0 address space may be referenced instead.

Onboard EPROM

Provision is made for a 2708 EPROM on the FDC-2 so that bootstrap firmware
for the user's operating system may be located on the board. The EPROM
circuitry has its own independent address. The user may jumper-select any 1
kbyte 1location in the extended 16 Mbyte system memory to locate the EPROM.
The board may be configured so that PHANTOM is driven when the EPROM is
accessed, thus allowing the FDC-2 EPROM to overlay RAM memory that responds
to PHANTOM; the EPROM -- and the PHANTOM overlaying signal -- may be
disabled with software. (The EPROM is enabled automatically when power is
applied and RESET* goes active.)
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1.3 FDC-2 Address Map

Base address is set to OOH.

Address (hex) Function

Base: 00 Disk Controller Status/Command (R/W)
01 Disk Controller Data (R/W)
02, 03 set DMA write to system memory* (W)
04, 05 set DMA read from system memory* (W)
06, 07 enable EPROM* (w)
08, 09 DMA upper address byte¥ (W)
0A, OB DMA middle address byte¥* (W)
0C, 0D DMA lower address byte¥ (W)
0E, OF disable EPROM¥ (W)

* In each of these cases, either port listed will
perform the specified function and may be used
interchangeably; that is, the FDC-2 disregards AQ.

1.4 Floppy Disks and Floppy Disk Operating Systems

A floppy disk is a round piece of plastic mylar coated with a magnetic
recording film —- much like the material magnetic recording tape is made out
of, only stiffer and shaped like a phonograph record. A floppy disk, in
fact, has some of the advantages of a phonograph record: access to any part
of the disk is relatively quick, much like picking wup the needle of a
phonograph record and moving it to another band. This is inherently faster
than reel-to-reel tape or cassettes, where it is necessary to run through
the reel to get to a particular piece of data.

The plastic disk is permanently encased in a square paper or cardboard
jacket. It is never removed from this jacket. The disk may be inserted
into. a disk drive which rotates the disk inside the jacket. The drive also
contains a high quality playback/recording head which can be 1loaded into
contact with the disk. The head is affixed to some sort of mechanism that
allows it to move along the radius of the disk. The force for this movement
is usually provided by a stepper motor, so that the head is moved
incrementally from one "track" to another. On an 8" disk, there are 76 of
these tracks available for data storage. On such a disk, roughly 6.5 kbytes
can be stored serially on a single "track” when recorded in double density.
Usually, this data is organized in smaller '"sectors'": angular portions of
the whole track. Various systems use various numbers of sectors; a standard
CP/M™ single density disk has 26 sectors.
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Operating Systems

The term "operating system" (0S) refers, broadly, to any software that
allows a human being to interface with a computer system. A floppy disk
operating system obviously implies interface to a disk device as well as the

computer.

The operating system is the thing that prints the asterisk, period, or other
prompt character on the terminal when the user first turns the computer on.
This is one of the customary tasks of an 0S: it is the first major program
to get control. (Most disk operating systems actually have one or more
"bootstrap" programs that initially load the operating system into memory
before passing control to it.)

The EPROM monitors that some computer companies market are, in fact, simple
operating systems. A simple program of this kind allows the user to
communicate with the computer at a relatively primitive level, usually
providing 1load and dump memory instructions so that programs may be loaded
directly in machine language. The monitor provides a basic communication
facility by containing software that handles a terminal -- where the user
types his instructions to the monitor and reads the data the monitor gets.

A disk operating system is an elaborate monitor. It also provides the basic
function of terminal communication with the user. In addition, of course,
it provides facilities for getting and loading data to and from disks.
Other features are provided by various operating systems, from assembler
software (a program that will translate a file filled with symbolic assembly
code written by the user into machine code suitable for execution) to
facilities for multi-tasking, various high-level languages, and so forth.

Operating systems are commonly designed to be modular: that is, programs
can be added later on, either by the user or by the manufacturer. The
operating ‘system will often be provided with a few modular parts already
included, usually the most-needed basic programs, and these programs are
referred to as "utility programs" or just "utilities". A program that
prints a specified disk file on the system line printer, for instance, would
be a utility. Various operating systems assign different functions to the
0S directly, leaving other functions to the wutilities. One 0S, for
instance, might provide the listing function as an 08 instruction; another
would require that a wutility program be loaded first to execute the same
kind of functiom.

One extremely popular operating system is the CP/M™ system. The advantages
of using CP/M™ can really be summed up in one word: compatibility. Programs
that operate in a CP/M™ environment are available from many different
sources, and users of CP/M™ can exchange data and user-written programs with
ease, merely by trading disks.
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Although all standard CP/M™ disk files are compatible, all CP/M operating
systems are by no geans identical. Each CP/M™ system has certain individual
characteristics. One of these is memory size: a program designed to run on
a large CP/M™ system will not execute successfully on a small one, because
there is simply not enough memory. The other significant variable is the
input/output (I/0). The CP/M™ manual gives more details on this topic, but
suffice it to say that every different piece of 1/0 hardware requires a
corresponding adjustment in the operating system; one manufacturer's disk
controller will require different software than another's, and the same is
true of different terminal interfaces (although the modification of the
terminal handling part of the code is usually much easier than changing the
disk handling portion). Ithaca Intersystems, of course, offers a version of
CP/M™ that runs with the FDC-2 Disk Controller Board. '
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2.0 Board Setup
The user should select and cﬁeck the various jumper selectable options on
the FDC-2 board before inserting the board into the user's S5-100 system.
The jumper selectable options include:

* I1/0 Addressing

* EPROM Addressing

* Wait State Selection

* System Interrupt Line Selection

* DMA Configuration

* 8" or 5.25" Disk Drives

* Precompensation Values

2.1 1/0 Addressing

The user should select the board I/0

o address to correspond with the system

- hardware and software. First, the user

8 BIT I/O ADDRESSING 16 BIT 1/0 ADDRESSING || should set the board for either 8 bit or
FIGURE 2.1 ' 16 bit I/0 .addressing. This decision

— should be based upon what I/0 addressing

the system CPU uses. Shunt jumper J5 selects between 8 or 16 bit I/O

addressing. See Figure 2.1.

Secondly, the user should select the board I/0

e address. If the board is 8 bit addressed, then

g c

A éCIJ N : only jumper area J4 affects board address. The
as—|LXJO L user may select address bits 4 through 7. See
x—e(0QO| [ © Figure 2.2.

ar—=LXJ0|.

* FIGURE 2.2 THIS BOARD IS SET
AT BASE ADDRESS EO(MEX)
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Finally, if the board is 16  bit

addressed, then jumper area J19 affects the
upper 8 bits of board address, A8 through i oas—e! OCXT OCI_j1

Al5. See Figure 2.3.

2.2 EPROM Addressing

The wuser must set the EPROM memory
address to correspond to system
hardware and software. Jumper area J20
determines the enabling and the base
address. The options are:

I/0

w— 0| (¢ |00
aiz—=| OLXT xa
a—=1 O ‘
aio—| O "o
as—! O
ae—=| OLX

FIGURE 2.3 THIS BOARD IS SET AT BASE
ADDRESS 20EO(HEX)

ae—= O L., E!JOFL
/

O O

a. 16 BIT ADDRESS b 24 BIT ADDRESS ¢, DISABLED
FIGURE 2.4

% The EPROM is enabled and has a 16 bit base address.

* The EPROM is enabled and has a 24 bit base address.

* The EPROM is disabled.

See Figure 2.4.

The EPROM address itself is selected at
area J21. For 16 bit addressing, J21 is used to ais—| £XJ0
set address bits 10 to 15. See Figure 2.5. ae—e X301 ..

-11 -

jumper

a3 CJO
az—e X0
an—s| X3 W*v
ao—| O] I

FIGURE 2.5 THIS BCARD'S EPROM
{S LOCATED AT FOOO(HEX)
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If 24-bit addressing is being used

5 .

,QEJL_ J2! : in the system, then Jl5 must also
| azz— O% Azsl [IJO\L ; be set to correspond to address
A1 —— O a2z |, (OO L. 1 bits Al6 t A23., See Fi

e — oo =\ fEAa * |efo| O 2165 hrough 3 ee Figure

| —i0 |~ —220 D0
gAm——-o:xJ \ Al o L.
| 418 —— oy~ a8 .

| 23— o A7

| ae— O A6
|
l

FIGURE 2.6 THIS BOARD'S EPROM 1S LOCATED AT
MEMORY ADDRESS 228000(HEX)

‘ Finally, the user may decide if the EPROM

A A ‘ will be phantom memory or not. If the

a a EPROM 1is phantom, it will drive the S$-100

CJB ch - phantom line when it is selected,
PHANTOM DRIVER CONNECTED DISCONNECTED disabling any other memory that may happen
FIGURE 2.7 : to be located at the same address,
‘ avoiding conflicts on the bus ‘that might

occur between the EPROM and read/write

memory. Note that the FDC~2 EPROM may be
disabled by software after power on (the reset which occurs at power on
automatically enables the EPROM): writing to a port on the board provided
‘for this purpose disables the EPROM, while writing to an additional port
provided will subsequently enable it, if desired (see the FDC-2 address map
in section 1). This allows the EPROM to be used for a bootstrap load of the
operating system after which it may be turned off, freeing that space for
RAM. To enable the phantom driver, use J18 as shown in Figure 2.7. :

2.3 Wait States

When running in a 4 MHz system the EPROM and the
-Jz -Ja © LSI disk controller may not have sufficient access
: A ' time for valid data transfers with the CPU. 1If
NO WAIT STATE ~ WAIT STATE 3 . -
FIGURE 2B this 1is the case the user should set jumper area
: J2 so that the FDC-2 generates one wait state at
each access. See Figure 2.8.
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If the board is set to generate a wait state at o
H4 Jid

(“/ access, then the polarity of the system clock ABC ABC
Phi becomes significant. Jumper area Jl4 (o) o
provides for either the IEEE 696.2 S~100 STANDAH NON: STANDAKD
standard clock, or a non-standard inverted FIGURE 2 9
clock. See Figure 2.9. e
2.4 Interrupts
The FDC-2 generates an interrupt signal at . e :@ f%
the end of various procedures so that the S vk 7—w(00 00 oc
system CPU can respond to the event with vix 6 —=00 00 ole
appropriate action. The $-100 bus ;v 5—e00 00 oG
provides 10 interrupt 1lines: NMI, pINT, - vk 4—=00 00 o0
. . .V 300 o0 o]e]
and the vectored interrupt lines VIO Uy 2—=00 00 00
through. VI7. The FDC-2 interrupt signal L vk 1 —=00 00 =
may be jumpered to any one of these, with ' vk e—=00 BO oC
the exception of NMI (which is customarily et —=IXJ o 00
reserved for emergency system functions i PINT#  NOTHING VI 2%
P DRIVEN DRIVEN DRIVEN

such as power failure processing).

FIGURE 2.iC

If there is a system interrupt controller (on the CPU card, perhaps) the
FDC-2 and other system peripherals might drive one or another of the
vectored interrupt lines. Alternately, in a system without an interrupt
controller the FDC-2 can be jumpered to drive pINT. In either case, of
course, software must be available to deal with interrupts. In the case of
vectored interrupts, generally the interrupt controller device is
initialized, and interrupt service routine address vectors stored there. 1In
the case of a pINT system, care must be taken that no other device in the
system ‘drives the pINT line, and that no device in the system responds to
the interrupt acknolwedge signal, sINTA. If these conditions are met, then
the FDC-2's interrupt will cause the CPU to read and execute a byte of FFH,
which, in 8080 code, is a RST 38H. Alternately, a Z80 processor may be set
to Interrupt Mode 1, in which case interrupts automatically generate a RST
38H, regardless of the response byte. Location 38H would then contain the
interrupt service routine or a jump to one. In a minimal system, the CPU
could enter a halt state after it initiates a disk operation; in this case,
the interrupt routine at 38H could simply be a RET instruction.

An entirely different -- and in many cases, simpler -— approach to software
response to disk board activities is the use of the Polled Mode. In this
case, the FDC-2 drives no interrupt line at all, and the CPU executes a
short polling routine while floppy disk operations are carried on.
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Jumper area J16 is provided to select which system interrupt line -- if any

-- will be driven by

the FDC~2, See Figure 2.10. In the event that no

interrupt line is to be driven, the shorting strip may be stored on any two

pins in column A of J16.

I nr__

L Q! A

sig 8!

¢ Q]
SPU DRIVES DCBI DRIVES ||
SISABLE LINES  DISABLE LINES®
SIGURE 2.11

2.5 DMA

In some systems, the DMA disable lines —- ADSB,
DODSB, SDSB, and CDSB -~ will be drivem by the CPU
card. Other systems expect the DMA device to drive
these 1lines. The FDC-2 makes provision for both

possibilities at jumper area J17. See Figure
2.11.

The IEEE 696.2 S-100 standard provides for
overlapped transfer at either end of a DMA

Ji3
ABC

Ji3

ARC
o xo
STANDARD DOMA NON-3STANCARD OMA
i CIGURE 2.12

i operation. Pre-standard CPUs may instead
| conduct an immediate transfer. To adapt to
!‘ these differences the FDC-2 may be jumpered
}1 at J13 to either turn off the hold signal at
| the standard point of the DMA cycle, or to

extend the hold signal one half clock cycle,

to conform to non-standard CPUs. See Figure
2.12.

The standard also provides for 16-level

aAsc Yasc

‘Do) ol oM

|
| Ji Jt
i
{
H
b

o (o X0

!
i
i LEVEL . ll!2ll “is" ";4"
|| FiouRe 213

arbitration among DMA devices. The

lasc FDC-2  provides the wuser with the
o option to occupy any one of the top
o four DMA priority levels -~ levels 12
"s" through 15. The priority level may be
selected at jumper area J1, as depicted

in Figure 2.13.
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- VIEWED FROM COMPONENT SIDE

/T ~ 2\

FIGURE 2140 8" DRIVE, 50 PIN CONNECTOR

g =\

FIGURE 2.14b 5.25" DRIVE, 34 PIN CONNECTOR
(RIGHT JUSTIFIED IN 50 PIN SOCKET)

2.6 Standard or Mini Disk Drive

The FDC-2 can control 8" disk drives or 5.25" disk drives. The 50-pin
header on the top right of the board will accept the standard 50-pin
connector for the 8" drive or the standard 34-pin connector right justified
in the header for the 5-1/4" drive. See Figure 2.14

Various signals must be B C A8 C 43 c ABCD
adjusted to correspond to 8" or soy s el [€]e o[

5-1/4" drives. These should be
set by the user at jumper areas

J6 through J12 as shown in h[e o SIENLe o[s) @
Figure 2.15. FIGURE 2.15a JUMPER SELECTION FOR 8" DRIVE
ABC ABC ABC ABCOD

wX30] s gol @ o [o oo o]
wofoty ol [o o[s) |

Ji2
FIGURE 2.15b JUMPER SELECTION FCR 5.25" ORIVE
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2.7 Precompensation

r : Precompensation is a slight
aso_g_“g____m E shift that is imposed on the
‘es___g%g___ym \ position of data pulses as they

EARLY 128 |0 O] ——InnER  ( EARYY ; are written on the disk. This

63 ——|0 O|——uTER ; is done to compensate for

§-——mommAu———————— expected shift when data is

63 ——|0 O} ——OUTER ‘ read back, due to the

LATE I‘::____é@:?%m LATE ‘ resolution of the drive head.
250—|J Q| —313 : .

FIGURE 2166 THIS BOARD 1S SET FOR 250 NS PRECOMP FOR || Drive manufacturers provide

INNER TRACKS AND NO PRECOMP FOR OUTER TRACKS precgmpensation values to be

. 3 AB used with their drives for
PIN | —[Q O] —PIN 17 double density data. The FDC-2

| Og ‘ may be  jumpered for six

! PIN 4——|O different values from 62 to 375

: o 1 ns. The user may also set one

3 PIN 5——|O * value for inside tracks, and a

# <38 ; different value for outside

i oG ol —em s : tracks. This can provide

FIGURE 2.16b THIS BOARD 1S SET FOR 375NS PRECOMP FOR 3 additional re}lablllty with
INNER TRACKS AND 250NS PRECOMP FOR OUTER TRACKS i many drives. Figure 2.16, a
: and b, shows various

precompensation options at

jumper area J3.

2.8 Notes on Drive Configuration

User-selectable options of various manufacturers' floppy disk drives must be
set correctly to insure dependable operation with the FDC-2 controller.

. Stepper Motor Enable

For correct operation with the FDC-2, the £floppy disk drive should be
jumpered to have a continuously enabled stepper motor. The stepper motor

should NOT require active drive select, and/or head load, in order to be
enabled.

Stepper Motor Enable

Shugart 800/850, Remex 4000, Qume Jumper HL: Open
DS: Open

FDC-2 FLOPPY DISC CONTROLLER - 16 -




Head Load

The floppy disk drive should be jumpered to load the heads on active head
load alone. The drive should NOT require active drive select to load the
heads.

Head Load
Shugart 800/850, Remex 4000, Qume Jumper C: Closed
. X: Closed
A: Closed
B: Open

Multiple Drives

The FDC-2 (and most other disk controllers) require that the floppy disk
drive interface signal lines should only have one pullup resistor per line.
Usually this involves removing the pullup resistor pack from all but one
drive in a system. This is not always true, however, and problems will
sometimes arise, especially when mixing drives of different manufacturers in
one system. Often shunt jumpers are provided in the drive to disconnect
individual pullup resistors from control lines. Check the manufacturer's
documentation carefully, particularly when mixing different manufacturers'
drives. Improper termination -- when more than one resistor is pulling up a
line, or if no resistor is pulling up a line -- will sometimes result in
intermittent operation of the system, ranging from very occasional errors to
continuously "flaky" response.

When there is a choice, it is usually good practice to terminate the drive
in a multiple-drive system that is furthest —~- physically, along the common
connector cable -- from the FDC~2; that is, the 1last drive on the cable,
whether it is drive A or not. This last drive, then, would be the one in

which an optional resistor pack should be left installed, or the jumpers set
so as to enable the pullup resistors.
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O

2.8 Standard Ithaca Intersystems Board Setup.

Figure 2.17
Intersystems

shows the arrangement
setup, as listed below.

Implemented Option

of

jumpers for

Jumper

DMA Priority 12

One wait state

MFM Precompensation --
inner tracks: 256 ns
outer tracks: 62.5 ns

Board address = BOH

8 bit I/0 Address
(no extended address)

" Standard 8" drive

Standard DMA timing
Wait states clocked on
inverted Phi

EPROM extended address = Q0H

No interrupt lines driven

No bus disable lines driven
EPROM select drives PHANTOM

I/0 extended address = Q0H
EPROM enabled, 16 bit address

(no extended address)
EPROM address = 0000H

Ji, 1st row: AB

2nd row: AB

J2: BC
J3: pins 1 to 15,
pins 4 to 14,
pins 5 to 12,
pins 8 to 11

J4, 1lst row: AB

2nd row: AB

3rd row: BC

4th row: AB

J5: AB
J6: BC
J7: : BC
J8: BC
J9: BC
J10: AB
Jil: AB
J12: AB
J13: . BC
J1l4: AB

J15, all rows: BC
J16, jumper stored
on any two pins

of row A

J17: row 2-row 3
J18: row l-row 2
J19, all rows: BC
J20, lst row: BC

J21, all rows: BC

- 19 -
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FDC-2 Programming Guidelines
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Programming the NEC uPD765

Polled Operation

Programming DMA Transfers

EPROM Programming
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3.0 FDC~2 programming guidelines

In most cases the user will obtain a FDC-2 board with the operating system
software at the same time, and will not be concerned with the details of the

implementation. This section is for those who wish to write their own
software to drive the FDC-2.

Three areas of the FDC-2 are affected by programming. These are the LSI
controller chip itself, the DMA transfer circuitry, and the EPROM. Refer to
the FDC-2 I/0 map for address location of onboard registers.

3.1 Programming the NEC uPD765

The wajor part of the FDC-2 operation is conducted by the NEC uPD765, an LSI
doubie density disk controller IC. The uPD765 has a repertoire of 15
disferent operations which the CPU may instruct it to perform. These are:

Read Data Scan High or Equal Write Deleted Data
Read ID Scan Low or Equal Seek

Read Deleted Data Specify Recalibrate

Read a Track Write Data Sense Interrupt Status
Scan Equal Format Track Sense Drive Status

The details of this intruction set are explained in the NEC uPD765 manual,
to which the interested reader is referred. A quick summary 1is presented
here to relate the uPD765 operation to the rest of the FDC-2.

As the uPD765 performs an operation, there are three phases which must be
considered by the programmer. These are:

Command phase: This phase exists for all operations. In this
phase the CPU sends command bytes to the uPD765
to indicate which operation is desired and the
arguments of the operation (drive, track, sector,
etc.). The uPD765 requires that the CPU check the
main status register for an active request for
master (bit 7 high) and a data input condition
(bit 6 low) before each command byte is sent.
When the uPD765 recognizes a complete command byte
string it will automatically enter the execution
phase.

Execution phase: After the uPD765 accepts the command string it
will begin to perform the operation. No software
interaction is necessary during this phase. If
the operation encompasses data transfer between
the system and the disk (during read, write, scan,
or format), the DMA hardware on the FDC-2 board

FDC-2 FLOPPY DISC CONTROLLER - 22 -




conducts the transfer with system memory, and
should be programmed prior to the execution phase
(programming DMA is covered below). The uPD765
will generate an interrupt signal at the end of
the execution phase on operations where data
transfers take place as well as seek and
recalibrate operations. This interrupt may be
serviced by the system in any fashion suitable to
the user's requirments.

Result phase: After the execution phase, most operations of the
uPD765 enter the result phase. At this point, the
uPD765 provides the user with status concerning
the success of the operation just attemped: a
string of bytes is (and must be) transferred
between the uPD765 and the system CPU. These
bytes are the status bytes which are described in
the uPD765 manual. The CPU must check the main
status register for an active master request (bit
7 high) and data in to the CPU (bit 6 high) before
reading each status byte in the result phase. The
uPD765 will not accept new commands until the
correct number of status bytes are read to
complete the result phase of the last operationm.

3.2 Polled Operation

While the uPD765 is frequently used in the interrupt mode (the chip produces
an interrupt to signal the completion of an activity), polled operation is

also possible, and in some configurations is desirable. The uPD765 can be
" polled by checking various chip registers repeatedly. The following code is
typical.

1000*1000 ORG 1000H
00B0 DBASE  EQU 0BOH
0080 DSTAT EQU DBASE+0
00B1 DDATA EQU DBASE+1
00B2 DREAD  EQU DBASE+2
00B4 DWRITE EQU DBASE+4

;THIS ROUTINE WOULD BE CALLED AFTER A DISK
+READ OR WRITE HAD BEEN INITIATED.
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1000 DB B0 WAITFDC IN DSTAT ;A GETS THE DISK STATUS.

1002 CB 67 BIT 4,A ; TEST BIT 4 FOR ZERO.

1004 cA 100F . Jz ERROR  ;IF BIT 4 IS NOT HIGH, THEN
; THE UPD765 IS NOT EXECUTING A READ OR

;WRITE AND THIS ROUTINE WAS CALLED IN ERROR.

1007 E6 CO | ANI 0COH  ;DISCARD ALL BUT BITS 6 AND 7.
1009 FE CO CPI 0COH  ;TEST THEM.
100B €2 1000 JNZ WAITFDC ;IF BOTH ARE NOT HIGH, WAIT.

;BIT 6 INDICATES THE DATA TRANSFER DIRECTION THE

;NEC 765 IS CONTEMPLATING, AND BIT 7 IS HIGH WHEN THE

3;DISK CONTROLLER CHIP IS READY FOR DATA TRANSFER.

;BOTH THESE BITS WOULD BE HIGH WHEN THE NEC765 HAD

sCOMPLETED A READ OR WRITE OPERATION AND WAS

;READY FOR THE RESULT PHASE. "DATA TRANSFER"

sHERE REFERS TO THE PROCESS OF READING OR WRITING

s STATUS OR COMMANDS TO THE NEC765'S DATA

sREGISTER, NOT TO BE CONFUSED WITH THE ACTUAL

; TRANSFERS OF DATA FROM OR TO THE FLOPPY DISK,

sWHICH HAS PRESUMABLY BEEN ACCOMPLISHED BY DMA

;OPERATIONS WHILE THE WAIT LOOP HAS BEEN FUNCTIONING.
10CE C9 RET s OVER.

To pcll the uPD765 while it is executing a SEEK operation, the program would
continually execute a sense interrupt status command, and then check the
DSTAT register for the four busy signals (by ANDing the byte with OFH); the
seek is complete when the uPD765 is no longer busy.

3.3 Programming DMA Transfers

The DMA control circuitry automatically responds to any DMA request from the
uPD765 by activating the $-100 hold signal. When acknowledged by the CPU
the DMA circuit will generate one S-100 memory access cycle. It is up to
the user's program to establish the address to be accessed and the
direction of the transfer.

There are three DMA address registers on the FDC-2, providing for 24-bit
extended addresses. When written to by the user's program these registers
form a DMA address pointer. The next FDC-2 DMA cycle will access this
address. After a DMA cycle this pointer will be automatically incremented
to point to the next memory address. The DMA circuitry will access
consecutive addresses in memory until the user program again writes to the
FDC-2'e address registers. The FDC-2 DMA address pointer only increments
the 16 least significant bits; consequently, DMA transfers are limited to
64k boundaries in system memory. The upper 8 bits of the 24 bit DMA address
pointer must be incremented in software.
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A DMA cycle may be one of two types -- a read or a write. In the former
case, the FDC~-2 reads data from system memory and sends this data to the
uPD765 (usually for writing on the disk). In a DMA write, the FDC-2 gets
data from the uPD765 (which is reading from the disk) and sends this data to
memory. The user's program selects the type of DMA cycle. To select a
read-from-memory / write-to-disk DMA cycle, the software need only execute
an output instruction to the "set DMA memory read" port. To select a
read-from-disk / write-to-memory cycle, the software need only execute an
output instruction to the "set DMA memory write" port.

3.4 EPROM Programming -

EPROM programming consists of enabling and disabling the EPROM. I1f the
FDC-2 1is shunt selected with the onboard EPROM enabled, then the EPROM will
be enabled after system reset. The user's software can disable the EPROM
by simply executing an output to the FDC-2 "disable EPROM" port. The
software may re-enable the EPROM by simply executing an output instruction
to the FDC-2 "enable EPROM" port.
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4,0 Parts List and Placement

Figure 4.1 shows the placement of parts on the FDC~2, as specified in the
following charts.

RESISTORS
Position Value Tolerance Power
R1, R2 1 KOhm 10% 178 W
R3 2.4 KOhm 10% /4 W o
RY 270 Ohm 10% 174 W
"RS 470 Ohm 10% IRrZRE
R6 220 KOhm 10% 74 W .
R7 20 KOhm = 10% B V2
R8, R9 330 Ohm 10% 174 W
R10 470 Ohm 10% S V2
UR1 150 Ohm 8-pin SIP
UR2 33 KOhm 9-pin SIP
UR3, pins 1-16 Short (0 Ohms)
UR3, pins 2-15 8.2 KOhm 10% o 1/4 W
UR3, pins 3-14 56 Ohm 10% 174 W
UR3, pins 4-13 15 KOhm 10% 1/4 W
CAPACITORS
Position Value Type Rating
€1 to C7, C10,
C11, C14 to C18,
C21 to C33, .1 uF Bypass
€35, C36, C37
c8 33 uF Electrolytic >10 V
C9 200 pF >10V
ciz, C13 >10 uF Tantalum >25 V
C19 «01 uF Bypass
c20 10 pF Ceramic Disk >10V
ca2 >10 uF Tantalum:-- 217 V
C34 .01 uF DIP T
UR3, pins 7-10 120 pF . 210V
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Position

Part #

MISCELLANEOUS
Function, Specification

0 W e s i S s A e G b e SO D S S GRS S D I R U I G G G Y B S SA8  G GAP D A T S R D G e S D o P S

Y1

T9L05
78L12
7805
2N2222
1N5232

FDC-2 FLOPPY DISC CONTROLLER

16.00 MHz fundamental crystal

Low power -5 Volt regulator
Low power +12 Volt regulator
+5 Volt regulator
Transistor

5.6 Volt Zener diode
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INTEGRATED CIRCUITS

Position Part #
Ul 741803
U2 7405
U3, U4 741500
[15] 741874
vé6, U7 7418164
U8 741832
U9 741874
Ulo 741832
Ull 74L874
v12 741810
Ul3 741827
Ul4, UlS5 - 7415240
Ulé 7418157
ul17 74LS151
Ul8 7418155
Ul9 8131
U20 745240
U2l NE590
U22 745240
U23 7418153
U24 961.502
U25 74LS00
U26 74L8175
u27 25182521
U28 7415373
u29, U30, U31l, U32 7415193
U33 2708
U34 uPD765
U35 74LS393
U36 74LS00
U37 7418293
U38 7418125
U39 CA3140
U40 7407
U4l, U42 25LS2521
U43, U44 7418244
45, U46 8304
U47 7418244
U48 741832
U49, U0 741574
U51 7418124
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5.0 Revisions and Manual Applicability

This manual references revision 0 of the FDC-2 Floppy Disk Controller
Board.

Revision 0 Errors

1. DMA Error

The first ten boards of FDC-2 production contained an error in the DMA
circuitry, so that the board would initiate a DMA cycle whenever the S-100
signals DMAO* and DMAl* were inactive at the same time that HOLD* and pHLDA
were active, if the DMA device driving HOLD* is set to a lower DMA priority
than the FDC-2. This would occur without regard to whether the FDC-2
actually needed the bus.

The error will have no effect on operation of the FDC-2 in systems where it
is the only DMA device or in systems where the other DMA device or devices
are set to higher priorities than the FDC-2.

The ten boards affected were all sold well before June 3, 1980.

The error is corrected by changing the board circuitry so that the board
version of pHOLD* is examined rather than the S-100 bus version, by making
the following cuts and jumpers:

a. On the component side of the card, cut the two traces connected
to Ul3, pin 1. One trace goes to the left to a plated through
hole; it should be cut between the plated through hole and Ul3,
pin 1. The other trace goes to the right under the socket, and
comes out between pins 13 and 14 of Ul3, where it may be cut.

b. JUMPER with wire wrap wire the plated through hole to the left of
Ul3, pin 1 (mentioned above) and the plated through hole directly
to the right of Ul4, pin 18. This reconnects the trace that was
freed from Ul3, pin 1 in step a. (The jumper should be installed
on the solder side of the card.)

c. JUMPER U13, pin 1, to Ull, pin 9.
These corrections were made to all subsequent Revision 0 FDC-2 boards after

the first ten, and will be incorporated in the printed circuit at Revision
A.
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Ithaca Intersystems Limited Warranty
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Schematic Diagram
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DESCRIPTION

FEATURES

PIN CONFIGURATION

TM:Z80 is » registered trademark of Zilog, Inc.

173 Worcester Street/Wellesiey, Massachusetts 02181

NEC Microcomputers, Inc.

NEC

uPD765

SINGLE/DOUBLE DENSITY
FLOPPY DISK CONTROLLER

The uPD765 is an LS1 Floppy Disk Controller (FDC) Chip, which contains the circuitry and control
functions for interfacing a processor to 4 Floppy Disk Drives. It is capable of supporting either

IBM 3740 single density format (FM), or {BM System 34 Double Density format (MFM) including
double sided recording. The uPD765 provides control signals which simplify the design of an
external phase locked loop, and write precompensation circuitry. The FDC simplifies and handles
most of the burdens associated with implementing a Floppy Disk Interface.

Hand-shaking signals are provided in the uPD765 which make DMA operation easy to incorporate
with the aid of an external DMA Controller chip, such as the uPD8257. The FDC will operate in
either DMA or Non-DMA mode. In the Non-DMA mode, the FDC generates interrupts to the
processor every time a data byte is available. In the DMA mode, the processor need only. load the
command into the FDC and all data transfers occur under control of the uPD765 and DMA
controller.

There are 15 separate commands which the uPD765 will execute. Each of these commands require
multiple 8-bit bytes to fully specify the operation which the processor wishes the FOC to perform.
The following commands are available:

Read Data Scan High or Equal Write Deleted Data

Read ID Scan Low or Equat Seek

Read Deleted Data Specify Recalibrate (Restore to Track 0)
Read a Track Write Data Sense Interrupt Status

Scan Equal Format a Track Sense Drive Status

Address mark detection circuitry is internal to the FDC which simplifies the phase locked loop and
read electronics. The track stepping rate, head load time, and head unload time may be programmed
by the user. The uPD765 offers many additional features such as multiple sector transfers in both
read and write with a single command, and full 1BM compatibility in both single and double

density modes.

IBM Compatible in Both Single and Double Density Recording Formats

Programmable Data Record Lengths: 128, 256, 512, or 1024 Bytes/Sector

Multi-Sector and Multi-Track Transfer Capability

Drive Up to 4 Floppy Disks

Data Scan Capability — Will Scan a Single Sector or an Entire Cylinder's Worth of Data Fields,
Comparing on a Byte by Byte Basis, Data in the Processor's Memory with Data Read from the
Diskette

* Data Transfers in DMA or Non-DMA Mode
e Parallel Seek Operations on Up to Four Drives
* Compatible with Most Microprocessors I ncluding 8080A, 8085A, uPD780 {Z80TM) :
o Single Phase 8 MHz Clock !
* Single +5 Volt Power Supply
¢ Available in 40 Pin Plastic Dual-in-Line Package
RESETLY 1 e 40 Ve
Ao O 2 39 AW/SEEK
WR []3 383 LcTDiR
s Q4 3701 FR.STP !
A 5 36{2HOL ;
DBp (3 6 35 RDY
ogy OO 7 34D werrs
o8y [ 8 33 FLI/TRg
o83 (19 uPD 3203 PSg
o8 10 765 3113Ps,
0Bs [ 11 3ogwm
D8g 5 12 29[ usg
osy [J13 2817 Us;
prRa(] 14 27wHD
DACK (] 15 26 I MEM
Tc 16 2510 we
10X (17 24[] vco
INT 18 23(3RD
cLK[]19 220 Row
GND 20 213 wex
Rev/1

Telephone 617/237-1910 TWX 710-383-1745




4 PD765

DATA BUS
DBD?@ BUFFER C:> @ REGISTERS

st WR CLOCK
f—a— wR DATA
WR ENABLE
TERMINAL SERIAL - PRESHIFT O
COUNT ’ C:D INTERF ACE et PRE.SHIFT 3
DRQ -t [ CONTROLLER RO DATA
DACK —-mtwmcy eti—— READ DATA WINDOW
INT  —t—{ READ/ |t Vo SYNC
_ WRITE/
RO R 2 DMA D
wR =g cc:gg:icm |t READY
JE—— % WRITE PROTECT/TWO SIDE
Ao INPUT
poRT [ INDEX
RESET [ FAULT/TRACK 0
— ; DRIVE
cs Cj INTERFACE
CONTROLLER i UNIT SELECT O

[ UNIT SELECT 1

oUTPUT f—tmee MFM MODE
: PORT Lo AW/SEEK
f—- HEAD LOAD
j—= HEAD SELECT
b— LOW CURRENT/DIRECTION

[T Q——
/o oR——

GND  emmssnciiin

Pt FAULT RESET/STEP
~J
Operating Temperature . . . . ..o ovenenn.... e -10°C to +70°C
Storage Temperature . ................. e -40°C to +125°C
Ali Output Voltages . . ...... e e e e -0.5 to +7 Volts
AlllnputVoltages . . .. .........ccovuuu.. e e e ~0.5 to +7 Volts
Supply VoltageVee .. oo v it e e e e -0.5 to +7 Volts
Power Dissipation .. ................... e e e e 1 Watt

COMMENT: Stress above those listed under “’Absoiute Maximum Ratings’’ may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device
reliability.

*T,=25"C

T3 =-10°C to +70°C; Vg = +5V t 5% unless otherwise specified.

LIMITS TEST

PARAMETER SYMBOL MIN TYP@ MAX UNIT CONDITIONS
input Low Voltage ViL -0.5 0.8 4
Input High Voltage ViH 20 Ve +0.5 \"
Output Low Voltage VoL 0.45 \ oL =20mA
Output High Voltage VOoH 24 Vee \ IoH = =200 pA
input L.ow Volitage ViLie) | -0.5 0.65 v
(CLK + WR Clock)
Input High Voitage Vid(o) 2.4 Vee + 0.5 v
(CLK + WR Clock)
Ve Supply Current Ice 150 mA
Input Load Current w 10 kA VInN = Vcc
(All Input Pins) , -10 HA Vin = 0V
High Level Output ILtOH 10 HA VouT = Ve
Leakage Current
Low L evei Output ILoL -10 HA VouT =+0.45v
Leakage Current

Note: @Typical values for Ty = 25°C and nominal supply voltage.

BLOCK DIAGRAM

ABSOLUTE MAXIMUM
RATINGS*

DC CHARACTERISTICS




PIN IDENTIFICATION

CAPACITANCE

pPD765

PIN

INPUT/ CONNECTION
NO. | symsoL NAME ouTPUT To FUNCTION
1 RST Reset tnput Processor Places FDC in idle state. Resets output
lines to FDD to 0" (low). Dbes not
etfect SRT, HUT or HLY in Specify
command.
2 | RB Read Inputd) | Processor Control signal for transfer of data from
) FDC to Data Bus, when "0’ {low],
3 VR Write lnputo Processor Control signai for transfer of data 1o FDC
via Data Bus, when '0" llow).
4 [ Chip Select input Processor 1C selected when “0" {{ow), allowing RD
and WR to be enabied.
5 | Ag Data/Status Reg Select] Input@® | Processor Selects Data Reg (Ag=1) or Status Reg
{Ap=0) contents of the FDC to be sent to
Data Bus.
6-13 | DBp-DB7 | Data Bus tnput/@ | Processor 8i-Directional 8-Bit Data Bus.
Output

14 DRQ Dats DMA Request Output DMA DMA Request is being made by FDC when
DRQ="1",

15 DACK DOMA Acknowledge Input DMA DMA cycle is active when "0’ {low) and
Controlter is performing DMA transfer,

16 TC Terminat Count input DMA Indicates the termination of a DMA trans-

‘ ter when "1'* (high). |

17 1DX Index tnput FDD Indicates the beginning of a disk track,

18 INT Interrupt Output Processor Interrupt Request Generated by FDC.

19 CLK Clock Input Single Phase 8 MMz Squarewave Clock.

20 GND Ground 0.C. Power Return.

21 WCK Write Clock Input Write data rate to FDD. FM = 500 kHz, |
MFM = 1 MHz, with a puise width of
250 ns for both FM and MFM.

22 RDW Read Data Window input Phase Lock Loop Generated by PLL, and used to sample
data from FDD.

23 RDD Read Data Input FDD Read data from FDD, containing ciock and
data bits,

24 | vCO VCO Sync Qutput Phase Lock Loop | Inhibits VCO in PLL when ‘0" (low],
enables VCO when 1",

25 WE Write Enable Output FDD Enables write data into FDD.

26 MFM MFM Mode Output Phase Lock Loop | MFM mode when ‘1", FM mode when
0",

27 HD Head Select Output FDD Head 1 selected when 1" (high),

Head 0 seiected when "0" (low).
28,29 | US{,USg | Unit Select Output FDD FDO Unit Selected.

30 | WDA Write Data Qutput FDD Serial clock and data bits to FDD.

31,32 PS4,PSy Precompensation Output FDD Write precompensation status during MFM
. {preshift) mode. Determines earty, late, and normal
times.

33 FLY/TRq | Fault/Track O Input FDD Senses FOD fault condition, in Read/
Write mode; end Track 0 condition in
Seek mode.

34 | WP/TS Write Protect/ input FOD Senses Write Protect status in Read/Write

Two-Side mode; and Two Side Media in Seek mode.

35 RDY Ready input FDD Indicates FDD is ready to send or receive
data,

36 HDL Head Load Qutput "FDD Command which causes read/write head
in FDD to contact disket1s.

37 FR/STP Fit Reset/Step Qutput FDD Resets fault F.F. in FDD in Read/Write
mode, contains step pulses to move head
10 another cylinder in Seek mode,

38 LCT/DIR | Low Current/ Output FDD Lowers Write current on inner tracks in

Direction Read/Write mode, determines direction
head will step in Seek mode. A fault reset
puise is issued 8t the beginning of sach
Read or Write command prior to the
occurrence of the Head L.oad signal.

39 RW/SEEK Read Write/SEEK Qutput FDD When 1" (high) Seek mode selected and
when ‘0" {low) Read/Write mode
seiected.

40 |Vee +5V D.C. Power,

Note: 1 Disabled whenCS =1,
Ta=25°C; fc =1 MHz; Voo =0V
LIMITS TEST
PARAMETER SYMBOL MIN | TYP T MAX UNIT CONDITIONS
Clock Input Capacitance | CIN(®) 20 pF | All Pins Except
Input Capacitance CiN 10 pF Pin Under Test
: Tied to AC
Output Capacitance CouT 20 pF | Ground




o v ) .

Ty =-10°C to +70°C: Vg = +5V = 5% unless otherwise specified. AC CHARACTERISTICS,
LIMITS
PARAMETER SYMBO TN TYP@ WAX UNIT COI‘ISIS:;ONS
Clock Period oy 120 125 500 | ns
Ciock Active (High) ®o 40 ns
Ciock Rise Time (2 20 | ns
Clock Fall Time &¢ 20| ns
Ap, CS, DACK Set Up Time 10 BD ! TAR 0 ns
Ag. CS, DACK Hold Time from RD TRA 0 ns
RD Width TRR | 250 ns
Data Access Time from RD 4 TRD 200 | ns
DB to Float Delay Time from RD t TDF 20 100 { ns
Ag, CS, DACK Set Up Time to WR } Taw 0 ns
Ag, €S, DACK Hold Time to WR ¢ TWA 0 ns
WR Width Tww | 250 ns
Data Set Up Time to WR ‘ Tpw | 150 ns
Data Hold Time from WR TwD 5 ns
INT Delay Time from RD t TRt 500 | ns
INT Delay Time from WR 1 Twi 500 | ns
DRQ Cycle Time Tmcy | 18 us
DRQ Delay Time from DACK { Tam 200} ns
TC Width TTC 1 BCY
Reset Width TRST 14 us jocy
WCK Cycle Time Tey f : :@ us I\MA::x : ?
WCK Active Time (High) To 80 250 350 | ns
WCK Rise Time Ty 20 | ns
WCK Fall Time T 20 | ns
Pre-Shift Delay Time from WCK t Tce 20 100 | ns e
WDA Delay Time from WCK 1 Tco 20 100 | ns (
RODD Active Time {High) Trpp | 40 ns - -
Window Cycle Time Twey - 20 us MFM =0 u
1.0 MFM =1
Window Hold Time to/from RDD Trow 15 ng
TWRD
USp,1 Hold Time to RW/SEEK t Tus 12 us
SEEK/RW Hold Time to LOW CURRENT/ Tsp 7 us
DIRECTION t
LOW CURRENT/DIRECTION Hold Time to TpsT 5.0 us
FAULT RESET/STEP 1
USp,1 Hold Time from FAULT TsTU 1.0 us |8 MHz Clock
RESET/STEP t Period
STEP Active Time (High) Tste 5.0 us
LOWCURRENT/DIRECTION Hold Time from | TsTp 5.0 us
FAULT RESET/STEP |
STEP Cycle Time Tsc 33 |® @ us
FAULT RESET Active Time {(High) TER 8.0 10 | ws
Write Data Width ' TwoD {To-50 ns
USg,1 Hold Time After SEEK Tsu 15 us
Seek Hold Time from DIR Tps 30 Hs
DiR Hold Time after STEP TstD | 24 us
Detay from RESET to INT Trs! (1250 1350 | us
fndex Pulse Width Tipx | 625 S
DRQ Delay from RD { Tmg | 800 ns
DRQ Delay from WR 4 Tmw | 250 ns |8 MHz Clock
WE or RD Response Time from DRQ t TMRW 12} us

Notes: (1) Typical values for T, = 25°C and nominal supply voltage.
(@ The former vaiue of 2 and 1 are applied to Standard Floppy, and the fatter value of 4 and 2 are
applied to Mini-floppy.
@ Under Software Control. The range is from 1 ms to 16 ms at 8 MHz Clock Period, and 2 to 32 ms ‘

at 4 MHz Clock Period.
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TIMING WAVEFORMS

PROCESSOR READ OPERATION

Ap. CS, DACK x X

r
TAR 'T—' el ~a—TRA

PROCESSOR WRITE OPERATION

1 }

Ag, C8, BACK x X

TAWﬁ [—— | F—TWA
WR ! Tww— !
’ T e
bt T WY e | :
DATA x | x
! T
, I
INT \/
CLOCK )
cLK \
190 | : !
i ! e
R —— | SN i B
i o foF

DMA OPERATION

[
‘ |

TAM —amy HT— i

Lo T MCY
DACK !

|

|

TMRW |
I

t—Tw (vﬁ)—"J

|
o | .
Il<-TMR (RD) ~>=

FDD WRITE OPERATION

WRITE ENABLE

PRESHIFTOOR 1 “

WRITE DATA ’ \

~—=| |e—Tco
PRESHIFTO | PRESHIFT 1
NORMAL 0 1]
CATE o 1
EARLY 1 0
INVALID A} 1

1 PD765
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SEEK OPERATION

X STABLE X
|

—ftyghe—

AW/SEEK H |

_'—1'50"‘_ ___,.‘"D‘Sr‘__

USp,

DIRECTION X X
‘DST—-'! }‘—_J‘J;I_STU_—'
STEP ﬂsw f\_
N —
tsTp—] | |
e tsc 4
FLT RESET INDEX
| . !
FAULT RESET = ﬂ_ ﬂ‘ ‘[_\
FILE UNSAFE RESET
—l TER S— | Tiox I I Tiox I

FDD READ OPERATION

ﬂ

U
READ DATA J\‘
i

—i lwTRop  |=Tygp* :*TRDW’-"
I i ! | '
READ DATA WINDOW x X
i !
Note: Either polarity data window is valid. (- Twey -
RESET

|

!

INT TR pa—sd /
| '

A

TERMINAL COUNT

)
-——-! be— T7¢ —t b TRST

The uPD765 contains two registers which may be accessed by the main system proces-
sor; a Status Register and a Data Register. The 8-bit Main Status Register contains the
status information of the FDC, and may be accessed at any time. The 8-bit Data
Register (actually consists of several registers in a stack with only one register pre-
sented to the data bus at a time), which stores data, commands, parameters, and FDD
status information. Data bytes are read out of, or written into, the Data Register in
order to program or obtain the results after a particular command. The Status
Register may only be read and is used to facilitate the transfer of data between the
processor and uPD765.

RESET

The relationship between the Status/Data registers and the signals RD, WR, and AQ
is shown below.

Ag RD WR FUNCTION

0 0 1 Read Main Status Register
0 1 0 Iilegal

0 0 0 Iilegal

1 0 0 Illegal

1 0 1 Read from Data Register
1 1 0 Write into Data Register

TIMING WAVEFORMS
(CONT.)

INTERNAL REGISTERS




INTERNAL REGISTERS
(CONT.)

PACKAGE OUTLINE
LPD765C

COMMAND SEQUENCE

pPD765

The bits in the Main Status Register are defined as follows:

BIT NUMBER NAME SYMBOL DESCRIPTION
DBg FDD 0 Busy : DgB FDOD number 0 is in the Seek mode.
DBy FDD 1 Busy D418 FDD number 1 is in the Seek mode.
[s1:7} FDD 2 Busy D2B | FDD number 2 is in the Seek mode.
DB3 ° FDD 3 Busy D3B FDD number 3 is in the Seek mode.
DB4 FOC Busy CB A read or write command is in process.
DBg Non-DMA mode NDM Indicates the FDC is in the non-DMA mode.

This bit is set only during execution phase in
non-DMA mode. When DBg goes low, execu-
tion phase has ended,

D8g Data Input/Qutput| DIO indicates direction of data transfer between
FDC and Data Register. If DIO = 1" then
transfer is from Data Register to the Processor.
1f DIO = *“0", then transfer is from the Proces-
sor to Data Register.

DBy Request for Master] RQM Indicates Data Register is ready to send or
receive data to or from the Processor. Both bits
« | DIO and RQM should be used to perform the
hand-shaking functions of “ready’’ and “direc-
tion"’ to the processor.

The DIO and RQM bits in the Status Register indicate when Data is ready and in which direction
data will be transferred on the Data Bus. The max time from the trailing edge of the last RD in the
result phase to when DB4 (FDC Busy) goes low is 12 us.

Qut FDC and into Processor
Data In/Out

(DIO) Qut Pracessor and Into FDC
1 1
Ready [
Request for Master N ] ] ;
tROM) 1 o ; !
1 Ready (] | | t ' M :
=R [ [ T ol '
we L W T U= T T Y T T
RD | + +—t + L{ +— :

NSOGB0,

Notes @ - Data register ready 10 be writien into by processor

- Data register not ready to be written in1o by processor

— Data register ready for next data byte 10 be read by the processor

@ — Data register not ready for next data byte to be read by processor

ITEM MILLIMETERS INCHES
A 51,5 MAX 2.028 MAX
B8 1.62 0.064
€ 25001 0.0 * 0,004
5 05101 0019+ 0.004
3 4526 15
F 1.2 MIN 0.047 MIN
G 2.54 MIN 0.10 MIN
W 05MIN 0,019 WiV
T 5.22 MAX 0.206 WAX
f 5,72 MAX 0.725 MAX
3 5.2 0.600
L EX] 0.520
M 025" %! 0010 09

0.05 - 0002 |

The uPD765 is capable of performing 15 different commands. Each command is initiated by a3
multi-byte transfer from the processor, and the result after execution of the command may also
be a multi-byte transfer back to the processor. Because of this multi-byte interchange of informa-
tion between the uPD765 and the processor, it is convenient to consider each command as
consisting of three phases:
Command Phase:  The FDC receives all information required to perform a particular
operation from the processor.

Execution Phase:  The FDC performs the operation it was instructed to do.

Result Phase: After completion of the operation, status and other housekeeping
information are made available to the processor.




uPD765 ~ INSTRUCTION SET @ @ |

DATA BUS DATA BUS ’ E
PHASE RW | Dy Dg Dg Dy D3 D2 Dy D REMARKS PHASE | AW] Dy Dg Ds Da D3 D Dy  Dg REMARKS ;
READ DATA READ A TRACK (
Command w MY MF SK 0 o 1 1 0 Command Codes Command w 0 MF SK 0 c 0 1 0 Commang Codes B
w x X X X X HD ust uso w X X X X X HD UST UsO i ’ D
w [of Sector 10 information prior w [ Sector 1D information prior :
w H to Command execution w #H 10 Ci d execution
w 4] w R
w N w N
w EOT w EQOT
w GPL w GPL:
w DTL: w DTL
Execution Data-transfer b the E i Data-transfer between the
FDD and main-system FDD and main-system. FDC
reads all data fietds
Result R §TO Status information after from index hole to EOT,
R ST C d i !
R ST 2 Result R sTO Status information after
R [of Sector ID intarmation after R ST C d i
R H C: d i R §T2
R R R [ Sector ID information after
R N R H C de i
READ DELETED DATA z :
Command w MT MF SK 0 t+ 1 [ 0 Command Codes
READ ID
w X X X X X HD ust UsO
. Command w 0 MF 0 0 1 0O .0 Commands
w C Sector 1D information prior 1 50
w H t0 G q . w X X X X X HD uUst U :
w R Execution The first correct {D information
w N on the Cylinder is stored in
w EOT Data Register
w GPL-
w bTL Result R §TO Status information after
) . R ST C execution
Exscution Data-transfer between the R ST 2
FDD and main-system R [ Sector |D information during
Result R sTO Status information after R H E ion Phase
R ST c d : R R
R sT2 R N
R c Sector 1D information after FORMAT A TRACK
2 : Command execution Commend | W | O MF 6 0 1 1 0 1 | CommandCodes
R N w X X X X X HD US1 uso
w N Bytes/Sector ( .
WRITE DATA ;
w sC Sectors/Track . . :
Command w MT MF 0 0 0 1 [} 1 Command Codes w GPL Gap 3
w X X X X X HD ust USO w o Fitier Byte “ ’
w ¢ Sector ID informnic.m prior Execution FDC formats an entire track
w H to C: d
w R Result R sTO Status information after
w N R ST 1 [o execution
w EOT [ ST 2
w GPL R c tn this case, the {D information
w DTL R H has no meaning
R R
Execution Data-transfer between the R N
main-system and FDD
SCAN EQUAL
Result : :? Statos '"'°:"':"°",’;"“' Command | W | MT MF SK 1 0 O O 1 ] CommandCodes
> xecution
R ST 2 w X X X X X HD uUSt uUso
R [+ Secror 1D information after w o4 Sector 1D information prior ¢
R H C d i w H to Command execution !
R R w R :
R N w N
WRITE DELETED DATA w EoT
w GPL
Command w MT MF 0 0 1t 0 0 1 Command Codes w STP ;
w X X X X X HD US! USsO |
w ¢ s B inf . . Execution Data-compared between the i
ector 10 in ormam?n prior FDD and main-system !
w 4 10 Ci
w ':‘ Result R S§TO Status information after
w N R §T1 C execution
w EOT R sT2
w GPL R Cc Sector 1D information after
w oTL R H C execution
Execution Data-transfer between the : : H
FDD and main-system 1
Result R $TO Status inf ion after
R S§T1 C: d execution
R sT2
R [ Sector ID information after
R H C L] i i
R R ;
R N |

Note: (D Symbols used in this table are described at the and of this section.
@ Ag should equsl binary 1 for all operations.

@ X = Don’t care, ususily made to equal binary 0.

¢




INSTRUCTION SET
(CONT.) PPD?GS

DATA 8US DATA BUS
PHASE | RW | Dy Dg Ds Dg D3 Dz Dy Dp REMARKS PHASE | RW | Dy Dg Og Dy D3 Dy Dy Dp REMARKS
SCAN LOW OR EQUAL RECALIBRATE
Command w MT MF SK 1 1 0 [} 1 Command Codes Command w 0 0 0o 0 0 1 1 Commangd Codes
w X X X X X HD Us1 uUSO w X X X X X ¢ Ust uso
x f:, thor lenforml;tion prior Execution Head retracted to Track O
W A . SENSE INTERRUPT STATUS
w N Commend] W | 0 0 0 0 1 0 0 0 | CommandCodes
w EQT-
w GPL Result R STO Status information at the end
w STP R PCN. of seek-operation ahout the FDC
Execution O d between the SPECIFY
FDD and main-system Command}] W 0 0 o0 o o0 o 1 1 Command Codes
Result R ST O Status information after w SRT —t HUTN""
. ————————erra e i
R ST1 C execution w HLT °
R §T2 SENSE DRIVE STATUS
R c Sector 10 iniorma.(ion strer [command] w 0 0 0 0 0 1 o 0 Command Codes
R H C execution
A R w X X X X X HD US1 USe
R N
Result LN ST3 Status information about FOD
SCAN HIGH OR EQUAL SEER
Command w MT MF SK 1 L | 0 1 Command Codes Command) - o 0 o o 1 7 T P
W X X X X X HD USt USO omma w Command Codes
w X X X X X HD UST uUsSO
w (o3 Sector 1D information prior
W H c i w NCN
Execution
\x z Head is positioned over
€ proper Cylinder on
w or Diskette
w GPL fsxe
w STP
INVALID
Execution Data-compared between the 7 I w tnvalid Codes Invalid Command Codes
FOD and main-system {NoOp — FDC goes into
Resuit R sTO Status information after Standby State)
R §T1 C d i
Result R §TO STO=80
R sT2 (16}
R C Sector 1D information after
R H C d execution
PR, R R
(‘ ‘R N
A}
b COMMAND SYMBOL  [symeor ] NAME DESCRIPTION
DESC R I PT' ON Ag Address Line 0 Ag controls selection of Main Status
Regrster (Ag = 0) or Data Register
{Ag=1)
C Cylinder Number C stands for the current/seiected Cylinder
{track) number O through 76 of the
medium,
] Data D stands for the data pattern which is
going to be written into a Sector.
D7-Do Data Bus 8-bit Data Bus, where D7 stands for a most
significant bit, and Dg stands for a least
signiticant bit,
DTL Data Length When N is defined as 00, DTL stands for
the data length which users are going to
read out or write into the Sector.
EOT End of Track EOQT stands for the final Sector number
on a Cylinder.
GPL Gap Length GPL stands for the length of Gap 3
{spacing between Sectors excluding VCO
Sync. Field),
H Head Address H stands for head number O or 1, as
specified in 1D field.
HD Head HD stands for a selected head number O
or 1. {H = HD in all command words.}
HLT Head Load Time HLT stands for the head load time in the
FDD {2 10 254 ms in 2 ms increments).
HUT Head Unioad Time HUT stands for the head unload time
after aread or write operation has
occurred (16 to 240 ms in 16 ms .
increments).
MF FM or MFM Mode tf MF is fow, FM mode is selected, and if
it is high, MFM mode is selected.
MT Multi-Track H MY is high, a multi-track operation is to
be performed. (A cylinder under both
HDG and HD1 will be read or written.)




4 PD765

SYMBOL

NAME

DESCRIPTION

N Number

N stands for the number of data bytes
written in a Sector.

NCN New Cylinder Number

NCN stands for a new Cylinder number,
which is going to be reached as a result of the
Seek operation. Desired position of Head.

ND Non-DMA Mode ND stands for operation in the Non-DMA Mode.
PCN Present Cylinder PCN stands for the Cylinder number at the com-
Number pletion of SENSE INTERRUPT STATUS
Command. Position of Head at present time.
R Record R stands for the Sector number, which will

be read or written.

RMW Read/Write

R/W stands for either Read (R} or Write (W)
signal.

SC Sector SC indicates the number of Sectors per
Cylinder.
SK Skip SK stands for Skip Deleted Data Address Mark.

SRT Step Rate Time

SRT stands for the Stepping Rate for the FDOD.
{1 to 16 ms in 1 ms increments.) Stepping Rate
applies to all drives, (F = 1 ms, E = 2 ms, etc.).

STO Status 0
ST 1 Status 1
ST 2 Status 2
$T3 Status 3

ST 0-3 stand for one of four registers which
store the status information after a command
has been executed. This information is

available during the result phase after command
execution. These registers should not be con-
fused with the main status register {selected by
Ag = 0). ST 0-3 may be read only after a com-
mand has been executed and contain information
relevant to that particular command.

STP During a Scan operation, if STP = 1, the data in
contiguous sectors is compared byte by byte
with data sent from the processor {(or DMA);
and if STP = 2, then alternate sectors are read
and compared.

USQO, US1 | Unit Select US stands for a selected drive number O or 1.
MEMORIES
{ 8080 SYSTEM BUS I
DBg.7 Ag
MEMR DBo.7
OR 1)
MEMW WR
oW &=
cs INT
HRQ RESET  READ
HLDA DATA
v V A‘V‘VINDOW PLL .
uPDE257 | g PRO | D DATA I
DMA —— WR DATA
CONTROLLER | .OACK 4PD765 N :ERF::ECE
' A
i FOC < INPUT CONTROL
TERMINAL A
COUNT OUTPUT CONTROL )

10
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PROCESSOR INTERFACE

POLLING FEATURE OF
THE uPD765

pPD765

During Command or Result Phases the Main Status Register (described earlier) must be
read by the processor before each byte of information is written into or read from the
Data Register. Bits D6 and D7 in the Main Status Register must be in a 0 and 1 state,
respectively, before each byte of the command word may be written into the uPD7665.
Many of the commands require multiple bytes, and as a result the Main Status Reg-
ister must be read prior to each byte transfer to the uPD765. On the other hand, duting
the Result Phase, D6 and D7 in the Main Status Register must both be 1’s (D6 = 1 and
D7 = 1) before reading each byte from the Data Register. Note, this reading of the
Main Status Register before each byte transfer to the uPD765 is required in only the
Command and Result Phases, and NOT during the Execution Phase.

During the Execution Phase, the Main Status Register need not be read. If the uPD765
is in the NON-DMA Mode, then the receipt of each data byte {if uPD765 is reading
data from FDD) is indicated by an Interrupt signal on pin 18 (INT = 1). The generation
of a Read signal (RD = 0) will reset the interrupt as well as output the Data onto the
Data Bus. If the processor cannot handle Interrupts fast enough (every 13 us) then it
may poll the Main Status Register and then bit D7 {(RQM) functions just like the Inter-
rupt signal. If a Write Command is in process then the WR signal performs the reset to
the Interrupt signal.

If the uPD765 is in the DMA Mode, no Interrupts are generated during the Execution
Phase. The uPD765 generates DRQ’s (DMA Requests} when each byte of data is avail-
able. The DMA Controller responds to this request with both a DACK = 0 {DMA
Acknowledge) and a RD = 0 (Read signal). When the DMA Acknowledge signal goes
low (DACK = 0) then the DMA Request is reset {DRQ = 0). If a Write Command has
been programmed then a WR signal will appear instead of RD. After the Execution
Phase has been completed {Terminal Count has occurred) then an Interrupt will occur
{(INT = 1). This signifies the beginning of the Result Phase. When the first byte of data
is read during the Result Phase, the Interrupt is automatically reset {(INT = 0).

It is important to note that during the Result Phase all bytes shown in the Command
Table must be read. The Read Data Command, for example has seven bytes of data in
the Result Phase. All seven bytes must be read in order to successfully complete the
Read Data Command. The uPD765 will not accept a new command until all seven
bytes have been read. Other commands may require fewer bytes to be read during the
Result Phase.

The uPD765 contains five Status Registers. The Main Status Register mentioned above
may be read by the processor at any time. The other four Status Registers {STQ, ST1,
ST2, and ST3) are only available during the Result Phase, and may be read only after
successfully completing acommand. The particular command which has been executed
determines how many of the Status Registers will be read.

The bytes of data which are sent to the uPD765 to form the Command Phase, and are
read out of the uPD765 in the Result Phase, must occur in the order shown in the
Command Table. That is, the Command Code must be sent first and the other bytes
sent in the prescribed sequence. No foreshortening of the Command or Result Phases
are allowed. After the last byte of data in the Command Phase is sent to the uPD765,
the Execution Phase automatically starts. in a similar fashion, when the last byte of
data is read out in the Result Phase, the command is automatically ended and the
#PD785 is ready for a new command. A command may be truncated (prematurely
ended) by simply sending a Terminal Count signal to pin 16 {TC = 1). This is a con-
venient means of ensuring that the processor may always get the uPD765’s attention
even if the disk system hangs up in an abnormal manner.

After the Specify command has been sent to the uPD765, the Unit Select line USO and
US1 will automatically go into a polling mode. In between commands (and between step
pulses in the SEEK command) the uPD765 polls alt four FDD's looking for a change

in the Ready line from any of the drives. If the Ready line changes state (usually due
to a door opening or closing) then the uPD765 will generate an interrupt. When Status
Register 0 (STO) is read (after Sense Interrupt Status is issued}, Not Ready (NR)} will
be indicated. The polling of the Ready line by the uPD765 occurs continuously
between instructions, thus notifying the processor which drives are on or off line.

1




L PD765

READ DATA FUNCTIONAL
A set of nine (9) byte words are required to place the FDC into the Read Data Mode. After the Read Data DESCRIPTION OF
command has been issued the FDC loads the head (if it is in the untoaded state}, waits the specified head COMMAN DS

settling time (defined in the Specify Command), and begins reading 1D Address Marks and 1D fields. When
the current sector number (““R") stored in the 1D Register (IDR) compares with the sector number read off
the diskette, then the FDC outputs data {from the data field) byte-to-byte to the main system via the data
bus.

After completion of the read operation from the current sector, the Sector Number is incremented by one,
and the data from the next sector is read and output on the data bus. This continuous read function is called
a "Multi-Sector Read Operation.” The Read Data Command may be terminated by the receipt of a Terminal
Count signal. Upon receipt of this signal, the FDC stops outputting data to the processor, but will continue
to read data from the current sector, check CRC (Cyclic Redundancy Count) bytes, and then at the end of
the sector terminate the Read Data Command.

The amount of data which can be handled with a éingle command to the FDC depends upon MT {muiti-
track), MF (MFM/FM]), and N (Number of Bytes/Sector). Table 1 below shows the Transfer Capacity.

Multi-Track | MFM/FM Bytes/Sector Maximum Transfer Capacity Final Sector Read
MT MF N {Bytes/Sector) (Number of Sectors) from Diskette
0 0 00 {128) (26) = 3,328 26 at Side 0
0 1 01 (256) (26) = 6,656 or 26 at Side 1
1 0 00 {128) (52) = 6,656 .
1 1 01 (256) (52) = 13,312 26 at Side 1
0 4] 01 {256) (15) = 3,840 15 at Side 0
0 1 02 (512) {(15) = 7,680 or 15 at Side 1
1 0 01 (256) (30) = 7,680 .
1 1 02 (512) (30) = 15,360 154t Side 1
0 0 02 (512) (8) = 4,096 8 at Side 0
0 1 03 (1024) (8) = 8,192 or 8 at Side 1
1 0 02 {512) (16) = 8,192 .
1 1 03 {1024) (16) = 16,384 Bat Side 1

Table 1. Transfer Capacity

The “multi-track” function {MT) allows the FDC to read data from both sides of the diskette. For a
particular cylinder, data will be transferred starting at Sector 0, Side 0 and completing at Sector L., Side 1
(Sector L = last sector on the side). Note, this function pertains to only one cylinder {the same track) on
each side of the diskette.

When N = 0, then DTL defines the data length which the FDC must treat as a sector. If DTL is smaller than
the actual data length in a Sector, the data beyond DTL in the Sector, is not sent to the Data Bus. The FDC
reads {internally) the complete Sector performing the CRC check, and depending upon the manner of com-
mand termination, may perform a Multi-Sector Read Operation. When N is non-zero, then DTL has no
meaning and should be set to FF Hexidecimal.

At the completion of the Read Data Command, the head is not unloaded until after Head Unload Time
Interval (specified in the Specify Command) has elapsed. If the processor issues another command before
the head unloads then the head settting time may be saved between subsequent reads. This time out is
particularly valuable when a diskette is copied from one drive to another.

If the FDC detects the Index Hole twice without finding the right sector, {indicated in R}, then the FDC
sets the ND (No Data) flag in Status Register 1 to a 1 {high}, and terminates the Read Data Command.
(Status Register 0 also has bits 7 and 6 set to 0 and 1 respectively.)

After reading the 1D and Data Fields in each sector, the FDC checks the CRC bytes. if a read error is
detected (incorrect CRC in ID field), the FDC sets the DE (Data Error) flag in Status Register 1toa 1 (high)
and if a CRC error occurs in the Data Field the FDC also sets the DD {Data Error in Data Field) flag in
Status Register 2t0 a 1 (high), and terminates the Read Data Command. (Status Register 0 also has bits 7
and 6 set to 0 and 1 respectively.)

Status Register 2to a 1 (high), and terminates the Read Data Command.

If the FDC reads a Deleted Data Address Mark off the diskette, and the SK bit (bit D5 in the first Command
Word) is not set (SK = 0}, then the FDC sets the CM (Control Mark) flag in Status Register 2 to a 1 {high),
and terminates the Read Data Command, afier reading all the data in the Sector. If SK = 1, the FDC skips
the sector with the Deleted Data Address Mark and reads the next sector. The CRC bits in the deleted data
field are not checked when SK = 1.

During disk data transfers between the FDC and the processor, via the data bus, the FDC must be serviced
by the processor every 27 us in the FM Mode, and every 13 us in the MFM Mode, or the FDC sets the OR
{Over Run) flag in Status Register 1 to a 1 (high), and terminates the Read Data Command.

1f the processor terminates a read {or write) operation in the FDC, then the {D information in the Result
Phase is dependent upon the state of the MT bit and EOT byte. Table 2 shows the values for C,H,R, and
N, when the processor terminates the Command.

12
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FUNCTIONAL

DESCRIPTION OF
COMMANDS (CONT.)

1 PD765

1D int ti t Result Ph,
MT EOT Final Sector Transferred to Processor AL bide
[od H ] N

1A Sector 1to 25 at Side 0

OF Sector 1 to 14 at Side 0 NC NC R+1 NC

08 Sector 1 to 7 at Side 0

1A Sector 26 at Side 0

OF Sector 15 at Side 0 C+1 NC R=01 NC
0 08 Sector 8 at Side 0

1A Sector 1 to 25 at Side 1

oF Sector 1 to 14 at Side 1 NC NC R+ 1 NC

08 Sector 1 to 7 at Side 1

1A Sector 26 at Side 1

OF Sector 15 at Side 1 C+1 NC R =01 NC

08 Sector B at Side 1

1A Sector 110 25 at Side 0

QF Sector 1to 14 at Side 0 NC NC R+1 NC

08 Sector 1 to 7 at Side 0

1A Sector 26 at Side 0

OF Sector 15 at Side 0 NC LS8 R =01 NC
1 08 Sector 8 at Side 0

1A Sector i to 25 at Side 1

OF Sector 1 to 14 at Side 1 NC NC R+1 NC

08 Sector 1 to 7 at Side 1

1A Sector 26 at Side 1

OF Sector 15 at Side 1 C+1 LSB R=01 NC

o8 Sector 8 at Side 1

Notes: 1 NC (No Change): The same value as the one at the beginning of command execution.

2 LSB (Least Significant Bit): The least significant bit of H is complemented.

Table 2: 1D Information When Processor Terminates Command
WRITE DATA

A set of nine {9) bytes are required to set the FDC into the Write Data mode, After the Write Data command
has been issued the FDC loads the head (if it is in the unloaded state), waits the specified heat settling time
(defined in the Specify Command), and begins reading 1D Fields. When the current sector number ("R},
stored in the ID Register (IDR) compares with the sector number read off the diskette, then the FDC takes
data from the processor byte-by-byte via the data bus, and outputs it'to the FDD.

After writing data into the current sector, the Sector Number stored in “’R” is incremented by one, and the
next data field is written into. The FDC continues this ‘Multi-Sector Write Operation” until the issuance of
a Terminal Count signal. If a Terminal Count signal is sent to the FDC it continues writing into the current
sector to complete the data field. If the Terminal Count signal is received while a data field is being written
then the remainder of the data field is filled with 00 {zeros).

The FDC reads the 1D field of each sector and checks the CRC bytes. If the FDC detects a read error
{incorrect CRC) in one of the ID Fieids, it sets the DE (Data Error) riag of Status Register 1 to a 1 (high),
and terminates the Write Data Command. (Status Register 0 also has bits 7 and 6 set to O and 1 respectively.)
The Write Command operates in much the same manner as the Read Command. The following items are the
same, and one should refer to the Read Data Command for details:
e Transfer Capacity o Head Unload Time interval
o EN (End of Cylinder) Flag o 1D Information when the processor terminates command (see Table 2)
o ND (No Data) Flag e Definition of DTL when N = 0 and when N # 0

in the Write Data mode, data transfers between the processor and FDC, via the Data Bus, must occur every
31 usin the FM mode, and every 15 us in the MFM mode. If the time interval between data transfers is
tonger than this then the FDC sets the OR {Over Run) flag in Status Register 1 to a 1 (high), and terminates
the Write Data Command. (Status Register 0 also has bit 7 and 6 set to 0 and 1 respectively.)

WRITE DELETED DATA

This command is the same as the Write Data Command except a Deleted Data Address Mark is written at the
beginning of the Data Field instead of the normal Data Address Mark.

READ DELETED DATA

This command is the same as the Read Data Command except that when the FDC detects a Data Address
Mark at the beginning of a Data Field (and SK = 0 (low), it will read all the data in the sector and set the
CM flag in Status Register 2 t0 a 1 {high), and then terminate the command. If SK = 1, then the FDC skips
the sector with the Data Address Mark and reads the next sector.

13
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READ A TRACK FUNCTIONAL
This command is similar to READ DATA Command except that this is a continuous READ operation DESCRIPTION OF
where the entire data field from each of the sectors are read. Immediately after encountering the COMMAN DS (CONT )

INDEX HOLE, the FDC starts reading all data fields on the track, as continuous blocks of data. If the
FDC finds an error in the ID or DATA CRC check bytes, it continues to read data from the track. The
FDC compares the 1D information read from each sector with the value stored in the IDR, and sets the
ND flag of Status Register 1 to a 1 {high) if there is no comparison. Multi-track or skip operations are not
alowed with this command.

This command terminates when EQT number of sectors have been read. If the FDC does not find an ID
Address Mark on the diskette after it encounters the INDEX HOLE for the second time, then it sets the
MA (missing address mark) flag in Status Register 1 to a 1 (high), and terminates the command. (Status
Register 0 has bits 7 and 6 set to 0 and 1 respectively.)

READ ID

The READ ID Command is used to give the present position of the recording head. The FDC stores the
values from the first ID Field it is able to read. If no proper ID Address Mark is found on the diskette,
before the INDEX HOLE is encountered for the second time then the MA {Missing Address Mark) flag in
Status Register 1 is set toa 1 {high), and if no data is found then the ND (No Data) flag is also set in Status
Register 1 to a 1 (high). The command is then terminated with Bits 7 and 6 in Status Register 0 set to 0
and 1 respectively.

FORMAT A TRACK

The Format Command allows an entire track to be formatted. After the INDEX HOLE is detected, Data is
written on the Diskette; Gaps, Address Marks, ID Fields and Data Fields, all per the iBM System 34 {Double
Density) or System 3740 (Single Density) Format are recorded. The particular format which will be written
is controfted by the values programmed into N {number of bytes/sector), SC (sectors/cylinder), GPL (Gap
Length), and D (Data Pattemn) which are supplied by the processor during the Command Phase. The Data
Field is filled with the Byte of data stored in D. The 1D Field for each sector is supplied by the processor;
that is, four data requests per sector are made by the FDC for C {Cylinder Number), H (Head Number),

R (Sector Number) and N (Number of Bytes/Sector). This allows the diskette to be formatted with non-
sequential sector numbers, if desired.

After formatting each sector, the processor must send new values for C, H, R, and N 1o the uPD765 for
each sector on the track. The contents of the R register is incremented by one after each sector is
formatted, thus, the R register contains a value of R when it is read during the Result Phase. This incre-
menting and formatting continues for the whole track until the FDC encounters the INDEX HOLE for the
second time, whereupon it terminates the command.

If a FAULT signal is received from the FDD at the end of a write operation, then the FDC sets the
EC flag of Status Register 0 to a 1 (high), and terminates the command after setting bits 7 and 6 of Status
Register 0 to 0 and 1 respectively. Also the loss of a READY signal at the beginning of a command
execution phase causes bits 7 and 6 of Status Register 0 to be set to 0 and 1 respecitvely.

Table 3 shows the relationship between N, SC, and GPL for various sector sizes:

FORMAT | SECTORSIZE | N | sc | e D] orL @] Remarks

128 bytes/Sector | 00 1A(16) -07 (16) 1B(16) IBM Diskette 1

FM Mode | 256 01 | OF(1g)| OE(1g) 2A(16) | IBM Diskette 2
512 02 | 08 18(16) 3A(16)
1024 bytes/Sector | 03 | 04 - -

FM Mode | 2048 04 | 02 - -
4096 05 | 01 - -
256 01 | 1A(1g) OE(1g) 36(16) IBM Diskette 2D
512 02 | OF(16) 1B(18) 54(16)

MFM Mode 1024 03 | 08 35(16) 74(15) I1BM Diskette 2D
2048 04 | 04 - -
4096 05 | 02 - -
8192 06 | 01 - -

Table 3

Note: @ Suggested values of GPL in Read or Write Commands to avoid splice point between data field
and |D field of contiguous sections.

@ Suggested values of GPL in format command.
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FUNCTIONAL

DESCRIPTION OF
COMMANDS (CONT.)

@ PD765

SCAN COMMANDS

The SCAN Commands allow data which is being read from the diskette to be compared against data which
is being supplied from the main system (Processor in NON-DMA mode, and DMA Controller in DMA mode).
he FDC compares the data on a byte-by-byte basis, and looks for a sector of data which meets the condi-

tions of DFpp = Dprocessor. DEpD < DProcessor, o DBFDD 2 DProcessor. Ones complement arith-
metic is used for comparison (FF = largest number, 00 = smallest number). After a whole sector of data
is compared, if the conditions are not met, the sector number is incremented (R + STP — R}, and the stdh
operation is'continued. The scan operation continues until one of the following conditions occdr; the con-
ditions for scan are met {equal, low, or high), the last sector on the track is reached (EQT), or the terminal
count signal is received.

1f the conditions for scan are met then the FDC sets the SH (Scan Hit) flag of Status Register 2to a 1
{high}, and terminates the Scan Command. If the conditions for scan are not met between the starting
sector {as specified by R) and the fast sector on the cylinder (EQT), then the FDC sets the SN {Scan Not
Satisfied) flag of Status Register 2 to a 1 (high), and terminates the Scan Command. The receipt of a
TERMINAL COUNT signal from the Processor or DMA Controller during the scan operation will cause the
FDC to complete the comparison of the particular byte which is in process, and then to terminate the com-
mand. Table 4 shows the status of bits SH and SN under various conditions of SCAN.

STATUS REGISTER 2
COMMAND COMMENTS
BIiT2 = SN BIT3 = SH

0 1 D = D

Scan Equal FDD Processor
1 0 DFDD # Dprocessor
0 1 DEDD = DProcessor

Scan Low or Equal 0 0 DFop < DProcessor
1 0 DFDD % DProcessor
0 1 DFDD = Dprocessor

Scan High or Equal 0 0 DFpD < Dprocessor
1 0 DFpD # DProcessor

Table 4

If the FDC encounters a Deleted Data Address Mark on one of the sectors (and SK = 0), then it regards the
sector as the last sector on the cylinder, sets CM (Control Mark) flag of Status Register 2 to a 1 {high) and
terminates the command. If SK = 1, the FDC skips the sector with the Deleted Address Mark, and reads
the next séctor. In the second case (SK = 1), the FDC sets the CM {Control Mark) flag of Status Register 2
to 3 1 (high) in order to show that a Deleted Sector had been encountered.

When either the STP {contiguous sectors = 01, or alternate sectors = 02 sectors are read) or the MT (Multi-
Track) are programmed, it is necessary to remember that the last sector on the track must be read. For
example, if STP = 02, MT = 0, the sectors are numbered sequentiatly 1 through 26, and we start the Scan
Command at sector 21; the following will happen. Sectors 21, 23, and 25 will be read, then the next sector
{26) will be skipped and the Index Hole will be encountered before the EQT value of 26 can be read. This
will result in an abnormal termination of the command. !f the EOT had been set at 25 or the scanning
started at sector 20, then the Scan Command would be completed in a normal manner.

During the Scan Command data is supplied by either the processor or DMA Controller for comparison
against the data read from the diskette. In order to avoid having the OR (Over Run) flag set in Status
Register 1, it is necessary to have the data available in less than 27 us (FM Mode) or 13 us (MFM Mode). If
an Overrun occurs the FDC ends the command with bits 7 and 6 of Status Register O set to Oand 1,
respectively.

SEEK

The read/write head within the FDD is moved from cylinder to cylinder under control of }he Seek
Command. The FDC compares the PCN (Present Cylinder Number) which is the current head position
with the NCN (New Cylinder Number), and if there is a difference performs the following operation:

PCN < NCN: Direction signal to FDD set to a 1 {high), and Step Pulses are issued. (Step In.)
PCN > NCN: Direction signal to FDD set to a 0 (low), and Step Pulses are issued. {Step Out.)

The rate at which Step Pulses are issued is controlled by SRT (Stepping Rate Time) in the SPECIFY Com-
mand. After each Step Pulse is issued NCN is compared against PCN, and when NCN = PCN, then the SE
(Seek End) flag is set in Status Register O to a 1 {high), and the command is terminated. )

During the Command Phase of the Seek operation the FDC is in the FDC BUSY state, but during the
Execution Phase it is in the NON BUSY state. While the FDC is in the NON BUSY state, another Seek
Command may be issued, and in this manner parallel seek operations may be done on up to 4 Drives at
once.

If an FOD is ina NOT READY state at the beginning of the command execution phase or during the seek
operation, then the NR (NOT READY) flag is set in Status Register 0 to a 1 (high), and the command is
terminated after bits 7 and 6 of Status Register O are set to 0 and 1 respectively.
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RECALIBRATE FUNCTIONAL
The function of this command is 10 retract the read/write head within the FDD to the Track O position. DESCR IPTION OF
The FDC clears the contents of the PCN counter, and checks the status of the Track 0 signal from the COMMAN DS (CO NT )

FDD. As long as the Track 0 signal is low, the Direction signal remains 1 (high) and Step Pulses are issued.
When the Track O signal goes high, the SE (SEEK END) flag in Status Register 0 is set to a 1 (high} and the
command is terminated. 1f the Track O signal is still low after 77 Step Pulse have been issued, the FDC sets
the SE (SEEK END) and EC (EQUIPMENT CHECK) flags of Status Register 0 to both 1s (highs), and
terminates the command after bits 7 and 6 of Status Register O is set to 0 and 1 respectively.

The ability to do overlap RECALIBRATE Commands to multiple FDDs and the loss of the READY signal,
as described in the SEEK Command, Ualso applies to the RECALIBRATE Command.

SENSE INTERRUPT STATUS )
An Interrupt signal is generated by the FDC for one of the following reasons: .

1. Upon entering the Result Phase of:
a. Read Data Command
Read a Track Command
Read 1D Command
" Read Deleted Data Command
Write Data Command
Format a Cylinder Command
Write Deleted Data Command
h. Scan Commands
2. Ready Line of FDD changes state
3. End of Seek or Recalibrate Command
4. During Execution Phase in the NON-DMA Mode

interrupts caused by reasons 1 and 4 above occur during normal command operations and are easily dis-
cernible by the processor. However, interrupts caused by reasons 2 and 3 above may be uniquely identified
with the aid of the Sense Interrupt Status Command. This command when issued resets the interrupt signal
and via bits 5, 6, and 7 of Status Register 0 identifies the cause of the interrupt,

e ~pa0g

INTERRUPT CODE .
SEEK END CAUSE
BIT S5 BIT6 BIT 7
0 1 1 Ready Line changed state, either polarity
1 0 0 Normal Termination of Seek or Recalibrate Command
1 1 0 Abnormal Termination of Seek or Recalibrate Command

Table 5

Neither the Seek or Recalibrate Command have a Result Phase. Therefore, it is mandatory to use the Sense
interrupt Status Command after these commands to effectively terminate them and to provide verification of
where the head is positioned (PCN).

SPECIFY

The Specify Command sets the initial values for each of the three internal timers. The HUT (Head Unioad Time}
defines the time from the end of the Execution Phase of one of the Read/Write Commands to the head unload
state. This timer is programmable from 16 to 240 ms in increments of 16 ms (01 = 16 ms,02=32ms ... . OF =
240 ms). The SRT (Step Rate Time) defines the time interval between adjacent step pulses. This timer is pro-
grammable from 1 to 16 ms in increments of 1 ms (F = 1 ms, E = 2 ms, D = 3 ms, etc.). The HLT (Head Load
Time) defines the time between when the Head Load signa! goes high and when the Read/Write operation starts.
This timer is programmable from 2 to 254 ms in increments of 2 ms (01 =2 ms, 02=4 ms,03=6ms.. . FE =
254 ms).

The time intervals mentioned above are a direct function of the clock (CLK on pin 19). Times indicated above
are for an 8 MHz clock, if the clock was reduced to 4 MHz (mini-floppy application) then all time intervals are
increased by a factor of 2,

The choice of DMA or NON-DMA operation is made by the ND (NON-DMA) bit. When this bit is high (ND = 1)
the NON-DMA mode is selected, and when ND = 0 the DMA mode is selected.

SENSE DRIVE STATUS
This command may be used by the processor whenever it wishes to obtain the status of the FDDs, Status Register
3 contains the Drive Status information.

INVALLID

If an invalid command is sent to the FDC {a command not defined above), then the FDC will terminate the com-
mand after bits 7 and 6 of Status Register O are set to 1 and 0 respectively. No interrupt is generated by the
uPD765 during this condition. Bit 6 and bit 7 (DIO and RQM) in the Main Status Register are both high (*'1")
indicating to the processor that the uPD765 is in the Result Phase and the contents of Status Register 0 {STO)
must be read. When the processor reads Status Register 0 it will find a 80 hex indicating an invalid command
was received. '

A Sense Interrupt Status Commend must be sent after a Seek or Recalibrate Interrupt, otherwise the FDC will
consider the next command to be an Invalid Command.

In some applications the user may wish to use this command as a No-Op command, to place the FDC in a
standby or no operation state.
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STATUS REGISTER
IDENTIFICATION

1 PD765

BIT

NO. ] NAME | SYMBOL

DESCRIPTION

STATUS REGISTER 0

D7 D7=0and Dg=0
Interrupt IC Normal Termination of Command, {(NT). Com-
Code mand was completed and properly executed.

Ds D7=0and Dg=1
Abnormal Termination of Command, (AT).
Execution of Command was started, but was not
successfully completed.

D7=1andDg=0

Invalid Command issue, (IC). Command which
was issued was never started.

D7=1and Dg=1

Abnormal Termination because during command
execution the ready signal from FDD changed
state. ‘

Ds  [Seek End SE When the FDC completes the SEEK Command,
this flag is set to 1 {high).

D4 Equipment EC it a fauit Signal is received from the FDD, or if

Check the Track O Signal fails to occur after 77 Step
Pulses {Recalibrate Command) then this flag is
set.

D3 Not Ready NR When the FDD is in the not-ready state and a
read or write command is issued, this flag is set.
If a read or write command is issued to Side 1 of

' a single sided drive, then this flag is set.
D2 |Head HD This flag is used to indicate the state of the head
Address at Interrupt.
D1 Unit Select 1 Us1 These flags are used to indicate a Drive Unit
Do Unit Select 0 'Uso Number at Interrupt
STATUS REGISTER 1
‘D7 End of EN When the FDC tries to access a Sector beyond
Cylinder the final Sector of a Cylinder, this flag is set.

Dg Not used. This bit is always 0 (low).

D5 |Data Error DE When the FDC detects a CRC error in either the
iD field or the data field, this flag is set.

D4 |Over Run OR If the FDC is not serviced by the main-systems
during data transfers, within a certain time
interval, this flag is set.

D3 Not used. This bit always 0 (low).

D2 |NoData ND During execution of READ DATA, WRITE

DELETED DATA or SCAN Command, if the
FDC cannot find the Sector specified in the IDR
Register, this flag is set. :

During executing the READ ID Command, if
the FDC cannot read the 1D field without an
error, then this fiag is set.

During the execution of the READ A Cylinder
Command, if the starting sector cannot be

found, then this flag is set.
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18

BIT DESCRIPTION
No. | NamE | symBOL
STATUS REGISTER 1 {CONT.)
D4 Not NW During execution of WRITE DATA, WRITE
Writable DELETED DATA or Format A Cylinder Com-
mand, if the FDC detects a write protect signal
from the FDD, then this flag is set.
Do | Missing MA 1f the FDC cannot detect the 1D Address Mark
Address after encountering the index hole twice, then
Mark this flag is set.
If the FDC cannot detect the Data Address Mark
or Deleted Data Address Mark, this flag is set.
Also at the same time, the MD (Missing Address
Mark in Data Field) of Status Register 2 is set.
STATUS REGISTER 2
Dy Not used. This bit is always 0 {low).
Dg Control CM During executing the READ DATA or SCAN
Mark Command, if the FDC encounters a Sector which
contains a Deleted Data Address Mark, this
. flag is set. .
Dsg Data Error in DD 1f the FDC detects a CRC error in the data fieid
Data Field then this fiag is set.
D4 | Wrong wC This bit is related with the ND bit, and when the
Cylinder . contents of C on the medium is different from
that stored in the IDR, this flag is set.
D3 Scan Equal SH During execution, the SCAN Command, if the
Hit condition of “‘equal” is satisfied, this flag is set.
D2 Scan Not SN During executing the SCAN Command, if the
Satisfied FDC cannot find a Sector on the cylinder which
meets the condition, then this flag is set.
D1 Bad BC This bit is related with the ND bit, and when the
Cylinder content of C on the medium is different from
that stored in the DR and the content of C is
FF, then this flag is set.
Do | Missing MD When data is read from the medium, if the FDC
Address Mark cannot find a Data Address Mark or Deleted
in Data Field Data Address Mark, then this flag is set.
STATUS REGISTER 3
D7 | Fault FT This bit is used to indicate the status of the
Fault signal from the FDD.
Dg Write WP This bit is used to indicate the status of the
Protected ) Write Protected signal from the FDD.
Dg Ready RY This bit is used to indicate the status of the
Ready signal from the FDD.
D4 Track O TO This bit is used to indicate the status of the
Track 0 signal from the FDD.
D3 Two Side TS This bit is used to indicate the status of the
Two Side signal from the FDD.
D2 Head Address HD This bit is used to indicate the status of Side
Select signal to the FDD.
D1 Unit Select 1 us1 This bit is used to indicate the status of the Unit
Select 1 signal to the FDD.
Dg | Unit Select 0 uUso This bit is used to indicate the status of the Unit
Select 0 signal to the FDD.

STATUS REGISTER
IDENTIFICATION (CONT.)
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ERRATA
Edition 2y FDC-2 ‘Manual
July 10y 1980

The following materiszl will be incorrorated into Edition 32
of the FDC-2 Marual.

Nise Drive Fower Sursrlies

Users should be sware that the FIC-2 reauires that Lthe disc
drive rower surrly be carable of. surrorting all sustem
sterrer moltors simulteneously., A tyrical recquirement for 3
single drive would be 24 Volts st 1.4 Amersi a3 four drive
sustem of such turical drives would recuire 24 Volts at J.6
emrse  As the manual exrlainsy the drives should be Jumrered
s0 that their sterrer motors sre slwavs ernabled &snd do rot
reaquire drive select to be enabled. :

‘The' sdvantage of this arrangement is that the FIOC-2 can

erform simulteneous sterring by reridly multirleding drive
select from one drive to the nexts this rerid multirlexing
of drive selecltyr however, is rnot suiteble for the
requirements of a sterrer motor Lhal is ernsbled e drive
select.
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The user should he sware that user selectable ortions existing in

various manufacturers’ florry disk drives must be correctly selected to | ‘
. insure derendable oreration with the FICZ controller.

Sterrer Motor Enzblel

For correct operation with the FDC2, the florry disk drive should
be Jumrered to have 3 continously enabled sterrer motor. The sterrer motor

should NOT recuire sctive drive select or head load in order to be enabled,
To select this mode of oreration in?d ' :

Shugart 800/850sy Reme:x 4000y Qume 5 orFen Jumpers HL and DS

. Head Load!

For correct oreration with the FIC2y the florry disk drive should

. be Jumrered to load the heads on active head lozd. The drive should NOT
require active drive select to losd the heads. ‘ '

' . To select this mode of oreration in?

Shugart 800/850y FRemex 40005 Qume 3 close Jumrers CrXsA
oren Jumrers B

Multisle Drives!? ' . &‘)

For correct orerstion with the FIC2y the florrpy disk drive interfasce
"gigrial limes should only have one pullur resistor rer line. Usually this

- involves making sure that the removable rullur resistor rack be removed
“from 211 but one drive in 3 system. However be careful:, some drives do not (
""3llow thiss esrecially when mixing drives of different marufacturers todgether. |
‘Often shunt Jumrers sre erovided in the drive to disconnect individual sullus
resistors from control limes. When mixing different make drivesy it is best
"to check the manufacturers’ documentation.
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DMA error ﬁevisions and applicability
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