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WD279X-02 Floppy Disk Formatter/Controller Family

P

FEATURES

ON-CHIP PLL DATA SEPARATOR
ON-CHIP WRITE PRECOMPENSATION LOGIC
SINGLE +5V SUPPLY
ACCOMMODATES SINGLE AND DOUBLE
DENSITY FORMATS
IBM 3740 (FM)
IBM 34 (MFM)
AUTOMATIC SEEK WITH VERIFY
MULTILE SECTOR READMWRITE
TTL COMPATIBLE
PROGRAMMABLE CONTROL
SELECTABLE TRACK-TO-TRACK ACCESS
HEAD LOAD TIMING
« SOFTWARE COMPATIBLE WITH THE FD179X
SERIES
« SOFT SECTOR FORMAT COMPATIBILITY

DESCRIPTION

The WD279X are N-Channel Silicon Gate MOS LSI
devices which perform the functions of a Floppy Disk
Formatter/Controller in a single chip implementation.
The WD279X, which can be considered the end result
of both the FD1771 and FD179X designs, is iBM 3740
compatible in single density mode (FM) and System
34 compatible in Double Density Mode (MFM). The
WD279X contains all the features of its predecessor
the FD179X pius a high performance Phase-Lock-
Loop Data Separator as well as Write Precompensa-
tion Logic. In Double Density mode, Write Precompen-
sation is automaticailly engaged to a value
programmed via an extemnal potentiometer. In order
to maintain compatibility, the FD1771, FD179X and
WD279X designs were made as close as possible with
the computer interface, instruction set, and /O
registers being identical.

Also, head load control is Identical. In each case, the
actual pin assignments vary by only a few pins from
any one to another.

The processor interface consists of an 8bit bi-
directional bus for data, status, and controi word
transfers. The WD279X is set up to operate on a
multiplexed bus with other bus-oriented devices.
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PIN DESIGNATION

The WD279X Is TTL compatibie on all inputs and out-
puts. The outputs will drive one TTL load or three LS
loads. The WD2733 is identical to the WD2791 except
the DAL lines are TRUE for systems that utilize true
data busses.

The WD2795/7 has a side select output for controll-
ing double-sided drives.
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PIN DESCRIPTION

PIN NUMBER

SIGNAL NAME

MNEMONIC

FUNCTION

1

19

20
21

2

56

7-14

24

ENABLE PRECOMP

MASTER RESET

POWER SUPPLIES

COMPUTER INTERFACE:
WRITE ENABLE

CHIP SELECT

READ ENABLE

REGISTER SELECT
LINES

DATA ACCESS LINES

CLOCK

DATA REQUEST

ENP

AQA1

DALG-DAL7

CLK

ORQ

A Logic high on this input enables write
precompensation to be performed on double
density Write Data output only.

A logic low (50 microseconds min.) on this
input resets the device and loads HEX 03 into
the command register. The Not Ready
(Status _Bit 7) is reset during MR ACTIVE.
When MR is brought to a logic high a
RESTORE Command is executed, regardless
of the state of the Ready signal from the
drive. Also, HEX 01 is ioaded into sector
reqister.

Ground
+5V %

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

A logic low on this input selects the chip and
enables computer communication with the
device.

A logic low on this input controls the place-
ment of data from a selected register on the
DAL when CS is low.

These inputs select the register to
receiveftransfer data on the DAL lines under
RE and WE controi:

CS A1 AD RE WE

0 0 O Status Reg
0 0 1 Track Reg
0 1 0O Sector Reg
0 1 1 Data Reg

Eight bit bi-directional bus used for transfer
of commands, status, and data. These lines
are inverted (active tow) on WD2791 and
WD2795.

This input requires a free-running 50% duty
cycle square wave clock for internal timing
reference, 2 MHz = 1% for 8" drives, 1 MHz
+ 1% for mini-floppies.

This output indicates that the Data Register
contains assembled data in Read operations,
or the DR is empty in Write operations. This
signal is reset when serviced by the com-
puter through reading or loading the DR.

Command Reg
Track Reg
Sector Reg
Data Reg

L e
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PIN DESCRIPTION (Continued)

PIN NUMBER l SIGNAL NAME [ MNEMONIC

'1 FUNCTION

INTRQ

39 ‘ INTERRUPT REQUEST

|

FLOPPY DISK INTERFACE:

|
|

15 STEP , STEP
16 DIRECTION ‘ DIRC
17 5 1/4,” 8" SELECT 5/8
18 READ PULSE WIDTH RPW
22 TEST TEST
23 PUMP PUMP
25 ENABLE MINI-FLOPPY | ENMF

(2791, 2793)

25 SIDE SELECT OUTPUT | SSO
(2795, 2797)
26 VOLTAGE- VCO
CONTROLLED
OSCILLATOR
27 RAW READ RAW READ
28 HEAD LOAD HLD
29 TRACK GREATER TG43
THAN 43

| This output is set at the completion of any

command and is reset when the Status

_register is read or the command register is !

| written 0.

1

H
The step output contains a pulse for each
step.
| Direction Output is active high when stepp-
‘ ing in, active low when stepping out.

' This input selects the internal VCO fre-
quency for use with 5 1/4” drives or 8" drives.

An external potentiometer tied to this input
controls the phase comparator within the
data separator.

A logic low on this input allows adjustment
of external resistors by enabling internal
signals to appear on selected pins.

High-Impedance output signal which is
forced high or low to increase or decrease
the VCQ frequency.

A logic low on this input enables an inter-
nal — 2 of the Master Clock. This aliows both
5 1/4” and 8" drive operation with a single
2 MHz clock. For a 1 MHz clock con Pin 24,
this line must be left open or tied to a
Logic 1.

The logic level of the Side Select Output is
directly controlled by the ‘S’ flag in Type i
or lil commands. When U = 1, SSO is set
to a logic 1. When U = 0, SSO is setto a
logic 0. The SSO is compared with the side
information in the Sector 1D Field. If they do
not compare Status Bit 4 (RNF) is set. The
Side Seiect Output is only updated at the
beginning of a Type il or lil command. It is
forced to a logic 0 upon a MASTER RESET
condition. ‘

An external capacitor tied to this pin adjusts
the VCO center frequency.

The data input signal directly from the drive.
This input shall be a negative puise for each
recorded flux transition.

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

This output informs the drive that the
Read/Write head is positioned between track
44 and the inside track. This output is valid
only during Read and Write Commands.

:
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PIN DESCRIPTION (Continued)

PiN NUMBER

SIGNAL NAME

MNEMONIC

FUNCTION

30

31

32

37

WRITE GATE

WRITE DATA

READY

WRITE PRECOMP
WIDTH

TRACK 00

INDEX PULSE

WRITE PROTECT

DOUBLE DENSITY

HEAD LOAD TIMING

WG

wbD

READY

WPW

TROO

WPRT

DDEN

HLT

This output is made valid before writing is
to be performed on the diskette.

MFM or FM output puise per flux transition.
WD contains the unique Address marks as
well as data and clock in both FM and MFM
formats.

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

An external potentiometer tied to this input
controls the amount of delay in Write
precompensation mode.

This input informs the WD278X that the
Read/Write head is positioned over Track 00.

This input informs the WD279X when the
index hole is encountered on the diskette.

This input is sampied whenever a Write Com-
mand is received. A logic low terminates the
command and sets the Write Protect Status
bit.

This input pin selects either single or dou-
ble density operation. When DDEN = 0.
double density is selected. When DDEN
= 1, single density is selected.

When a logic high is found on the HLT input
the head is assumed to be engaged. It is
typically derived from a 1 shot triggered by
HLD.

1-94
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Figure 1.
APPLICATIONS

8" FLOPPY AND 5 1/4” MINI-FLOPPY CONTROLLER
SINGLE OR DOUBLE DENSITY CONTROLLER/-
FORMATTER

The WD279X Family are MOS/LS! devices which per-
form the functions of a Floppy Disk Controtler/For-
matter. Software compatible with its predecessor, the
FD179X, the device also contains a high performance
Phase-Lock-Loop Data Separator as well as Write
Precompensation Logic.

When operating in Double Density mode, Write
Precompensation may be enabled, its value predeter-
mined by an externai potentiometer. An onchip VvCO
and phase comparator allows adjustable frequency
range for 5 1/4" or 8" Floppy Disk interfacing.

The WD279X is fabricated in NMOS silicon gate
technology and available in a 40-pin dual-in-line
package, as well as 44-pin guad packs.

FEATURES 2791 | 2793 | 2795 | 2797
Single Density (FM) X X X X
Double Density (MFM) X X X X
True Data Bus X X
Inverted Data Bus X X
Side Select Cut X X
Intemai CLK Divide X X

ORGANIZATION
Refer to the Floppy Disk Formatter block diagram in

Figure 2. The primary sections include the parallel pro-
cessor interface and the Floppy Disk Interface.

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

Data Register - This &bit register is used as a hoiding
register during Disk Read and Write operations. In
Disk Read operations the assembled data byte is
transferred in parallel to the Data Register from the
Data Shift Register. In Disk Write operations informa-
tion is transferred in parallel from the Data Register
to the Data Shift Register.

When executing the Seek command the Data Register
holds the address of the desired Track position. This
register is loaded from the DAL and gated onto the
DAL under processor control.

Track Register - This 8-bit register holds the track
number of the current Read/Write head position. It is
incremented by one every time the head is stepped
in (towards track 76) and decremented by one when
the head is stepped out {towards track 00). The con-
tents of the register are compared with the recorded
track number in the ID field during disk Read, Write,
and Verify operations. The Track Register can be
loagded from or transferred to the DAL. This Register
shouid not be loaded when the device is busy.

Sector Register (SR) - This 8-bit register holds the
address of the sector position. The contents of the
register are compared with the recorded sector
number in the |D fietd during disk Read or Write opera-
tions. The Sector Register contents can be loaded
from or transterred to the DAL. This register should
not be loaded when the device is busy.

Command Register (CR)-This &-bit register holds the
command presently being executed. This register
should not be loaded when the device is busy unless
the new command is a force interrupt. The command
register can be loaded from the DAL, but not read
onto the DAL

Status Register (STR)-This 8-bit register holds device
Status information. The meaning of the Status Dits
is a function of the type of command previously
executed. This register can be read onto the DAL, but
not loaded from the DAL

CRC Loglc- This logic is used to check or to generate
the 16-bit Cyclic Redundancy Check (CRC). The
polynomial is: G(x) = x'® + x'2 + x> + 1.

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

Arithmetic/Logic Unit (ALU»-The ALU is a serial com-
parator, incrementer, and decrementer and is used
for register modification and comparisons with the
disk recorded 1D field.

Timing and Control - All computer and Floppy Disk
interface controls are generated through this logic.

—
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The intemal device timing is generated from an exter-
nal crystal clock.

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

Write Precompensation - enables write precompensa-
ticn to be performed on the Write Data ouput.
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Figure 2. WD279X BLOCK DIAGRAM

Data Separator - a high performance Phase-Lock-Loop
Data Separator with on-chip VCO and phase com-
parator allows adjustable frequency range for 5V "
or 8" Floppy Disk interfacing.

PROCESSOR INTERFACE

The Interface to the processor s accomplished
through the eight Data Access Lines (DAL) and
associated control signals. The DAL are used to
transfer Data, Status, and Control words out of, or
into the WD279X. The DAL are three state buffers that
arg enabled as output_drivers when Chip Select
(CS) and Read Enable (RE) are active_ (low logic
state) or_act as input receivers when CS and Write
Enable (WE) are active.

When transfer of data with the Floppy Disk Controller
is required by the host processor, the device address
is decoded and CS is made low. The address bits A1

and AQ, combined with the signals RE during a
Read operation or WE during a Write operation are
interpreted as selecting the foilowing registers:

A1 A0 READ (RE) WRITE (WE)

0 0 Status Regiser
0 1 Track Register
1 0 Sector Register
1

1 Data Register

Command Register
Track Register
Sector Register
Data Register

During Direct Memory Access (DMA) types of data
transfers between the Data Register of the WD279X
and the processor, the Data Request (DRQ) output
is used in Data Transfer control. This signal also
appears as status bit 1 during Read and Write
operations.

\
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On Disk Read operations the Data Request is
activated (set high) when an assembtied serial input
byte is transferred in parallei to the Data Register. This
bit is cleared when the Data Register is read by the
processor. If the Data Register is read after one or
more characters are lost, by having new data transter-
red into the register pricr to processor readout, the
Lost Data bit is set in the Status Register. The Read
operation continues until the end of sector is reached.

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

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

The WD279X has two modes of operation according
to the state of DDEN (Pin 37). When DDEN = 1,
Single Density (FM) is selected. When DDEN = 0,
Double Density (MFM) is selected. In either case, the
CLK input (Pin 24) is set at 2 MHz for 8" drives or 1
MHz for 5 1/4" drives.

On the WD2791/WD2793, the ENMF input (Pin 25)
can be used for controlling both 5 1/4” and 8” drives
with a single 2 MHz clock. When ENMF = 0, an
internal — 2 of the CLK is performed. When ENMF
= 1, no divide takes place. This allows the use of
a 2 MHz clock for both 5 1/4” and 8" configurations.

The interal VCO frequency must aiso be set to the
proper value. The 5/8 input (Pin 17) is used to select
data separator operation by internally dividing the
Read Clock. When 5/8 = 0, 5 1/4" data separation
is selected; when 5/8 = 1, 8” drive data separation
is selected.

CLOCK (24) | ENMF (25) 5/18 (17) DRIVE
2 MHz 1 1 8"
2 MHz 0 0 5%
1 MHz 1 0 5Y%

FUNCTIONAL DESCRIPTION

The WD279X-02 is software compatible with the
FD179X-02 series of Floppy Disk Controllers. Com-
mands, status, and data transfers are performed in
the same way. Software generated for the 179X can
be transferred to a 279X system without modification.

In addition to the WD 178X, the WD273X contains an
intermal Data Separator and Write precompensation
circuit. The TEST (Pin 22) line is used to adjust both
data separator and precompensation. When
TEST = 0, the WD (Pin 31) line is intemally connected
to the output of the write precomp one-shot. Adjust-
ment of the WPW (Pin 33) line can then be
accomplished.

A second one-shot tracks the precomp setting at
approximately 3:1 to insure adequate Write Data pulse
widths.

Similarly, Data separation is also adjusted with TEST
= 0. The TG43 (Pin 29) line is internally connected
to the output of the read data one-shot, which is
adjusted via the RPW (Pin 18) line. The DIRC (Pin 16)
line contains the Read Clock output (.5 MHz for 8"
drives). The VCO Trimming capacitor (Pin 26) is
adjusted for center frequency.

Internal timing signals are used to generate pulses
during the adjustment mode so that these
adjustments can be made while the device is in-
circuit. The TEST line also contains a pull-up resistor,
so adjustments can be performed simply by groun-
ding the TEST pin, overriding the pull-up. The TEST
pin cannot be used to disable stepping rates during
operation as its function is quite different from the
WD178X.

Other pins on the device also inciude pull-up resistors
and may be left open to satisfy a Logic 1 condition.
These are: ENP, 5/8, ENMF, WPRT, DDEN, HLT,
TEST, and MR.

GENERAL DISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtain-
able in either FM or MFM formats. For FM, DDEN
should be placed to logical “1." For MFM tormats,
DDEN should be placed to a logical “0". Sector
lengths are determined at format time by the fourth
byte in the “ID" field.

Sector Length Table’
Sector Length Number of Bytes

Field (hex) in Sector (decimal)
00 128
01 256
02 512
03 1024

‘2795/97 may vary - see command summary.

The WD273X recognizes tracks and sectors numbered
00-FF Hex. However, due to programming restrictions,
only tracks and sectors 00 through F4 can be
formatted.

0
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GENERAL DISK WRITE OPERATION

When writing is to take place on the diskette the Write
Gate (WG) output is activated, ailowing current to flow
into the ReadMrite head. As a precaution to
erroneous writing the first data byte must be loaded
into the Data Register in response to a Data Request
from the WD279X before the Write Gate signal can
be activated.

Writing is inhibited when the Write Protect input is
a logic low, in which case any Write command is
immediatety terminated, an interrupt s generated and
the Write Protect status bit is set.

For write operations, the WD279X provides Write Gate
(Pin 30) and Write Data (Pin 31) outputs. Write data
consists of a series of pulses set to a width approx-
imately three times greater then the precomp adjust-
ment. Write Data provides the unique address marks
in both formats.

READY

Whenever a Read or Write command (Type Il or )
is received the WD279X samples the Ready input. If
this input is logic low, the command is not executed
and an interrupt is generated. All Type | commands
are performed regardless of the state of the Ready
input. Also, whenever a Type il or lll command is
received, the TG43 signal output is updated. TG43
may be tied to ENP to enable write precompensation
on tracks 44-76.

COMMAND DESCRIPTION

The WD279X will accept eleven commands. Com-
mand words shoutd only be loaded in the Command
Register when the Busy status bit is off (Status bit
0). The one exception is the Force Interrupt command.
Whenever a command is being executed, the Busy
status bit is set. When a command is completed, an
interrupt is generated and the Busy status bit is reset.
The Status Register indicates whether the completed
command encountered an error or was fault free. For
ease of discussion, commands are divided into four
types. Commands and types are summarized in
Table 1.
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TABLE 1. COMMAND SUMMARY

A. Commands for Models: WD2791, wD2743

8. Commands for Models: WD2795, WD2797

I

| Bits | Bits 1
| Type Command - & 5 4 3 2 1 0 7 6 5 4 3 2 1 0/}
| 1 Restore OOOOhV"1’O‘OOOOhV'1'O‘
| | Seek OOO1hV'1’O‘OOO1hV"1’0
| Step OO1ThV'O'01001ThV'1'O
| Step-in 01_OThV’1'05010ThV'1'0
| Step-out o 1 1 T h VvV ™M 0to 1 1+ T h V "1 7
Il Read Sector 100mSECO‘100mLEUO‘
It Write Sector + 0 1+ m S E C 0 1 0 ¥ m L E U %0
il Read Address 11000EOO‘11000EUO
Il Read Track 1 1 1 0 0 E 0 0 1 1 1 ¢ 0 E U 0
Il Write Track {1 1+ 1 1 0 € 0 01 t 1 1 0 E U Q
IV Force Interrupt + 1 0 1 '3 21 d0oi1 1 0 1 3 2 10
TABLE 2. FLAG SUMMARY
Command Bit
Type No(s) Description
| ’ 0,1 1 '0= Stepping Motor Rate See
Table 3 for Rate Summary
| 2 V = Track Number Verify Flag vV = 0,No verity
Vv = 1Verify on destination track
| 3 h = Head Load Flag h = 0,Unload head at beginning
h = 1,Load head at beginning
! 4 T = Track Update Flag T = O,No update
T = 1,Update track register
& 0 ag = Data Address Mark 9 = 0,FB(DAM)
30 = 1,F8(deieted DAM)
i 1 C = Side Compare Flag C = 0,Disable side compare
C = 1,Enable side compare
& 1 U = Upcate SSO U = 0,Update SSO to 0
U = 1,Update SSO to 1
& 2 E = 15 MS Delay E = Q,No. 15 MS delay
E = 1,15 MS delay (30 MS for 1 Mh2)
I 3 S = Side Compare Flag S = 0,Compare for side 0
S = 1,Compare for side 1
il 3 L = Sector Length Flag LSB's Sector Length in ID Field
00 01 10 11
L=0 25 512 1024 128
L=1 128 256 512 1024
il 4 m = Multiple Record Flag m = 0,Single record
m = 1,Multiple records
\Y 03 lx = Interrupt Condition Flags
0 = 1 Not Ready To Ready Transition
41 = 1 Ready To Not Ready Transition
2 = 1 Index Pulse )
I3 = 1 Immediate Interrupt, Requires A Reset
lalg = 0 Terminate With No Interrupt (INTRQ)

NOTE: See Type IV Command Descriotion for further information.

’
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WRITE PRECOMPENSATION

When operating in Double Density mode (DDEN =0),
the WD279X has the capability of providing a user-
defined precompensation value for Write Data. An
external potentiometer (10K} tied to the WPW signal
(Pin 33) allows a setting of 100 to 300 ns from nominal.

Setting the \Write precomp vaiue is accomplished by
forcing the TEST line (Pin 22) to a Logic 0. A stream
of puises can then be seen on the Write Data (Pin
31) line. Adjust the WPW Potentiometer for the desired
pulse width. This adjustment may be performed in-
circuit since Write Gate (Pin 30) is inactive while TEST
=0.

DATA SEPARATION

The WD279X can operate with either an external data
separator or its Qwn_intermal recovery circuits. The
condition of the TEST line (Pin 22) in conjunction
with MR (Pin 19) will select intemal or external mode.

To program the 279X for exterpal VCO, a MR
pulse must be applied while TEST=0. A clock
equivalent to eight times the data rate (e.g., 4.0 MHz
for 8" Double Density) is applied to the VCO input
(Pin 26). The feedback reference voitage is available
on the Pump output (Pin 23) for external integration
to control the VCO. TEST is returned to a Logic 1
for normal operation.

Note: To maintain this mode, TEST must be held
low whenever MR is applied.

For internal VCQ operation, the TEST line must be
high during the MR pulse, then set to a Logic 0 for
the adjustment procedure.

A 50K Potentiometer tied to the RPW input (Pin 18)
is used to set the internal Read Data pulse for pro-
per phasing. With a scope on Pin 29 (TG 43), adjust
the RPW puise (250 ns for 8" Double Density). An ex-
ternal variable capacitor of C-60 pf is tied to the VCO
input (Pin 26). It is highly recommended to use at least
a negative 3500 PPM Temperature coefficient trim-
mer capacitor. With a frequency counter on Pin 16
(DIRC) adjust the trimmer cap to yield the appropriate
Data_Rate (500 KHz for 8" Doubie Density).
The DDEN iine must be low while the 5/8lineis
held high or the adjustment times above will be
doubled.

After adjustments have been made, the TEST pin
is returned to a Logic 1 and the device is ready for
operation. Adjustments may be made in-circuit since
the DIRC and TG43 lines may toggle without affec-
ting the drive.

The PUMP output (Pin 23) consists of positive and
negative puises, which their duration is eguivalent to
the phase difference of incoming Data vs. VCO fre-
quency. This signal is intemally connected to the VCO
input, but a tilter is needed to connect these pulses
to a slow moving DC voltage.

The intemal phase-detector is unsymmetrical for a
random distribution of data pulses by a factor of two,
in favor of a PUMP UP condition. Therefore, it is
desirable to have a PUMP DOWN twice as respon-
sive to prevent run-away during a lock attempt.

A first order lag-lead filter can be used at the PUMP
output (Pin 23). This filter controls the instantaneous

response of the VCP to bit-shifted data (jitter) as well
as the response to normal frequency shift, i.e., the
lock-up time. A balance must be accomplished bet-
ween the two conditions to inhibit over-
responsiveness to jitter and to prevent an extremeiy
wide lock-up respense, leading to PUMP runaway. The
filter affects these two reactions in mutually opposite
directions.

The following Filter Circuit is recommended for 8”

FM/MFM:
)
Auf ==
1KQ % IN914

Since 5" Drives operate at exactly one-half the data
rate (250 Kbisec) the above capacitor should be
doubled to .2 or .22 uf.

NOTE 1: A Diode with the lowest on resistance will
enhance PUMP response.

NOTE 2: It is recommended to replace the 1K resister
with a 1K (nominal at 25°) thermister (approximating
400 ohms at 50°c and approximatiey 2.8K ohms at
0°c) to improve capture range.

TYPE | COMMANDS

The Type | Commands include the Restore, Seek,
Step, Step-in, and Step-Out commands. Each of the
Type | Commands contains a rate field (rg r4), which
determines the stepping motor rate as defined in
Table 3.

A 2us (MFM) or 4us (FM) pulse is provided as an out-
put to the drive. For every step pulse issued, the drive
moves one track location in a direction determined
by the direction output. The chip will step the drive
in the same direction it last stepped uniess the com-
mand changes the direction.

The direction signal is active high when stepping in
and fow when stepping out. The direction signal is
valid before the first stepping puise is generated. The
rates (shown in Table 3) can be applied to a Step-
Direction Motor through the device interface.

TABLE 3. STEPPING RATES

PUMP
(PIN 23

CLK 2 MHz 1 MHz
R1 RO TEST= 1 TEST = 1
0 0 3ms 6 ms
0 1 6 ms 12 ms
1 0 10 ms 20 ms
1 1 18 ms 30 ms

After the last directional step, an additionai 15
milliseconds of head settling time takes piace if the
Verity flag is set in Type | commands. Note that this
time doubles to 30 ms for a 1 MHz ciock. There is
also a 15 ms head settling time if the E flag is set
in any Type (i or Ill command.
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When a Seek, Step, or Restore command is executed
an optional veritication of Read-Write head position

can be performed by settir_xlg1 bit2(V = 1) in the com-

mand word to a logi¢ 1. The verification operation
begins at the end of the 15 millisecond settling time
after the head is loaded against the media. The track
number from the first encountered 1D Field is com-
pared against the contents of the Track Register. |f
the track numbers compare and the |D Field Cyclic
Redundancy Check (CRC) is correct, the venfy opera-
tion is complete and an INTRQ is generated with no
errors. If there is a match but not a valid CRC, the
CRC error status bit is set (Status bit 3), and the next
encountered ID field is read from the cisk for the
verification operation.

The WD279X must find an 1D field with correct track
number and correct CRC within 5 revolutions of the
media: otherwise the seek error is set and an INTRQ
is generated. !f V = 0, no verification is performed.

The Head Load (HLD) output controls the movement
of the read/write head against the media. HLD is
activated at the beginning of a Type | command if
the h flag is set (h = 1), at the end of the Type | com-
mand if the verity flag (V = 1), or upon receipt of any
Type I or Il command. Once HLD is active it remains
active until either a Type | command is received with
(h = 0and V = O; orif the WD279X is in an idle state
(non-busy) and 15 index pulses have occurred.

Head Load timing (HLT) is an input to the WD279X
which is used for the head engage time. When HLT
= 1, the WD279X assumes the head is completely
engaged. The head engage time is typicaily 30 to 100
ms depending on drive. The low to high transition on
HLD is typically used to fire a one shot. The output
of the one shot is then used for HLT and supplied
as an input to the WD279X.

i

]

[ b

l - T FROM OnE SHOT)

HEAD LOAD TIMING

When both HLD and HLT are true, the WD278X will
then read from or write to the media. The “and” of
HLD and HLT appears as status Bit 5in Type | status.

In summary for the Type | commands: if h = 0 and
V = 0,HLD isreset. Ifh = 1andV = 0, HLD is set
at the beginning of the command and HLT is not
sampled nor is there an internal 15 ms delay. if h =
0 and V = 1, HLD is set near the end of the com-
mand, an intemal 15 ms occurs, and the WD279X
waits for HLT to be true. If h = 1and V = 1, HLD
Is set at the beginning of the command. Near the end
of the command, after ali the steps have been issued,
an intemal 15 ms delay occurs and the WD279X then
waits for HLT to occur.

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

RESTORE (SEEK TRACK 0)
Upon receipt of this_ command the Track 0Q(TR0O)

input is sampied. |f TROQ is active low indicating the .

Read- Write head is positioned over track 0, the Track
Register is loaded with zeroes and an interrupt is
generated. !f TROO is not active low, stepping pulses
at a_rate specified by the "170 field are issued until
the TROO input is activated. At this time the Track
Register is ioaded_with zeroes and an interrupt is
generated. If the TROO input does not go active low
after 255 stepping pulses, the WD279X terminates
operation, interrupts, and sets the Seek error status
bit. A verification operation also takes place if the V
flag is set. The h bit aillows the head to be loaded
at the start of command. Note that the Restore com:-
mand is executed when MR goes from an active to
an inactive state.

SEEK

Th_is command assumes that the Track Register con-
tains the track number of the current position of the
Read/Write head and the Data Register contains
the desired track number. The WD279X will update
the Track register and issue stepping pulses in the

LEY BUST mESET IAC
tifn (RA0A TAQ ~'RO

nESLY
SMECT OM

TYPE | COMMAND FLOW
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TYPE | COMMAND FLOW

appropriate direction untit the contents of the Track
register are equal to the contents of the Data Register
(the cesired track location). A verification operation
takes place if the V flag is on. The h bit allows the
head to be loaded at the start of the command. An
interrupt is generated at the completion of the com-
mand. Note: When using multiple drives, the track
register must be updated for the drive selected before
seeks are issued.

STEP

Upon receipt of this command, the WD279X issues
one stepping puise to the disk drive. The stepping
motor direction is the same as in the previous step
command. After a delay determined by the "1°0 field,
a verification takes place if the V flag is on. If the T
flag is on, the Track Register is updated. The h bit
allows the head to be loaded at the start of the
command.

VERIFY
SEQUENCE

INTAQ RESLT BUAY

10 am BEEN
OETECTED

DOe3

A tRacCx

ADOARESS OF 0

[N}
.

WOTE | e o BE 0% A RN D6 4T

TYPE | COMMAND FLOW

An interrupt is generated at the completion of the
command.

STEP-IN

Upon receipt of this command, the WD279X issues
one stepping pulse in the direction away from track
zero. If the T flag is on, the Track Register is
incremented by one. After a delay determined by the
10 fieid, a verification takes ptace if the V flag is on.
The h bit allows the head to be loaded at the stan
of the command. An interrupt is generated at the com-
pletion of the command.

STEP-OUT

Upon receipt of this command, the WD279X issues
one stepping pulise in the direction towards track C.
if the T flag is on, the Track Register is decremented
by one. After a delay determined by the "1'0 fieid, a

S
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verification takes place if the V flag is on. The h bit
allows the head to be ioaded at the start of the com-

mand. An interrupt is generated at the completion of

the command. ~ =
EXCEPTIONS

On the WD2795/7 devices, the SSO output is not
affected during Type | commands, and an internal
side compare does not take place when the (V) Verify
Flag is on.

TYPE Il COMMANDS .

The Type || Commands are the Read Sectcr and Write
Sector commands. Prior to loadng the Type Hl Com-
mand into the Command Register, the computer must
load the Sector Register with the cesired sector
number. Upon reczipt of the Type Il command, the
busy status Bit is set. If the E flag = 1 (this is the
normal case) HLD is made active and HLT is sampled
after a 15 msec delay. If the E flag is 0, the head is
loaded and HLT sampled with no 15 msec delay.

TYPE 1| COMMAND

ITRO AESLT USY
T AECOMO-MOT F LMD,

Ay

Can

SEEN

DETECD
"

BAMG 1N SECTOR LENQT™ $1ELO
STORE LENG T v T EMIAL
NEGISTEN

sE1 Cae M
$TATUS EMmOA

i .

TYPE Il COMMAND

When an ID field is located on the disk, the WD279X
compares the Track Number on the (D field with the
Track Register. [f there is not a match, the next en-
countered D field is ready and a comparison is again
made. If there was a match, the Sector Number of
the 1D field is compared with the Sector Register. If
there is not a Sector match, the next encountered 1D
field is read off the disk and comparisons again made.
If the 1D field CRC is correct, the data field is then
located and will be either written into, ¢r read from
depending upon the command. The WD279X must
tind an ID field with a Track number, Sector number,
side number, and CRC within 5 revolutions of the disk;
otherwise, the Record Not Found status bit is set
(Status bit 4) and the command is terminated with
an interrupt.

Each of the Type || Commands contains an (m) flag
which determines if muitiple records (sectors) are to
be read or written, depending upon the command. If
m = 0, a single sector is read or written and an in-
terrupt is generated at the completion of the
command.

Floppy Disk Controiler Devices
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.. READ SECTOR
' BEQUENCE

&0

PUT RECORO TYRE W
STATUS MO BT

BN e
R A

ves

|
3
R 1
“cton Mo l

-
. MTRQ RESET BUSY

IR0 AESET BUSY
LT CAC ERAOR

WRITE SECTOR
SEQUENCE

[ OELAY 2 877LS OF GAP J

!

IL 347 ONO J

1

r DELAT S BYTES OF Gar J
. il NIRG RESET BUST
SETLOST Data
ves i
( OELAY 1 BTTE OF GAS
~o
' ves
TumN One WG 4 WRiTE )
4 BYTES OF ZEROS O€LAY 1V BYTES
M
|

T
1

L g AT
ACComOw 10 48 LD TUN Ok WG 4 et
O waiTE COMMAND 12 8YTES OF L4003

——ee——— e
]

{ OR 1O OSA $&7 D‘IO4]
t

% f watTE BYTE TO (nS& J

TYPE il COMMAND

if m = 1, muitiple records are read or written with
sector register internally updated so that an address
verification can occur on the next record. The WD278X
will continue to read or write multiple records and
update the sector register in numerical ascending
sequence until the sector register exceeds the
number of sectors on the track or until the Force Inter-
rupt command is loaded into the Command Register,
which terminates the command and generates an
interrupt.

For example: If the WD279X is instructed to read sec-
tor 27 and there are only 26 on the track, the sector
register exceeds the number available. The WD279X
will search for 5 disk revolutions, interrupt out, reset
busy, and set the Record Not Found status bit.

The Type |l commands for WD2791-93 also contain side
select compare flags. When C = 0 (Bit 1) no side com-
parison is made. When C = 1, the LSB of the side
number is read off the 1D field of the disk and compared
with the contents of the (S) fiag (Bit 3). If the S tlag com-
pares with the side number recorded in the ID field,

TYPE Il COMMAND

the WD279X continues with the 1D search. If a com-
parison is not made within 5 index puises, the inter-
rupt line is made active and the Record-Not-Found
status bit is set.

The Type |l and Il for the WD2795-97 contain a side
select flag (Bit 1). When U = 0, SSO is updated to
0. Simitarly, U = 1 updates SSO to 1. The chip com-
pares the SSO to the ID field. If they do not compare
within 5 revolutions the interrupt line is made active
ang the RNF status bit is set.

The WD2795/7 READ SECTOR and WRITE SECTOR
commands include a ‘L' flag. The ‘L’ flag, in conjunc-
tion with the sector length byte of the ID field, aliows
different byte lengths to be implemented in each sec-
tor. For IBM compatibility. the ‘L’ flag should be set
to one.

READ SECTOR

Upon receipt of the Read Sector command, the head
is loaded, the Busy status bit set, and when an |ID

R e e
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field is encountered that has the correct track number,
correct sector number, correct side number, and cor-

. rect CRC, the data field.is presented to the computer.

The Data Address Mark of the data field must be
found within 30 bytes in single density and 43 bytes
in double density of the last |D field CRC byte; if not,
the ID fieid search is repeated.

Wwhen the first character or byte of the data field has
peen shifted through the DSR, it is transferred to the
DR, and DRQ is generated. When the next byte is ac-
cumulated in the DSR, it is transferred to the DR and
ancther DRQ is generated. If the computer has not
read the previous contents of the DR before a new
character is transferred that character is lost and the
Lost Data Status Bit is set. This sequence continues
until the complete data field has been inputted to the
computer. If there is a CRC error at the and of the
data field, the CRC error status bit is set, and the com-
mand is terminated (even if it is a muitiple sector
command).

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

The WD279X then writes the data field and generates
DRQ's to the computer. If the DRQ is not serviced
in time for continuous writing the Lost Data Status
Bit is set and a byte of zeroes is written on the disk.
The command is not terminated. After the last data
byte has been written on the disk, the two-byte CRC
is computed internally and written on the disk
followed by one byte of FE in FM orin MFM. The WG
output is then deactivated. For a 2 MHz clock the
INTRQ will set 8 to 12usec after the last CRC byte
is written. For partial sector writing, the proper
method is to write the data and fill the balance with
zeroes. By letting the chip fill the zeroes, errors may
te masked by the lost data status and improper CRC
Bytes.

TYPE lit COMMANDS
READ ADDRESS

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

" encountered 1D field is then read in from the disk, and

the six data bytes of the 1D field are assembled and
transferred to the DR, and a DRQ is generated for
each byte. The six bytes of the ID fieid are shown

STATUS below:
BIT 5
1 Deleted Data Mark TRACK | SIDE |SECTOR|SECTOR|CRC [CRC
0 Data Mark ADDR |NUMBER| ADDR |LENGTH| 1 | 2
WRITE SECTOR 1 2 3 4 5 | 6

Upon receipt of the Write Sector command, the head
is loaded (HLD active) and the Busy status bit is set.
When an ID field is encountered that has the correct
track number, correct sector number, correct side
number, and correct CRC, a DRQ is generated. The
WD279X counts off 11 bytes in single density and 22
bytes in double density from the CRC field and the
Write Gate (WG) output is made active if the DRQ is
serviced (i.e., the DR has been loaded by the com-
puten. If DRQ has not been serviced, the command
is terminated and the Lost Data status bit is set. If
the DRQ has been serviced, the WG is made active
and six bytes of zeroes in single density and 12 bytes
in double density are then written on the disk. At this
time the Data Address Mark is then written on the
disk as determined by the 20 field of the command
as shown below:

) Data Address Mark (Bit 0)
1 Deleted Data Mark
0 Data Mark

Although the CRC characters are transferred to the
computer, the WD279X checks for validity and the
CRC error status bit is set if there is a CRC error. The
Track Address of the ID field is written into the sec-
tor register so that a comparison can be made by the
host. At the end of the operation an interrupt is
generated and the Busy Status is reset.

READ TRACK

Upon receipt of the READ track command, the head
is loaded, and the Busy Status bit is set. Reading
starts with the leading edge of the first encountered
index pulse and continues untit the next index puise.
All Gap, Headert, and data bytes are assembied and
transferred to the data register and DRQ's are
generated for each byte. The accumulation of bytes
is synchronized to each address mark encountered.
An interrupt is generated at the completion of the
command.

This command has several characteristics which
make it suitable for diagnostic purposes. They are:
no CRC checking is performed; gap information is

—

Floppy Disk Controller Devices

1-105

¢0-X622am



zo-xezzq'M

included in the data stream; the internal side com-
pare is not performed; and the address mark detec-

. . 1oF }s.0n fof the duration of the.command. Because

the A.M. detector is always on, write splices or noise
may cause the chip to look for an A.M. If an address
mark does not appear on schedule the Lost Data
status flag will be set.

The 1D A.M., ID field, ID CRC bytes, DAM, Data and
Data CRC Bytes for each sector will be correct. The
Gap Bytes may be read incorrectly cuting write-splice
time because of synchronization.

Because these synchronization problems almost
always occur in the Data Area, this commang will not
function as a Track Copy and should be used only
as a Diagnostic Program to test the ability to read
addresses.

WRITE TRACK FORMATTING THE DISK

(Refer to section on Type Hi commands for flow
diagrams.)

Formatting the disk is a relatively simple task when
operating programmed 1/O or when operating under
DMA with a large amount of memory. Data and gap
information must be provided at the computer inter-
face. Formatting the disk is accomplished by posi-
tioning the R/W head over the desired track number
and issuing the Write Track command.

Upon receipt of the Write Track command, the head
is loaded and the Busy Status bit is set. Writing starts
with the leading edge of the first encountered index
pulse and continues until the next index pulse, at
which time the interrupt is activated. The Data
Request is activated immediately upon receiving the
command, but writing will not start until after the first
byte has been loaded into the Data Register. If the
DR has not been loaded by (within three byte times)
the operation is terminated making the device Not
Busy, the Lost Data Status Bit is set, an the interrupt
is activated. If a byte is not present in the DR when
needed, a byte of zeroes is substituted.

This sequence continues from one index mark to the
next index mark. Normally, whatever data pattem
appears in the data register is written on the disk with
a normal clock pattern. However, if the WD279X
detects a data pattern of F5 through FE in the data
register, this is interpreted as data address marks with
missing clocks or CRC generation.

The CRC generator is initialized when any data byte
from F8 to FE is about to be transferred from the DR
to the DSR or by receipt of F5 in MFM. An F7 pat-
tern will generate two CRC characters in FM or MFM

/
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SET BUSY RESEY TRO
\OST DATA STATUS
TS ¢ S

RESET BUSY

COPY § FLAG 7O
S5O LINE (2798 7 ONLY)

NO

NTRO AESET
BUSY SET whaY

SET NTRQ
OST aTA
GESEY BUSY

T30 MS iF CLOCK

s 1 Mg

TYPE 1l COMMAND WRITE TRACK
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TYPE Il COMMAND WRITE TRACK
CONTROL BYTES FOR INITIALIZATION

or by receipt of F5 in MFM. An F7 pattern will
generate two CRC characters in FM or MFM. As a

..., consequence, the pattems F5 through FE must not
appear in the-gaps, data‘figids, or 1D -flelds. Also,’ "

CRC's must be generated by an F7 pattern.

Disks may be formatted in 1BM 3740 or System 24
formats with sector lengths of 128, 256, £12, or 1024
bytes.

TYPE |V CCMMANDS

The Forced interrupt command is generaily used o
terminate a multiple sector Read or Write Command
or to insure Type | status in the Status Register. This
command can be loaded into the commana register
at any time. if there 1s a current command uncer x-
ecution (pusy status bit set) the command will Ce ter-
minated and the busy status bit reset.

The lower four bits of the command determine the
conditional interrupt as follows:

g0 = Not-Ready to Ready Transition
1 = Ready to Not-Read Transition
l2 = Every Index Pulse

'3 = Immediate Interrupt

The conditional interrupt is enabled when the cor-
responding bit positions of the command (3 -'0) are
set to a 1. Then, when the condition for interrupt is
met, the INTRQ line wiil go high signifying that the
condition specified has occurred. if 130 are all set
to zero (HEX D0), no interrupt will occur but any com-
mand presently under execution will be immediately
terminated. When using the immediate interrupt con-
dition (i3 = 1), an interrupt will be immediately
generated and the current command terminated.
Reading the status or writing to the command register
will not automaticaily clear the interrupt. The HEX DO
is the only command that will enable the immediate
interrupt (HEX D8) to clearon a subsequent load com-
mand register or read status register operation. Foilow
a HEX D8 with 00 command.

Wait 8 micro sec (doubie density) or 16 micro sec
(single density) before issuing a new command after
issuing a forced interrupt (times double when ciock
= 1 MH2. Loading a new command sooner than this
will nullify the forced interrupt.

Forced interrupt stops any command at the end of
an internal micro-instruction and generates INTRQ
when the specified condition is met. Forced interrupt
will wait until ALU operations in progress are com-
plete (CRC calculations, compares, etc.).

DATA PATTERN

WD279X INTERPRETATION

WD279X INTERPRETATION

IN DR (HEX) IN FM (DDEN = 1) IN MFM (DDEN = 0) \
00 thru F4 Write 00 thru F4 with CLK = FF Write 00 thru F4, in MFM |
F5 Not Allowed Write A1” in MFM, Preset CRC
F6 Not Allowed Write C2°" in MFM
F7 Generate 2 CRC bytes Generate 2 CRC bytes t
F8 thru FB Write F8 thru FB, CLK = C7, Preset CRC | Write F8 thru FB, in MFM
FC Write FC with CLK = D7 Write FC in MFM [
FD Write FD with CLK = FF Write FD in MFM |
FE Write FE. CLK = C7, Preset CRC Write FE in MFM 1
LFF_ Write FF with CLK = FF Write FF in MFM |

*Missing clock transition between bits 4 and 5.

Floppy Disk Controller Devices

**Missing clock transition between bits 3 and 4.
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More than one condition may te <et at a time. If for
example, the READY TO NOT-READY condition (1

the resultant command would he HEX “DA'" The
“OR" function is performed so that esther a READY
TO NOT-READY or the next Index ‘mpulse will cause
an interrupt condition.

STATUS REGISTER

Upon receipt of any command, exceot the Force Inter-
rupt command, the Busy Status cit is set and the rest
cf the status bits are updated cr cleared for the new

- =s3yand the Every Index:-Pulse (2 =. 1).are both setys ..

tion, the Busy status bit is reset, and the rest.of.the

command. If the Force interrupt Command is receiv-

ed when there is a current command under execu-
status bits are unchanged. If the Force Interrupt Com- ’
manrd I1s received when there s not a current com-
manc under execution, the Busy Status bit is reset
and the rest of the status bits are updated or cleared.
in this case, Status reflects the Type | commands.

The user has the option of reading the Status Register
through crogram control or using the DRQ fine with
DMA or interrupt metheds. When the Data Register

SET BUSY
AESET STATUS
87574 ’

COPY SFLAG
TC S8 LINE
12794 7 OMLTY

SET D

—
35 |-

READ TRACK
SEQUENCE

ST ONE BIT
NTO OSR

SET BT
RESET DSy

Y
e
1
wo SETLOST
DATA BT
{ {
!
: i
™ ves
} TRANSFEN
3SR "0 O

TYPE [l COMMAND
Read Track/Address
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(& )

T mTRO
LT R "L

TYPE il COMMAND
Read Track/Address

is read the DRQ bit in the Status Register and the
DRQ line are automatically reset. A write to the Data
register aiso causes toth DRQ’'s to reset.

The busy bit in the status may te monitored with a
user program to cetermine when a command is com-
plete, in lieu of using the INTRQ line. When using the
INTRQ, a busy status check is not recommended
because a read of the status register to cetermine
the condition of busy will reset the INTRQ line.

The format of the Status Register is shown below:

BITS |
| 6 | 5 | 4 (3 2 1 0 |
S7 | 6 | S5 | S4 | 83 | s2 | S1 | SO |

—

Status varies according to the type of command
executed as shown in Table 4.
Because of internal sync cycles, certain time delays

must te observed when operating under crogrammed
1/O. They are: (times double when clock = 1 MH2)

Zelay Req d.

Creraticn sext Cceratien | ~M AFM
Write o ~eag Eusv 81 “2uS Zus
Commanrg =eg. Saws =t Y
MNre 'z =egc Siatus Z3us Sus
Commang Fez 308 -7
Wwrite Any Feag ~rcm Diff 2 0
Register Register

|BM 3740 FORMAT - 128 BYTES/SECTOR

Shown pelcw is the IBM single density-format with
128 pytes,sector. In order to format a ciskette. the
user must issue the Write Track Command, and load
the Data Register with the following values. For every
byte to be written, there is one Data Request.

NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN
40 FF (or 00)
8 00
1 FC (Index Mark)
126 FF (or 00)
6 00
1 FE (ID Address Mark)
1 Track Number ;
I Side Number (00 or 01)
|1 Sector Number (1 thru 1A)
1 00 (Sector Length)
1 F7 (2 CRC's written)
11 FF (or 00)
6 00
1 FB (Data Address Mark)
|28 Data (IBM uses E5)
" Lot F7 (2 CRC’s written) !l
L ez FF (or 00) ;
. 247? EF (or 00) :

1. Write bracketed fieid 26 times.

2. Continue writing until 279X interrupts out.
Approx. 247 bytes.

3. A 00" option is allowed.

IBM SYSTEM 34 FORMAT
256 BYTES/SECTOR

Shown below is the IBM dual-density format with 256
bytes/sector. In order to format a diskette the user
must issue the Write Track Command and load the
Data Register with the following values. For every byte
to be written, there is one Data Request.

r
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1. NON-{BM FORMATS

Vanauons in the IBM formats are possible to a rmited

{ .. extent if tne fQHowmg requirements are met.

be 128, 256.512. of 1024 bytes.

2. Zap 2 cannot be vaired from the IBM format.
2. 2 oytes of A1 must ce used in MFM.
1

accition. the Incex Address Mark xs not required

‘5r coeration Dy the WD273X. Gao 1. . and 4 lengths

2 bytes for WD279X operation,

mowever PLL lock up time, motor speed variation,

will add more bytes to each gap

*0 acnieve proper coperation. It is recommenced that
‘ne ZM ‘ormat be used for highest system reliability.

FM : MFM

‘ NUMBER HEX VALUE OF
L OF BYTES 'BYTE WRITTEN
! 80 4E ' ' ' 1 1. Sector size must
12 co
3 FB (Writes C2) -
1 =C {incex Mark)
*20 4€
12 co
<) £S5 (Writes A1) can ze as short as
1 FE (ID Address Mark)
1 Track Numper (C nru 4C) ~rite sohice area. etc.
1 Sice Numper (0 >r 1
1 Sector Numper (1 thru 1A)
1 1 (Sector Lengtn)
1 F7 (2 CRC's writien)
22 4E Gap |
12 co Gap Nl
| 3 FS (Writes A1) . :
| . FB (Data Adcdress Mark) | i . |
1256 DATA | Gapill*® i
' |1 F7 (2.CRC's written) ‘ ‘ !
| \__24. 4E ! 1 |
] 5g8+  4E | . Gab v |

*Write bracketed field 26 times.

**Continue writing until 279X interrupts out.

Approx. 598 bytes.

16 bytes FF 32 bytes 4E
11 bytes FF

22 bytes 4E

6 bytes 00 | 12 bytes CO
. 3 Dbytes A1
10 bytes FF ' 24 bytes 4E |
4 bytes 00 8 bytes 00 l
3 bytes A1 |
16 bytes FF 16 bytes 4E |

*Byte counts must be exact.

**Byte counts are minimum. except exactly 3 bytes

of A1 must be written.
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ELECTRICAL CHARACTERISTICS
Absolute Maximum Ratings
Voitage to any ‘nput with
respect 10 'SS = -7 t0 0.8V
Ccerating Temperature:
Capacitor, Pin 26)
+5°C to ~60°C (minimum, Neg. 3500
capacitor, Pin 26)

7C

0°C to + 70°C (minimum, Neg. 3500 TC capacitor,

Pin 26 and a thermistor in pump circuit)
Storage temcerature = -35°C 1o =128°C

OPERATING CHARACTERISTICS (DC)
T, = See Electrical Characteristics

NOTE: Maximum limits ingicate where permanent
device damage occurs. Centinuous cperation at these
iimits is not Intenced and should be limiteg to these
conditions specified in the DC Operating
characternstics.

SYMBOL CHARACTERISTIC MIN. | TYP. MAX. i UNITS | CONDITIONS
e . Input Leakage | 10 | uA VIN = YcC
loc Output Leakage 10 HA YouT = VcC
Vg Input High Voltage 2.0 5 V
ViL Input Low Vcitage 0.8 v
Von Output High Voltage 2.4 v 'O = -100uA
VoL Output Low Voitage 0.45 Vv '0 = 1.6mA
Vane Output High PUMP 2.2 \% 'oP = 1.0 mA
VoL Qutput Low PUMP 0.2 \ 'OP = +1.0 mA
Py Power Dissipation 75 W All Qutputs Open
Roy Internal Pull-Up* 100 1700 HA VIN = 0V

i lec l Supply Current 70 1 180 \ mA All Qutputs Open

*Internal Pull-up resistors on PINS 1, 17, 18, 22, 38, 37 and 40. Also pin 25 on WD2791 and 3.

TiMING CHARACTERISTICS
T, See Electrical Characteristics  Vgs

READ ENABLE TIMING (See Note 2)

= OV'VCC = +5 =25V

[ SYMBOL CHARACTERISTIC ] MIN. TYP. MAX. ' UNITS CONDITIONS
| Teer Setup ADDR & CS to RE_ 50 | nsec See Note 3
HLD | Hold ADDR & CS from RE 10 nsec
Tre © RE Pulse Width __ 200 nsec C_ = 50 pf
Tonan DRQ Reset from RE__ 100 200 | nsec
Tan ‘ INTRQ Reset from RE 500 G000 | nsec See Fig. 3
Toace ‘ Data Valid from RE 100 200 | nsec Cy = &0 pf
COH ! Data Hold From RE 20 180 | nsec C_ = 50 pf
WRITE ENABLE TIMING (See Note 2)

SYMBOL | CHARACTERISTIC i MIN. TYP. MAX. | UNITS : CONDITIONS |
Tser Setup ADDRS & CS TO WE 50 nsec | See Note 3 |
Tuio Hold ADDR & CS from WE 10 nsec | |
Twe WE Pulse Width ___ 200 nsec | i
Toms | DRQ Reset from WE_ 100 | 200 | nsec | |
TR | INTRQ Reset from WE ! 500 3000 | nsec | See Fig. 4 }
Tos " Data Setup to WE_ 180 nsec |
Ton ! Data Hold from WE I 50 nsec |

Floopy Disk Controller Devices
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wOTE 1 TS MAY BE PERMANENTLY T1E0 ( Cw 1§ DESMED
‘T DOUGL LS weafie CLOCE ihimay
1 SEMVICE (WORST CASE:
W 27848
- 13%4S

ORQ MSING EDGE WOICATES THAT TME DaTa AEGISTERN mal ASSEwOLID
sava

OMQ FALLING EDGE WOICATES THAT TWE DATA RECISTER WAS READ
IR0 MENG EOGE OCCURS aT En0 OF COMMANG
7RO FALLING EOGE WOICATES TwaT TxE STATUS RECISTEA waS READ

4

-

1 SERWNICE iWwORST CASEY
Fu 23848

Tser

DATA MUST
8€ YALIO

| —-ﬂﬂ-:L__

MOTE 1 CS MAY 8€ FERMAENTLY YD LOW ¥ DESSED
1 WEN WRITING OATA MT0 SECTOR TRACK OR QATA
REGISTER USER CAMNOT AEAD Nt AEGESTER UNTL
AT LEAST & uSEC ™ MFM AFTER Thif RSING EDGE OF WE
YHEN WRIT NG MTO THE COMMAND AEQESTER STATUS
5 NOT VALIDO UNTR. SOME 78 L SEC M Fe 14 2 SEC 0 Wi
LATEA TwESE TIMES ARE DOUILED WHEN LK « ) My
"TE DOUBLES W CLOCK - taieg

(AR

OND fagenG EDGL WOICATES THAT Trt DATA ARQETER © ErTY
OMO #ALLING EDGE CICATER THAT THE OATA MEQESTIA B LOACED
WTRQ RetmG LOGL MOICATE THE TRO OF A COMMANG

WTRQ FALLIG (OO WeOICATEIS TRAT Thg COmMAND AEOETER
B WRTTEA 1O

FIGURE 3. READ ENABLE TIMING

INPUT DATA TIMING

FIGURE 4. WRITE ENABLE TIMING

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
Tew . Raw _Reac Pulse Width 100 2ce nsec
Tac Raw Read Cycle Time 15 2000 nsec

WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK

= 1 MHzXNO WRITE PRECOMPENSATION)

SYMBOL CHARACTERISTIC MIN TYP MAX. UNITS CONDITIONS
Twe Write Data Puise Width 400 200 600 nsec FM
2C0 250 300 nsec MFM
Twa Write Gate to Write Data 2 usec FM
1 Hsec MFM
TarF Write Gate off from WD 2 usec FM
1 usec MEM

1-112
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MISCELLANECUS TIMING:

20-X6.2aM

sYMBOL | CHARACTERISTIC  ~ FMIN. T TYP. | MAX. T UNITS | = CONDITIONS" " - Jo -
Teos Ciock Duty (low) 220 azece nsec
Teez Clock Duty thign) 2 2tece nsec
Ts1p Step Puise Output 2or4 4SeC See Notes 1 & 2
Tom Dir Setup to Step usec - CLK ERROR
Tur Master Reset Pulse Widh €0 usec
Te Index Pulse Wicth 10 usec See Notes 1 & 2
RPW Read Wincow Puise Wicth Input 0-5V
120 720 nsec MFM
240 ©2CC nsec FM =157
Precomp. Adjust 1CO 228 nsec MFEM
| OWPW Write Data Pulse Width ' Precomp = 100 nsec
‘; : 2c0 4C0 nsec | MFM ‘
‘ WPW . Write Data Pulse Width : | Precomp = 300 nsec
| 600 12C0 nsec MFM |
VCO ‘i Free Run Voitage Centrolled l 8.0 i 1’ | MHz Cext = O
B | Oscillator. Adjustable by L40 | | MHz Cext = 35 pf
i | ext. capaciter on Pin 26 l i ? f i
i | Pump Up +25% 80 : . MHz PU = 22V
| | | | , Cext = 35 pf
VCO | Pump Down -25% | ; 30 MM PD = 0.2V
}’ ! l “ | ‘ Cext = 35 pf “
; | 5% Change Vec E a2 \ MHz Cext = 35 pf
VCO | Ty = 75°C |35 | MHz Cext = 35 pf
§ Cext | Adjustable external capaciter © 6 28 g0 | pt | VCO = 40MHz |
' | j f ‘ % | nom
RCLK Derived read clock ‘ ' 1 VCO = 4.0 MHz
= VCO + 8, 16, 32 \ \ 1
| | | | 500 | KHz DDEN = 0
| | | 5 | | | =
1 ‘ | - 280 . KHz DOEN = 0
| S T L
| 250  KHz DDEN = 1
i | | | | 5/8 = 1
125 KHz | ODEN = 1
- ‘ . | | 5/8 = 0
! | PUIDON  PUIPD time on 50 ns | MFM
(puise width) ‘ 2CC ns : FM

PR, 7 T e

:
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MISCELLANEOUS TIMING

*FROM STEP RATE TABLE

NOTES:

1. Times couble when clock = 1 MHz.

2. Qulputiming readings. are at Vo, :=00.8v and Vg, . -

= 20v

-~ - ¢ -

< Tay oe recuced to 0 nsec !
~creased me same amount.

[}

=g anc T .z are

m

i e Twp |
IR e R B S

—  =—TWG —  -—Twr

1 ‘ ;

i WG —e—s B \
| J
WRITE DATA TIMING

e TBg———>]
leewo ] L
DATA _"] i‘—TPW

READ DATA TIMING

Table 4. STATUS REGISTER SUMMARY

| . ALL TYPE! | READ 1 READ READ WRITE WRITE

BIT| COMMANDS | ADDRESS |  SECTOR TRACK SECTOR TRACK

S7 | NOT READY | NOT READY |NOT READY | NOT READY | NOT READY | NOT READY

S6 | WRITE 0 0 0 WRITE WRITE

PROTECT PROTECT PROTECT

S5 | HEAD LOADED)| 0 RECORD TYPE 0 0 0

S4 | SEEK ERROR | RNF RNF 0 RNF 0

S3 | CRC ERROR | CRC ERROR | CRC ERROR | 0 CRC ERROR 0 :
' S2 | TRACK 0 | LOST DATA | LOST DATA | LOST DATA LOST DATA LOST DATA \
.81 | INDEX PULSE | DRQ | DRQ ' DRQ DRQ DRQ

SO_ BUSY | BUSY | BUSY | BUSY | BUSY

STATUS FOR TYPE | COMMANDS

BUSY

| BIT NAME ! MEANING

| S7 NOT READY

with MR.

i This bit when set indicates the drive is not ready. When reset, it indicates that the
drive is ready. This bit is an inverted copy of the Ready input and logicaily “ORed" |

i S6 PROTECTED

input.

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

S5 HEAD LOADED

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

S4 SEEK ERROR

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

S3 CRC ERROR

CRC encountered in |D field.

S2 TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an mvened\
copy of the TROO input.

S1 INDEX When set, indicates index mark detected from drive. This bit is an inverted copy of
the IP input.

S0 BUSY | When set command is in progress. When reset no commanc IS in pregress.

PRGN e o ]
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STATUS FOR TYPE Il AND ill COMMANDS

arf e :L_BE’-_NAME UL IMEANING .o ] , 1
S7 NOT READY | This bit when set ncicates the drive is not ready. When reset. it indicates that the |
; drive is reagy. This it is an inverted Copy of the Ready input and "ORed"” with MR.
I The Type il ana Il Commanas will not execute Jniess the drive is reacy.

| S6 WRITE On Read Recora: Not Used. On Reaa Track: Not Usea. On any Write: It incicates a
" PROTECT \ Write Protect. This Dit is reset when updated.

S5 RECORD TYPE | On Read Record: it indicates the recorg-type coce from data field address mark. 1 =:
; | Deleted Data Marx. @ = Data Mark. Cn any Write: Forcea 1o a zero. ‘
TS4 RECORD NCT | When set. .t naicates nal ine cesireg ac, $2CiCr Of SiCe Were not founc. TS it s
CFOUND (RNF: | reset wnen uocatec.

‘k—/\r\ ——— ~ ' 3 -
83 CRC =RRCH 1684 s set. an errcr s fcunc nocne o mere sDfacs: cinenwise 1 oncicales Errer it Gaia.

a1, This it s resst wren upcated.

\When set, it incicates the computer Qi@ NOt resgena o DRQ in one dyte tme. This oIt s |
reset o zero when updated. t
S1 DATA REQUEST | This bit is a copy of the DRQ cutput. '‘When set. ! ~aicates the DR s fuil cn a Reaa
Cperation or the DR is empty ¢cn a Write operaticn. This bit is reset to zero wnen
updated.

S0 BUSY When set, commard is under execution. When reset, no command is under execution.

S2 LCST DATA

SUMMARY OF ADJUSTMENT PROCEDURE

WRITE PRECOMPENSATION

Set TEST_ (Pin 22) to a logic high.

Strobe_ MR (Pin 19).

Set TEST (Pin 22) to a logic low.

Observe pulse width on WD (Pin 31).

Adjust WPW (Pin 33) for desired pulse width (Precomp Value).
Set TEST (Pin 22) to a logic high.

Oy O £ (I Ny —+
e s

DATA SEPARATOR

Set TEST_ (Pin 22) to a logic high. |
Strobe MR (Pin 19). Insure that 5 /8, and DDEN are set progerly. \
|
|

Set TEST (Pin 22) to a logic low

Observe Pulse Width on TG43 (Pin 29).

Adjust RPW (Pin 18) for (205ns fer 8" DD 450ns for § 1/4” DO, etc.).

Observe Frequency on DIRC (Pin 16).

Adjust variable capacitor on VCC pin for Data Rate (500 KHz ‘or 8" DD, 250 KHz for & 1/4" DD, 3
etc.). |
8) Set TEST (Pin 22) to a logic high. “
NOTE: To maintain internal VCO operation, insure that TEST = : wnenever a master reset puise s aopiied|

Jegsen
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WD279X-02 Floppy Disk Formatterlentroller

‘Family Application Notes

F

INTRODUCTION

in an effort to simptity Fioppy Ciskette interfacing,
Wwestern Digital has been constantly improving the
LSt Controller/Formatter, the most recent of whichis
the WD273X Family of LSl controiler cevices, Incor
corating advanced techncicgy 0 inctuge contrciler,
\Write Compensaticn ana Analog Phase Lcck Lcop
in a single 40-pin cual-in-ine package. With this
package we can now offer the designer the simplest
ever interfacing option,

The family consists of four members: WD2791,
WD2793, WD2795 and WD2797. WD2791 and WD2793
offer internal clock divide in true and inverted data
bus. The WD2795 and WD2797 offer internal side
select. The family supports both 5 1/4" and 8" Diskette
Drives and both single and double density.

HOST INTERFACING

The LS! Diskette Controiler has been developed to
ease the interfacing of Processor to Disk Device. The
Host interfacing with WD279X Family is
accomplished with minimum externai devices via an
8-bit bi-directional bus, readiwrite controls, register
select lines and opticnal controt line for chip select,
5 1/4" or 8" select, enable mini floppy, double den-
sity enable. The basic cperation at the controller is
accomplished by selecting the device via (CS) chip
select line, enabling selection of cne of the five inter-
nal registers (Figure 1).

. A1 - A0 | READ (RE) | WRITE (WE)

10 0 | Status Regiser ' Command Register
{0 1| Track Register | Track Register

P 0 | Sector Register | Sector Register

1 11 Data Register ' Data Regster

FIGURE 1.

Each time a command is issued to the WD278X, the
busy bit is set and INTRQ (Interrupt Request) line is
reset. The user has the option of testing for the busy
bit or polling INTRQ to determine if command has
been completed.

The busy bit will be reset whenever the WD279X is
idle and awaiting a new command. The INTRQ line
once set, can only be reset by reading of the status
register or issuing a new command.

The A,, A, Lines used for register selections can be
configured at the CPU in a variety of ways. These lines
may actually tie to CPU acddressed like RAM. They

Fioppy Disk Controiler Devices

may aiso ce usea under Fregram Centrol By tying 10
a port cevice such as the 3255, 8280, etc. As a
giagnostic tool when checking out the CPU interface.
the Track and Sector registers should respond like
CQAM" when the WD279X is idle (Busy = INTRQ = O

Because of internal synchronization cyctes, certain
time celays must te introduced when cperating uncer
Programmec O, The worst case celays are:

f

" NEXT | DELAY 'REQ'D.

OPERATION OPERATION | FM | MFM
Write to ‘ Read Busy Bit 128 Bus
Command Req. | (Status Bit 0)
Write to Read Status 28us t- 14us
Command Reg. | Bits 17
Write Any Reag From Ditf. 0 0
Register Register

Other CPU interface lines are CLK, MR and DDEN.
The CLK line should be 2 MHz (8" drive) or 1 MHz (5
1/4" drive) with 50% duty cycle. Accuracy should be
+1% (crystal source) since all internal timing,
including stepping rates, are based upon this clock,
or a single 2 MHz CLK on WD2791 and WD2793 since
ENMF line wiil internally divide CLK.

The Master Reset Line should be strobed a minimum
of 50 microseconds upon each power-on condition.
This line clears and initializes all internal registers and
issues a restore command (Hex '03) on the rising
edge. A quicker stepping rate can be wrntten o the
command register after a MR, in which case the
remaining steps will occur at the faster programmed
rate. The WD 179X will issue a maximum of 255 step-
ping pulses in an attempt to expect the TROC tine
to go active low. This line shouid be con-
nected to the drive’'s TROO sensor.

The DDEN line causes selection of either single cen-
sity (OCEN = 1) or double density operation. DDEN
should not be switched during a read or write
operation.

The 58 Line selects internal VCO frequency to be
used with 5 /4" or 8" drives.

FLOPPY DISK INTERFACE

The Floppy Disk interface can be divided into three
sections: Mator Centrol, Write Signais and Read
Signats. All of these lines are capaoie of driving cne
TTL .0ad ang rct compatible for girect connection

1-117
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10 the drnive, Most crives require an cpen<collector TTL
interface with high current drive capability. This must
be cone on ail outputs rom the WD273X. Inputs to

. :1he WD279X may be butfered or tied to-the-Drives' . .

outputs, providing the appropriate resistor termina-
tion networks are used. Unaershoot should not
exceeda -0.3 volts, whnile integnty of V4 and Vaoy
levels should be kept within spec.

MOTOR CONTROL

Motor Control is accompiished by the STEP and DIRC
Lines. The STEP Line issues steoping pulses with
period defined by the rate fieid in all Type | com-
mands. The DIRC Line defines the cirection of steps
(DIRC = 1 STEP IN/DIRC = 0 STEP OUT).

Other Control Lines include the iP or Index Pulse.
This Line is tied to the drives’ Index LLE.D. sensor that
informs the WD279X that the stepper motor is at is
furthest position, over Track 00. The READY Line can
be used for a number of functions, such as sensing
“door open,” Drive motor on, etc. Most drives provide
a programmable READY Signal seiected by option
jumpers cn the drive. The WD279X will look at the
ready signal prior to executing READMWRITE com-
mands. READY is not inspected during any Type 1
commands. All Type 1 commands will execute
regardless of the Logic Level on this Line.

GENERAL DISK WRITE OPERATION

When writing is to take place on the diskette the Write
Gate (WG) output is activated, allowing current to flow
into the Read/Write head. As a precaution to
erroneous writing the first data byte must be loaded
into the Data Register in response to a Data Request
from the WD273X before the Write Gate signal can
be activated.

Writing is inhibited when the Write Protectinput is
a logic low, in which case any Write command is
immediately terminated, an intemupt is generated and
the Write Protect status bit is set.

RESTORE (SEEK TRACK 0)

Upon receint of this command the Track 00 (TRCO)
input is sampied. If TROO is active low indicating the
Read-Write nead is positioned over track 0, the Track
Register is loaded with zeroes and an interrupt is
generated. If TRCOO is not active low, stepping puises
{pins 15 to 16) at a rate specified by the ry 1y field are
issued until the TROO input is activated. At this time
the Track Register is loaded with zeroes and an inter-
rupt is generated. If the TROO input does not go active
low after 255 stepping pulses, the WD279X terminates
operations, interrupts, and sets the Seek error status
bit. A verification operation also taxes place if the V
flag is set. The h bit aliows the head to be loaded
at the start of command. Note that the Restore com-
mand is executed when MR goes from an active to
an inactive state.

SEEK

This ccmmand assumes that the Track Register con-
tains the track numoer of the current position of the

- Read/Write head and the Data Register tontairig the <

desired track number. The WD279X will update the
Track reqister and issue stepping pulses in the
approgriate cirection until the contents of the Track
register are equal to the contents of the Data Register
(the desired track location). A verification operation
takes place if the V flag is on. The h bit allows the
head to be loaded at the start of the command. An
interrupt is generated at the completion of the com-
mand. Note: When using muitipie drives, the track
register must be updated for the crive selected before
seexs are issued.

STEP

Upon receipt of this command, the WD2738X issues
one stepping puise to the disk drive. The stepping
motor direction is the same as in the previous step
command. After a delay determined by the ryr4 field,
a verification takes place if the V flagison. If the T
flag is on, the Track Register is updated. The h bit
allows the head to be loaded at the start of the com-
mand. An interrupt is generated at the completion of
the command.

STEP-IN

Upon receipt of this command, the WD279X issues
one stepping pulse in the direction away from track
0.1f the T flag is on, the Track Register is decremented
by one. After a delay determined by the ry 1y field, a
verification takes place if the V flag is on. The h bit
allows the head to be loaded at the start of the com-
mand. An interrupt is generated at the completion of
the command.

EXCEPTIONS

On the WD27395/7 devices, the SSO output is not
affected during Type | commands, and an intemai
side compare does not take place when the (V) Verify
Flag is on.

For wnte operations, the WD279X provides Write Gate
(Pin 30) and Write Data (Pin 31) outputs. Write gata
consists of a series of pulses szt to a width approx-
imately three times greater than the precomp adjust-
ment. Write Data provides the unique address marks
in both formats.

READY

Whenever a Read or Write command (Type 1l or {ll)
is received the WD279X samples the Ready input. If
this input is logic low the command is not executed
and an interrupt is generated. All Type | commands
are performed regardless of the state of the Ready
input. Also, whenever a Type ! or |l command is
received, the TG43 signal output is updated. TG43
may ve tied to ENP to enable write precompensation
on tracks 44-76.

1-718

Floppy Disk Controiler Devices



g— '
N

- - A

SE? SIS A

S

T b AL W s

FONTRPINS o - YWV SRRy LTi0 R R Aok L AN

o W

“MIINK § @ET Y (P TERT AT SRR N, LK T aRd

TR AN

COMMAND DESCRIPTION

The WD279X will accept eleven commangs. Com-
Register when the Busy status Bit Is off (Status bit
0). The one exception is ihe Force Interrupt command.

Whenever a command is being executea, the Busy
status bit is set. When a command is completed, and

TABLE 1. COMMAND SUMMARY
A. Commands for Models: 2791, 2793

- mand words.should only be loaded in the Command . ..

P

" sommand encodntéred an érror or was fault'free. For -

‘nterrupt is generated ana the Busy status dit is reset.
The Status Register ingicates whether the completed

ease of discussion, commands are divided into four

types. Ccmmands and types are summarized in Table
1 ancg Table 2.

B. Commands for Models: 2795, 2797

e
|

: Bits Bits

| Type Command 7 8 £ 4 3 2 1 o 7 8 5 4 3 2 1 0

s ‘
| Restore 0 0 0 0 n Vv 4 0 0 0 0 0 h V 1 0
| Seek 0 0 0 1 h Vv 4 0 g 0 0 0 1 h VvV "M 0
| Step 0 0 : T R v 4 m lo 0 t+ T h VvV 10
| Step-in 0 1 0 T h Vv 1 0 |0 t 0 T n VvV 10
| Step-out 0 1 . T n v & 0 {0o0 1 1 T h v 17
il Read Sector 1 0 0 m S E C 0 1+ 0 0 m L E U O
I} Write Sector 1 0 1 m S E o} a0 {1 0 1 m L E U ®
/Il Read Address 1 1 0 0 0 E 0 o |1 1 0 0 0 E U O
il Read Track 1 1 1 0 0 £ 0 o 11 1 1 0 0 E U O
11l Write Track 1 1 1 1 0 E 0 0 1 1 1 1 0 E U O
iV Force interrupt 1 1 0 1 '3 2 B o |1 1 0 1 '3 '2 1

”

Floppy Disk Controller Devices
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e
TABLE 2. FLAG SUMMARY

Command Bit
Type Nols) Description
0,1 1°0 == Stepping Motor Rate
‘ : See Tazle 2 for Rate Summary
| ! 2 ‘ V = Track Number Verify Flag 1 V = O.No verify
i |V = 1Verify on destination track
| | 3 h = Head Load Flag 1 h = 0,Load head at beginning
! "'h = 2.Unload head at beginning
| ‘ 4 i T = Track Update Flag ' T = 0,No update
i ' T = 1,Update track register
I} 0 20 = Data Address Marx ) = Q,FB(DAM)
‘ 33 = 1,FB8(deleted DAM)
& It 1 C = Side Compare Flag C = 0,Disable side compare
C = 1,Enable side compare
& 1 U = Update SSO U = 0,Update SSO to 0
U = 1,Update SSO to 1
& i 2 E = 15 MS Delay E = O,No 15 MS delay
’ E = 1,15 MS delay (30 MS for 1 MH2)
Il 3 S = Side Compare Flag S = 0,Compare for side 0
S = 1,Compare for side 1
Il 3 L = Sector Length Flag
LSB's Sector Length in [D Field
00 01 10 11
L=20 256 512 1024 128
L =1 128 256 512 1024
it 4 m = Multiple Record Flag m = 0,Single record
m = 1,Multiple records ,‘
v 03  |'x = Interrupt Condition Flags |
|10 = 1 Not Ready To Ready Transition
} 4 = 1 Ready To Not Reaay Transition
"2 = 1 index Puise
113 = 1 Immediate Interrupt, Requires A Reset”

1210 = 0 Terminate With No Interrupt (INTRQ)

*NOTE: See Type IV Command Description for further information.

B
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