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Making the Leading Edge
Work for You

This handbook is designed for you, the engineer. It's intended
to be a useful tool, enabling you to make a preliminary evalua-
tion of our products and later, with samples in hand, design
our products into your own systems.

The data in these pages have been reviewed by our Marketing,
Engineering, Manufacturing, and Quality groups. Now we
would like you to review the information we've provided and
tell us how we can improve it. Please feel free to suggest any
changes, additions, or clarifications that occur to you. And
don't hesitate to call to our attention any sins of omission or
commission we may have made.

We're eager to help upgrade the quality of information our
industry provides to its customers. So, please, help us. Direct
your comments to:

WESTERN DIGITAL CORPORATION
Literature Department

2445 McCabe Way

Irvine, CA 92714

(714) 863-0102
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System Product Quality/Reliability

QUALITY PROGRAM DESCRIPTION

The Quality Organization shown on the attached
organization chart (Figure 2) reports directly to the
President of Western Digital. It assures compliance
to design control, quality, and reliability specifications
pursuant to corporate policy. Quality assurance pro-
visions are derived in part from MIL-Q-8858, as applied
to high grade commercial products.

CORPORATE QUALITY POLICY

It is the policy of Western Digital Corporation that
every employee be committed to quality excellence
in producing products/processes which conform to
acceptable requirements. The total quality program
is managed and monitored by the quality assurance
organization. Quality assurance is chartered to review
marketing product requirements, qualify hardware and
software designs, certify manufacturing operations
and monitor performance/control conformance to pro-
duct specifications.

Primary responsibility for execution of the quality pro-
gram rests with functional organizations to design,
produce, and market high quality and high reliability
products specified to our customers.

DESIGNING FOR RELIABILITY

The premise upon which board and system manufac-
turing operations are based is that quality is planned
and designed-in, not screened-in or selected. A well-
tested, high-quality design is far more reliable than
a marginal design with any amount of burn-in or fixes.
To assure top quality design, Western Digital main-
tains one of the most experienced board/system
design staffs in the industry. A tightly controlled
design review team comprising members from Quality
Assurance, Marketing, Manufacturing and several
experienced design engineers, provides review of
each new design several times during its development
to ensure widest possible performance margins. The
production release procedure assures a checklist for:

[ Test Method/Program Qualifications

[ Characterization Report

[ Field Test (Beta Test) Report

¥ Product Qualification Audit

[ Documentation Package Release for
Document Control

[¥ Software/Diagnostics Qualification



s
MAINTAINING QUALITY/RELIABILITY IN PRODUCTION '

The Quality Control Testing Flow Chart shown on
Figure 1 defines the exact stages contained in the
production process. Internally manufactured LS| com-
ponents undergo 100% testing at maximum specified
operating temperatures as well as strict quality con-
trols defined to assure high quality and reliability.
Components not designed and manufactured by
Western Digital are also 100% screened during
incoming inspection at 70°C. The tests performed
include selective active component burn-in performed
at 125°C for 160 hours to insure guaranteed levels of
reliability. This 125°C accelerated testing eliminates
defects that cannot effectively be accelerated by
burning-in boards and systems which have
temperature limitations. Key quality control pro-
cedures include:

[ Incoming Inspection Procedure

[ In-Process Travel Card Traceability

& Workmanship Standards

¥ Quality Corrective Action Notice/MRB Procedure
[ Quality Audit Procedure

PRODUCT FINAL TEST/CORRECTIVE ACTION

All boards are 100% in-circuit tested and 100% func-
tional tested for acceptable performance according
to applicable test specifications on testers qualified
by QA. Products are tested at maximum specified
temperature and voltage margins using diagnostic
software to ensure greater performance margins.
Failures are logged on a travel card specifically
designed to insure traceability to manufacturing steps
and to maintain failure records for QA corrective
action.

If the board is designed to perform in a Host system,
further diagnostics are performed in an environment
configured to actual customer requirements.

PRODUCT ACCEPTANCE

Upon completing the final test, the board/system
undergoes QC final workmanship standards inspec-
tion and selective samples are audited to the func-
tional product specification to guarantee quality at
specified operating margins to the customer.



Receiving Inspection

* 100% Bare Board Testing

* 100% LSI Test (max. temp.)

e 100% IC Test at 70°C

Power Supply Inspections
Mechanical/Visual Inspections

Selective Static/Dynamic Burn-in
(Active components)
Mainframe Mechanical

P.C. Board Assembly Assembly

Travel Card Traceability

Assembly Test (Bed of Nails)
¢ Shorts/Opens
¢ Orientation

Assembly Outgoing Inspection

Test Incoming/Travel Card
Traceability

Functional Test

* Voltage Margins

* Temperature Margins
» Diagnostic Software Qac

Qc Final Inspection
* Ravision Control

Mainframe Inspection

. System Configuration

Functional Test
e Temp. Margins
+ Diagnostic Software

Functional Audit

Travel Card Review ac

Final Ingpection

> ]

-——:> Ship System
—-@ Ship Board Product

LEGEND:

O Mfg. Operation D Mfg. Inspection Gate W QC Gate

Figure 1. QUALITY CONTROL TESTING FLOW CHART
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Qualification
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LSI Qualification
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Requirements
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Subsidiary/Offshore QC
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Vendor Quality

LSt Burn-In
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“Manufacturing Assurance”

Figure 2. QUALITY ORGANIZATION
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Quality/Reliability To Leading Edge Technology

QUALITY ASSURANCE PROGRAM HIGHLIGHTS

LSl manufacturing assurance provisions are
derived in part from MIL-M-38510 and MIiL-
STD-883B as applied to high grade commerical
components.

All process raw materials used in the Mask/Wafer
fabrication and assembly operations are
monitored by Material Assurance.

Material Assurance maintains a thorough control
of incoming material and has developed unique
“uselstress tests” (look ahead sample build accep-
tance) which critical material must pass before
acceptance.

The product assurance Department continuously
monitors the internal and external manufacturing
flow (shown in Figure 1) and issues process con-
trol reports displaying detailed data and trends for
the associated areas.

- Document control is an integral part of Product
Assurance. All specifications are issued and
controlled by this activity.

- The Western Digital Malaysian assembly
operation uses specifications and quality con-
trol provisions controlled by Document Control.
Indicators of Malaysia quality are reviewed
weekly.

- Purchased FAB and assembly operations are
individually qualified and are certified against
standard specifications during vendor
qualification and monitored against reliability
criteria.

Defect control within the process assures the
highest levels of built-in reliability.

Quality audits and gates are located throughout
the manufacturing process in order to assure a
stable process and thus, a quality product to our
customers. Figure 1 illustrates the manufactur-
ing/screeningl/inspection flow diagram and iden-
tifies the steps as they relate to the production
of LSI devices.

Testing assures quality margins through 100%
testing by manufacturing and, in addition, all pro-
ducts must pass a specified AQL sample test per-
formed by QA at maximum operating temperature
as follows:

Outgoing Quality Levels

SUBGROUPS INSPECTION LEVEL

Subgroup 1-Final 100% Electrical

Audit @ Max °C 0.5 AQL
Subgroup 2-Visual (Marking, Lead

Integrity, Package, Verify customer

shipper) 1.0 AQL
Subgroup 3-Shipping Visual Audit 1.0 AQL

"The double sampling techniques used aflow con-
siderably better AQL’s in most all cases.

LS| devices are 100% tested on industry standard
test systems. Quality outgoing testing (auditing)
is done on the Fairchild Sentry Series 20 where
possible to allow better correlation with
customers.



* PROGRAMS TO ASSURE OPTIMUM RELIABILITY

improved levels of reliability are available under custom reliability programs using static and dynamic burn-in
to further improve reliability. These programs focus on MOS failure mechanisms as follows:

FAILURE MECHANISMS IN MOS

FAILURE EFFECT ON ESTIMATED SCREENING
MECHANISM DEVICE ACTIVATION ENERGY METHOD
Slow Trapping Wearout 1.0 eV Static Burn-In
Contamination Wearout/ 14 eV Static Burn-In
Infant
Surface Charge Wearout 0.5-1.0 eV Static Burn-In
Polarization Wearout 10 eV Static Burn-in
Electromigration Wearout 1.0 eV Dynamic Burn-in
Microcracks Random - 100% Temp. Cycling
Contacts Wearout/ - Dynamic Burn-in
Infant
Oxide Defects Infant 0.3 eV Dynamic Burn-In
Random at max. voltage
Electron Injection Wearout - Low Temp. Voltage
Operating Life.
Temperature Acceleration of Failure
The Arrhenius Plot defines a failure rate propor- 10
tional to exp (- Ea/kt) where Ea is the activation T

energy for the failure mechanism. The figure on
the right indicates that lower activation energy
failures are not effectively accelerated by
temperature alone; hense, maximum voltage
operation is selectively applied to optimize the
burn-in process.

Static Burn-in (125°C-48 hours or 160 hours)

Provided on a sample basis for process
monitor/control of 0.5 eV - 1.0 eV failure
mechanisms. 100% static burn-in may be
specified at an additional cost. However, static
burn-in is considered only partially effective for
internal LS| gates at logic “O” levels.

Dynamic Burn-In (Pattern test/125°C - 8 hours to 160
hours)

Accelerated functional dynamic operating life
effectively controls internal MOS gate defects
buried from external pin access. The input pattern
is optionally pseudo-random or fixed pattern pro-
grammable to simulate 1000-3000 hours of field
operation at maximum operating voltage(s).

High-Rel ‘‘K’’ Testing Program

General conformance to MIL-STD-883B method
5004.4, Class B with static Burn-In (Dynamic Burn-
In may be specified as an option).

10" 4

10° 7

TIME TO FAILURE (HOURS)
2
y

L] LS v T T
25 50 75 100 125 150 175200 250
TEMPERATURE (°C)
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RELIABILITY MEANS LASTING VALUE
DESIGNING FOR RELIABLILITY

The Production release procedure for an LS| device
is designed to assure maximum reliability with a
Quality checklist for:

[ Test Program Qualifications

[ Characterization report

M Field test (Beta Test) report

[ Reliability Lifetest Qualifications
M Infrared Thermal Analysis

[ Static Protection

All New devices and major process changes must
pass reliability qualification before incorporation into
production using the criteria defined in Tables 24. The
infrared microscope assures optimum burn-in
temperatures and margins of safety. The dynamic
burn-in system is one of two custom designed
systems which assure protective device isolation dur-
ing burn-in,

* MAINTAINING RELIABILITY IN PRODUCTION

Process defect controls are defined to continually
measure built-in reliability, as measured by the follow-

ing criteria:
TABLE 1
PROCESS RELIABILITY CONTROL METHOD CONDITION SAMPLE’
Subgroup 1-Defects Control
a. Oxide Integrity Non-destructive Pinhole defect density 5 wafers
bubble test
b.Polysilicon Integrity SEM Analysis Visual 5 wafers
Subgroup 2-Electro-Migration Control
Metal Step Coverage MIL-STD-883 SEM Analysis 5 wafers
Method 2018
Subgroup 3-Defect Density Critical layers Visual of Photo defects 8 wafers
Field (Defects/in?) each layer
Gate
Contact
Metal
Subgroup 4-Passivation/Insulation
Priority MIL-STD-883 Method | Visual of Pinhole Final Silox
2021 defect density 5 wafers
Intermediate
5 wafers

Inspection intervals are defined by the in-line process control data reviewed on a lot-by-lot basis.



LSI RELIABILITY STANDARDS

TABLE 2 STANDARD RELIABILITY LEVELS

TEST METHOD CONDITION FAILURE
Infant Static 125°C - 160 hrs. <0.5%
Mortality Burn-In
(see note)
Long Term Dynamic 125°C - 1000 hrs. <.05%/1000 hrs,
Failure Rate Life Test @55°C
60% Confidence

*NOTE: Devices failing the infant mortality target remain in burn-in until acceptable failure rates are obtained.
TABLE 3 GROUP A DEVICE RELIABILITY MONITORS

TEST METHOD CONDITIONS LTPD

Subgroup 1

a.Internal Visual 15

b.Thermal Shock 1011 Test Failure Used (cond. B or C)

c.Bond Strength 2011 Test Failures (cond.B)

d.Die Shear Strength 2019 Test Failures

Subgroup 2

a.Seal-Gross Leak Fluorocarbon detection 10-3 15
atm/cc/sec

b.Seal-Fine Leak 1014 Test Condition A

Subgroup 3

a.Rotating Steady State Life Test 1005 Static 160 hr. Burn-In 125°C 5
plus 125°C Lifetest - 1000 hrs.

b.Electrical Parameters - Final electrical @ 25°C (with data @
70°C)

TABLE 4 GROUP B PACKAGE RELIABILITY MONITORS
TEST METHOD CONDITIONS LTPD

Subgroup 1

a. Thermal Shock 1011 Test Condition B or C 15

b. Temperature Cycling 1010 Test Condition B or C

c. Seal-Gross Leak . Fluorocarbon detection 103
atm/cc/sec

d. Seal-Fine Leak (ceramic 1014 Test Conditoin A

e. Electrical Parameters - Electrical at max-C

f. 85/85 Moisture Resistance 85% RH/85°C for 1000 hours

(plastic only) PDA = 10%

g.Electrical Parameters Final electrical @25°C

Subgroup 2

a. High Temp. Storage 1008 Test Condition B or C

b. Mechanical Shock 2002 Test Condition B 15

c. Seal - Gross Leak . Fiuorocarbon detection 103
atm/cc/sec

d. Seal - Fine Leak 1014 Test Condition A

(ceramic)

e. Electrical Parameters - Final electrical @ 25°C/max. C

Subgroup 3

a. Lead Integrity 2004 Test Condition B2 15
(Lead Fatigue)

b. Seal - Gross Leak - Fluorocarbon detection 103
atm/cc/sec

c. Seal - Fine Leak 1014 Test Condition A

(ceramic)

8
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Announcing Burn-in Program Availability/Warranties

Western Digital now supports customer burn-in
requirements for both static and dynamic burn-in
under the strict control of the QA-Reliability
Organization.

This burn-in provides high peformance 125°C static
and dynamic burn-in for 8-160 hours to eliminate in-
fant mortality and improve reliability. This process is
executed using custom modified 32Bit, AEHR test
commerical burn-in equipment which provide
monitored fixed pattern or pseudo random burn-in
with power supply and resistor device pin isolation.

LS! dynamic burn-in is verified in all cases by the
design engineer for proper functioning. LS| Chip sets
are also individually burned-in with dynamic equiv-
alency to assure high performance bundled reliability.

The warranty on the program will optionally provide
certificate of compliance to standard or custom
designed burn-in programs and guarantee
<.05% /Khrs failure rate.

CAUTION

Using outside burn-in methods not certified as accep-
table by Western Digital may result in voided war-
ranty, due to mishandling, junction temperature
stress, or electrical damage. Further, since most burn-
in houses do not support testing, catastrophic system
condition can result in substantial damage before a
problem is identified.

One consistent problem experienced with outside LSI
burn-in houses can cause reliability problems; namely,
parallelling totem pole MOS outputs, where the out-
put states are not predictable, can cause a single (or
a few) device(s) to sink all the current from the other
devices on the burn-in tray - electromigration or cur-
rent zaps are both possible.

Western Digital burn-in diagrams, dated after 1/1/82,
must be used exactly as shown and will be provided
upon request.

SEE YOUR LOCAL REPRESENTATIVE FOR COSTS AND
ORDERING INFORMATION ON THIS NEW PROGRAM.

1
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Hi-Rel “K” Testing Program

FEATURES GENERAL DESCRIPTION
GENERAL CONFORMANCE TO MIL-STD-883B, Western Digital's Hi-Rel “K” program is designed to
METHOD 5004.4, CLASS B (SEE COMPARISON ON provide high reliability devices for extended
FOLLOWING PAGES) temperature environments. Individual enhancements
@ INCLUDES: may be specified to meet a customer’s requirements.

PRECAP VISUALS

SEAL INTEGRITY

POWER CONDITIONING

ENHANCEMENT OPTIONS

INITIATE
LoT

PAGE PROBED WAFERS TRAVELER (Q: c) AUDIT

FINE LEAK
RECEIVING

INSPECTION

. CLEAN @ AUDIT BREAK/SORT
. BACKSIDE ID

<QC> AUDIT

SCRIBE/SAW

GROSS LEAK
CUT/FORM LEADS
INSPECT

PRE BURN:IN
ELECTRICALS

CHIPBOND

BURN-IN

INSPECT 160 HRS @ 125°C

FINALTEST
WIRE BOND
LiD
FINALTEST
INSPECT 0.5% AQL
CLEAN/BAKE/SEAL CERTIFICATE BRAND
OF v
TEMPCYCLE CONFORMANCE
10 CYCLES MOVETO
- 65°/+150°C FINISHED
GOODS
STABAKE
24 HRS 150°C

PACK

SHIP VIA
CUSTOMER
SPECIFIED
CARRIER

HI-REL “K” PROGRAM FLOW DIAGRAM
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COMPARISON OF MIL-STD-883
AND HI-REL “K’’ TEST PROGRAM

MIL-STD-883B, METHOD 5004.4, CLASS B

HI-REL *‘K’* TEST

3.1.1 Internal Visual
Method 2010.3
Test Condition B

3.1.2 Stabilization Bake

Method 1008.1

Test condition C

24 hours at 150°C

3.1.3 Temperature Cycling

Method 1010.2, Test condition C

-65°C to 150°C for 10 cycles, with 10 minutes

dwell and 5 minutes maximum transfer time

3.1.4 Constant Acceleration

Method 2001.2, Test condition E 30,000 G stress

level

3.1.5 Visual Inspection

Visual inspection for catastrophic failures after

screens

3.1.6 Seal Method 1014.2

(@) Helium fine leak - Test condition A;. Bomb
%)rrljdition 2 hours at 60 psig. Reject limit 5x108

(b) Fluorocarbon gross leak - Test condition C

3.1.9 Interim (pre-burn-in) Electricals
Per applicable device specification

3.1.10 Burn-in Test
Method 1015.2 160 hours @ 125°C

3.1.13 Interim (Post burn-in) electricals
Per applicable device specification

3.1.15 Final Electrical Test
(a) Static Tests
(1) 25°C
(2) Minimum and Maximum Operating
Temperatures
(b) Dynamic and Switching Tests at 25°C
(c) Functional Tests at 25°C
3.1.17 Qualification or Quality Conformance
Inspection and Test Sample Selection

3.1.18 External Visual
Method 2009.2

All Hi-Rel “K” devices receive 100% inspections
prior to lid seal. These inspections together com-
prise criteria comparable to Mil-Std-883, method
2010.3, test condition B.

Same

Same

Not done Unless Specified

Same
Same
Same

Preburn-in test at 25°C. Must meet requirements of
device data sheets.

Same

Burn-in equipment isolate failures automatically to
assure no harmful interaction.

Same

Not done unless specified using method 5005 as a
guide.

Same

WESTERN DIGITAL RELIABILITY ENHANCEMENT
OPTIONS
100% Temperature Testing
Level ......cooviiiiii.t, -40° to +85°C
...................... -55° to + 125°C
Thermal, Shock (Liquid to Liquid)
Level............... 0° to +100°C, 15 cycles
...................... -55° to +125°C
...................... -65° to -+ 150°C

Extended High Temperature Storage

+ 150°C for 24 hours standard, other time/tempera-
ture storage requirements available required.

Dynamic Burn-in
Per note previously supplied.
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WD177X-00 Floppy Disk Formatter/Controller

FEATURES

e 28 PIN DIP

* SINGLE 5V SUPPLY

e BUILT-IN DIGITAL DATA SEPARATOR

¢ BUILT-IN WRITE PRECOMPENSATION

¢ SINGLE (FM) AND DOUBLE (MFM)IDENSITY

¢ MOTOR CONTROL (WD1770 AND WD1772)

e 128, 256, 512 OR 1024 SECTOR LENGTHS

e TTL COMPATIBLE

e 8-BIT BI-DIRECTIONAL DATA BUS

¢ TWO VERSIONS AVAILABLE
WD1770/WD1773=STANDARD 179X STEP
RATES
WD1772=FASTER STEP RATES

e THE WD1773 HAS 100% COMPATIBLE SOFT-
WARE WITH THE WD1793

GENERAL DESCRIPTION

The WD177X-00 is a MOS/LSI device which performs
the functions of a Floppy Disk Formatter/Controller.
It is similar to its predecessor, the FD179X but also
contains a digital data separator and write
precompensation circuitry. The drive side of the inter-
face needs no additional logic except for buf-
fersireceivers. It is designed for single (FM) or double
(MFM) density operation.

The WD177X-00 is implemented in NMOS silicon gate
technology and is available in a 28-pin dual-in-line as
well as in quad pack.

Three versions of the WD177X-00 are available. The
WD1770, WD1772 and the WD1773.

With the exception of the enable precompiready line,
the WD1773 is identical to the WD1770 controller. It
is fully software compatible with the WD1793. The
WD1770-00 and WD1773-00 are compatible with the
FD179X stepping rates, while the WD1772-00 offers
stepping rates of 2, 3, 6, and 12 msec.

The WD177X-00 devices all contain a built-in digital
data separator which virtually eliminates all external
components and adjustments associated with data

Floppy Disk Controller Devices
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DIP PIN DESIGNATION

recovery in previous designs. A single read line (RD,
Pin 19) is the only input required to recover serial FM
or MFM data from the disk drive. The device is design-
ed for control of floppy disk drives with data rates
of 125 KBits/Sec (single density) and 250 KBits/Sec
(double density). In addition, write precompensation
of 125 nsec from nominal is enabled at any point
through simple software commands. Another pro-

~ grammable feature on the WD1770/WD1772 is Motor

On, which enables the spindle motor automatically
prior to operating a selected drive.

The processor interface consists of an 8-bit bi-
directional bus for transfer of status, data, and com-
mands. All Host communication with the drive occurs
through these lines. They are capable of driving one
standard TTL load or three LS loads.

00-XZZ1iAM
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PIN
NUMBER MNEMONIC SIGNAL NAME | 1/0 FUNCTION
1 cs CHIP SELECT I | Alogic low on this input selects the chip and enables
Host communication with the device.

2 RW READ/WRITE I | A logic high on this input controls the placement of
data on the DO-D7 lines from a selected register, while
a logic low causes a write operation to a selected
register.

34 AQ,A1 ADDRESS 0,1 | | These two inputs select a register to Read/Write data:

CS Al A0 RW =1 RW =0

0 0 O Status Reg Commad Reg

o 0 1 Track Reg Track Reg

0 1 0 Sector Reg Sector Reg

o 1 1 Data Reg Data Reg

512 DALO-DAL7 DATA ACCESS /0 | Eight-bit bi-directional bus used for transfer_of data,

LINES control, or status. This bus is enabled by CS and
0 THROUGH 7 R/W. Each line will drive one TTL load.

13 MR MASTER RESET I | A logic low pulse on this line resets the device and
initializes the Status Register (internal pull-up).

14 GND GROUND Ground.

15 Vee POWER SUPPLY I | +5V+£5% power supply input.

16 STEP STEP O | The Step output contains a pulse for each step of the
drive’s R/W head. The WD1770-00 and WD1772-00 offer
different step rates.

17 DIRC DIRECTION O | The Direction output is high when stepping in towards
the center of the diskette, and low when stepping out.

18 CLK CLOCK | | This input requires a free-running 50% duty cycle clock
(for internal timing) at 8 MHz +0.1%.

19 RD READ DATA | | This active low input is the raw data line containing
both clock and data pulses from the drive.

20 RDY/ENP READY/ENABLE | | Serves as a READY input from the drive during

PRECOMP READ/STEP operations and as a Write Precomp enable

(WD1773) during Write operations. The state of READY is latched
upon WG true, and this dual input is used for
precompensation enable.

20 MO MOTOR ON O [ Active high output used to enable the spindle motor

(WD1770 or prior to read, write or stepping operations. (WD1770,
WD-1772) WD1772 only)

21 WG WRITE GATE O | This output is made valid prior to writing on the
diskette. ‘

22 WD WRITE DATA O | FM or MFM clock and data pulses are placed on this
line to be written on the diskette.

23 TROO TRACK 00 I | This active low input informs the WD1770-00 that the
drive’s R/IW heads are positioned over Track zero.

24 P INDEX PULSE | | This active low input informs the WD1770-00 when the

physical index hole has been encountered on the
diskette.

25 WPRT WRITE PROTECT| | | This input is sampled whenever a Write Command is

received. A logic low on this line will prevent any Write
Command from executing (internal pull-up).

1-2
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FUNCTION

This input pin selects either single (FM) or double
(MFM) density. When DDEN = 0, double density is
selected (internal pull-up).

This active high output indicates that the Data Register
is full (on a Read) or empty (on a Write operation).

This active high output is set at the completion of any
command, is reset by a read of the Status Register.

PIN
NUMBER MNEMONIC SIGNAL NAME 1/0
26 DDEN DOUBLE |
DENSITY
ENABLE
27 DRQ DATA REQUEST (¢]
28 INTRQ INTERRUPT (o]
REQUEST
T WD1773.020NLY 1
| .
l RDY
ENP ]
'. i
i i
WD 5V,
H - p—
6 D0-O7 RD .
s A0 L
T 0
) p— WD177X —_
N Cs P 5’
T RIW TROO
S MR WPRT g
F MO |
A v
c DRQ DIRC E
E INTRQ STEP
+5 GND VCC
$ _L +5V
X boEN =

WD177X-02 SYSTEM BLOCK DIAGRAM

ARCHITECTURE

The primary sections of the Floppy Disk Formatter are
the Parallel Processor Interface and the Floppy Disk
Interface. .

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

Data Register — This 8-bit register is used as a holding
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, infor-
mation 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 posi-

tion. 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 and decremented by one when the head is step-
ped out (towards track 00). The contents of the
register are compared with the recorded track number
in the ID field during disk Read, Write, and Verify
operations. The Track Register can be loaded from
or transferred to the DAL. This Register is not loaded
when the device is busy.

Sector Register (SR) — This 8-bit register holds the
address of the desired sector position. The contents
of the register are compared with the recorded sec-
tor number in the ID field during disk Read or Write
operations. The Sector Register contents can be
loaded from or transferred to the DAL. This register
is not loaded when the device is busy.

Command Register (CR) — This 8-bit register holds the
command presently being executed. This register is
not loaded when the device is busy unless the new
command is a force interrupt. The Command Register
is loaded from the DAL, but not read onto the DAL.

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

CRC Logic - This logic is used to check or to generate
the 16-bit Cyclic Redundancy Check (CRC). The
polynomial is:

GX) = x® + x12 4+ x5 41,

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 ID field.

Floppy Disk Controller Devices
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FIGURE 1. WD177X-00 BLOCK DIAGRAM

Timing and Control — All computer and Floppy Disk
interface controls are generated through this logic.
The internal device timing is generated from an exter-
nal crystal clock. The WD177X-00 has two different
modes of operation according to the state of
DDEN.

When DDEN = 0, double density (MFM) is enabled.
When DDEN = 1, single density is enabled.

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

Data Separator — A digital data separator consisting
of a ring shift register and data window detection
logic provides read data and a recovery clock to the
AM detector.

PROCESSOR INTERFACE

The interface to the processor is 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 WD177X-00. The DAL are three state buffers
that are enabled as output drivers when CS  and
R/W =_1 are active or act as input receivers when CS
and RIW = 0 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 AO, combined with the signal RW during a
Read operation or Write operation are interpreted as
selecting the following registers:

L e

1-4
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A1- AO| READ (R'W = 1) | WRITE (R'W = 0)

0| Status Register
Track Register
Sector Register

Command Register
Track Register
Sector Register

- —- OO
[ Y

Data Register Data Register

After any register is written to, the same register can-
not be read from until 16 usec in MFM or 32 usec in
FM have elapsed.

During Direct Memory Access (DMA) types of data
transfers between the Data Register of the WD177X-00
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.

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

On Disk Write operations the Data Request bit 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 WD177X-00 has two modes _of operation accor-
ding to the state DDEN. When DDEN = 1, single
density is selected. In either case, the CLK input is
at 8 MHz.

GENERAL DISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtainable
in either FM or MFM formats. For FM, DDEN

is placed to logical 1. For MFM formats, DDEN is
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

The number of sectors per track for the WD177X-00
are from 1 to 240. The number of tracks for the
WD177X-00 are 0 to 240.

GENERAL DISK WRITE OPERATION

When writing on the diskette the WG output is
activated, allowing current to flow into the Read/Write
head. As a precaution to erroneous writing the first
data byte is loaded into the Data Register in response
to a Data Request from the device before the WG is
activated.

Writing is inhibited when the WPRT input is asser-
ted, in which case any Write Command is
immediately terminated, an interrupt is generated and
the Write Protect Status bit is set.

For Write operations, the WD177X-00 provides WG to
enable a Write condition, and WD which consists of
a series of active high pulses. These pulses contain
both Clock and Data information in FM and MFM. WD
provides the unique missing clock patterns for recor-
ding Address Marks.

The WD1773-00 enables write precompensation when
RDY/ENP is asserted. When WG is asserted the
READY status has been latched. WG is then used to
demultiplex drive Ready Status from Host supplied
enable for write precompensation at desired tracks.

On the WD1770-02 or WD177200, the Precomp Enable
bit in Write Commands allows automatic Write
precompensation to take place. The outgoing Write
Data stream is delayed or advanced from nominal by
125 nsec according to the following table:

PATTERN MFM FM
X]11|11[0 Early N/A
X{o|l1]1 Late N/A
0|00 1 Early N/A
1|]0|0]fO Late N/A
A L Next Bit to be sent

Current Bit sending
Previous Bits sent

Precompensation is typically enabled on the inner-
most tracks where bit shifts usually occur and bit
density is at its maximum. READY is true for
read/write operations (all Type |l and Il Command
executions).

COMMAND DESCRIPTION

The WD177X-00 accepts 11 commands. Command
words are only loaded in the Command Register when
the Busy Status bit is off (Status bit 0). The one ex-
ception 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.
Commands are divided into four types and are sum-
marized in the following pages.

Floppy Disk Controller Devices
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]
COMMAND SUMMARY

BITS

TYPECOMMAND 7 6 5 4 3 2 1 0
| Restore 0 0 00 h V. rn
I Seek 0 0 01 h V 1
"1 Step 0 01 uh V
| Step-in 01 0 u h V o
| Step-out 0 1 1 u h V r n
I Read Sector 1 0 O m his E 0/C 0
Il Write Sector 1 0 1 m h/s E PIC a,
Il Read

Address 1 1 0 0 hlo E 0 O
Il Read Track 1 1 1 0hlo E 0O O
Il Write Track 1 1 1 1 hlo E PIO 0
IV Force

Interrupt 11 0 1 I3 b I3 |y

FLAG SUMMARY

TYPE | COMMANDS

= Motor On Flag (Bit 3) (1770/2).

0, Enable Spin-up Sequence
1, Disable Spin-up Sequence

Verify Flag (Bit 2) (1770/2/3)

<<|< TT| >
I

0, No Verify
1, Verify on Destination Track

ry, rp = Stepping Rate (Bits 1,0)

WD1770-00

oo WD1773-00  WD1772-00

0 6 ms

0 6 ms
0 1 12 ms

1

1

12 ms
2ms
3 ms

0 20 ms
1 30 ms

Update Flag (Bit 4) (1770/2/3)

cc

0, No Update
1, Update Track Register

inn

TYPE Il & lll COMMANDS (Continued)

= 30ms Settling Delay (Bit 2) (1770/2/3)

0, No Delay

1, Add 30ms Delay (1772 Add 15ms Delay*
= Side Compare Flag (Bit 1) (1773 only)

= 0, Disable Side Compare

= 1, Enable Side Compare
or all Type lll commands bit 1 must be 0.
= Write Precompensation (Bit 1) (1770/2/3)

= 0,Enable Write Precomp
= 1,Disable Write Precomp

OO0 mm|m

©vT|O TN

TYPE IV COMMANDS

I3-ly Interrupt Condition (Bits 3-0)

lp = Not Used (WD1770-00, WD1772-00)

Not Ready to Ready Transition (WD1773-00)
Not Used (WD1770-00, WD1772-00)
Ready to Not Ready Transition (WD1773-00)
I = Interrupt on Index Pulse

I3 Immedlate Interrupt

|3 o = Terminate without interrupt

Iy

TYPE Il & lll COMMANDS

Multiple Sector Flag (Bit 4) (1770/2/3)

= 0, Single Sector
= 1, Multiple Sector

Motor on Flag (Bit 3) (1770/2)

II|T 333
1

i

0, Enable Spin-up Sequence
1, Disable Spin-up Sequence

S = Side Compare Flag (Bit 3) (1773 only)

S = 0, Compare for side 0
S = 1, Compare ;for side 1
For all Type Ill commands bit 3 must be 0.

ap = Data Address Mark (Bit 0) (1770/2/3)

ag
ag

0, Write Normal Data Mark
1, Write Deleted Data Mark

1-6

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 (ro,r4), which
determines the stepping motor rate.

A 4 usec (MFM) or 8 usec (FM) pulse is provided as
an output to the drive. For every step pulse issued,
the drive moves one track location in a direction deter-
mined by the direction output. The chip steps the drive
in the same direction it last stepped unless the com-
mand changes the direction.

The Direction signal is active high when stepping in
and low when stepping out. The Direction signal is
valid 24 usec before the first stepping pulse is
generated.

After the last directional step an additional *30 msec
of head settling time takes place if the Verify flag is
set in Type | Commands. There is also a *30 msec
head settling time if the E flag is set in any Type I
or |l Command.

When a Seek, Step or Restore Command is executed,
an optional verification of Read/Write head position
can be performed by setting bit 2(V = 1) in the com-
mand word to a logic 1. The verification operation
begins at the end of the *30 msec settling time after
the head is loaded against the media. The track
number from the first encountered ID Field is com-
pared against the contents of the Track Register. If
the track numbers compare and the ID Field CRC is
correct, the verify operation is complete and an INTRQ
is generated with no errors. If there is a match but not

Floppy Disk Controller Devices



a valid CRC, the CRC error status bit is set (Status
Bit 3), and the next encountered ID Field is read from
the disk for the verification operation.

The WD177X-00 finds an ID Field with correct track
number and correct CRC within 5 revolutions of the
media, or the seek error is set and an INTRQ is
generated. If V = 0, no verification is performed.

On the WD1770-00 and WD1772-00 only, all com-
mands, except the Force Interrupt Command, are pro-

grammed via the h Flag to delay for spindle motor
start up time. If the h Flag is not set and the MO
signal is low when a command is received, the
WD1770/2-00 forces MO to a logic 1 and waits 6
revolutions before executing the command. At 300
RPM, this guarantees a one second spindle start up
time. If after finishing the command, the device
remains idle for 9 revolutions, the MO signal goes
back to a logic 0. If a command is issued while MO

ENTER

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

o

YES

SET MO
WAIT 6 INDEX PULSES

SET
DIRECTION

RESET
DIRECTION

DRTODSR

y

y

SET DIRECTION
—7

RESET DIRECTION | I
ey
IS
DIRECTION
=1
NO

TRACKOAND
DIRECTION
=0

A STEP, STEP-IN
QR STEP-OUT,

TYPE | COMMAND FLOW

TYPE | COMMAND FLOW

Floppy Disk Controller Devices
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is high, the command executes immediately,
defeating the 6 revolution start up. This feature allows
consecutive Read or Write commands without waiting
for motor start up each time; the WD1770/2-00
assumes the spindle motor is up to speed.

RESTORE (SEEK TRACK 0)

Upon receipt of this command, the Track 00
(TROO) input is sampled. If TROO is active low
indicating the Read/Write head is positioned over
track 0, the Track Register is loaded with zeroes and
an interrupt is generated. If TROO is not active low,
stepping pulses at a_rate specified by the ry,rg field
are issued until the TROO input is activated.

At this time, the Track Register is loaded with zeroes
and an interrupt is generated. If the TROO  input
does not go active low after 255 stepping pulses, the
WD177X-00 terminates operation, interrupts, and sets
the Seek Error status bit, providing the V flag is set.

VERIFY
SEQUENCE

NO

\

=V YES  ({INTRQ RESET BUSY )

Y

NO INTRQ, RESET BUSY
SET SEEK ERROR

HAS

ID AM BEEN
DETECTED

RESET
CRC

INTRQ
RESET BUSY B —

CRC

ERROR CRC ERROR

TYPE | COMMAND FLOW

A verification operation also takes place if the V flag
is set. The h bit allows the Motor On option at the
start of a command.

SEEK

This command assumes that the Track Register con-
tains the track number of the current position of the
Read/Write head and the Data Register contains the
desired track number. The WD177X-00 updates the
Track Register and issues stepping pulses in the
appropriate direction until the contents of the Track
Register are equal to the contents of the Data
Register (the desired track location). A verification
operation takes place if the V flag is on. The h bit
allows the Motor On option at the start of the com-
mand. An interrupt is generated at the completion of
the command. Note: When using multiple drives, the
Track Register is updated for the drive selected before
seeks are issued.

STEP

Upon receipt of this command, the WD177X-00 issues
one Stepping Pulse to the disk drive. The stepping
motor direction is the same as in the previous step
command. After a delay determined by the ry,r, field,
a verification takes place if the V flag is on. If the U
flag is on, the Track Register is updated. The h bit
allows the Motor On option 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 WD177X-00 issues
one Stepping Pulse in the direction towards track 76.
If the U flag is on, the Track Register is incremented
by one. After a delay determined by the ry,r, field, a
verification takes place if the V flag is on. The h bit
allows the Motor On option at the start of the com-
mand. An interrupt is generated at the completion of
the command.

STEP-OUT

Upon receipt of this command, the WD177X-00 issues
one stepping pulse in the direction towards track 0.
If the U flag is on, the Track Register is decremented
by one. After delay determined by the ry,r, field, a
verification takes place if the V flag is on. The h bit
allows the Motor On option at the start of the com-
mand. An interrupt is generated at the completion of
the command.

TYPE Il COMMANDS

The Type Il Commands are the Read Sector and Write
Sector commands. Prior to loading the Type Il Com-
mand into the Command Register, the computer
loads the Sector Register with the desired sector
number. Upon receipt of the Type Il command, the
Busy Status bit is set. If the E flag = 1 the command
executes after a 30 msec delay.

When an ID field is located on the disk, the
WD177X-00 compares the Track Number on the ID
field with the Track Register. If there is not a match,
the next encountered ID field is read and a com-
parison is again made. If there is a match, the Sec-

Floppy Disk Controller Devices



ENTER

1S
TYPEIl
COMMAND
RECEIVED

NO

SET BUSY, RESET DRQ, LOST
DATA, RECORD NOT FOUND, &
STATUS BITS 5 & 6 INTRQ

NO

SETMO
WAIT
6 INDEX PULSES

ISE =1 No

»| YES

HAS
30MS
EXPIRED

IS
WRITE

PROTECT
ON

YES

INTRQ, RESET BUSY
SET WRITE PROTECT

TYPE Il COMMAND

tor Number of the ID field is compared with the
Sector Register. If there is no Sector match, the next
encountered ID field is read off the disk and com-
parisons again made. If the ID field CRC is correct,
the data field is located and is either written into, or
read from, depending upon the command. The
WD177X-00 finds an ID field with a Track number, Sec-
tor number, and CRC within four revolutions of the
disk, or, the Record Not Found Status bit is set (Status
Bit 4) and the command is terminated with an INTRQ.

Each of the Type Il Commands contains an m flag
which determines if multiple records (sectors) are read
or written, depending upon the command. If m = 0,
a single sector is read or written and an interrupt is
generated at the completion of the command. If m
= 1, multiple records are read or written with the Sec-
tor Register internally updated so that an address
verification occurs on the next record. The WD177X-00
continues to read or write multiple records and
updates 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 WD177X-00 is instructed to read
sector 27 and there are only 26 on the track, the Sec-
tor Register exceeds the number available. The
WD177X-00 searches for 5 disk revolutions, interrupts
out, resets Busy, and sets the Record Not Found
Status Bit.

READ SECTOR

Upon receipt of the Read Sector Command, the Busy
Status Bit is set, then when an ID field is encountered
that has the correct track number, correct sector
number, and correct CRC, the data field is presented
to the computer. The Data Address Mark of the data
field is found with 30 bytes in single density and 43
bytes in double density of the last ID field CRC byte.
If not, the ID field is searched for and verified again
followed by the Data Address Mark search. If, after
five revolutions the DAM is not found, the Record Not
Found Status Bit is set and the operation is ter-
minated. When the first character or byte of the data
field is shifted through the DSR, it is transferred to
the DR, and DRQ is generated. When the next byte
is accumulated in the DSR, it is transferred to the DR
and another DRQ is generated. If the computer has
not 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 is inputted to the com-
puter. If there is a CRC error at the end of the data
field, the CRC Error Status bit is set, and the com-
mand is terminated (even if it is a multiple record
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:

STATUS BIT 5
1 Deleted Data Mark
0 Data Mark

WRITE SECTOR

Upon receipt of the Write Sector Command, the Busy
Status Bit is set. When an ID field is encountered that
has the correct track number, correct sector number,
and correct CRC, a DRQ is generated. The WD177X-00
counts off 11 bytes in single density and 22 bytes in
double density from the CRC field and the WG

Floppy Disk Controller Devices
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NO

NO

A

NO

HAVE
5 INDEX HOLES
PASSED

INTRQ, RESET BUSY
SET RECORD-NOT FOUND

BRING IN SECTOR LENGTH FIELD
STORE LENGTH IN INTERNAL
REGISTER

- SET CRC
STATUS ERROR

THERE A
CRC ERROR

RESET
CRC

READ

TYPE || COMMAND

output is made active if the DRQ is serviced (i.e., the
DR is loaded by the computer). If DRQ is not serviced,
the command is terminated and the Lost Data Status
Bit is set. If the DRQ Is serviced, the WG is made
active and six bytes of zeroes in single density and
12 bytes in double density are written on the disk. The
Data Address Mark is then written on the disk as de-
termined by the a, field of the command as shown:

ag DATA ADDRESS MARK (BIT 0)
1 Deleted Data Mark
0 Data Mark

The WD177X-00 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

1-10
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HAS

DATA AM NO

READ SECTOR
SEQUENCE

OCCURED
IN TIME

PUT RECORD TYPE IN
STATUS REG BIT §

»| YES

HAS
NO FIRST BYTE
EEN ASSEMBLED,
IN DSR

»] YES

SET DRQ

HAS
NO NEXT BYTE
EEN ASSEMBLE
IN DSR

YES

HAS
DR BEEN NO
READ BY COMPUTER
(DRQ = 0)

SET DATA
LOST

HAVE
ALL BYTES
BEEN INPUTTED,

/

INTRQ, RESET BUSY
SET CRC ERROR

YES

+170
SECTOR REG

L Y

4 ‘ INTRQ RESET BUSY >

TYPE It COMMAND

Floppy Disk Controller Devices
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SEQUENCE

l DELAY 2 BYTES OF GAP I

Y

SET DRQ

Y

[ DELAY 9 BYTES OF GAP |

HAS
DR BEEN
LOADED BY COMPUTER
(DRQ = 0)

INTRQ, RESET BUSY
SET LOST DATA

DELAY 1 BYTE OF GAP DDEN
= -0

YES

TURN ON WG & WRITE
6 BYTES OF ZEROES DELAY 11 BYTES

i 1

WRITE DATA AM L TURN ON WG & WRITE
ACCORDING TO Aq FIELD 12 BYTES OF ZEROES
OF WRITE COMMAND

\
r DR TO DSR, SET DRQ ]

\

| WRITE BYTE TO DiSK I

SET DATA LOST
WRITE BYTE
OF ZEROES

HAVE

ALL BYTES
BEEN WRITTEN

WRITE CRC |

Y

I WRITE 1 BYTE OF FF J

¥

TURN OFF WG

1-12
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Bit is set and a byte of zeroes is written on the disk.
The command is not terminated. After the last data
byte is written on the disk, the two-byte CRC is com-
puted internally and written on the disk followed by
one byte of logic ones in FM or in MFM. The WG out-
put is then deactivated. INTRQ sets 24 usec (MFM)
after the last CRC byte is written. For partial sector
writing, the proper method is to write data and fill the
balance with zeroes.

TYPE Il COMMANDS

Read Address

Upon receipt of the Read Address Command, the
Busy Status Bit is set. The next encountered ID field
is then read in from the disk, and six data bytes of
the ID field are assembled and transferred to the DR,
and a DRQ is generated for each byte. The six bytes
of the ID field are shown:

TRACK | SIDE |SECTOR |SECTOR| CRC | CRC
ADDR |NUMBER| ADDR (LENGTH| 1 2
1 2 3 4 5 6

Although the CRC characters are transferred to the
computer, the WD177X-00 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
user. 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 until the next index pulse.
All Gap, Header, and data bytes are assembled 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

included in the data stream; and the Address Mark
Detector is on for the duration of the command.
Because the AM detector is always on, write splices
or noise may cause the chip to look for an AM.

The ID AM, ID field, ID CRC bytes, DAM, Data, and
Data CRC Bytes for each sector are correct. The Gap
Bytes may be read incorrectly during write-splice time
because of synchronization.

WRITE TRACK FORMATTING THE DISK

(Refer to section on TYPE Ill commands for flow
diagrams.)

Data and gap information are provided at the com-
puter interface. Formatting the disk is accomplished
by positioning the R/W head over the desired track
number and issuing the Write Track Command.

Upon receipt of the Write Track Command, 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
does not start until after the first byte is loaded into
the Data Register. If the DR is not loaded within three
byte times, the operation is terminated making the
device Not Busy, the Lost Data Status Bit is set, and
the interrupt is activated. If a byte is not present in
the DR when needed, a byte of zeroes is substituted.

This sequence continues from one Index Pulse to the
next. Normally whatever data pattern appears in the
Data Register is written on the disk with a normal
clock pattern. However, if the WD177X-00 detects a
data pattern of F5 through FE in the Data Register,
this is interpreted as Data Address Marks with miss-
ing clocks or CRC generation.

The CRC generator is initialized when any data byte
from F8 to FE is transferred from the DR to the DSR
in FM or by receipt of F5 in MFM. An F7 pattern
generates two CRC characters in FM or MFM. As a
consequence, the patterns F5 through FE do not
appear in the gaps, data field, or ID fields. Also, CRC’s
are generated by an F7 pattern.

Disks are formatted in IBM 3740 or System 34 formats
with sector lengths of 128, 256, 512, or 1024 bytes.

DATA PATTERN
"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, Present CRC
F6 Not Allowed Write C2** in MFM
F7 Generate 2 CRC bytes Generate 2 CRC bytes
F8 thru FB Write F8 thru FB, CLK = C7, Preset CRC| Write F8 thru FB, in MFM
FC Write FC with CLK = D7 Write FC in MFM
FD Write FD with CLK = FF Write FD in MFM
FE Write FE, CLK = C7, Preset CRC Write FE in MFM
FF Write FF with CLK = FF Write FF in MFM

*Missing clock transition between bits 4 and 5.
**Missing clock transition between bits 3 and 4.

Floppy Disk Controller Devices
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ENTER

WRITE TRACK

SET BUSY, RESET DRQ,
LOST DATA STATUS
BITS 4,5

!

SET MO

DELAY 6
INDEX PULSES

HAS
30 MS
EXPIRED

y

YES }
DR TO DSR

SET DRQ

INTRQ RESET
BUSY SET WPRT

NO
SET DRQ

DELAY 3 BYTE
TIMES

HAS
SET INTRQ

LOST DATA DRQ BEEN
RESET BUSY SERVICE

TYPE Il COMMAND WRITE TRACK

L - - -
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YES (MFM)

WRITE 2 CRC

CHARS. CLK = FF

WRITE FC

CLK = D7

DOES WRITE FD, FE OR

DSR = FD, FE, F8-F9, CLK = C7

INTRQ RESET
BUSY

YES

|

OR F8-FB INITIALIZE CRC
WRITE DSR
CLK = FF
[ )
PHYS
INDEX MARK
HAS WRITE

BYTE OF ZEROES
SET DATA LOST

DR BEEN
LOADED

WRITE A1 IN MFM
WITH MISSING
CLOCK INITIALIZE
CRC

\

WRITE C2 IN MFM
WITH MISSING
LOCK

\

WRITE 2 CRC
CHARS.

WRITE DSR

\

Y

IN MFM

TYPE Il COMMAND WRITE TRACK

Floppy Disk Controller Devices
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TYPE IV COMMANDS

The Forced Interrupt Command is used to terminate
a multiple sector read or write command or to insure
Type | status in the Status Register. This command
is loaded into the Command Register at any time. If
there is a current command under execution (Busy
Status Bit set) the command is terminated and the
Busy Status Bit reset.

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

Not used (WD1770-00, WD1772-00), Not Ready
To Ready Transition (WD1773-00)

Not Used (WD1770-00, WD1772-00), Ready To
Not Ready Transition (WD1773-00)

I Every Index Pulse

I3 Immediate Interrupt

The conditional interrupt is enabled when the cor-
responding bit positions of the command (l5-lp) are
set to a 1. When the condition for interrupt is met the
INTRQ line goes high signifying that the condition
specified has occurred. If |5y are all set to zero (Hex
DO0), no interrupt occurs but any command presently
under execution is immediately terminated. When us-
ing the immediate interrupt condition (I3 = 1) an in-
terrupt is immediately generated and the current
command terminated. Reading the status or writing
to the Command Register does not automatically
clear the interrupt. The Hex DO is the only command
that enables the immediate interrupt (Hex D8) to clear
on a subsequent load Command Register or Read
Status Register operation. Follow a Hex D8 with DO
command.

Wait 16 psec (double density) or 32 usec (single den-
sity) before issuing a new command after issuing a
forced interrupt. Loading a new command sooner
_than this nullifies the forced interrupt.

lo

Iy

" Forced interrupt stops any command at the end of

an internal micro-instruction and generates INTRQ
when the specified condition is met. Forced interrupt
waits until ALU operations in progress are complete
(CRC calculations, compares, etc.).

Status Register

Upon receipt of any command, except the Force Inter-
rupt Command, the Busy Status Bit is set and the rest
of the status bits are updated or cleared for the new
command. If the Force Interrupt Command is received
when there is a current command under execution,
the Busy Status Bit is reset, and the rest of the status
bits are unchanged. If the Force Interrupt Command
is received when there is not a current command
under execution, the Busy Status Bit is reset and the
rest of the status bits are updated or cleared. In this
case, Status reflects the Type | commands.

The user has the option of reading the Status Register
through program control or using the DRQ line with
DMA or interrupt methods. When the Data Register
is read the DRQ bit in the Status Register and the
DRAQ line are automatically reset. A write to the Data
Register also causes both DRQ’s to reset.

The Busy Bit in the status may be monitored with a
user program to determine 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 determine
the condition of busy resets the INTRQ line.

The format of the Status Register is shown below:

(BITS)
7 [ 6 | 543 ]2]1]o0
S7 | s6 | S5 | s4 |s3|[s2]st1|so

Because of internal sync cycles, certain time delays
are observed when operating under programmed /0,
as shown.

Delay Req’d.
Operation Next Operation FM MFM
Write to Read Busy Bit | 48usec| 24usec|

Command Reg. | (Status Bit 0)

Write to Read Status 64usec| 32usec
Command Reg. | Bits 1-7
Write Read Same 32usec]| 16usec
Register Register

RECOMMENDED - 128 BYTES/SECTOR

The recommended single-density format with 128
bytes/sector is shown. In order to format a diskette,
the user issues the Write Track Command, and loads
the Data Register with the following values. For every
byte to be written, there is one Data Request.

NUMBER
OF BYTES HEX VALUE OF BYTE WRITTEN
_ 40 FF (or 00)
6 00
1 FE (ID Address Mark)
1 Track Number
1 Side Number (00 or 01)
1 Sector Number (1 thru 10)
1 00 (Sector Length)
1 F7 (2 CRC’s written)
" FF (or 00)
6 00
1 FB (Data Address Mark)
128 Data (IBM uses E5)
1 F7 (2 CRC’s written)
| 10 FF (or 00)
369** FF (or 00)

*Write bracketed field 16 times.
**Continue writing until WD177X-00 interrupts out.
Approx. 369 bytes.

1-16
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—

INDEX
PULSE -_———-—— REPEATED
}: FOR EACH SECTOR -
40BYTES|6BYTES| 1D | TRACK | SIDE |secTor|LengTH| cac CRC |118YTES|6BYTES ["\"‘JTA USERDATA | CRC CRC |10BYTES
‘FF 00’ ‘FE' # # [ # 1 2 FF 00’ R | 128BYTES 1 2 FE
MARK
1D FIELD L pATARELD—— ]
WRITE GATEJ I_ -
SINGLE DENSITY FORMAT
INDEX | I
PULSE o d Yoo - - - REPEATED
™ FOR EACH SECTOR >
60 BYTES |[128vTES| 3BYTES] 1D | TRACK| SIDE | SECTOR|LENGTH|CRC|CRC|22 BYTES|12BYTES| 3BYTES| 1D USER DATA GRC| CRC| 24BYTES
4E 00’ ‘A |Fer| 4 # # # 12| e 00" ‘A1 |'FB 256 BYTES 1 2 aE
ID FIELD — L DATAFIELD
WRITE GATE———Jﬁ L— _
DOUBLE DENSITY FORMAT
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256 BYTES/SECTOR

Shown below is the recommended dual-density for-
mat with 256 bytes/sector. In order to format a
diskette the user issues the Write Track Command
and loads the Data Register with the following values.
For every byte to be written, there is one data request.

1. Non-Standard Formats

Variations in the recommended formats are possible

to a limited extent if the following requirements are

met:

1) Sector size must be 128, 256, 512 of 1024 bytes.

2) Gap 2 cannot be varied from the recommended
format.

NUMBER 3) 3 bytes of A1 must be used in MFM.
OF BYTES  HEX VALUE OF BYTE WRITTEN In addition, the Index Address Mark is not required
60 4E for operation by the WD177X-00. Gap 1, 3 and 4
12 00 lengths are as short as 2 bytes for WD177X-00 opera-
3 F5 (Writes A1) tion, however PLL lock up time, motor speed varia-
1 FE (ID Address Mark) tion, write-splice area, etc. adds more bytes to each
1 Track Number (0 thru 4C) gap to achieve proper operation. For highest system
1 Side Number (0 or 1) reliability use the recommended format.
1 Sector Number (1 thru 10)
1 01 (Sector Length)
1 F7 (2 CRC’s written) FM MFM
22 4E Gap | 16 bytes FF 32 bytes 4E
12 00 Gap Il 11 bytes FF 22 bytes 4E
3 F5 (Writes A1) * 6 bytes 00 12 bytes 00
1 FB (Data Address Mark) * 3 bytes A1
256 DATA Gap lI** 10 bytes FF 24 bytes 4E
1 F7 (Data Address Mark) 4 bytes 00 8 bytes 00
| 24 4E 3 bytes A1
668** 4E Gap IV 16 bytes FF 16 bytes 4E

*Write bracketed field 16 times.
**Continue Writing until WD177X-00 interrupts out.
Approx. 668 bytes.

*Byte counts must be exact.
**Byte counts are minimum, except exactly 3 bytes
of A1 must be written.

STATUS REGISTER DESCRIPTION (WD1770-00 and WD1772-00 only)

BIT NAME MEANING

S7 MOTOR ON

This bit reflects the status of the Motor On output.

S6 WRITE PROTECT

On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates
a Write Protect. This bit is reset when updated.

§5 RECORD
TYPE/SPIN-UP

When set, this bit indicates that the Motor Spin-Up sequence has completed
(6 revolutions) on Type | commands. Type 2 & 3 commands, this bit indicates
record Type. 0 = Data Mark. 1 = Deleted Data Mark.

S4 RECORD NOT
FOUND (RNF)

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

83 CRC ERROR

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

S2 LOST DATA/

status of the TROO signal.

When set, it indicates the computer did not respond to DRQ in one byte time.
BYTE This bit is reset to zero when updated. On Type | commands, this bit reflects the

S1 DATA REQUEST

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

execution.

INDEX Read Operation or the DR is empty on a Write operation. This bit is reset to zero
when updated. On Type 1 commands, this bit indicates the status of the IP
signal.

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

1-18
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STATUS REGISTER SUMMARY (WD1773-00 only)

ALL TYPE | READ READ READ WRITE WRITE
BIT COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK
S7 NOT READY |NOT READY |NOT READY ([NOT READY |NOT READY |[NOT READY
S6 |WRITE 0 0 0 WRITE WRITE

PROTECT PROTECT PROTECT

S5 HEAD LOADED 0 RECORD TYPE 0 WRITE FAULT [WRITE FAULT
S4 | SEEK ERROR [RNF RNF 0 RNF 0
83 |CRC ERROR |[CRC ERROR |CRC ERROR 0 CRC ERROR 0
S2 |TRACKO LOST DATA LOST DATA LOST DATA | LOST DATA LOST DATA
S1 INDEX PULSE |DRQ DRQ DRQ DRQ DRQ
SO BUSY BUSY BUSY BUSY BUSY BUSY

STATUS FOR TYPE | COMMANDS (WD1773-00 only)

BIT NAME

MEANING

S§7 NOT READY

This bit when set indicates the drive is not ready. When reset it indicates that the
drnge ’zns F{ready. This bit is an inverted copy of the Ready input and logically “ORed”
wit .

S6 PROTECTED

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

S5 HEAD LOADED

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

S4 SEEK ERROR

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

S3 CRC ERROR

CRC encountered in ID field.

S2 TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted
copy of the TR0O 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 command is in progress.

STATUS FOR TYPE Il AND lll COMMANDS (WD1773-00 ONLY)

BIT NAME MEANING

S7 NOT READY

Thjs bit when set indicates the drive is not ready. When reset, it indicates that the
drive is ready. This bit is an inverted copy of the Ready input and “ORed” with MR.
The Type II and Il Commands will not execute unless the drive is ready.

S§6 WRITE PROTECT

On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a
Write Protect. This bit is reset when updated.

S5 RECORD TYPE On Read Record: It indicates the record-type code from data field address mark.

1 = Deleted Data Mark. 0 = Data Mark. On any Write: Forced to a Zero.

FOUND (RNF)

S4 RECORD NOT When set, it indicates that the desire track, sector, or side were not found. This bit

is reset when updated.

S3 CRC ERROR

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

S2 LOST DATA When set, it indicates the computer did not respond to DRQ in one byte time. This

bit is reset to zero when updated.

S1 DATA REQUEST | This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read

Operation or the DR is empty on a Write operation. This bit is reset to zero when
updated.

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

L. |
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DC ELECTRICAL CHARACTERISTICS
MAXIMUM RATINGS

Storage Temperature ............. 55°C (67°F) to
+ 125°C (257°F) ‘
Operating Temperature............ 0°C (32°F) to

70°C (158°F) Ambient
Maximum Voltage to Any Input
with RespecttoVgg. . oo vvnvenntn +7V to -0.5V

DC OPERATING CHARACTERISTICS

NOTE

Maximum limits indicate where permanent device
damage occurs. Continuous operation at these limits
is not intended and should be limited to those con-
ditions specified in the DC Operating Characteristics.

TA = 0°C(32°F) to 70°C (158°F), Vgg = OV, Vge = +5V + .25V

SYMBOL CHARACTERISTIC MIN MAX UNITS CONDITIONS
l||_ lnput Leakage 10 }AA VIN = VCC
IOL OUtpUt Leakage 10 MA VOUT = Vcc
Vi Input High Voltage 20 \

Vi Input Low Voltage 0.8 \

VoH Output High Voltage 24 \ lp = -100 pA
VoL Output Low Voltage 0.40 \' lg = 16 MA
Pp Power Dissipation .75 w

Rpy Internal Pull-Up 100 1700 pA Viy = 0V
lcc Supply Current 75(Typ) 150 mA

AC TIMING CHARACTERISTICS

TA = 0°C (32°F) to 70°C (158°F), V§S = 0OV, YCC = +5V =+ .25V

DALS
0-7

X

VALID

A

d—lDV*’

'DOH—DI

RIW f

= o

—
N

'DRR >

DRQ

A

READ ENABLE TIMING

READ ENABLE TIMING - RE such that: RW = 1, CS = 0.

SYMBOL CHARACTERISTIC MIN TYP MAX | UNITS CONDITIONS
tre RE Pulse Width of CS 200 nsec C_L= 50 pf
toRR DRQ Reset from_RE 200 300 nsec
tov Data Valid from RE 100 200 nsec C_= 50 pf
toon Data Hold from RE___ 150 nsec C_= 50 pf

INTRQ Reset from RE 8 usec

Note: DRQ and INTRQ reset are from rising edge (lagging) of RE, whereas resets are from falling edge
(leading) of WE. Worst case service time for DRQ is 23.5 usec for MFM and 47.5 usec for FM.
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DALS
0-7 >< VALID x
'c— ‘DS——><————‘DH—-——>{

cs WE ——e——— I/
\ /|

tSET [— HLD
RIW \ /

:As_.! R tAH*bI ’47
X X

DRQ
[€———— 1DRW

WRITE ENABLE TIMING

WRITE ENABLE TIMING - WE such that: RW = 0, CS = 0.

SYMBOL CHARACTERISTIC MIN TYP MAX | UNITS CONDITIONS

tas Setup ADDR to CS 50 nsec
tser Setup RW to CS ___ 0 nsec
tan Hold ADDR from CS 10 nsec
tiip Hold R/W from CS 0 nsec
twe WE Pulse Width 200 nsec
torw DRQ Reset from WE 100 200 nsec
tps Data Setup to WE _ 150 nsec
ton Data Hold from WE 0 nsec

INTRQ Reset from WE 8 usec

READ DATA TIMING:

CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS
Raw Read Pulse Width .200 3 usec MFM
.400 3 FM
Raw Read Cycle Time 3 usec

Floppy Disk Controller Devices ' 1-21
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WRITE DATA TIMING:

SYMBOL CHARACTERISTIC MIN TYP MAX | UNITS CONDITIONS
Write Gate to Write Data 4 usec FM
2 usec MFM
Write Data Cycle Time 468 usec
Write Gate off from WD 4 pnsec FM
2 usec MFM
twp Write Data Pulse Width 820 nsec Early MFM
690 nsec Nominal MFM
570 nsec Late MFM
1.38 usec FM
R— —
CLK
N AN N N
| | A
l: 6-1/2 CLKS —>
EARLY tywp
/ |- l 5-12 CLKS r\_
NOMINAL typ
/ - 4-12 CLKS :\
LATE twp

WRITE DATA TIMING
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MISCELLANEOUS TIMING:

SYMBOL CHARACTERISTIC MIN TYP MAX | UNITS CONDITIONS
teos Clock Duty (low) 50 67 nsec
tep2 ClLock Duty (high) 50 67 nsec
tstp Step Pulse Output 4 pusec MFM
8 FM
toir Dir Setup to Step 24 usec MFM
48 FM
tvr Master Reset Pulse Width 50 usec
tip Index Pulse Width 20 usec
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WESTERN DIGITAL

c 0 R P O R A T |

WD177X-00 Floppy Disk FormatterIControIIer Family
Application Notes

INTRODUCTION

To meet the demand for a low cost compact LS| Flop-
py Disk Controller device, Western Digital has
developed the WD177X-00. The WD177X-00 is a NMOS
Floppy Disk Controller device that incorporates the
FD179X, a digital data separator and write
precompensation circuitry all in a single chip. The
device offers soft sector formatting, selectable step-
ping rates, automatic track seek with verify, and
variable sector lengths. The FD177X-00 comes in a
28-pin dualkin-line package or quad pack and operates
from a single 5 volt only power supply.

APPLICATIONS

The Mini-Floppy Controller is targeted for the low cost
sector of the disk drive market, where digital data
separation is preferred over analog phase lock loop.
Included in this market are Personal Computers, Por-
table Computers and Small Business Computers.

FOLLOW ON DEVICES
WD1772-02

The device is the same as the WD1772-00 except for
an enhanced digital data separator.

HOST INTERFACING

Interfacing to a Host processor is accomplished
through the eight bit bi-directional Data Access Lines
(DAL) and associated control lines. The DAL is used
to transfer data, status and control words out of or
into WD177X-00. The DAL having three states enabled
as an output when Chip Select (CS) is active low and
Read/Write (R/Wj) is high or as input receiver when CS
and RW is low. When transfer of data with the device
is required by the Host CS is made low. The address
bits A0 and A1 combined with the R/W line select the
register and the direction of data.

During Direct Memory Access (DMA) data transfers
between the WD177X-00 and Host Memory, the Data
Request (DRQ) line is used in Data Transfer Control.
This signal also appears as status bit 1 during
Read/Write operations. On Disk Read operations the
DRQ is active when an assembled byte is present in
the Data Register, then reset when read by the Host.
If the Host fails to read the Data Register before the
following byte is assembled in the Data Register, the
lost data bit is set in Status Register.

At the completion of every command INTRQ is
asserted. INTRQ is de-asserted by either reading the
status or by loading the Command Register.

DISKETTE DRIVE INTERFACING

The WD177X-00 has two modes of operation depend-
ing on the state of DDEN, regardless of the state of
DDEN the CLK input remains at 8 MHz. Disk Reads
with sector lengths of 128, 256, 512 and 1024 byte sec-
tor in both FM or MFM diskettes is accomplished via
the internal digital data separator. Disk Write opera-
tion in MFM on inner tracks may require write
precompensation. Write precompensation is enabl-
ed when bit 1 = 0, in the Write command and a
precompensation value of 125 nsec is produced.

The diskettes spindle motor is controlled by bit 3 of
any Type |, 1l or Ill command, upon receiving a com-
mand with bit 3 = 0, the spin up sequence is
enabled.

GENERAL INFORMATION

A +5 volt supply +5% is used as Vgg, and the

clock input requires a free running 50% duty cycle
at 8 MHz £0.1%.

Floppy Disk Controller Devices
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WESTERN DIGITAL
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O N

WD1772-02 Floppy Disk Formatter/Controller

FEATURES

* 28 PIN DIP

¢ SINGLE 5V SUPPLY

¢ HIGH PERFORMANCE DPLL BUILT-IN DIGITAL DATA
SEPARATOR

¢ BUILT-IN WRITE PRECOMPENSATION,
INCREASED TO 187 MS

¢ SINGLE AND DOUBLE DENSITY

* MOTOR CONTROL

* 128, 256, 512 OR 1024 SECTOR LENGTHS

e TTL COMPATIBLE

¢ 8-BIT BI-DIRECTIONAL DATA BUS

* 100% PIN COMPATIBLE WITH WD1770-00 AND
WD1772-00

¢ ENHANCED STEP/RATES 2,3,6,12 MS

DESCRIPTION

The WD1772-02 is a MOS/LSI device which performs
the functions of a Floppy Disk Formatter/Controller.
It is similar to its predecessor, the FD179X, but also
contains a digital data separator and write
precompensation circuitry. The drive side of the inter-
face needs no additional logic except for buf-
fersireceivers. Designed for single (FM) or double
(MFM) density operation, the device contains a pro-
grammable Motor On signal.

The WD1772-02 is implemented in NMOS silicon gate
technology and is available in a 28 pin dual-in-line.
The WD1772-02 is a low cost version of the FD179X
Floppy Disk Controller/Formatter. It is similar to the
FD179X, but has a built-in digital data separator and
write precompensation circuits.

cs 1+ N4 28[1 INTRQ
RW [] 2 2771 DRQ

A0 []3 26 ] DDEN

A1 ] 4 25 WPRT
DALO ] 5 24 P
DAL [} 6 23% TROO
DAL2 ] 7 2273 wp
DAL3 8 211 WG
DAL4 % 9 201 MO
DALS []10 19 RD
DALE [ 11 18] CLK
DAL? (12 17 DIRC
MR []13 16 % STEP
GND 114 151 vee

PIN DESIGNATION

A single read line (RD, Pin 19) is the only input
required to recover serial FM of MFM data from the
disk drive. The device is designed for control of floppy
disk drives with data rates of 125 KBits/Sec (single
density) and 250 KBits/Sec (double density). In addi-
tion, write precompensation of 187 nsec from nominal
is enabled at any point through simple software com-
mands. Another programmable feature, Motor On,
enables the spindle motor automatically prior to
operating a selected drive.

The WD1772-02 offers stepping rates of 2, 3, 6 and
12 msec. The processor interface consists of an 8-bit
bidirectional bus for transfer of status, data, and com-
mands. All Host communication with the drive occurs
through these lines. They are capable of driving one
standard TTL load or three LS loads.

Floppy Disk Controller Devices
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PIN
NUMBER MNEMONIC SIGNAL NAME 1/0 FUNCTION

1 cs CHIP SELECT I ] Alogic low on this input selects the chip and enables
Host communication with the device.

2 RW READ/WRITE i | A logic high on this input controls the placement of
data on the DO0-D7 lines from a selected register, while
a logic low causes a write operation to a selected
register.

34 AO0,A1 ADDRESS 0,1 | | These two inputs select a register to Read/Write data:

CS A1 A0 R/W = 1 R/W = 0

0 0 O Status Reg Command Reg

0 0 1 Track Reg Track Reg

0 1 0 Sector Reg Sector Reg

o 1 1 Data Reg Data Reg

512 DALO-DAL7 DATA ACCESS /0 | Eight-bit bi-directional bus used for transfer of data,

LINES control, or status. This bus is enabled by CS and
0 THROUGH 7 R/W. Each line will drive one TTL load.

13 MR MASTER RESET A logic low pulse on this line resets the device and
initializes the Status Register (internal pull-up).

14 GND GROUND Ground.

15 Vee POWER SUPPLY I | +5V+£5% power supply input.

16 STEP STEP O | The Step output contains a pulse for each step of the
drive’s R/W head.

17 DIRC DIRECTION O | The Direction output is high when stepping in towards
the center of the diskette, and low when stepping out.

18 CLK CLOCK | | This input requires a free-running 50% duty cycle clock
(for internal timing) at 8 MHz +0.1%.

19 RD READ DATA I | This active low input is the raw data line containing
both clock and data pulses from the drive.

20 MO MOTOR ON O | Active high output used to enable the spindle motor
prior to read, write or stepping operations.

21 WG WRITE GATE O | This output is made valid prior to writing on the
diskette.

22 WD WRITE DATA FM or MFM clock and data pulses are placed on this
line to be written on the diskette.

23 TR0OO TRACK 00 | | This active low input informs the WD1772-02 that
the drive’'s RW heads are positioned over Track

‘| zero.

24 IP INDEX PULSE I | This active low input informs the WD1772-02 when the
physical index hole has been encountered on the
diskette.

25 WPRT WRITE PROTECT | | This input is sampled whenever a Write Command is

received. A logic low on this line will prevent any Write
Command from executing (internal pull-up).

1-28
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PIN
NUMBER MNEMONIC SIGNAL NAME | 1/0 FUNCTION
26 DDEN DOUBLE | [This input pin selects either single (FM) or double
DENSITY (MFM) density. When DDEN = 0, double density is
ENABLE selected (internal pull-up).
27 DRQ DATA REQUEST O | This active high output indicates that the Data Register
is full (on a Read) or empty (on a Write operation).
28 INTRQ INTERRUPT O | This active high output is set at the completion of any
REQUEST command, is reset by a read of the Status Register.
ped in and decremented by one when the head is
stepped out (towards track 00). The contents of the
register are compared with the recorded track number
in the ID field during disk Read, Write, and Verify
Clk _ . operations. The Track Register can be loaded from
N wo 5 or transferred to the DAL. This Register is not loaded
o ) FD . when the device is busy.
S AQ
T N § Sector Register (SR) — This 8-bit register holds the
f s | Yo | & P address of the desired sector position. The contents
v AW w00 Y of the register are compared with the recorded sec-
: MR weAr | R tor number in the ID field during disk Read or Write
£ MO ! operations. The Sector Register contents can be
c DRQ DIRC £ loaded from or transferred to the DAL. This register
E INTRQ T is not loaded when the device is busy.
o T Command Register (CR) - This &bit register holds the
2 m:[_— v command presently being executed. This register is
= - not loaded when the device is busy unless the new
command is a forced interrupt. The Command
WD1772-02 SYSTEM BLOCK DIAGRAM Register is loaded from the DAL, but not read onto
the DAL.
ARCHITECTURE Status Register (STR) — This &bit register holds device
The primary sections of the Floppy Disk Formatter are Status information. The meaning of the Status bits
the parallel processor interface and the Floppy disk is a function of the type of command previously
interface. executed. This register is read onto the DAL, but not
Data Shift Register - This 8-bit register assembles loaded from the DAL.
serial data from the Read Data input (RD) during CRC Logic - This logic is used to check or to generate
Read operations and transfers serial data to the Write the 16-bit Cyclic Redundancy Check (CRC). The
Data output during Write operations. polynomial is:
Data Register — This 8-bit register is used as a holding G = x® + x12 + x5 +1.

register during Disk Read and Write operations. In The CRC includes all information starting with the

disk Read operations, the assembled data byte is address mark and up to the CRC characters. The CRC
transferred in parallef to the Data Register from the Register is preset to ones prior to data being shifted
Data Shift Register. In Disk Write operations, infor- through the circuit.

mation is transferred in parallel from the Data . i . , .
Register to the Data Shift Register. Arithmetic/Logic Unit (ALU) - The ALU is a serial com-

parator, incrementer, and decrementer and is used

When executing the Seek Command, the Data for register modification and comparisons with the
Register holds the address of the desired Track posi- disk r%corded |DI fielc;. P

tion. 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 step-

L. ]
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FIGURE 1. WD1772-02 BLOCK DIAGRAM

Timing and Control — All computer and Floppy Disk
interface controls are generated through this logic.
The internal device timing is generated from an exter-
nal crystal clock. The WD1772-02 has two different
modes of operation according to the state of
DDEN.

When DDEN = 0, double density (MFM) is enabled.
When DDEN = 1, single density is enabled.

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

Data Separator — A digital phase lock loop (DPLL) of
type 2, second order performs the data separator
function. DPLL has a filter transfer function used to
remove jitter effects thereby achieving adequate win-
dow margin. The algorithm used gives performance
equal to second order analog designs.

DPLL performance specifications are as follows:

Fc capture range +6% (min)
Tl lock response 4 bytes 00H (max)
Wt window tolerance 50% for 10E-9 error rate

PROCESSOR INTERFACE

The interface to the processor is 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 WD1772-02. The DAL are three state buffers
that are enabled as output drivers when CS and
R/W = 1 are active or act as input receivers when CS
and RW = 0 are active.

When transfer of data with the Floppy Disk Controller
is required by the Host processor, the device address
is decoded and CS is made low. The address bits A1
and A0, combined with the signal R’'W during a
Read operation or Write operation are interpreted as
selecting the following registers:
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WRITE R'W = 0)
Command Register
Track Register
Sector Register
Data Register

A1 - AO| READ R/W = 1)

Status Register
Track Register
Sector Register
Data Register

- -0
- OO

After any register is written to, the same register can-
not be read from until 16 usec in MFM or 32 usec in
FM have elapsed.

During Direct Memory Access (DMA) types of data
transfers between the Data Register of the WD1772-02
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.

On Disk Read operations, the Data Request bit is ac-
tivated (set high) when an assembled serial input byte
is transferred in parallel to the Data Register. This bit
is cleared when the Data Register is read by the pro-
cessor. If the Data Register is read after one or more
characters are lost, by having new data transferred
into the register prior to processor readout, the Lost
Data bit is set in the Status Register. The Read opera-
tions continue until the end of sector is reached.

On Disk Write operations, the Data Request bit is ac-
tivated when the Data Register transfers its contents
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 Flop-
py Disk, a byte of zeroes is written on the diskette
and the Lost Data bit 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 WD1772-02 has two modes of operation accor-
ding to the state DDEN. When DDEN = 1, single
density is selected. In either case, the CLK input is
at 8 MHz.

GENERAL DISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtainable
in either FM or MFM formats. For FM. DDEN
is placed to logical 1. For MFM formats, DDEN is
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

Floppy Disk Controller Devices

The number of sectors per track for the WD1772-02
are from 0 to 244. The number of tracks for the
WD1772-02 are 0 to 244,

GENERAL DISK WRITE OPERATION

When writing on the diskette, the WG output is ac-
tivated, allowing current to flow into the Read/Write
head. As a precaution to erroneous writing, the first
data byte is loaded into the Data Register in response
to a Data Request from the device before the WG is
activated.

Writing is inhibited when the WPRT input is asser-
ted, in which case any Write Command is
immediately terminated, an interrupt is generated and
the Write Protect Status bit is set.

For Write operations, the WD1772-02 provides WG to
enable a Write condition, and WD which consists of
a series of active high pulses. These pulses contain
both Clock and Data information in FM and MFM. WD
provides the unique missing clock patterns for recor-
ding Address Marks.

On the WD1772-02, the Precomp Enable bit in Write
Commands allows automatic Write precompensation
to take place. The outgoing Write Data stream is
delayed or advanced from nominal by 187 nsec accor-
ding to the following table:

PATTERN MFM FM
X|111]0 Early N/A
X{o0o]1]1 Late N/A
0|00/ 1 Early N/A
11010(0 Late N/A
A4 L Next Bit to be sent

Current Bit sending
Previous Bits sent

Precompensation is typically enabled on the inner-
most tracks where bit shifts usually occur and bit
density is at its maximum.

COMMAND DESCRIPTION

The WD1772-02 accepts 11 commands. Command
words are only loaded in the Command Register when
the Busy Status bit is off (Status bit 0). The one ex-
ception 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.
Commands are divided into four types and are sum-
marized in the following pages.
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COMMAND SUMMARY

TYPE COMMAND 7 6 5 4BIT§ 2 1 0 TYPE IV COMMANDS
I3l i its 3-0
| Restore 0000 h Voo -y Interrupt Condition (Bits 3-0)
| Seek 0 0 01 h V o lg = 1, Not Used
| Step 0 01 uh V rorn —
| Step-in 010 uhVorr ly = 1, Not Used
| Step-out 0 1 1 uh V r Il = 1, Interrupt on Index Pulse
1l Read Sectorr 1 0 0 m h E 0 O I3 = 1, Immediate Interrupt
I“ \F"vergg Sector 1 0 1 m h E P g lg-lp = 0, Terminate without interrupt
Address 11 0 0 h E 0 O
I Read Track 11 1 0 h E 0 O
Il WrteTrack 1 1 1 1 h E P 0 TYPE | COMMANDS .
IV Force The Type | Commands include the Restore, Seek,
Interrupt 110 1 I3 b Iy I Step, Step-in, and Step-Out Commands. Each of the
Type | Commands contains a rate field (rg,r4), which
determines the stepping motor rate.
FLAG SUMMARY A 4 usec (MFM) or 8 usec (FM) pulse is provided as
an output to the drive. For every step pulse issued,
TYPE | COMMANDS the drive moves one track location in a direction deter-
— mined by the direction output. The chip steps the drive
h = Motor On Flag (Bit 3) in the same direction it last stepped unless the com-
h = 0, Enable Spin-up Sequence mand changes the direction.
h = 1, Disable Spin-up Sequence The Direction signal is active high when stepping in
V = Verify Flag (Bit 2) and low when stepping out. The Direction signal is
V = 0, No Verify valid 24 usec before the first stepping pulse is
V = 1, Verify on Destination Track generated.
- . After the last directional step, an additional 15 msec
1y, Ty = Stepping Rate (Bits 1,0) of head settling time takes place if the Verify flag is
n_ I WD1772:02 set in Type | Commands. There is also a 15 msec
0 0 6 ms head settling time if the E flag is set in any Type Il
0 1 12 ms or Il Command.
0 2 ms When a Seek, Step, or Restore Command is executed,
11 3 ms an optional verification of Read/Write head position
u = Update Flag (Bit 4) can be performed by setting bit 2(V = 1) in the com-
u = 0, No Update mand word to a logic 1. The verification operation
U= 1’ Update Track Register begins at the end of the 15 msec settling time after
’ the head is loaded against the media. The track
number from the first encountered ID Field is com-
pared against the contents of the Track Register. If
TYPE Il & Il COMMANDS the track numbers compare and the ID Field CRC is
m = Multiple Sector Flag (Bit 4) correct, the verify operation is complete and an INTRQ
m = 0. Sinale Sect is generated with no errors. If there is a match but
- 1’ N;nﬂ_e' eSc otr not a valid CRC, the CRC error status bit is set (Status
m =1, Multiple Sector Bit 3), and the next encountered ID Field is read from
H = Motor On Flag (Bit 3) the disk for the verification operation.
H = 0, Enable Spin Up Sequence The WD1772-02 finds an ID Field with correct track
H = 1, Disable Spin Up Sequence number and correct CRC within 5 revolutions of the
_ media, or the seek error is set and an INTRQ is
8 = 3:‘_: A':dressl n;a:k (;“ (I)() generated. If V = 0, no verification is performed.
8 = VWnite Normal Data Mar On the WD1772-02, all commands, except the Force
ag = 1, Write Deleted Data Mark Interrupt Command, are programmed via the h Flag
E = 15ms Settling Delay (Bit 2) to delay for spindle motor start up time. If the h Flag
E = 0, No Delay is not set and the MO signal is low when a command
E = 1, Add 15ms Delay is received, the WD1772-02 forces MO to a logic 1 and
" i waits 6 index pulses before executing the command.
P_= Write Precompensation (Bit 1) At 300 RPM, this guarantees a one second spindle
P = 0,Enable Write Precomp start up time. If after finishing the command, the
P = 1,Disable Write Precomp device remains idle for 9 revolutions, the MO

L " ]
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signal goes back to a logic 0. If a command is issued
while MO is high, the command executes
immediately, defeating the 5 revolution start up. This
feature allows consecutive Read or Write commands
without waiting for motor start up each time; the
WD1772-02 assumes the spindle motor is up to speed.

RESTORE (SEEK TRACK 0)

Upon receipt of this command, the Track 00 (TR0O0)
input is sampled. If TROO is active low, indicating
the Read/Write head is positioned over track 0O, the
Track Register is loaded with zeroes and an interrupt
is generated. If TROO is not active low, stepping
pulses at a rate specified by the rq,r field are issued
until the TROO input is activated.

ENTER

HAS
ATYPE |

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

- —

YES

SET MO
WAIT 6 INDEX PULSES

SET
DIRECTION
RESET >
DIRECTION

L DRTODSR. ]

Y

NO Y
L RESET DIRECTION I r SET DIRECTION J
>l T

TRACKOAND
DIRECTION
=0

0TOTR }

1SSUE
ONE STEP PULSE

DELAY ACCORDING
TOR4,Rg FIELD

TYPE | COMMAND FLOW

TYPE | COMMAND FLOW

Floppy Disk Controller Devices
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At this time, the Track Register is loaded with
zeroes and an interrupt is generated. If the TR0O
input does not go active low after 255 stepping pulses,
the WD1772-02 terminates operation, interrupts, and
sets the Seek Error status bit, providing the V flag
is set. A verification operation also takes place if the
V flag is set. The h bit allows the Motor On option
at the start of a command.

SEEK

This command assumes that the Track Register con-
tains the track number of the current position of the
Read/Write head and the Data Register contains the
desired track number. The WD1772-02 updates the
Track Register and issues stepping pulses in the
appropriate direction until the contents of the Track
Register are equal to the contents of the Data
Register (the desired track location). A verification
operation takes place if the V flag is on. The h bit

allows the Motor On option at the start of the com-
mand. An interrupt is generated at the completion of
the command. Note: When using multiple drives, the
Track Register is updated for the drive selected before
seeks are issued.

STEP

Upon receipt of this command, the WD1772-02 issues
one Stepping Pulse to the disk drive. The stepping
motor direction is the same as in the previous step
command. After a delay determined by the ry,rg field,
a verification takes place if the V flag is on. If the U
flag is on, the Track Register is updated. The h bit
allows the Motor On option 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 WD1772-02 issues
one Stepping Pulse in the direction towards the in-
ner most track. If the U flag is on, the Track Register
is incremented by one. After a delay determined by
the rq,rg field, a verification takes place if the V flag
is on. The h bit allows the Motor On option at the start
of the command. An interrupt is generated at the com-
pletion of the command.

STEP-OUT

Upon receipt of this command, the WD1772-02 issues
one stepping pulse in the direction towards track 0.
If the U flag is on, the Track Register is decremented
by one. After delay determined by the ry,ry field, a
verification takes place if the V flag is on. The h bit
allows the Motor On option at the start of the com-
mand. An interrupt is generated at the completion of
the command.

TYPE Il COMMANDS

The Type I Commands are the Read Sector and Write
Sector commands. Prior to loading the Type Il Com-
mand into the Command Register, the computer
loads the Sector Register with the desired sector
number. Upon receipt of the Type Il command, the
Busy Status bit is set. If the E flag = 1, the command
executes after a 15 msec delay.

(When an ID field is located on the disk, the
WD1772-02 compares the Track Number on the ID
field with the Track Register. If there is not a match,
the next encountered ID field is read and a com-
parison is again made). If there is a match, the Sec-
tor Number of the ID field is compared with the Sector
Register. If there is no Sector match, the next
encountered ID field is read off the disk and com-
parisons again made. If the ID field CRC is correct,
the data field is located and is either written into, or
read from, depending upon the command.

VERIFY
SEQUENCE
NO
y
A,'YES (INTRQ RESET BUSY)
HAVE
6 INDEX YES
HOLES
PASSED
Y :
NO (T INTRQ, RESET BUSY
SET SEEK ERROR
HAS
NO 1D AM BEEN
DETECTED
YES
DOES
NO _~TR = TRACI
ADDRESS OF Ig
FIELD
YES
IS
LJ ggz | yes THERE A NO | meser
i CRC ERROR CRC
INTRQ
RESET BUSY J<*—
TYPE | COMMAND FLOW,
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‘ ENTER }

1S
TYPE Il
COMMAND
RECEIVED

il

NO

SET BUSY, RESET DRQ, LOST
DATA, RECORD NOT FOUND, &
STATUS BITS 5 & 6 INTRQ

SET MO
WAIT
6 INDEX PULSES

Yy

{ISE =1 No 1

»] YES

HAS
30MS
EXPIRED

1S
WRITE

PROTECT
ON

YES

INTRQ, RESET BUSY
SET WRITE PROTECT

TYPE Il COMMAND

The WD1772-02 finds an ID field with a Track number,
Sector number, and CRC within 5 revolutions of the
disk, or, the Record Not Found Status bit is set (Status
Bit 4) and the command is terminated with an INTRQ.

Each of the Type ||l Commands contains an m flag
which determines if muitiple records (sectors) are read
or written, depending upon the command. If m = 0,
a single sector is read or written and an interrupt is

generated at the completion of the command. If m
= 1, multiple records are read or written with the Sec-
tor Register internally updated so that an address
verification occurs on the next record. The WD1772-02
continues to read or write multiple records and
updates 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 WD1772-02 is instructed to read
sector 27 and there are only 26 on the track, the Sec-
tor Register exceeds the number available. The
WD1772-02 searches for 5 disk revolutions, interrupts
out, resets Busy, and sets the Record Not Found
Status Bit.

READ SECTOR

Upon receipt of the Read Sector Command, the Busy
Status Bit is set, then when an ID field is encountered
that has the correct track number, correct sector
number, and correct CRC, the data field is presented
to the computer. The Data Address Mark of the data
field is found with 30 bytes in single density and 43
bytes in double density of the last ID field CRC byte.
If not, the ID field is searched for and verified again
followed by the Data Address Mark search. If, after
five revolutions the DAM is not found, the Record Not
Found Status Bit is set and the operation is ter-
minated. When the first character or byte of the data
field is shifted through the DSR, it is transferred to
the DR, and DRQ is generated. When the next byte
is accumulated in the DSR, it is transferred to the DR
and another DRQ is generated. If the computer has
not 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 is inputted to the com-
puter. If there is a CRC error at the end of the data
field, the CRC Error Status bit is set, and the com-
mand is terminated (even if it is a multiple record
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:

STATUS BIT §
1 Deleted Data Mark
0 Data Mark

WRITE SECTOR

Upon receipt of the Write Sector Command, the Busy
Status Bit is set. When an ID field is encountered that
has the correct track number, correct sector number,
and correct CRC, a DRQ is generated. The WD1772-02
counts off 11 bytes in single density and 22 bytes in
double density from the CRC field and the WG

Floppy Disk Controller Devices
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HAVE
§ INDEX HOLES
PASSED

INTRQ, RESET BUSY
SET RECORD-NOT FOUND

NO

NO

BRING IN SECTOR LENGTH FIELD
STORE LENGTH IN INTERNAL
REGISTER

1S

THERE A

CRC ERROR
?

SET CRC VES

STATUS ERROR

RESET
CRC

READ

y

9

TYPE Il COMMAND

ouput is made active if the DRQ is serviced (i.e., the ap DATA ADDRESS MARK (BIT 0)

DR is loaded by the computer). If DRQ is not serviced,

the command is terminated and the Lost Data Status 1 Deleted Data Mark

Bit is set. If the DRQ is serviced, the WG is made 0 Data Mark

active and six bytes of zeroes in single density and

12 bytes in double density are written on the disk. The The WD1772-02 writes the data field and generates
Data Address Mark is then written on the disk as de- DRQ’s to the computer. If the DRQ is not serviced
termined by the a, field of the command as shown: in time for continuous writing, the Lost Data Status
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HAS

DATA AM NO

READ SECTOR
SEQUENCE

OCCURRED
IN TIME

PUT RECORD TYPE IN
STATUS REG BIT 5

»! YES

NO

HAS
FIRST BYTE
EEN ASSEMBLED,
IN DSR

» YES

\

y

/

SET DRQ

HAS
NO NEXT BYTE
EEN ASSEMBLE
IN DSR

YES
HAS
DR BEEN NO
READ BY COMPUTER
(DRQ = 0)

" YES

SET DATA
LOST

-

ALL BYTES
BEEN INPUTTED,

INTRQ, RESET BUSY
SET CRC ERROR

YES

+1TO
SECTOR REG

r

y
4 ‘ INTRQ RESET BUSY ’

TYPE Il COMMAND
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DELAY 2 BYTES OF GAP.

¥

SET DRQ

Y

r DELAY 9 BYTES OF GAP I

HAS
DR BEEN
LOADED BY COMPUTER
(DRQ = 0)

DELAY 1 BYTE OF GAP

TURN ON WG & WRITE

WRITE
SEQUENCE

INTRQ, RESET BUSY
SET LOST DATA

DDEN

NO

YES

6 BYTES OF ZEROES -

¥

WRITE DATA AM
ACCORDING TO Ag FIELD [

DELAY 11 BYTES

Y

TURN ON WG & WRITE

OF WRITE COMMAND

e

L DR TO DSR, SET DRQ —I

]
| WRITE BYTE TO DISK J

12 BYTES OF ZEROES

SET DATA LOST
WRITE BYTE
OF ZEROES

HAVE
ALL BYTES
BEEN WRITTEN

WRITE CRC J

r WRITE 1 BYTE OF FF J

TURN OFF WG .

Y

5 .
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Bit is set and a byte of zeroes is written on the disk.
The command is not terminated. After the last data
byte is written on the disk, the two-byte CRC is com-
puted internally and written on the disk followed by
one byte of logic ones in FM or in MFM. The WG out-
put is then deactivated. INTRQ sets 24 usec (MFM)
after the last CRC byte is written. For partial sector
writing, the proper method is to write data and fill the
balance with zeroes.

TYPE lil COMMANDS

Read Address

Upon receipt of the Read Address Command, the
Busy Status Bit is set. The next encountered ID field
is then read in from the disk, and six data bytes of
the ID field are assembled and transferred to the DR,
and a DRQ is generated for each byte. The six bytes
of the ID field are shown:

TRACK | SIDE |[SECTOR|SECTOR|CRC | CRC
ADDR |NUMBER| ADDR [LENGTH| 1 2
1 2 3 4 5 6

Although the CRC characters are transferred to the
computer, the WD1772-02 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
user. 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 until the next index pulse.
All Gap, Header, and data bytes are assembled 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. These
characteristics are: no CRC checking is performed;

gap information is included in the data stream; and
the Address Mark Detector is on fcr the duration of
the command. Because the AM detector is always
on, write splices or noise may cause the chip to look
for an AM.

The ID AM, ID field, ID CRC bytes, DAM, Data, and
Data CRC Bytes for each sector are correct. The Gap
Bytes may be read incorrectly during write-splice time
because of synchronization.

WRITE TRACK FORMATTING THE DISK

Data and gap information are provided at the com-
puter interface. Formatting the disk is accomplish-
ed by positioning the head over the desired track
number and issuing the Write Track Command.

Upon receipt of the Write Track Command, 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 im--

mediately upon receiving the command, but writing
does not start until after the first byte is loaded into
the Data Register. If the DR is not loaded within three
byte times, the operation is terminated making the
device Not Busy, the Lost Data Status Bit is set, and
the interrupt is activated. If a byte is not present in
the DR when needed, a byte of zeroes is substituted.

This sequence continues from one Index Pulse to the
next. Normally, whatever data pattern appears in the
Data Register is written on the disk with a normal
clock pattern. However, if the WD1772-02 detects a
data pattern of F5 through FE in the Data Register,
this is interpreted as Data Address Marks with miss-
ing clocks or CRC generation.

The CRC generator is initialized when any data byte
from F8 to FE is transferred from the DR to the DSR
in FM or by receipt of F5 in MFM. An F7 pattern
generates two CRC characters in FM or MFM. As a
consequence, the patterns F5 through FE do not ap-
pear in the gaps, data field, or ID fields. Also, CRC'’s
are generated by an F7 pattern.

Disks are formatted in IBM 3740 or System 34 formats
with sector lengths of 128, 256, 512, or 1024 bytes.

DATA PATTERN

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, Present CRC
F6 Not Allowed Write G2** in MFM
F7 Generate 2 CRC bytes Generate 2 CRC bytes

F9 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
FF Write FF with CLK = FF Write FF in MFM

*Missing clock transition between bits 4 and 5.
**Missing clock transition between bits 3 and 4.

Floppy Disk Controller Devices
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ENTER

WRITE TRACK

SET BUSY, RESET DRQ,
LOST DATA STATUS
BITS 4,5

!

SET M0

NO
YES

DELAY 6
INDEX PULSES

HAS
30 MS
EXPIRED

INTRQ RESET
BUSY SET WPRT

SET INTRQ
LOST DATA
RESET BUSY

‘ NO
SET DRQ
DELAY 3 BYTE
TIMES

HAS
DRQ BEEN
SERVICE

HAS
INDEX
PULSE

QOCCURRED

DR 7O DSR

SET DRQ
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YES (MFM)

INTRQ RESET
BUSY

DOES
DSR = F7

DOES
DSR = FD, FE,
OR F8-FB

YES

WRITE DSR
CLK = FF

7

WRITE 2 CRC
CHARS. CLK = FF

WRITE FC
CLK = D7

WRITE FD, FE OR
F8.F9, CLK = C7
INITIALIZE CRC

-

PHYS
INDEX MARK

HAS
DR BEEN
LOADED

WRITE DSR
IN MFM

WRITE
BYTE OF ZEROES
SET DATA LOST

WRITE A1 IN MFM
WITH MISSING
CLOCK INITIALIZE
CRC

WRITE C2 IN MFM
WITH MISSING
CLOCK

WRITE 2 CRC
CHARS.

Y

TYPE 1l COMMAND WRITE TRACK
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TYPE IV COMMANDS

The Forced Interrupt Command is used to terminate
a multiple sector read or write command or to ensure
Type | status in the Status Register. This command
is loaded into the Command Register at any time. If
there is a current command under execution, (Busy
Status Bit set), the command is terminated and the
Busy Status Bit reset.

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

lg = Not used

l; = Not Used

I, = Every Index Pulse
Immediate Interrupt

[~n
1]

The conditional interrupt is enabled when the cor-
responding bit positions of the command (l3-lp) are
set to a 1. When the condition for interrupt is met,
the INTRQ line goes high signifying that the condi-
tion specified has occurred. If I3-ly are all set to zero
(Hex DO0), no interrupt occurs but any command
presently under execution is immediately terminated.
When using the immediate interrupt condition (I; =
1), an interrupt is immediately generated and the cur-
rent command terminated. Reading the status or
writing to the command register does not
automatically clear the interrupt. The Hex DO is the
only command that enables the immediate interrupt
(Hex D8) to clear on a subsequent load Command
Register or Read Status Register operation. Follow
a Hex D8 with DO command.

Wait 16 usec (double density) or 32 usec (single den-
sity) before issuing a new command after issuing a
forced interrupt. Loading a new command sooner
than this nullifies 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
waits until ALU operations in progress are complete
(CRC calculations, compares, etc.).

Status Register

Upon receipt of any command, except the Force Inter-
rupt Command, the Busy Status Bit is set and the rest
of the status bits are updated or cleared for the new
command. If the Force Interrupt Command is received
when there is a current command under execution,
the Busy Status Bit is reset, and the rest of the status
bits are unchanged. If the Force Interrupt Command
is received when there is not a current command
under execution, the Busy Status Bit is reset and the
rest of the status bits are updated or cleared. In this
case, Status reflects the Type | commands.

The user has the option of reading the Status Register
through program control or using the DRQ line with
DMA or interrupt methods. When the Data Register
is read, the DRQ bit in the Status Register and the
DRQ line are automatically reset. A write to the Data
Register also causes both DRQ’s to reset.

The Busy Bit in the status may be monitored with a

user program to determine 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 determine
the condition of busy resets the INTRQ line.

The format of the Status Register is shown below:

(BITS)
7 6 5 4 3 2 1 0
S7 [ S6 | S5 | S4 | S3 ) S2 | S1 | SO

Because of internal sync cycles, certain time delays
are observed when operating under programmed 1/0,
as shown.

Delay Req’d.
Operation Next Operation FM MFM
Write to Read Busy Bit | 48usec| 24usec

Command Reg. | (Status Bit 0)

Write to Read Status 64usec| 32usec
Command Reg. | Bits 1-7
Write Read Same 32usec| 16usec
Register Register

RECOMMENDED - 128 BYTES/SECTOR

The recommended single-density format with 128
bytes/sector is shown below. In order to format a
diskette, the user issues the Write Track Command,
and loads the Data Register with the following values.
For every byte to be written, there is one Data
Request.

NUMBER
OF BYTES HEX VALUE OF BYTE WRITTEN

40 FF (or 00)
6 00
1 FE (ID Address Mark)

1 Track Number

1 Side Number (00 or 01)

1 Sector Number (1 thru 1A)
1 00 (Sector Length)

1 F7 (2 CRC’s written)
1

6

1

FF (or 00)
00
FB (Data Address Mark)
128 Data (IBM uses E5)
1 F7 (2 CRC’s written)
| 10 FF (or 00)
369** FF (or 00)

*Write bracketed field 16 times.
**Continue writing until WD1772-02 interrupts out.
Approx. 369 bytes.
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INDEX l |
PULSE

saojAeQ Jajjonuo) ysiq Addoj4

-———-—— REPEATED
;: FOR EACH SECTOR —>
40BYTES| 6BYTES| 1D | TRACK | sSIDE |SECTOR|LENGTH| cRC CRC |118YTES|6BYTES %T: USERDATA | cRc CRC |10BYTES
‘FF ‘00’ ‘FE' ¥ # ¥ # 1 2 FF 00" 128 BYTES 1 2 ‘EF’
MARK
1D FIELD L paTAFIELD—
WRITE GATE-—I |_._ -
SINGLE DENSITY FORMAT
INDEX | I
PULSE ————-- REPEATED
e FOR EACH SECTOR —>
60 BYTES [12BYTES| 3BYTES| 1D | TRACK | SIDE | SsecTOR|LENGTH|cRC|cRC|22 BYTES|12BYTES| 3BYTES] 1D USER DATA crc | cre| 24BYTES
‘4E’ ‘00’ ‘Al ‘FE' # 4 # # 1 2 ‘4E’ Nele} ‘AT ‘FB’ 256 BYTES 1 2 ‘4E’
L ID FIELD I bt DATAFIELD
WRITE GATE—-——-r I__ —_——
DOUBLE DENSITY FORMAT
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256 BYTES/SECTOR

Shown above is the recommended dual-density for-
mat with 256 bytes/sector. In order to format a
diskette, the user issues the Write Track Command
and loads the Data Register with the following values.
For every byte to be written, there is one data request.

1. Non-Standard Formats

Variations in the recommended formats are possible

to a limited extent if the following requirements are

met:

1) Sector size must be 128, 256, 512 of 1024 bytes.

2) Gap 2 cannot be varied from the recommended
format.

NUMBER 3) 3 bytes of A1 must be used in MFM.
OF BYTES  HEX VALUE OF BYTE WRITTEN In addition, the Index Address Mark is not required
60 4E for operation by the WD1772-02. Gap 1, 3 and 4
12 00 lengths are as short as 2 bytes for WD1772-02 opera-
3 F5 (Writes A1) tion, however PLL lock up time, motor speed varia-
1 FE (ID Address Mark) tion, write-splice area, etc. adds more bytes to each
1 Track Number (0 thru 4C) gap to achieve proper operation. For highest system
1 Side Number (0 or 1) reliability, use the recommended format.
1 Sector Number (1 thru 1A)
1 01 (Sector Length)
1 F7 (2 CRC's written) FM MFM
22 4E Gap | 16 bytes FF 32 bytes 4E
12 00 Gap I 11 bytes FF 22 bytes 4E
3 F5 (Writes A1) * 6 bytes 00 12 bytes 00
1 FB (Data Address Mark) * 3 bytes At
256 DATA Gap HI** 10 bytes FF 24 bytes 4E
1 F7 (Data Address Mark) 4 bytes 00 8 bytes 00
L 24 4E 3 bytes A1
668** 4E Gap IV 16 bytes FF 16 bytes 4E

*Write bracketed field 16 times.
**Continue Writing until WD1772-02 interrupts out.
Approx. 668 bytes.

STATUS REGISTER DESCRIPTION

*Byte counts must be exact.
**Byte counts are minimum, except exactly 3 bytes
of A1 must be written.

BIT NAME MEANING

S7 MOTOR ON

This bit reflects the status of the Motor On output.

S6 WRITE PROTECT

On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates
a Write Protect. This bit is reset when updated.

S5 RECORD
TYPE/SPIN-UP

When set, this bit indicates that the Motor Spin-Up sequence has completed
(5 revolutions) on Type | commands. Type 2 & 3 commands, this bit indicates record
Type. 0 = Data Mark. 1 = Deleted Data Mark.

S4 RECORD NOT
FOUND (RNF)

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

83 CRC ERROR

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

S2 LOST DATA/
status of the TROO signal.

When set, it indicates the computer did not respond to DRQ in one byte time.
BYTE This bit is reset to zero when updated. On Type | commands, this bit reflects the

S1 DATA REQUEST

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

execution.

INDEX Read Operation or the DR is empty on a Write operation. This bit is reset to zero
when updated. On Type 1 commands, this bit indicates the status of the IP
signal.

S0 BUSY When set, command is under execution. When reset, no command is under
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DC ELECTRICAL CHARACTERISTICS
MAXIMUM RATINGS

Storage Temperature .......... —55°C(—67°F) to
+125°C (257°F)
Operating Temperature ............. 0°C(32°F) to

70°C (158°F) Ambient
Maximum Voltage to Any Input
with Respectto Vgg .. ....vvt.. +7V to —0.5V

DC OPERATING CHARACTERISTICS

NOTE

Maximum limits indicate where permanent device
damage occurs. Continuous operation at these limits
is not intended and should be limited to those con-
ditions specified in the DC Operating Characteristics.

TA = 0°C(32°F) to 70°C (158°F), Vgg = OV, Voo = +5V + .25V

SYMBOL CHARACTERISTIC MAX UNITS CONDITIONS
e Input Leakage 10 uA VIN = VCC
loL Output Leakage 10 uA Vour = Vee
ViH Input High Voltage \

Viy Input Low Voltage 0.8 \

Vou Output High Voltage \' lp = -100 pA
Vou Output Low Voltage 0.40 \' lp = 1.6 MA
Pp Power Dissipation 75 W

Rpu Internal Pull-Up 1700 HA Vin = 0V
lec Supply Current 75(Typ) 150 mA

DPLL SPECIFICATION

Fc Capture Range + 6% (min)
T, Lock Response 4 bytes 00 hex (max)

WT Window Tolerance 50% for 10E-9 Error Rate (min)

Floppy Disk Controller Devices
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AC TIMING CHARACTERISTICS
TA = 0°C (32°F) to 70°C (158°F), VSS = 0V, YCC = +5V + .25V

DALS
0-7 VALID

lt— 1DV —3>] '-4—— tDOH ———3
RW / '\

cs lRE——-77

- tDRR. »

—~

DRQ —\

READ ENABLE TIMING

READ ENABLE TIMING - RE such that: RW = 1, CS = 0.

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS
tpe RE Pulse Width of CS 200 nsec C_= 50 pf
tbRR DRQ Reset from RE 200 300 nsec
tov Data Valid from RE 100 200 nsec Cr= 50 pf
tooH Data Hold from RE___ 20 150 nsec C_ = 50pf

INTRQ Reset from RE 8 usec

Note: Worst case service time for DRQ is 23.5 usec for MFM and 47.5 usec for FM.
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DA
o.7LS X VALID X

—_F
1As_,! — tAH—>| r_
A

X
DRQ
———— 1DRW

WRITE ENABLE TIMING

WRITE ENABLE TIMING — WE such that: RW = 0, CS = 0.

SYMBOL CHARACTERISTIC MIN TYP MAX | UNITS CONDITIONS

tas Setup ADDR to CS 50 nsec
tser Setup RW to CS ___ 0 nsec
taH Hold ADDR from CS 10 nsec
tHLD E&ld R/W from CS 0 nsec
twe WE Pulse Width 200 nsec
torw DRQ Reset from WE 100 200 nsec
tos Data Setup to WE _ 150 nsec
toH Data Hold from WE__ 0 nsec

INTRQ Reset from WE 8 usec

READ DATA TIMING:

CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS
Raw Read Pulse Width .200 3 usec MFM
.400 3 FM
Raw Read Cycle Time 3 usec
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I
WRITE DATA TIMING:

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS
Write Gate to Write Data 4 usec FM
2 usec MFM
Write Data Cycle Time 46,8 usec
Write Gate off from WD 4 usec FM
2 usec MFM
twp Write Data Pulse Width 820 nsec Early MFM
690 nsec Nominal MFM
570 nsec Late MFM
1.38 usec FM
CLK
N N N N
| ! 5
" 7 CLKS 3 -
EARLY twp
I/ SU— wron N
NOMINAL tywp
/ < 4 CLKS >\_
LATE twp l

WRITE DATA TIMING
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P 'T —), VIH

— - —

3
el
T

5 VIH

e _._.l
|-<—'cvc->|

CLK

.—p.l 'CD, jt—

— l«— tCD,

N~
N

STEP IN

DIRC P e

I-q- ioln-»l tsTp I<—>! tsTP I<— '<—*D|R—>I tspT Iq——

STEP

(¢
)

MISCELLANEOUS TIMING

MISCELLANEOUS TIMING:

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS
tcp1 Clock Duty (low) 50 67 nsec
tep2 ClLock Duty (high) 50 67 nsec
tstp Step Pulse Output 4 usec MFM
8 FM
tor Dir Setup to Step 24 ) usec MFM
48 FM
tvr Master Reset Pulse Width 50 usec
tp Index Pulse Width 20 usec
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WD1772-02 Floppy Disk Formatter/Controller
Family Application Notes

INTRODUCTION

To meet the demand for a low cost compact LS|
Floppy Disk Controller device, Western Digital has
developed the WD1772-02. The WD1772:02 is a NMOS
Floppy Disk Controller device that incorporates the
FD179X, a digital data separator and write
precompensation circuitry all in a single chip. The
device offers soft sector formatting, selectable step-
ping rates, automatic track seek with verify, and
variable sector lengths. The WD1772-02 comes in a
28-pin dual-in-line package or quad pack and operates
from a single 5 volt only power supply.

APPLICATIONS

The Mini-Floppy Controller is targeted for the low cost
sector of the disk drive market, where digital data
separation is preferred over analog phase lock loop.
Included in this market are Personal Computers, Por-
table Computers and Small Business Computers.

HOST INTERFACING

Interfacing to a Host processor is accomplished
through the eight bit bi-directional Data Access Lines
(DAL) and associated control lines. The DAL is used
to transfer data, status and control words out of or
into WD1772-02. The DAL having three states enabled
as an output when Chip Select (CS) is active low and
Read/Write (RIW) is high or as input receiver when CS
and RW is low. When transfer of data with the device
is required by the Host CS is made low. The address
bits A0 and A1 combined with the RW line select the
register and the direction of data.

Floppy Disk Controller Devices

During Direct Memory Access (DMA) data transfers
between the WD1772-02 and Host Memory, the Data
Request (DRQ) line is used in Data Transfer Control.
This signal also appears as status bit 1 during
Read/Write operations. On Disk Read operations the
DRAQ is active when an assembled byte is present in
the Data Register, then reset when read by the Host.
If the Host fails to read the Data Register before the
following byte is assembled in the Data Register, the
lost data bit is set in Status Register.

At the completion of every command INTRQ is
asserted. INTRQ is de-asserted by either reading the
status or by loading the Command Register.

DISKETTE DRIVE INTERFACING

The WD1772-02 has two modes of operation depen-
ding on the state of DDEN, regardless of the state
DDEN the CLK input remains at 8 MHz. Disk Reads
with sector lengths of 128, 256, 512 and 1024 byte sec-
tor in both FM or MFM from diskettes is
accomplished via the internal digital data separator.
Disk Write operation in MFM on inner tracks may
require write precompensation. Write precompensa-
tion is enabled when bit 1 = 0, in the Write command
and a precompensation value of 187 nsec is
produced.

The diskettes spindle motor is controllied by bit 3 of
any Type |, Il or lll command, upon receiving a com-
mand with bit 3 = 0, the spin up sequence is enabled.

GENERAL INFORMATION

A +5 volt supply £5% is used as Vg, and the
clock input requires a free running 50% duty cycle
at 8 MHz +£0.1%.
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FD179X-02 Floppy Disk Formatter/Controller Family

FEATURES

TWO VFO CONTROL SIGNALS - RG & VFOE
SOFT SECTOR FORMAT COMPATIBILITY
AUTOMATIC TRACK SEEK WITH VERIFICATION
ACCOMMODATES SINGLE AND DOUBLE
DENSITY
FORMATS

|BM 3740 Single Density (FM)

IBM System 34 Double Density (MFM)

Non IBM Format for Increased Capacity
READ MODE
Single/Multiple Sector Read with Automatic
Search or Entire Track Read
Selectable 128, 256, 512 or 1024 Byte Sector
Lengths
WRITE MODE
Single/Multiple Sector Write with Automatic Sec-
tor Search
Entire Track Write for Diskette Formatting
SYSTEM COMPATIBILITY
Double Buffering of Data 8 Bit Bi-Directional Bus
for Data, Control and Status
DMA or Programmed Data Transfers
All Inputs and Outputs are TTL Compatible

PROGRAMMABLE CONTROLS

Selectable Track to Track Stepping Time

Side Select Compare

INTERFACES TO WD1691 DATA SEPARATOR
WINDOW EXTENSION

INCORPORATES ENCODING/DECODING AND
ADDRESS MARK CIRCUITRY

FD1792/4 1S SINGLE DENSITY ONLY
FD1795/7 HAS A SIDE SELECT OUTPUT

179X-02 FAMILY CHARACTERISTICS

FEATURES 1791 1792| 1793| 1794| 1795 1797
Single Density (FM) X1 X X X X X
Double Density (MFM) X X X X
True Data Bus X[ X X
Inverted Data Bus X1 X X
Write Precomp X] X| X)) X| X]| X
Side Selection Output X X
APPLICATIONS

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

On-Chip Track and Sector Registers/Comprehen-
sive Status Information
RAWREAD
DATA (8) RCLK
Ne (0 ~ 40[7 vppi+12v) HG/SSO_—
WE Q2 39 INTRQ A0
& gas 3817 ORQ ¢ A1 LATE
g 37 ObEN" o s EARLY f
— >
Ay é s %[ WeAT M RE wo o
A 3 3 -— P
e BN P v WE +S P
bato O 7 34[ TROO T — v
ryalle i) [ WFVFOE E MR 179X 10K
DAL2 (] 9 JzE READY R FLOPPY DISK WF/VFOE 'IJ
CONTROLLER —
BAC3 0 3T wo . FORMATTER WPRT .5<
DALs Q1Y 30 wae N WG
BACS (12 290 1643 T A = '
€ N
AL 13
& 2817 HLD R TRGO T
DALT (1 27 RAWREAD €
3 10K 10K READY R
step (15 265 RCLK A 7
DIRC d 16 30 - c < TG43 A
eamLy 17 24 CLk £ DRQ sTeP ¢
LATE []18 237 HLT INTRQ DIRC
WR 19 221 TEST cLK
(GNDIVss (20 2 Vee (45V)
+5v
HLD
*17013=RG _ 1795/7 = SSO ) 3. NE SHOT
**1793/7 TRUE BUS DDEN HLT ?\reuisg\
“**1792/4 OPEN Vss Vpp vcc
PIN DESIGNATION - !
+5V
T 412 4sv

FD179X SYSTEM BLOCK DIAGRAM
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PIN OUTS
PIN
NUMBER PIN NAME SYMBOL FUNCTION

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

19 MASTER RESET MR A logic low (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 loaded into sector register.

20 POWER SUPPLIES Vss Ground

21 VCC +5V 150/0

40 Voo +12V+5%

COMPUTER INTERFACE:

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

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

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

56 REGISTER SELECT LINES | A0,A1 These inputs select the register to receive/transfer
data on the DAL lines under RE and WE control.

CS A1 A0 RE WE

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

0 1 0 Sector Reg Sector Reg

0 1 1 Data Reg Data Reg

714 DATA ACCESS LINES DALO-DAL7 | Eight bit bi-directional bus used for transfer of data,
control, and status. This bus is receiver enabled by
WE or transmitter enabled by RE. Each line will
drive 1 standard TTL load.

24 CLOCK CLK 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.

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

39 INTERRUPT REQUEST INTRQ This open drain output is set at the completion of any
command and is reset when the STATUS register is
read or the command register is written to. Use 10K
pull-up resistor to +5.

~
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PIN
NUMBER

PIN NAME

SYMBOL

FUNCTION

15
16

17

18

22

23

25

25

26

27

28

29

30

31

FLOPPY DISK INTERFACE:

STEP
DIRECTION

EARLY

LATE

TEST

HEAD LOAD TIMING

READ GATE
(1791,1792,1793,1794)

SIDE SELECT OUTPUT
(1794,1797)

READ CLOCK

RAW READ

HEAD LOAD

TRACK GREATER
THAN 43

WRITE GATE

WRITE DATA

STEP
DIRC

EARLY

LATE

TEST

HLT

RG

SSO

RCLK

RAW READ

HLD

TG43

WG

WD

The step output contains a pulse for each step.

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

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

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

This input is used for testing purposes only and should
be tied to + 5V or left open by the user unless inter-
facing to voice coil actuated steppers.

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.

This output is used for synchronization of external
data separators. The output goes high after two Bytes
of zeroes in single density, or 4 Bytes of either zeroes
or ones in double density operation.

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

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

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

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

This output informs the drive that the Read / Write
head is positioned between tracks 44-76. This output
is valid only during Read and Write Commands.

This output is made valid before writing is to be per-
formed on the diskette.
A 50ns (MFM) or 500 ns (FM) output pulse per flux tran-

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

L |
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FUNCTION

PIN

NUMBER PIN NAME SYMBOL
32 READY READY
33 WRITE FAULT WFIVFOE

VFO ENABLE

34 TRACK 00 TROO
35 INDEX PULSE P
36 WRITE PROTECT WPRT
37 DOUBLE DENSITY DDEN

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 opera-
tion is not performed 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.

This is a bi-directional signal used to signify writing
faults at the drive, and to enable the external PLO
data separator. When WG = 1, Pin 33 functions as
a WF input. If WF = 0, any write command will im-
mediately be terminated. When WG = 0, Pin 33 func-
tion as a VFOE output. VFOE will go low during a read
operation after the head has loaded and settled (HLT
= 1). On the 1795/7, it will remain low until the last
bit of the second CRC byte in the ID field. VFOE will
then go high until 8 bytes (MFM) or 4 bytes (FM)
before the Address Mark. It will then go active until
the last bit of the second CRC byte of the Data Field.
On the 1791/3, VFOE will remain low until the end
of the Data Field. This pin has an internal 100K Ohm
putl-up resister.

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

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

This input is sampled whenever a Write Command

is received. A logic low terminates the command and
sets the Write Protect Status bit.

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

GENERAL DESCRIPTION

The FD179X are N-Channel Silicon Gate MOS LSl
devices which perform the functions of a Floppy Disk
Formatter/Controller in a single chip implementation.
The FD179X, which can be considered the end result
of both the FD1771 and FD1781 designs, is IBM 3740
compatible in single density mode (FM) and System
34 compatible in Double Density Mode (MFM). The
FD179X contains all the features of its predecessor
the FD1771, plus the added features necessary to
Read/Write and format a double density diskette.
These include address mark detection, FM and MFM
encode and decode logic, window extension, and
write precompensation. In order to maintain com-
patibility, the FD1771, FD1781, and FD179X designs
were made as close as possible with the computer
interface, instruction set, and /O registers being iden-
tical. 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 8-bit bit direc-
tional bus for data, status, and control word transfers.

The FD179X is set up to operate on a multiplexed bus
with other bus-oriented devices.

The FD179X is TTL compatible on all inputs and out-
puts. The outputs will drive ONE TTL load or three
LS loads. The 1793 is identical to the 1791 except the
DAL lines are TRUE for systems that utilize true data
busses.

The 1795/7 has a side select output for controlling
double sided drives, and the 1792 and 1794 are “Single
Density Only” versions of the 1791 and 1793 respec-
tively. On these devices, DDEN must be left open.

ORGANIZATION
The Floppy Disk Formatter is illustrated in the block

diagram. The primary sections include the parallel
processor interface and the Floppy Disk Interface.

Data Shift 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.

1-56

Floppy Disk Controller Devices



Data Register - This 8-bit register is used as a holding
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 step-
ped in (towards track 76) and decremented by one
when the head is stepped out (towards track 00). The
contents of the register are compared with the
recorded track number in the ID field during disk
Read, Write, and Verify operations. The Track Register
can be loaded from or transferred to the DAL. This
Register should not be loaded when the device is
busy.

Sector Register (SR) - This 8-bit register holds the
address of the desired sector position. The contents
of the register are compared with the recorded sec-
tor number in the ID field .during disk Read or Write
operations. The Sector Register contents can be
loaded from or transferred to the DAL. This register
should not be loaded when the device is busy.

Command Register (CR) - This 8-bit register holds the
command presently being executed. This register

should not be foaded 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 bits
is a function of the type of command previously
executed. This register can be read onto the DAL, but
not loaded from the DAL.

CRC Logic - This logic is used to check or to generate
the 16-bit Cyclic Redundancy Check (CRC). The
polynomial is:G(x) =x"®+x'2+ x84+ 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 ID field.

Timing and Control - All computer and Floppy Disk
interface controls are generated through this logic.
The internal device timing is generated from an exter-
nal crystal clock.

The FD179X has two different modes of operation
according to the state of DDEN. When DDEN=_0
double density (MFM) is assumed. When DDEN
= 1, single density (FM) is assumed. 1792 & 1794 are
single density only.
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AM Detector - The address mark detector detects ID,
data and Index address marks during read and write
operations.

PROCESSOR INTERFACE

The interface to the processor is accomplished
through the eight Data Access Lines (DAL) and
associated control signals. The DAL are used to
transfer Data, Status, and Control words out of, or
into the FD179X. The DAL are three state buffers
that are 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 A0, combined with the signals RE during a
Read operation or WE during a Write operation are
interpreted as selecting the following registers:

A1 - A0 READ (RE) WRITE (WE)

0 Status Regiser Command Register
Track Register  Track Register

- a 00

1
0 Sector Register Sector Register
1 Data Register Data Register

During Direct Memory Access (DMA) types of data
transfers between the Data Register of the DF179X
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.

On Disk Read operations the Data Request is
activated (set high) when an assembled serial input
byte is transferred in parallel to the Data Register. This
bit is cleared when the Data Register is read by the
processor. If the Data Register is read after one or
more characters are lost, by having new data transfer-
red into the register prior 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 179X has two modes of operation according to
the state of DDEN (Pin 37). When DDEN = 1,
single density is selected. In either case, the CLK
Input (Pin 24) is at 2 MHz. However, when interfac-
ing with the mini-floppy, the CLK input is set at 1 MHz
for both single density and double density.

GENERAL DISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are obtainable
in either FM or MFM formats. For FM, DDEN
should be placed to logical “1.” For MFM formats,
DDEN should be placed to a logical “0.” Sector
lengths are determined at format time by 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

*1795/97 may vary - see command summary.

The number of sectors per track as far as the FD179X
is concerned can be from 1 to 255 sectors. The
number of tracks as far as the FD179X is concerned
is from 0 to 255 tracks. For IBM 3740 compatibility,
sector lengths are 128 bytes with 26 sectors per track.
For System 34 compatibility (MFM), sector lengths are
256 bytes/sector with 26 sectors/track; or lengths of
1024 bytes/sector with 8 sectors/track. (See Sector
Length Table.)

For read operations in 8” double density the FD179X
requires RAW READ Data (Pin 27) signal which is a
200 ns pulse per flux transition and a Read clock
(RCLK) signal to indicate flux transition spacings. THE
RCLK (Pin 26) signal is provided by some drives but
if not it may be derived externally by Phase lock loops,
one shots, or counter techniques. In addition, a Read
Gate Signal is provided as an output (Pin 25) on
1791/92/93/94 which can be used to inform phase lock
loops when to acquire synchronization. When reading
from the media in FM. RG is made true when
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2 bytes of zeroes are detected. The FD179X must find
an address mark within the next 10 bytes; otherwise
RG is reset and the search for 2 bytes of zeroes
begins all over again. |f an address mark is found
within 10 bytes, RG remains true as long as the
FD179X is deriving any useful information from the
data stream. Similarly for MFM, RG is made active
when 4 bytes of “00” or “FF” are detected. The
FD179X must find an address mark within the next
16 bytes, otherwise RG is reset and search resumes.

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

a) Both HLT and HLD are True
b) Settling Time, if programmed, has expired
c) The 179X is inspecting data off the disk

If WFVFOE is not used, leave open or tie to a 10K
resistor to +5.

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 FD179X before the Write Gate signal can be
activated.

Writing is inhibited when the Write Protect input is
a logic low, in which case any Write command is
immediately terminated, an interrupt is generated and
the Write Protect status bit is set. The Write Fault
Input, when activated, signifies a writing fault condi-
tion detected in disk drive electronics such as failure
to detect write current flow when the Write Gate is
activated. On detection of this fault the FD179X ter-
minates the current command, and sets the Write
Fault bit (bit 5) in the Status Word. The Write Fault
Input should be made inactive when the Write Gate
output becomes inactive.

For write operations, the FD179X provides Write Gate
(Pin 30) and Write Data (Pin 31) outputs. Write data
consists of a series of 500 ns pulses_in FM (DDEN
= 1) and 200 ns pulses in MFM (DDEN = 0).
Write Data provides the unique address marks in both
formats.

Also during write, two additional signals are provided
for write precompensation. These are EARLY (Pin 17)
and LATE (Pin 18). EARLY is active true when the WD
pulse appearing on (Pin 30) is to be written EARLY.
LATE is active true when the WD pulse is to be writ-
ten LATE. If both EARLY and LATE are low when the
WD pulse is present, the WD pulse is to be written
at nominal. Since write precompensation values vary
from disk manufacturer to disk manufacturer, the
actual value is determined by several one shots or
delay lines which are located external to the FD 179X.
The write precompensation signals EARLY and LATE
are valid for the duration of WD in both FM and MFM
formats.

READY

Whenever a Read or Write command (Type 1l or {ll)
is received the FD179X samples the Ready input. If
this input is logic low the command is not executed
and an interrupt is generated. All Type | commands
are performed regardless of the state of the Ready
input. Also, whenever a Type If or Ill command is
received, the TG43 signal output is updated.

COMMAND DESCRIPTION

The FD179X will accept eleven commands. Command
words should only be loaded in the Command
Register when the Busy status bit is off (Status bit
0). The one exception is the Force 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.

TABLE 1. COMMAND SUMMARY

A. Commands for Models: 1791, 1792, 1793, 1794

B. Commands for Models: 1795, 1797

¢0-x6.1a4

Bits Bits
Type Command 7 6 5 4 3 2 1 0|7 6 5 4 3 2 1 0
| Restore 0 0 0 0O h V rnn |0 0 0 0 h V 1 n
I Seek 0 0 0 1 h V r |0 0 O0 1 h V 1 1
| Seek 0 0 0 1 h \% £ ro 0 0 1 T h \ ry o
| Step-in 6 19 0 T h V n |0 1 0 T h V 1
| Step-out 0 1 1 T h V 1 |0 1 1 T h V 1 1
I Read Sector i 0 0 m § E C 0|1t 0 O m L E U o0
Il Write Sector 1 0 1 . m S8 E C g|1 0 1 m L E U g
Il Read Address 1 it 0 o o E O Of1T 1 0 0 O E U o0
Il Read Track 1 1 1 0 0 E O 0|1t 1 1 0 0 E U o0
1l Write Track i 1t 1 1+ 0 E O O|J]1T 1 1 1 0 E U 0
IV Force Interrupt 1 1 0 1 Y PO PR A A | 1 0o 1 3 I 1 I

]
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TABLE 2. FLAG SUMMARY
FLAG SUMMARY

Command Bit
Type No(s) Description
| 0,1 rifg = Stepping Motor Rate
See Table 3 for Rate Summary
| 2 V = Track Number Verify Flag | V = 0O,No verify
V = 1\Verify on destination track
| 3 h = Head Load Flag h = 1,Load head at beginning
h = 0Unload head at beginning
| 4 T = Track Update Flag T = 0,No update
T = 1,Update track register
1] 0 ay; = Data Address Mark ap = O,FB(DAM)
ap = 1,F8(deleted DAM)
1l 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
& 2 E = 15 MS Delay E = O,No 15 MS delay
E = 1,15 MS delay
Il 3 S = Side Compare Flag S = 0,Compare for side 0
S = 1,Compare for side 1
] 3 L = Sector Length Flag LSB’s Sector Length in ID Field
00 01 10 11
L=20 256 512 1024 128
L=1 128 256 512 1024
] 4 m = Multiple Record Flag m = 0,Single record
m = 1,Multiple records
v 0-3 Iy = Interrupt Condition Flags
lo, = 1 Not Ready To Ready Transition
l; = 1 Ready To Not Ready Transition
I, = 1Index Pulse
I3 = 1 Immediate Interrupt, Requires A Reset
I3l = 0 Terminate With No interrupt (INTRQ)

NOTE: See Type IV Command Description for further information.

.|
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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 ry), 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 unless the com-
mand changes the direction.

The Direction signal is active high when stepping in
and low when stepping out. The Direction signal is
valid 12us before the first stepping pulse is generated.

The rates (shown in Table 3) can be applied to a Step-
Direction Motor through the device interface.

TABLE 3. STEPPING RATES

Type Il or lll command. Once HLD is active it remains
active until either a Type | command is received with
(h = 0and V = 0); orif the FD179X is in an idle state
(non-busy) and 15 index pulses have occurred.

Head Load Timing (HLT) is an input to the FD179X
which is used for the head engage time. When HLT
= 1, the FD179X assumes the head is completely
engaged. The head engage time is typically 30 to 100
ms depending on drive. The low to high transition on
HLD is typically used to fire a one shot. The output
of the one shot is then used for HLT and supplied
as an input to the FD179X.

CLK 2MHz 2MHz 1MHz 1MHz 2MHz 1MHz
DDEN 0 1 0 1 X X
R1 RO TEST=1TEST=1TEST=1TEST = 1TEST=0TEST =0

00 3 ms 3ms 6 ms 6 ms 1858 368us

6 ms 6 ms 12ms 12ms  190us 38Cus

HLD )——r

- |——50 TO 100mS ——=-]

| |

7
HLT (FROM ONE SHOT)

01
10 10ms 10ms 20ms 20ms  198us 396us
11 1B5ms 15ms 30ms 30ms  208us 416us

After the last directional step an additional 15
milliseconds of head settling time takes place if the
Verify flag is set in Type | commands. Note that this
time doubles to 30 ms for a 1 MHz clock. If TEST
= 0, there is zero settling time. There is also a 15
ms head settling time if the E flag is set in any Type
Il or Ill command.

When a Seek, Step or Restore command is executed
an optional verification of Read-Write head position
can be performed by setting bit 2(V = 1) in the com-
mand word to a logic 1. The verification operation
begins at the end of the 15 millisecond settling time
after the head is loaded against the media. The track
number from the first encountered ID Field is com-
pared against the contents of the Track Register. If
the track numbers compare and the ID Field Cyclic
Redundancy Check (CRC) is correct, the verify 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 disk for the
verification operation.

The FD179X must find an ID field with correct track
number and correct CRC within 5 revolutions of the
media; otherwise the seek error is set and an INTRQ
is generated. If 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 verify flag (V = 1), or upon receipt of any

HEAD LOAD TIMING

When both HLD and HLT are true, the FD179X will
then read from or write to the media. The “and” of
HLD and HLT appears as status Bit 5 in Type | status.

In summary for the Type | commands: if h = 0 and
V =0,HLDisreset.fh = 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 internal 15 ms occurs, and the FD179X 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 all the steps have been issued,
an internal 15 ms delay occurs and the FD 179X 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 internal 15 ms delay
occurs and then HLT is sampled until true.

RESTORE (SEEK TRACK 0)

Upon receipt of this comand the Track 00
(TROO) input is sampled. If TROO is active low indi-
cating the Read/Write head is positioned over track
0, the Track Register is loaded with zeroes and an
interrupt is generated. If TROO is not active low,
stepping pulses (pins 15 to 16) at a rate specified by
the rqyrg field are issued until the TROO input is acti-
vated. At this time the Track Register is loaded with
zeroes and an interrupt is generated. If the TR0OO
input does not go active low after 255 stepping pulses,
the FD179X terminates operation, interrupts, and sets
the Seek error status bit, providing the V flag is set.
A verification operation also takes place if the V flag
is set. The h bit allows the head to be loaded at the
start of command. Note that the Restore command
is executed when MR goes from an active to an
inactive state and that the DRQ pin stays low.
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HAS
A TYPE )
COMMAND BEEN
RECEIVED
B

YE

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

NO

RESET
DIRECTION

[ RESET DIRECTION ] | SET DIRECTION 1

T
[
OIRECTION
PRl
2

HEAD AT YES
TRACK 0 AND
DIRECTION

o
b
NO
ISSUE
ONE STEP PULSE

TOMMAND

A STEP.STEP-IN.

OR STEP-OUT,
B

TYPE | COMMAND FLOW

SEEK

This command assumes that the Track Register con-
tains the track number of the current position of the
Read/Write head and the Data Register contains
the desired track number. The FD179X will update the
Track register and issue stepping pulses in the
appropriate direction 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. An interrupt is generated at the completion of
the command. Note: When using multiple drives, the
register must be updated for the drive selected before
seeks are issued.

TYPE | COMMAND FLOW

STEP

Upon receipt of this command, the FD179X issues
one stepping pulse to the disk drive. The stepping
motor direction is the same as in the previous step
command. After a delay determined by the ryry field,
a verification takes place if the V flag is on. If the U
flag is on, the Track Register is updated. The h bit
allows the head to be loaded at the start of the com-
mand. An interrupt is generated at the completion of
the command.

STEP-IN

Upon receipt of this command, the FD179X issues
one stepping pulse in the direction towards track 76.
If the U flag is on, the Track Register is incremented
by one. After a delay determined by the rqrg 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
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command. An interrupt is generated at the comple-
tion of the command.

STEP-OUT

Upon receipt of this command, the FD179X issues
one stepping pulse in the direction towards track 0.
If the U flag is on, the Track Register is decremented
by one. After a delay determined by the ryr, 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 1795 /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.

VERIFY
SEQUENCE

INTRQ RESET BUSY

MAVE

$ INDEX

MOLES

PASSEC
a

INTRQ RESET BUSY
SET SEEK ERROR

HAS

1D AM BEEN

DEVECTED
>

15
SET ves  1uEne o ~o

RESET
cre CAC ERROR é:é
>

ERROR
INTRO
RESET BUSY L —

NOTE: {E YESY = 0, THERE IS NO 15MS DELAY
TFTEST = 1 AND CLK = 1 MHz, THERE IS A 30MS DELAY

TYPE | COMMAND FLOW
TYPE Il COMMANDS

The Type Il Commands are the Read Sector and Write
Sector commands. Prior to loading the Type 1l Com-
mand into the Command Register, the computer must

Floppy Disk Controller Devices

load the Sector Register with the desired sector
number. Upon receipt of the Type || 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.

When an ID field is located on the disk, the FD179X
compares the Track Number on the ID field with the
Track Register. If there is not a match, the next
encountered ID field is ready and a comparison is
again made. If there was a match, the Sector Number
of the ID field is compared with the Sector Register.
If there is not a Sector match, the next encountered
ID field is read off the disk and comparisons again
made. If the ID field CRC is correct, the data field is
then located and will be either written into, or read
from depending upon the command. The FD179X
must find an ID field with a Track number, Sector

number, side number, and CRC within four revolutions’

of the disk; otherwise, the Record Not Found status
bit is set (Status bit 3) and the command is terminated
with an interrupt.

is
Typen
COMMAND
RECEIVED
ves
oA

SET BUSY RESETDAO.LOST
DATA RECORD NOT FOUND &
STATUS BITS $ 4 8 INTRQ

. THERE IS NO 15MS DELAY

wore ETERT»
BB 2 NG ' b, THERE 15 30uS DELAY

o

TYPE Il COMMAND

1-63

¢0-X6.1a4



c0-x6.1a4

Each of the Type Il Commands contains an (m) flag
which determines if multiple records (sectors) are to
be read or written, depending upon the command. If
m = 0, a single sector is read or written and an inter-
rupt is generated at the completion of the command.
If m = 1, multiple records are read or written with
sector register internally updated so that an address
verification can occur on the next record. The WD179X
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 FD 179X is instructed to read sec-
tor 27 and there are only 26 on the track, the sector
register exceeds the number available. The FD179X
will search for 5 disk revolutions, interrupt out, reset
busy, and set the Record Not Found status bit.

The Type Il commands for 1791-94 also contain side
select compare flags. When C = 0 (Bit 1) no side
comparison is made. When C = 1, the LSB of the
side number is read off the ID field of the disk and
compared with the contents of the (S) flag (Bit 3). If
the S flag compares with the side number recorded
in the ID field, the FD179X continues with the ID
search. If a comparison is not made within 5 index
pulses, the interrupt line is made active and the
Record Not Found status bit is set.

HAVE
S INDEX HOLES
PASSED
?
o

INTAQ. RESET BUSY
SET RECOAD-NOT FOUND)

TYPE Il COMMAND

The Type Il and lll commands contain a side select
flag (Bit 1). When U = 0, SSO is updated to 0. Similar-
ly, U = 1 updates SSO to 1. The chip compares the
SSO0 to the ID field. If they do not compare within 5
revolutions the interrupt line is made active and the
RNF status bit is set.

The 1795 /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, allows
different byte lengths to be implemented in each sec-
tor. For IBM compatability. the ‘L’ flag should be set
to a one.

READ SECTOR

Upon receipt of the Read Sector command, the head
is loaded, the Busy status bit set, and when an 1D
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 ID field CRC byte; if not,
the ID filed is searched for and verified again followed
by the Data Address Mark search. If after 5 revolu-
tions the DAM cannot be found, the Record Not
Found status bit is set and the operation is ter-
minated. When the first character or byte of the

READ SECTOR
SEQUENCE

INTIME

veS
PUT AECORD TYPE IN
STATUS REG BIT §
vES

|
©170 H
SECTOR REG
INTRQ_RESET BUSY
SET CRC ERROR
INTRO RESET BUSY

TYPE Il COMMAND
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WRITE SECTOR
SEQUENCE

DELAY 2 BYTES OF GAP
DELAY 8 BYTES OF GAP

‘HA!
NO INTRQ. RESET BUSY
S€TLOST DATA

DR BEEN

LOADED BY

COMPUTER

(DRQ = g
g

YES

DELAY 1 BYTE OF GAP

TURN ON WG 8 WRITE
6 BYTES OF ZEROS

1

WRITE DATA AM
ACCORDING TO A0 FIELD
OF WRITE COMMAND

DELAY 11 BYTES

TURN ON WG 8 WRITE
12 BYTES OF ZEROS

DR TO DSA. SET DRQ

WRITE BYTE TO DISK

HAS
DR BEEN
LOADED

(DRQ = 0) WRITE BYTE
? OF ZEROS

YES

SET DATA
LOST

HAVE

ALL BYTES

BEEN WRITTEN
2

NO

WRITE CRC
WRITE 1 BYTE OF FF

TURN OFF WG

TYPE Il COMMAND

data field has been shifted through the DSR, it is
transferred to the DR, and DRQ is generated. When
the next byte is accumulated in the DSR, it is transfer-
red to the DR and another 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 input to the computer. If there is a CRC error
at the end of the data field, the CRC error status bit
is set, and the command is terminated (even if it is
a multiple record 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:

STATUS

BIT5
1 Deleted Data Mark
0 Data Mark

WRITE SECTOR

Upon receipt of the Write Sector command, the head
is loaded (HLD active) and the Busy status bit is set.
When an ID field is encountered that has the correct
track number, correct sector number, correct side
number, and correct CRC, a DRQ is generated. The
FD179X counts off 11 bytes in single density and 22
bytes in double density from the CRC field and the
Write Gate (WG) output is made active if the DRQ is
serviced (i.e., the DR has been loaded by the com-
puter). 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 a0 field of the command
as shown below:

a, Data Address Mark (Bit 0)

1 Deleted Data Mark
0 Data Mark

The FD179X then writes the data field and generates
DRQ’s to the computer. If the DRQ is not serviced
in time for continuous writing the Lost Status Data
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 logic ones in FM or in 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
be masked by the lost data status and improper CRC
Bytes.

TYPE 1l COMMANDS
READ ADDRESS

Upon receipt of the Read Address command, the head
is loaded and the Busy Status Bit is set. The next
encountered ID field is then read in from the disk, and
the six data bytes of the ID field are assembied and
transferred to the DR, and a DRQ is generated for
each byte. The six bytes of the ID field are shown
below:

TRACK SIDE | SECTOR | SECTOR |[CRC(CRC
ADDR |NUMBER [ADDRESS|LENGTH | 1 2

1 2 3 4 516

Although the CRC characters are transferred to the
computer, the FD179X checks for validity and the CRC
error status bit is set if there is a CRC error. The Track
Address of the ID field is written into the sector

L
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register so that a comparison can be made by the
user. 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 until the next index pulse.
Al Gap, Header, and data bytes are assembled 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:
the Read Gate is not activated during the command,
no CRC checking is performed; gap information is
included in the data stream; the internal side com-
pare is not performed; and the address mark detec-
tor is on for 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 is set.

The ID 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 during write-splice
time because of synchronization.

SET BUSY RESET DAQ
LOST DATA STATUS
BITS 4 5

INTRQ
RESET BUSY

ORTODSR

INTRQ RESET
BUSY SET WPRT

DELAY I BYTE
TIMES

HAS
DRQ BEEN
SERVICE

SET INTRQ
LOST DATA
RESET BUSY

30 MS IF CLOCK
-1 MMz

TYPE Il COMMAND WRITE TRACK

YES (MFM) @

§ NO M)

WRITE 2 CRC
CHARS. CLK = FF

WRITE FC

CLK = b7

WRITE FD, FE OR
FB-£8, CLK = C7
INITIALIZE CRC

INTRQ RESET BUSY

WRITE
BYTE OF ZEROS
SET DATA LOST

HAS
DR BEEN
LOADED?

WRITE A1 IN MFM
WITH MISSING CLOCK
INITIALIZE CRC

NO
WRITE OSR
IN MFM

TYPE lli COMMAND WIRTE TRACK
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L]
CONTROL BYTES FOR INITIALIZATION

DATA PATTERN FD179X INTERPRETATION FD1791 / 3 INTERPRETATION
IN DR (HEX) IN FM (DDEN = 1) IN MFM (DDEN = 0)
00 thru F4 Write 00 thru F4 with CLK = FF Write 00 thru F4,in MFM
F5 Not Allowed Write A1* in MFM, Present CRC
F6 Not Allowed Write C2** in MFM
F7 Generate 2 CRC bytes Generate 2 CRC bytes
F8 thru FB Write F8 thru FB, CLK = C7, Preset CRC Write F8 thru FB, in MFM
FC Write FC with CLK = D7 Write FC in MFM
FD Write FD with CLK = FF Write FD in MFM
FE Write FE, CLK = C7, Preset CRC Write FE in MFM
FF Write FF with CLK = FF Write FF in MFM

*Missing clock transition between bits 4 and 5.

WRITE TRACK FORMATTING THE DISK

(Refer to section on Type 1ll commands for flow
diagrams.)

Formatting the disk is a relatively simple task when
operating programmed | / 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 the time the index pulse
is encountered the operation is terminated making
the device Not Busy, the Lost Data Status Bit is set,
and the interrupt is activated. If a byte is not present
in the DR when needed, a byte of zeroes is
substituted.

This sequence continued from one index mark to the
next index mark. Normally, whatever data pattern
appears in the data register is written on the disk with
a normal clock pattern. However, if the FD179X
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 in FM or by receipt of F5 in MFM. An F7
pattern will generate two CRC characters in FM or
MFM. As a consequence, the patterns F5 through FE
must not appear in the gaps, data fields, of ID fields.
Also, CRC’s must be generated by an F7 pattern.
Disks may be formatted in IBM 3740 or System 34
formats with sector lengths of 128, 256, 512, or 1024
bytes.

TYPE IV COMMANDS

The Forced Interrupt command is generally used to
terminate a muitiple sector read or write command

**Missing clock transition between bits 3 and 4.

or to insure Type | status in the status register. This
command can be loaded into the command register
at any time. If there is a current command under
execution (busy status bit set) the command will be
terminated and the busy status bit reset.

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

Not-Ready to Ready Transition
Ready to Not-Read Transition
Every Index Pulse

Immediate Interrupt

nnun

The conditional interrupt is enabled when the cor-
responding bit positions of the command I5-lg) are
set to a 1. Then, when the condition for interrupt is
met, the INTRQ line will go high signifying that the
condition specified has occurred. If I3y are all set to
zero (HEX DO0), 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 automatically clear the interrupt. The HEX DO
is the only command that will enable the immediate
interrupt (HEX D8) to clear on a subsequent load com-
mand register or read status register operation. Follow
a HEX D8 with DO command.

Wait 8 micro sec (double density) or 16 micro sec
(single density) before issuing a new command after
issuing a forced interrupt ({times double when clock
= 1 MHz). 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.).

More than one condition may be set at a time. If for
example, the READY TO NOT-READY condition (I; =
1) and the Every Index Pulse (I, = 1) are both set, the
resultant command would be HEX “DA”. The “OR”
function is performed so that either a READY TO
NOT-READY or the next Index Pulse will cause an in-
terrupt condition.

Floppy Disk Controller Devices
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READ TRACK
SEQUENCE

< ENTER }

SET BUSY
RESET STATUS
BITS 2, 4,5

INTRQ
RESET BUSY

>-
SHIFT ONE BIT
INTO DSR
COPY'S FLAG
TO S5O LINE
(1795/7 ONLY)
SET INTRQ
RESET BUSY
SET HLD
ADDRESS YES
MARK DETECTED
NO ?
YES
NO HAVE 8
1 BITS BEEN
ASSEMBLED
DELAY 15Ms° 2
o
—- 1
NO SET LOST
DATA BIT
YES YES ]
TG43
UPDATE TRANSFER
DSRTO DR
SET
-~ DRQ
READ
ADDRESS

*f TEST= §, NO DELAY
1t TEST=1and CLK=1 MHZ, 30 MS DELAY

TYPE [l COMMAND
Read Track / Address
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READ ADDRESS
SEQUENCE

HAVE 6

INDEX HOLES

PASSED
?

RESET BUSY
SET INTRQ
SET RNF

HAS

IDAM BEEN

DETECTED
?

YES

SHIFT 1 BYTE
INTO DSR

TRANSFER
BYTE TODR

SET DRQ

HAVE 6
BYTES BEEN
READ

TRANSFER TRACK
NUMBER TO SECTOR
REGISTOR

SET CRC
ERROR BIT

]

SET INTRQ
RESET BUSY

TYPE IIl COMMAND
Read Track / Address

STATUS REGISTER

Upon receipt of any command, except the Force Inter-
rupt command, the Busy Status bit is set and the rest
of the status bits are updated or cleared for the new
command. If the Force Interrupt Command is received
when there is a current command under execution,
the Busy status bit is reset, and the rest of that status
bits are unchanged. If the Force Interrupt command
is received when there is not a current command
under execution, the Busy Status bit is reset and the
rest of the status bits are updated or cleared. In this
case, Status reflects the Type | commands.

The user has the option of reading the status register
through program control or using the DRQ line with
DMA or interrupt methods. When the Data register
is read the DRQ bit in the status register and the DRQ
line are automatically reset. A write to the Data
register also causes both DRQ’s to reset.

The busy bit in the status may be monitored with a
user program to determine 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 determine
the condition of busy will reset the INTRQ line.

The format of the Status Register is shown below:

BITS

7 6 5 4 3 2 1 0
S7 | S6 | S5 | S4 | S3 | 82| 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 be observed when operating under programmed
I/ O. They are: (times double when clock = 1 MHz)

Delay Req’d.
Operation Next Operation FM MFM
Write to Read Busy Bit 12us Bus
Command Reg. | (Status Bit 0)
Write to Read Status 28us 14us
Command Reg. | Bits 1-7
Write Any Read From Diff. 0 0
Register Register

IBM 3740 FORMAT - 128 BYTES / SECTOR

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

Floppy Disk Controller Devices
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IBM 3740 FORMAT - 128 BYTES / SECTOR

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

NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN
40 FF (or 00)'
6 00
1 FC (Index Mark)
26 FF (or 00)!
6 00
1 FE (ID Address Mark)
1 Track Number
1 Side Number (00 or 01)
1 Sector Number (1 thru 1A)
1 00 (Sector Length)
1 F7 (2 CRC’s written)
11 FF (or O0)ses E5)!
6 00
1 FB (Data Address Mark)
128 Data (IBM uses E5)
1 F7 (2 CRC’s written)
27 FF (or 00)!
247** FF (or 00"

*Write bracketed field 26 times.

**Continue writing until FD179X interrupts out.
Approx. 247 bytes.

1-Optional ‘00’ on 1795/7 only.

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.

NUMBER HEX VALUE OF
OF BYTES 'BYTE WRITTEN
80 4E
12 00
3 F6 (Writes C2)
1 FC (Index Mark)
* 50 4E
12 00
3 F5 (Writes A1)
1 FE (ID Address Mark)
1 Track Number (0 thru 4C)
1 Side Number (0 or 1)
1 Sector Number (1 thru 1A)
1 01 (Sector Length)
1 F7 (2 CRC's written)
22 4E
12 (0]0]
3 F5 (Writes A1)
1 FB (Data Address Mark)
256 DATA
1 F7 (2 CRC's written)
54 4E
598** 4E

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

[ 1
sama ]

PHYBICAL INDEX

o

Gar aar 1 aarz
PRE NDEX POST INDEX
BYTE Fu
740 YTES MFM
NOMINAL

2 a oura

seres swmes w0oar feid
o Semera | Cene 17 8VTES

42 OYTES MFM oMLY noy e

i OATA FIELD » DATA FIELD
cono necoro | asry | mecomo | aarz [ necomo AECOAD.
2 ~o 2 w0 3 ) %0 2 NGO 28

secron
NUMBER

secTon

»
e | aoe cnc
avoness | isen | wwacn ol RN

crc
LT

0ata OR
oeLETED

ADORESS
AR

che cre
usen oAt sviEr [att)

1N MFM ONLY. (D41 AND DATA AN
ARE PRECEDED Y THREE BYTES OF
A1 WiTh CLOGK TRANSITION BETWEEN
BITS € AND $ MISSING

/\

Garz

-

*MISSING CLOCK TRANSITION
BETWEEN 873 3AND &

>

o f——e 11 0vEs

NEXT DATA FIELD

savies o]

rs 28vTes 32 avTES.
WRITE GATE TUAN ON FOR ypoATE —/
oF L

ed 1ovre *‘——ulﬂ[s —f o
e\ 3
WRITE TUAN OFF FOR UPDATE

O PREVIOUS DATA FIELD

IBM TRACK FORMAT
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1. NON-IBM FORMATS

Variations in the IBM formats are possible to a limited
extent if the following requirements are met:

1) Sector size must be 128, 256, 512, 1024 bytes.
2) Gap 2 cannot be vaired from the IBM format.
3) 3 bytes of A1 must be used in MFM.

-In addition, the Index Address Mark is not required
for operation by the FD179X. Gap 1, 3, and 4 lengths
can be as short as 2 bytes for FD179X operation,
however PLL lock up time, motor speed variation,
write-splice area, etc. will add more bytes to each gap
to achieve proper operation. It is recommended that
the IBM format be used for highest system reliability.

FM MFM
Gap | 16 bytes FF 32 bytes 4E
Gap Il 11 bytes FF 22 bytes 4E
* 6 bytes 00 12 bytes 00
* 3 bytes A1
Gap IlI** 10 bytes FF 24 bytes 4E
4 bytes 00 8 bytes 00
3 bytes A1
Gap IV 16 bytes FF 16 bytes 4E

*Byte counts must be exact.
**Byte counts are minimum, except exactly 3 bytes
of A1 must be written.

TIMING CHARACTERISTICS

I

INTRQ

——

~ 16" OR 32" uS
l‘— ToRr
. | L

1
|
' -
H |es—— Tiag {
|

;I;

T
ITOH

SERVICE

A0 A1.CS

Q|

| TRE —

Tser

—a={ TpACC

NOTE 1 TS MAY BE PERMANENTLY TIED LOW IF DESIRED
“TIME DOUBLES WHEN CLOCK * 1MHZ

t SERVICE (WORST CASE!

‘FM 275 u!

MFM - 135uS

DRQ RISING EDGE: INDICATES THAT THE DATA REGISTER HAS ASSEMBLED
DATA.

DRQ FAL!ING EDGE: INDICATES THAT THE DATA REGISTER WAS READ
INTRQ RISING EDGE: OCCURS AT END OF COMMAND
INTRQ FALLING EDGE: INDICATES THAT THE STATUS REGISTER WAS READ.

READ ENABLE TIMING

Ta = 0°C to 70°C, Vpp = +12V£.6V, Vgg = OV, Voo = +5V + .25V
READ ENABLE TIMING

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS | CONDITIONS
TSET Setup ADDR & CS to RE _ 50 nsec
THLD Hold ADDR & CS from RE 10 nsec
TRE RE Pulse Width 400 nsec [(C_ = 50 pf
TDRR DRQ Reset from RE__ 400 500 nsec
TIRR INTRQ Reset from RE 500 3000 nsec |See Note 5
TDACC Data Access from RE 350 nsec |C_ = 50 pf
TDOH Data Hold From RE 50 150 nsec |G, = 50 pf
WRITE ENABLE TIMING (See Note 6, Page 21)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS | CONDITIONS
TSET Setup ADDRS & CS TO WE 50 nsec
THLD Hold ADDR & CS from WE 10 nsec
TWE WE Pulse Width 350 nsec
TDRR DRQ Reset from WE 400 500 nsec
TIRR INTRQ Reset from WE 500 3000 nsec |See Note 5
TDS Data Setup to WE 250 nsec
TDH Data Hold from WE 70 nsec
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L Toc

o |_.J U—
TSEAVICE v | I
- RCLK  ———d

L.
-

INTHO

a0 a1 CS

Tser |-
[ToaTa MusT] NOMINAL

BE VALID

] o L DISKETTE | MODE | DDEN | CLK T. Ts T.
—o==| Ton ’

of
k4

8 MFM 0 2MHz [1pus (1 us |2 us
8" FM 1 2MHz |2 us | 2us | dus
NOTE 1 CS MAY BE PERMANENTLY TIED LOW IF DESRED 5" MFM 0 1TMHz | 2us | 2us | 4 us
5" FM 1 1MHz 14 us | 4pus | 8us

WHEN WRITING INTO THE COMMAND REGISTER STATUS
1S NOT VALID UNTIL SOME 28 4 SEC IN FM. 14 L SEC IN MFM
ATER THESE TIMES ARE DOUBLED WHEN CLK 1 MHz
*TIME DOUBLES WHEN CLOCK  1MHz

t SERVICE (WORST CASE)
FM 235

v
TMEM 1) 505

DRQ RISING EDGE' INDICATES THAT THE DATA REGISTER IS EMPTY
DRQ FALLING EDGE INDICATES THAT THE DATA REGISTER IS LOADED

RS S ot T Ty b secses INPUT DATA TIMING
1S WRITTEN TO

WRITE ENABLE TIMING

INPUT DATA TIMING:

SYMBOL CHARACTERISTIC MIN. | TYP. MAX. UNITS | CONDITIONS
Tpw Raw Read Pulse Width 100 200 nsec |See Note 1
Tsc Raw Read Cycle Time 1500 2000 nsec |[1800 ns @ 70°C
Tek RCLK Cycle Time 1500 2000 nsec |1800 ns @ 70°C
Txq RCLK hold to Raw Read 40 nsec |See Note 1
Tyo Raw Read hold to RCLK 40 nsec [See Note 1

WRITE DATA TIMING:(ALL TIMES DOUBLE WHEN CLK = 1 MHz2)

SYMBOL CHARACTERISTICS MIN. TYP. MAX. UNITS CONDITIONS
Twp Write Data Pulse Width 500 650 nsec FM
200 350 nsec MFM
Twg Write Gate to Write DATA 2 usec FM
1 usec MFM
Tbc Write Data Cycle Time 23,0r 4 usec + CLK Error
Ts Early (Late) to Write Data 125 nsec MFM
Th Early (Late) From 125 nsec MFM
Write Data
Twf Write Gate off from WD 2 usec FM
1 usec MFM
Twdl WD Valid Clk 100 nsec CLK = 1 MHz
50 nsec CLK = 2 MHz
Twd2 WD Valid after CLK 100 nsec CLK = 1 MHZ
30 nsec CLK = 2 MHz
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WD MUST HAVE RISING EDGE IN FIRST SHADED AREA AND TRAILING
EDGE IN SECOND SHADED AREA.

WRITE DATA/CLOCK RELATIONSHIP

WRITE DATA TIMING

MISCELLANEOUS TIMING: (Times Double When Clock = 1MH2z)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TCD, Clock Duty (low) 230 250 20000 nsec
TCD, Clock Duty (high) 200 250 20000 nsec
TSTP Step Pulse Output 2o0r4 psec |[See Note 5
TDIR Dir Setup to Step 12 usec | £ CLK ERROR
TMR Master Reset Pulse Width 50 psec
TiP Index Pulse Width 10 usec | See Note 5
TWF Write Fault Pulse Width 10 usec

e
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NOTES:

= T " 1.

o
x
w

Pulse width on RAW READ (Pin 27) is normally
100-300 ns. However, pulse may be any width if

o 1o — | pulse is entirely within window. If pulse occurs in
= both windows, then pulse width must be less than
I l f 300 ns for MFM at CLK = 2 MHz and 600 ns for
[ FM at 2 MHz. Times double for 1 MHz.
_ 2. A PPL Data Separator is recommended for 8”
- T MFM. ‘
3. tbc should be 2us, nominal in MFM and 4us
b= e nominal in FM. Times double when CLK = 1 MHz.
ferere 4, RCLK may be high or low during RAW READ

(Polarity is unimportant).
. Times double when clock = 1 MHz.
6. Output timing readings are at Vg = 0.8v and
760 VOH = 2.0V.

I STEP IN

ome YoM
v

oL ~— RiRy" —

l‘ Towr -I'svs'__—..{VQ,p'“

o

|-'om..{'su>|_._

vou

g p Rl

MISCELLANEOUS TIMING

*FROM STEP RATE TABLE

Table 4. STATUS REGISTER SUMMARY

ALL TYPE | READ READ READ WRITE WRITE
BIT COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK
S7 NOT READY |NOT READY |NOT READY |NOT READY |NOT READY [NOT READY
S6 |WRITE 0 0 0 WRITE WRITE
PROTECT PROTECT PROTECT
S5 HEAD LOADED 0 RECORD TYPE 0 WRITE FAULT | WRITE FAULT
S4 | SEEK ERROR |RNF RNF 0 RNF 0
S3 CRC ERROR | CRC ERROR |CRC ERROR 0 CRC ERROR 0
S2 |TRACK O LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA
S INDEX PULSE |DRQ DRQ DRQ DRQ DRQ
S0 BUSY BUSY BUSY BUSY BUSY BUSY
STATUS FOR TYPE | COMMANDS
BIT NAME MEANING

§7 NOT READY

This bit when set indicates the drive is not ready. When reset it indicates that the drive
is ready. This bit is an inverted copy of the Ready input and logically “ored” with MR.

S6 PROTECTED

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

§5 HEAD LOADED

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

S4 SEEK ERROR

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

S3 CRC ERROR

CRC encountered in ID field.

S2 TRACK 00 When set, indicates Read / Write head is positioned to Track 0. This bit is an inverted
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 command is in progress.
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L
STATUS FOR TYPE Il AND Il COMMANDS

BIT NAME

MEANING

S7 NOT READY

This bit when set indicates the drive is not ready. When reset, it indicates that the
drive is ready. This bit is an inverted copy of the Ready input and “ORed"” with MR.
The Type Il and Ill Commands will not execute unless the drive is ready.

56 WRITE PROTECT

On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a
Write Protect. This bit is reset when updated.

S5 RECORD TYPE
WRITE FAULT

On Read Record: It indicates the record-type code from data field address mark. 1
= Deleted Data Mark. 0 = Data Mark. On any Write: It indicates a Write Fault. This
bit is reset when updated.

S4 RECORD NOT
FOUND (RNF)

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

S3 CRC ERROR

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

S§2 LOST DATA

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

S1 DATA REQUEST

This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read
Operation or the DR is empty on a Write operation. This bit is reset to zero when
updated.

S0 BUSY

When set, command is under execution. When reset, no command is under execution.

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings
Vpp With respect to Vgg(ground): + 15 to -0.3V

Cin & Coyt = 15 pF max with all pins grounded
except one under test.

Operating temperature = 0°C to 70°C

Storate temperature = -55°C to + 125°C

Voitage to any input with respect to Vgg = +15

to -0.3V

lcc = 60 MA (35 MA nominal)
Ibpp = 15 MA (10 MA nominal)

OPERATING CHARACTERISTICS (DC)
TA = 0°C to 70°C, Vg = + 12V & BV, Vgg = OV, Voo = +5V = .25V

SYMBOL CHARACTERISTIC MIN. MAX. UNITS CONDITIONS
IlL lnpUt Leakage 10 A VIN = VDD*'
loL Output Leakage 10 A Voutr = Vop
ViH Input High Voltage 26 \
ViL Input Low Voltage 0.8 \Y
Vou Output High Voltage 2.8 \Y lp = -100xA
VoL Output Low Voltage 0.45 \Y lp = 1.6mA
Po Power Dissipation 0.6 W

*1792 and 1794 |, = 1.0 mA
**Leakage conditions are for input pins without internal pull-up resistors. Pins 22, 23, 33, 36, and 37 have pull-
up resistors.

]
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WESTERN DIGITAL
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FD179X Application Notes

INTRODUCTION

Over the past several years, the Floppy Disk Drive has
become the most popular on-line storage device for
mini and microcomputer systems. Its fast access
time, reliability and low cost-per-bit ratio enables the
Floppy Disk Drive to be the solution in mass storage
for microprocessor systems. The drive interface to the
Host system is standardized, allowing the OEM to
substitute one drive for another with minimum hard-
ware/software modifications.

Since Floppy Disk Data is stored and retrieved as a
self-clocking serial data stream, some means of
separating the clock from the data and assembling
this data in parallel form must be accomplished. Data
is stored on individual Tracks of the media, requir-
ing control of a stepper motor to move the Read/Write
head to a predetermined Track. Byte synchronization
must also be accomplished to ensure that the parallel
data is properly assembled. After all the design con-
siderations are met, the final controller can consist
of 40 or more TTL packages.

To alleviate the burden of Floppy Disk Controlier
design, Western Digital has developed a Family of
LSI Floppy Disk controller devices. Through its own
set of macro commands, the FD179X Controller
Family will perform all the functions necessary to read
and write data to the drive. Both the 8" standard and
5 4" mini-floppy are supported with single or dou-
ble density recording techniques. The FD179X is com-
patible with the IBM 3740 (FM) data format, or the
System 34 (MFM) standards. Provisions for non-
standard formats and variable sector iengths have
been included to provide more storage capability per
track. Requiring standard +5, + 12 power supplies,
the FD179X is available in a standard 40-pin dual-in-
line package.

The FD179X Family consists of 6 devices. The dif-
ferences between these devices is summarized in
Figure 1. The 1792 and 1794 are “single density only”
devices, with the Double Density Enable pin
(DDEN) left open by the user. Both True and inverted
Data Bus devices are available. Since the 179X can
only drive one TTL Load, a true data bus system may
use the 1791 with external inverting buffers to arrive
at a true bus scheme. The 1795 and 1797 are iden-
tical to the 1791 and 1793, except a side select out-
put has been added that is controlled through the
Command Register.

SYSTEM DESIGN

The first consideration in Floppy Disk Design is to
determine which type of drive to use. The choice
ranges from single-density single sided mini-floppy
to the 8” double-density double-sided drive. Figure 2
illustrates the various drive and data capacities
associated with each type. Although the 8” double-
density drive offers twice as much storage, a more
complex data separator and the addition of Write
Precompensation circuits are mandatory for reliable
data transfers. Whether to go with 8” double-density
or not is dependent upon PC board space and the
additional circuitry needed to accurately recover data
with extreme bit shifts. The byte transfer time defines
the nominal time required to transfer one byte of data
from the drive. If the CPU used cannot service a byte
in this time, then a DMA scheme will probably be
required. The 179X also needs a few microseconds
for overhead, which is subtracted from the transfer
time. Figure 3 shows the actual service times that the
CPU must provide on a byte-by-byte basis. If these
times are not met, bytes of data will be lost during
a read or write operation. For each byte transferred,
the 179X generates a DRQ (Data Request) signal on
Pin 38. A bit is provided in the Status Register which
is also set upon receipt of a byte from the Disk. The
user has the option of reading the status register
through program control or using the DRQ Line with
DMA or interrupt schemes. When the data register
is read, both the Status Register DRQ bit and the DRQ
Line are automatically reset. The next full byte will
again set the DRQ and the process continues until
the sector(s) are read. The Write operation works
exactly the same way, except a WRITE to the Data
Register causes a reset of both DRQ’s.

RECORDING FORMATS

The FD179X accepts data from the disk in a
Frequency- Modulated (FM) or Modified-Frequency-
Modulated (MFM) Format. Shown in Figures 4A and
4B are both these Formats when writing a hex-
idecimal byte of ‘D2.’ In the FM mode, the 8 bits of
data are broken up into “bit cells.” Each bit cell begins
with a clock pulse and the center of the bit cell
defines the data. If the data bit = 0, no pulse is writ-
ten; if the data = 1, a pulse is written in the center
of the cell. For the 8” drive, each clock is written 4
microseconds apart.
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In the MFM mode, clocks are decoded into the data
stream. The byte is again broken up into bit cells, with
the data bit written in the center of the bit cell if data
= 1. Clocks are only written if both surrounding data
bits are zero. Figure 4B shows that this occurs only
once between bit cell 4 and 5. Using this encoding
scheme, pulses can occur 2, 3 or 4 microseconds
apart. The bit cell time is now 2 microseconds; twice
as much data can be recorded without increasing the
Frequency rate due to the encoding scheme.

The 179X was designed to be compatible with the IBM
3740 (FM) and System 34 (MFM) Formats. Although
most users do not have a need for data exchange with
IBM mainframes, taking advantage of these well
studied formats will ensure a high degree of system
performance. The 179X will allow a change in gap
fields and sector lengths to increase usable storage
capacity, but variations away from these standards
is not recommended. Both IBM standards are soft-
sector format. Because of the wide variation in
address marks, the 179X can only support soft-
sectored media. Hard sectored diskettes have con-
tinued to lose popularity, mainly due to the
unavailability of a standard and the limitation of sec-
tor lengths imposed by the physical sector holes in
the diskette.

PROCESSOR INTERFACE

The Interface of the 179X to the CPU consists of an
8-bit Bi-directional bus, read/write controls and
optional interrupt lines. By selecting the device via
the CHIP SELECT Line, each of the five internal
registers can be accessed.

Shown below are the registers and their addresses:

PIN 3| PIN6| PINS5 PIN 4 PIN 2

Cs A, A RE=0 WE=10

0 0 0 [STATUS REG | COMMAND

0 0 1 |TRACK REG |REG

0 1 0 |SECTOR REG|TRACK REG

0 1 1 |DATA REG |SECTOR REG

1 X X |H1Z DATA REG
H1-Z

Each time a command is issued to the 179X, the Busy
Bit is set and the INTRQ (Interrupt Request) Line is
reset. The user has the option of checking the Busy
Bit or use the INTRQ Line to denote command com-
pletion. The Busy Bit will be reset whenever the 179X
is idle and awaiting a new command. The INTRQ Line,
once set, can only be reset by a READ of the Status
Register or issuing a new command. The MR (Master
Reset) Line does not affect INTRQ.

The Ay, A4, Lines used for register selections can be
configured at the CPU in a variety of ways. These lines
may actually tie to CPU address lines, in which case
the 179X will be memory-mapped and addressed like
RAM. They may also be used under Program Control
by tying to a port device such as the 8255, 6820, etc.
As a diagnostic tool when checking out the CPU inter-
face, the Track and Sector registers should respond
like “RAM” when the 179X is idle (Busy = INTRQ =
0).

Because of internal synchronization cycles, certain
time delays must be introduced when operating under
Programmed 1/0. The worst case delays are:

OPERATION NEXT DELAY REQ'D
OPERATION

WRITE TO READ STATUS |MFM = 14y s*

COMMAND REG| REGISTER FM = 28us

WRITE TO READ FROM A | NO DELAY
ANY REGISTER| DIFFERENT REG

*NOTE: Times Double when CLK = 1MHz (5%”
drive).

Other CPU interface lines are CLK, MR and DDEN.
The CLK line should be 2 MHz (8” drive) or 1 MHz
(5 V" drive) with a 50% duty cycle. Accuracy should
be +1% (crystal source) since all internal timing,
including stepping rates, are based upon this clock.

The MR or 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
written to the Command Register after a MR, in
which case the remaining steps will occur at the
faster programmed rate. The 179X will issue a max-
imum of 255 stepping pulses in an attempt to expect
the TROO line to go active low. This line should be
connected to the drive’s TROO sensor.

The DDEN line causes selection of either single
density (DDEN = 1) or double density operation.
DDEN should not be switched during a read or
write operation.
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FLOPPY DISK INTERFACE

The Floppy Disk Interface can be divided into three
sections: Motor Control, Write Signals and Read
Signals. All of these lines are capable of driving one
TTL load and not compatible for direct connection
to the drive. Most drives require an open-collector TTL
interface with high current drive capability. This must
be done on all outputs from the 179X. Inputs to the
179X may be buffered or tied to the drive’s outputs,
providing the appropriate resistor termination net-
works are used. Undershoot should not exceed -0.3
volts, while integrity of V|, and Vg levels should be
kept within spec.

MOTOR CONTROL

Motor Control is accomplished by the STEP and DIRC
Lines. The STEP Line issues stepping pulses with a
period defined by the rate field in all Type | com-
mands. The DIRC Line defines the direction 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 L.E.D. sensor and
‘makes an active transition for each revolution of the
diskette. The TROO Line is another L.E.D. sensor
that informs the 179X that the stepper motor is at its
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 selected by option
jumpers on the drive. The 179X will look at the ready
signal prior to executing READ/WRITE commands.
READY is not inspected during any Type | commands.
All Type | commands will execute regardless of the
Logic Level on this Line.

WRITE SIGNALS

Writing of data is accomplished by the use of the WD,
WG, WF, TG43, EARLY and LATE Lines. The WG or
Write Gate Line is used to enable write current at the
drive’s RW head. It is made active prior to writing data
on the disk. The WF or WRITE FAULT Line is used
to inform the 179X of a failure in drive electronics.
This signal is multiplexed with the VFOE Line and
must be logically separated if required. Figure 5
illustrates three methods of demultiplexing.

The TG43 or “TRACK GREATER than 43” Line is used
to decrease the Write Current on the inner tracks,
where bit densities are the highest. If not required on
the drive, TG43 may be left open.

WRITE PRECOMPENSATION

The 179X provides three signals for double density
Write Precompensation use. These signals are WRITE
DATA, EARLY and LATE. When using single density
drives (eighter 8” or 5 1/4”), Write Precompensation
is not necessary and the WRITE DATA line is
generally TTL Buffered and sent directly to the drive.
In this mode, EARLY and LATE are left open.

For double density use, Write Precompensation is a
function of the drive. Some manufacturers recom-
mend Precompensating the 5 1/4” drive, while others
do not.

With the 8” drive, Precompensation may be specified
from TRACK 43 on, or in most cases, all TRACKS.
If the recommended Precompensation is not
specified, check with the manufacturer for the pro-
per configuration required.

The amount of Precompensation time also varies. A
typical value will usually be specified from 100-300ns.
Regardless of the parameters used, Write Precompen-
sation must be done external to the 179X. When
DDEN is tied low, EARLY or LATE will be activated
at least 125ns. before and after the Write Data pulse.
An Algorithm internal to the 179X decides whether
to raise EARLY or LATE, depending upon the previous
bit pattern sent. As an example, suppose the recom-
mended Precomp value has been specified at 150ns.
The following action should be taken:

EARLY LATE ACTION TAKEN
0 0 delay WD by 150 ns (nominal)
0 1 delay WD by 300ns (2X value)
1 0 do not delay WD

There are two methods of performmg Write
Precompensation:

1) External Delay elements
2) Digitally

Shown in Figure 6 is a Precomp circuit using the
Western Digital 2143 clock generator as the delay ele-
ment. The WD pulse from the 179X creates a strobe
to the 2143, causing subsequent output pulses on the
01, 02 and 03 signals. The 5K Precomp adjust sets
the desired Precomp value. Depending upon the con-
dition of EARLY and LATE, 01 will be used for EARLY,
02 for nominal (EARLY = LATE = 0), and 03 for LATE.
The use of “one-shots” or delay line in a Write
Precompensation scheme offers the user the ability
to vary the Precomp value. The 04 output resets the
74LS175 Latch in anticipation of the next WD pulse.
Figure 7 shows the WD-EARLY/LATE relationship,
while Figure 8 shows the timing of this write Precomp
scheme.

Another method of Precomp is to perform the func-
tion digitally. Figure 9 illustrates a relationship bet-
ween the WD pulse and the CLK pin, allowing a digital
Precomp scheme. Figure 10 shows such a scheme
with a preset Write Precompensation value of 250ns.
The synchronous counter is used to generate 2 MHz
and 4 MHz clock signals. The 2MHz clock is sent to
the CLK input of the 179X and the 4 MHz is used by
the 4-bit shift register. When a WD pulse is not pre-
sent, the 4 MHz clock is shifting “ones” through the
shift register and maintaining Qp at a zero level.
When a WD pulse is present, a zero is loaded at either
A, B, or C depending upon the states of LATE, EN
PRECOMP and EARLY. The zero is then shifted by
the 4 MHz clock until it reaches the Qp output. The
number of shift operations determines whether the
WRITE DATA pulse is written early, nominal or late.
If both FM and MFM operations is a system require-
ment, the output of this circuit should be disabled
and the WD pulse should be sent directly to the drive.
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DATA SEPARATION

The 179X has two inputs (RAW READ & RCLK) and
one output (VFOE) for use by an external data
separator. The RAW READ input must present clock
and data pulses to the 179X, while the RCLK input
provides a “window” or strobe signal to clock each
RAW READ pulse into the device. An ideal Data
Separator would have the leading edge of the RAW
READ pulse occur in the exact center of the RCLK
strobe.

Motor Speed Variation, Bit shifts and read amplifier
recovery circuits alt cause the RAW READ pulses to
drift away from their nominal positions. As this
occurs, the RAW READ pulses will shift left or right
with respect to RCLK. Eventually, a pulse will make
its transition outside of its RCLK window, causing
either a CRC error or a Record-Not-Found error at the
179X.

A Phase-Lock-Loop circuit is one method of achiev-
ing synchronization between the RCLK and RAW
READ signals. As RAW READ pulses are fed to the
PLL, minor adjustments of the free-running RCLK fre-
quency can be made. If pulses are occurring too far
apart, the RCLK frequency is decreased to keep syn-
chronization. If pulses begin to occur closer together,
RCLK is increased until this new higher frequency is
achieved. In normal read operations, RCLK will be
constantly adjusted in an attempt to match the
incoming RAW READ frequency.

Another method of Data Separation is the Counter-
Separator technique. The RCLK signal is again free-
running at a nominal rate, until a RAW READ pulse
occurs. The Separator then denotes the position of
the pulse with respect to RCLK (by the counter value),
and counts down to increase or decrease the current
RCLK window. The next RCLK window will occur at
a nominal rate and will continue to run at this fre-
quency until another RAW READ pulse adjusts RCLK,
but only the present window is adjusted.

Both PPL and Counter/Separator are acceptable
methods of Data Separation. The PPL has the highest
reliability because of its “tracking” capability and is
recommended for 8” double density designs.

As a final note, the term ‘‘Data Separator” may be
misleading, since the physical separation of clock and
data bits are not actually performed. This term is used
throughout the industry, and can better be described
as a “Data Recovery Circuit” rather than a Data
Separator.

The VFOE signal is an output from the 179X that
signifies the head has been loaded and valid data
pulses are appearing on the RAW READ line. It can
be used to enable the Data Separator and to insure
clean RCLK transitions to the 179X. Since some drives
will output random pulses when the head is
disengaged, VFOE can prevent an erratic RCLK signal
during this time. If the Data Separator requires syn-
chronization during a known pattern of one’s or zero’s,
then RG (READ GATE) can be used. The RG signal
will go active when the 179X is currently over a field

of zero’s or ones. RG is not available on the 1795/1797
devices, since this signal was replaced with the SSO
(Side Select Output) Line.

Shown in Figure 11 is a 2%z IC Counter/Separator.
The 74LS193 free runs at a frequency determined by
the CRYCLK input. When a RAW READ pulse occurs,
the counter is loaded with a starting count of ‘5.
When the RAW READ Line returns to a Logic 1, the
counter counts down to zero and again free runs. The
74LS74 insures a 50% duty cycle to the 179X and per-
forms a divide-by-two of the Qpoutput.

Figure 12 illustrates another Counter/Separator utiliz-
ing a PROM as the count generator. Depending upon
the RAW READ phase relationship to RCLK, the
PROM is addressed and its data output is used as
the counter value. A 16 MHz clock is required for 8"
double density, while an 8 MHz clock can be used
for single density.

Figure 13 shows a Phase-Lock-Loop data recovery cir-
cuit. The phase detector (U2, Figure 2) compares the
phase of the SHAPED DATA pulse to the phase of
VFO CLK 2. If VFO CLK 2 is lagging the SHAPED
DATA pulse an output pulse on #9, U2 is generated.
The filter/amplifier converts this pulse into a DC
signal which increases the frequency of the VCO.

If, correspondingly, CLK 2 is leading the SHAPED
DATA pulse, an output pulse on #5, U2 is generated.
This pulse is converted into a DC signal which
decreases the frequency of the VCO. These two
actions cause the VCO to track the frequency of the
incoming READ DATA pulses. This correction process
to keep the two signals in phase is constantly occur-
ring because of spindle speed variation and circuit
parameter variations.

The operating specifications for this circuit are as
follows:

Free Running Frequency 2 MHz

Capture Range + 15%

Lock Up Time 50 microsec. “1111” or
“0000” Pattern
100 Microsec “1010”
Pattern

The RAW READ pulses are generated from the fall-
ing edge of the SHAPED DATA pulses. The pulses
are also reshaped to meet the 179X requirements.
VFO CLK 2 OR 4 is divided by 2 once again to obtain
VFO CLK OUT whose frequency is that required by
the 179X RCLK input. RCLK must be controlled by
VFOE so VFOE is sampled on each rising edge of
VFO CLK OUT. When VFOE goes active EN RCLK
goes active in synchronization with VFO CLK OUT
preventing any glitches on the RCLK output. When
VFOE goes inactive EN RCLK goes inactive in syn-
chronization with VFO CLK OUT, again preventing any
glitches on the RCLK output.

Figure 14 illustrates a PPL data recovery circuit using
the Western Digital 1691 Floppy Support device. Both
data recovery and Write Precomp Logic is contained
within the 1691, allowing low chip count and PLL
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reliability. The 745124 supplies the free-running VCO
output. The PUMP UP and PUMP DOWN signals from
the 1691 are used to control the 74S124’s frequency.

COMMAND USAGE

Whenever a command is successfully or unsuc-
cessfully completed, the busy bit of the Status
Register is reset and the INTRQ line is forced high.
Command termination may be detected either way.
The INTRQ can be tied to the host processor’s inter-
rupt with an appropriate service routine to terminate
commands. The busy bit may be monitored with a
user program and will achieve the same resuits
through software. Performing both an INTRQ and a
busy bit check is not recommended because a read
of the Status Register to determine the condition of
the busy bit will reset the INTRQ line. This can cause
an INTRQ from not occurring.

RESTORE COMMAND

On some disk drives, it is possible to position the RW
head outward past Track 00 and prevent the TR0O line
from going low unless a STEP IN is first performed.
If this condition exists in the drive used, the RESTORE
command will never detect a TROO. Issuing several
STEP IN pulses before a RESTORE command will
remedy this situation. The RESTORE and all other
Type | commands will execute even though the
READY bit indicates the drive is not ready (NOT
READY = 1).

READ TRACK COMMAND

The READ TRACK command can be used to manually
inspect data on a hard copy printout. Gaps, address
marks and all data are brought in to the Data Register
during this command. The READ TRACK command
may be used to inspect diskettes for valid formatting
and data fields as well as address marks. Since the
179X does not synchronize clock and data until the
Index Address Mark is detected, data previous to this
ID mark will not be valid. READ GATE (RG) is not
actuated during this command.

READ ADDRESS COMMAND

In systems that use either multiple drives or sides,
the read address command can be used to tell the
host processor which drive or side is selected. The
current position of the R/W head is also denoted in
the six bytes of data that are sent to the computer.

CRS CRC| CRC

TRACK SIDE| SECTOR | LENGTH 1 2

The READ ADDRESS command as well as all other
Type Il and Type Il commands will not execute if the
READY line is inactive (READY = 0). Instead, an inter-
rupt will be generated and the NOT READY status bit
will be set to a 1.

FORCED INTERRUPT COMMAND

The Forced Interrupt command is generally used to
terminate a multiple sector command or to insure

Type | status in the Status Register. The lower four
bits of the command determine the conditional inter-
rupt as follows:

1, = NOT-READY TO READY TRANSITION
1, = READY TO NOT-READY TRANSITION
1, = EVERY INDEX PULSE

13 = IMMEDIATE INTERRUPT

Regardless of the conditional interrupt set, any com-
mand that is currently being executed when the
Forced Interrupt command is loaded will immediately
be terminated and the Busy Bit will be reset indicating
an idle condition.

Then, when the condition for interrupt is met, the
INTRQ line will go high signifying that the condition
specified has occured.

The conditional interrupt is enabled when the cor-
responding bit positions of the command (I3 - 10) are
setto a 1. If I3 - |y are all set to zero, no interrupt will
occur, but any command presently under execution
will be immediately terminated upon receipt of the
Force Interrupt command (HEX DQ).

As usual, to clear the interrupt a read of the Status
Register or a write to the command register is
required. The exception is when using the immediate
interrupt condition (I3 = 1). If this command is
loaded into the command register, an interrupt will
be immediately generated and the current command
terminated. Reading the status or writing to the com-
mand register will not automatically clear the inter-
rupt; another forced interrupt command with I3 - Iy =
0 must be loaded into the command register in order
to reset the INTRQ from this condition.

More than one condition may be set at a time. If for
example, the READY TO NOT-READY condition
l; = 1 and the Every Index Pulse I, = 1 are both set,
the resultant command would be HEX “DA.” The
“OR” function is performed so that either a READY
TO NOT-READY or the next Index Pulse will cause
an interrupt condition.

DATA RECOVERY

Occasionally, the RW head of the disk drive may get
“off track’, and dust and dirt may get trapped on the
media. Both of these conditions will cause a RECORD
NOT FOUND and/or a CRC error to occur. This “soft
error’ can usually be recovered by the following
procedure:

1. Issue the command again

2. Unload and load the head and repeat step

3. Issue a restore, seek the track, and repeat
step 1

If RNF or CRC errors are still occurring after trying
these methods, a “hard error” may exist. This is
usually caused by improper disk handling, exposure
to high magnetic fields, etc. and generally results in
destroying portions or tracks of the diskette.

Floppy Disk Controller Devices
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FIGURE 1. DEVICE CHARACTERISTICS

DEVICE SNGL DENSITY | DBLE DENSITY | INVERTED BUS| TRUE BUS | DOUBLE-SIDED
1791 X X X
1792 X X
1793 X X X
1794 X X
1795 X X X X
1797 X X X X
FIGURE 2. STORAGE CAPACITIES
UNFORMATTED BYTE FORMATTED
CAPACITY (NOMINAL) | TRANSFER CAPACITY
SIZE DENSITY SIDES | PER TRACK| PER DISK TIME | PER TRACK| PER DISK
5 1/4” SINGLE 1 3125 ' 109,375* 64us 2304+ 80,640
5 1/4” DOUBLE 1 6250 218,750 32us 4608* ** 161,280
5 1/4” SINGLE 2 3125 218,750 64us 2304 161,280
5 1/4” DOUBLE 2 6250 437,500 32us 4608 322,560
8" SINGLE 1 5208 401.016 32us 3328 256,256
8" DOUBLE 1 10,416 802,032 16us 6656 512,512
8” SINGLE 2 5208 802,032 32us 3328 512,512
8” DOUBLE 2 10,416 1,604,064 16us 6656 1,025,024

*Based on 35 Tracks/Side.
**Based on 18 Sectors/Track (128 byte/sec).
***Based on 18 Sectors/Track (256 bytes/sec).

b ]
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FIGURE 3. NOMINAL VS. WORST CASE SERVICE TIME

NOMINAL TRANSFER WORST-CASE 179X SERVICE TIME
SIZE | DENSITY TIME READ WRITE
51/4” | SINGLE 64us 55.0us 47.0us
51/4” | DOUBLE 32us 27.5us 23.5u8
8" SINGLE 32us 27.5us 23.5us
8” DOUBLE 16us 13.5us 11.5us

FIGURE 4A. FM RECORDING

aus

BIT 0

BIT 1 ‘ 8IT 2 l BIT3 l BIT 4

HEX 1 1 0 1 0 0 1 [
02

RULE:
1) WRITE DATA BITS AT CENTER
OF BITCELLIFA "1

2) WRITE CLOCK BITS AT LEADING
EDGE OF THE BIT CELL

FIGURE 4B. MFM RECORDING

2us
| BITO BIT1 ‘ BIT 2 I BIT3 BIT 4 | BITS l BIT6 Bz I
1 1 [} 1 [} [ 1 o
HEX
ot IDI lol m |c| ]DI
RULE:

1) WRITE DATA BITS AT CENTER
OF BIT CELL IF A 1"

2) WRITE CLOCK BITS AT LEADI"‘JG
EDGE OF BIT CELL IF:

A) NO DATA BIT HAS BEEN WRITTEN LAST
—AND—
B) NO DATA BIT WILL BE WRITTEN NEXT
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FIGURE 5. WF / VFOE DEMULTIPLEXING CIRCUITRY
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WD279X-02 Floppy Disk Formatter/Controller Family

FEATURES

ON-CHIP PLL DATA SEPARATOR
ON-CHIP WRITE PRECOMPENSATION LOGIC
SINGLE +5V SUPPLY
ACCOMMODATES SINGLE AND DOUBLE
DENSITY FORMATS
IBM 3740 (FM)
(BM 34 (MFM)
AUTOMATIC SEEK WITH VERIFY
MULTILE SECTOR READ/WRITE
TTL COMPATIBLE
PROGRAMMABLE CONTROL
SELECTABLE TRACK-TO-TRACK ACCESS
HEAD LOAD TIMING
o 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 plus a high performance Phase-Lock-
Loop Data Separator as well as Write Precompensa-
tion Logic. In Double Density mode, Write Precompen-
sation is automatically engaged to a value
programmed via an external 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 I/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 8-bit bi-
directional bus for data, status, and control word
transfers. The WD279X is set up to operate on a
multiplexed bus with other bus-oriented devices.

Floppy Disk Controller Devices
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WE 2 39— INTRQ
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PIN DESIGNATION

The WD279X is TTL compatible on all inputs and out-
puts. The outputs will drive one TTL load or three LS
loads. The WD2793 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.

20-X6.2aM



¢0-X6.2am

PIN DESCRIPTION

PIN NUMBER

SIGNAL NAME

MNEMONIC

FUNCTION

1

19

20
21

2

5,6

714

24

38

ENABLE PRECOMP

MASTER RESET

POWER SUPPLIES

COMPUTER INTERFACE:
WRITE ENABLE

CHIP SELECT

READ ENABLE

REGISTER SELECT
LINES

DATA ACCESS LINES

CLOCK

DATA REQUEST

ENP

AO0,A1

DALO-DAL7

CLK

DRQ

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

A logic fow (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 loaded into sector
register.

Ground
+5V %

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

A logic low on this input selects the chip and
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
receiveltransfer data on the DAL lines under
RE and WE control:

CS A1 AO RE WE

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

0 1 O Sector Reg Sector Reg

0 1 1 Data Reg Data Reg

Eight bit bi-directional bus used for transfer
of commands, status, and data. These lines
are inverted (active low) 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.
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PIN DESCRIPTION (Continued)

PIN NUMBER

SIGNAL NAME

MNEMONIC

FUNCTION

39

15

16

17

18

22

23

25

25

26

27

28

29

INTERRUPT REQUEST

FLOPPY DISK INTERFACE:

STEP

DIRECTION
5 1/4,” 8" SELECT

READ PULSE WIDTH

TEST

PUMP

INTRQ

STEP

DIRC
5/8

RPW

TEST

PUMP

ENABLE MINI-FLOPPY
(2791, 2793)

SIDE SELECT OUTPUT
(2795, 2797)

VOLTAGE-:
CONTROLLED
OSCILLATOR

RAW READ
HEAD LOAD

TRACK GREATER
THAN 43

ENMF

SSO

VvCO

RAW READ

HLD

TG43

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 to.

The step output contains a pulse for each
step.

Direction Qutput 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 VCO frequency.

A logic low on this input enables an inter-
nal +2 of the Master Clock. This allows both
5 1/4” and 8” drive operation with a single
2 MHz clock. For a 1 MHz clock on 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 Il
or Il commands. When U = 1, SSO is set
to a logic 1. When U = 0, SSO is set to a
logic 0. The SSO is compared with the side
information in the Sector ID Field. If they do
not compare Status Bit 4 (RNF) is set. The
Side Select Output is only updated at the
beginning of a Type Il or Ill 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 pulse for each
recorded flux transition.

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

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

Floppy Disk Controller Devices

1-93

¢0-X62am



¢0-X622am

e PR
PIN DESCRIPTION (Continued)

PIN NUMBER

SIGNAL NAME

MNEMONIC

FUNCTION

30

31

32

35

36

37

40

WRITE GATE

WRITE DATA

READY

WRITE PRECOMP -
WIDTH

TRACK 00
INDEX PULSE

WRITE PROTECT

DOUBLE DENSITY

HEAD LOAD TIMING

WG

WD

READY

WPW

TR0OO

WPRT

DDEN

HLT

-1 This input informs the WD279X when the

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

MFM or FM output pulse 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 WD279X that the
Read/Write head is positioned over Track 00.

index hole is encountered on the diskette.

This input is sampled 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.
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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/LSI devices which per-
form the functions of a Floppy Disk Controller/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 external potentiometer. An on-chip VCO
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 quad 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 Out X X
Internal 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 Shift 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 8-bit register is used as a holding
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
loaded from or transferred to the DAL. This Register
should not be loaded when the device is busy.

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

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

CRC Logic—This logic is used to check or to generate
the 16-bit Cyclic Redundancy Check (CRC). The
polynomial is: G(x) = x® + x2 + x5 + 1.

The CRC includes all information starting with the
address mark and up to the CRC characters. The 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 ID field.

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

Floppy Disk Controller Devices
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The internal device timing is generated from an exter-
nal crystal clock.

AM Detector - The address mark detector detects 1D,
data and Index address marks during read and write
operations.

Write Precompensation - enables write precompensa-
tion to be performed on the Write Data ouput.

Data OUT
LUFFERS

1 R

DATA COMMAND = SECTOR
REG AEG

[ I—
TRACK H sTATUS
REG REG

DATA
SHIET
REG

Faw AEAD
A
{
RPW

WRITE DATA WRITE
(TO DISK) PRECOMP

AM DETECTOR

WPW

1 le—— 58
RCLK PHASE

LOCK t—— VCO

[e— PUMP

DATA SEPARATOR

WE Compuren CONTAOL

INTERFACE CONTROL
0 CONTROL (230 X 16)

CONTROL

015K
INTERFA. E
CONTRG: step

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 5%”
or 8” Floppy Disk interfacing.

PROCESSOR INTERFACE

The Interface to the processor is 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
are 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 A0, combined with the signals RE during a
Read operation or WE during a Write operation are
interpreted as selecting the following registers:

Al A0 READ (RE) WRITE (WE)

0 0 Status Regiser Command Register
0 1 Track Register Track Register

1 0 Sector Register Sector Register

1 1 Data 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.

1-96

Floppy Disk Controller Devices



On Disk Read operations the Data Request is
activated (set high) when an assembled serial input
byte is transferred in parallel to the Data Register. This
bit is cleared when the Data Register is read by the
processor. If the Data Register is read after one or
more characters are lost, by having new data transfer-
red into the register prior 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 internal VCO frequency must also 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)| 5/8 (17) DRIVE
2 MHz 1 1 8"
2 MHz 0 0 5%
1 MHz 1 0 5V

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.

Floppy Disk Controller Devices

In addition to the WD179X, the WD279X contains an
internal 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 internally 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
WD179X.

Other pins on the device also include 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 formats,
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 WD279X recognizes tracks and sectors numbered
00-FF Hex. However, due to programming restrictions,
only tracks and sectors 00 through F4 can be
formatted.
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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 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
immediately terminated, an interrupt is 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 1l or i)
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 should 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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U
TABLE 1. COMMAND SUMMARY

A. Commands for Models: WD2791, WD2793 B. Commands for Models: WD2795, WD2797
Bits Bits
Type Command 7 6 5 4 3 2 1 0|7 6 5 4 3 2 1 0
I Restore 0 0 0 0 h V. M |0 O 0 0 h VvV M1 '
| Seek 0 0 0 1 h V. M |0 0 0 1t h V "1 70
| Step 0O 0 1 T h V ' "]J0 0 1 T h VvV M1
| Step-in 0 1 0 T h VvV "M |0 1 0 T h V "1 .7
I Step-out O 1+ 1. T h VT 0}j0 1 1 T h V 11 10
Il Read Sector 1 0 0 m S E C 0|1 0 0 m L E U o0
Il Write Sector i 0 1 m S E C ®}|1 0 1 m L E U 2@
Il Read Address i1 0 0 0 E O O(1T 1 0 O O E U O
lll Read Track i 11 0 0 E 0 O|1T 1 1 0 0 E U o0
Il Write Track i 11 1 0 E 0 O0J]1 1 1 1 0 E U O
IV Force Interrupt 1 1 0 1 3 21 bf1 1+ 0o 1 '3 2 11 o
TABLE 2. FLAG SUMMARY
Command Bit
Type No(s) Description
1 0, 1 1 '0= Stepping Motor Rate See
Table 3 for Rate Summary
| 2 V = Track Number Verify Flag |V = 0,No verify
V = 1,Verify on destination track
| 3 h = Head Load Fiag h = 0O,Unload head at beginning
h = 1,Load head at beginning
| 4 T = Track Update Flag T = O,No update
T = 1,Update track register
I &Ml 0 30 = Data Address Mark 230 = 0,FB(DAM)
30 = 1,F8(deleted DAM)
Il 1 C = Side Compare Flag C = 0,Disable side compare
C = 1,Enable side compare
&l 1 U = Update SSO U = 0,Update SSO to 0
U = 1,Update SSO to 1
&l 2 E = 15 MS Delay E = O,No. 15 MS delay
E = 1,15 MS delay (30 MS for 1 Mhz)
] 3 S = Side Compare Flag S = 0,Compare for side 0
S = 1,Compare for side 1
] 3 L = Sector Length Flag LSB’s Sector Length in ID Field
00 01 10 "
L=0 256 512 1024 128
L=1 128 256 512 1024
I 4 m = Multiple Record Flag m = 0,Single record
m = 1,Multiple records
[\ 0-3 'x = Interrupt Condition Flags
'0 = 1 Not Ready To Ready Transition
1 = 1 Ready To Not Ready Transition
12 = 1 Index Pulse .
'3 = 1 Immediate Interrupt, Requires A Reset
1310 = 0 Terminate With No Interrupt (INTRQ)

NOTE: See Type IV Command Description 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 value is accomplished by
forcing the TEST line (Pin 22) to a Logic 0. A stream
of pulses 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

DATA SEPARATION

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

To program the 279X for external 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 voltage 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 maintaip 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 pulse (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" Double _Density).
The DDEN line must be low while the 5/8 lineis
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 pulses, which their duration is equivalent to
the phase difference of incoming Data vs. VCO fre-
quency. This signal is internally connected to the VCO
input, but a filter is needed to connect these pulses
to a slow moving DC voltage.

The internal 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 extremely
wide lock-up response, leading to PUMP runaway. The
filter affects these two reactions in mutually opposite
directions.

The following Filter Circuit is recommended for 8”
FM/MFM:

PUMP

PIN
( 23) Auf

1KQ IN914

Since 5% " Drives operate at exactly one-half the data
rate (250 Kb/sec) 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 resistor
with a 1K (nominal at 25°c) thermister (approximating
400 ohms at 50°c and approximatley 2.8K ohms at
0°¢) 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 (ro r4), which
de’{)elrmines 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 unless the com-
mand changes the direction. '

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

TABLE 3. STEPPING RATES

CLK 2 MHz 1 MHz
R1 RO TEST= 1 TEST = 1
0 0 3 ms 6 ms
0 1 6 ms 12 ms
1 0 10 ms 20 ms
1 1 15 ms 30 ms

After the last directional step, an additional 15
milliseconds of head settling time takes place if the
Verify flag is set in Type | commands. Note that this
time doubles to 30 ms for a 1 MHz clock. There is
also a 15 ms head settling time if the E flag is set
in any Type 1l or Il command.
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When a Seek, Step, or Restore command is executed
an optional verification of Read-Write head position
can be performed by setting bit 2(V = 1) in the com-
mand word to a logic 1. The verification operation
begins at the end of the 15 millisecond settling time
after the head is loaded against the media. The track
number from the first encountered ID Field is com-
pared against the contents of the Track Register. If
the track numbers compare and the ID Field Cyclic
Redundancy Check (CRC) is correct, the verify 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 disk for the
verification operation.

The WD279X must find an ID field with correct track
number and correct CRC within 5 revolutions of the
media; otherwise the seek error is set and an INTRQ
is generated. If 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 verify flag (V = 1), or upon receipt of any
Type Il or [l command. Once HLD is active it remains
active until either a Type | command is received with
(h = 0and V = 0); or if 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 typically 30 to 100
ms depending on drive. The low to high transition on
HLD is typically used to fire a one shot. The output
of the one shot is then used for HLT and supplied
as an input to the WD279X.

HLT (FROM ONE SHOT)

HEAD LOAD TIMING

When both HLD and HLT are true, the WD279X will
then read from or write to the media. The “and” of
HLD and HLT appears as status Bit 5 in Type | status.

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

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

Floppy Disk Controller Devices

RESTORE (SEEK TRACK 0)

Upon receipt of this.command the Track 00(TRO0)
input is sampled. If TROO is active low indicating the
Read- Write head is positioned over track 0, the Track
Register is loaded with zeroes and an interrupt is
generated. If TROO is not active low, stepping pulses
at a_rate specified by the "0 field are issued until
the TROO input is activated. At this time the Track
Register is loaded_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 allows 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 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

HAS

A TYPE |

COMMAND BEEN

RECEIVED
>

YES
SET BUSY RESET CAC
SEEK ERAOR DRQ INTRQ

NO

SET
DIRECTION
RESET
DIRECTION

TYPE | COMMAND FLOW
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OR TO DSR

TR« DSR Yes
s

NO
v [ RESET DIRECTION I I SET DIRECTION
T

e

HEAD AT

TRACK 0 AND

OIRECTION
0

>
NO
ISSUE
ONE STEP PULSE
DELAY ACCORDING
TO R1. RO FIELD

IS
TOMMAND
A STEP. STEP-IN,
OR STEP-OUT.
>
YES

0TOTR

-VID
TYPE | COMMAND FLOW

appropriate direction 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 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 pulse 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

INTRQ RESET BUSY

INTRQ. RESET BUSY
SET SEEK ERRQR

DOES
TR: TRACK
ADDRESS OF 10
FIELD
D
ves
SET YES ' NO
THERE A RESET
CRC AR
£RROR gae grnon cac

INTRQ
RESET BUSY

-—

NOTE 1 MHz THERE 15 A J0MS DELAY

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
1'0 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 command. An interrupt is generated at the com-
pletion of the command.

STEP-OUT

Upon receipt of this command, the WD279X issues
one stepping pulse in the direction towards track 0.
If the T flag is on, the Track Register is decremented
by one. After a delay determined by the F1'0 field, a
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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 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 Il Commands are the Read Sector and Write
Sector commands. Prior to loadng the Type Il Com-
mand into the Command Register, the computer must
load the Sector Register with the desired sector
number. Upon receipt of the Type Il command, the
busy status Bit is set. If the E flag = 1 (this is the
normal case) HLD is made active and HLT is sampled
after a 15 msec delay. If the E flag is 0, the head is
loaded and HLT sampled with no 15 msec delay.

YPE Il

COMMAND

RECEIVED
?

SET BUSY, RESET DRQ. LOST
DATA. RECORD NOT FOUND. &
STATUS BITS 5 & 6 INTRQ

INTRQ
RESET BUSY

[ 1S
WARITE YES COMMAND
PROTECT A
ON - WRITE
> >
¥

INTAQ. RESET BUSY
SET WRITE PROTECT

TYPE It COMMAND

INTRQ. RESET BUSY
SET RECORD-NOT FOUND;

¢0-X6.2aM

HAVE
SINDEX HOLES
PASSED
2

~O

HAS
IDAM

L BEEN
DETECTED
,

DOES
TR * TRACK
ADDRESS OF 1D

nz,tb

YES
OOES
SR « SECTOR
ADDRESS OF 1D
FIELD
)
YES

BAING IN SECTOR LENGTH FIELD
STORE LENGTH IN INTERNAL

REGISTER
1S
THERE A
CRC ERROR
L

TYPE |l COMMAND

When an ID field is located on the disk, the WD279X
compares the Track Number on the ID field with the
Track Register. If there is not a match, the next en-
countered ID field is ready and a comparison is again
made. If there was a match, the Sector Number of
the ID field is compared with the Sector Register. If
there is not a Sector match, the next encountered ID
field is read off the disk and comparisons again made.
If the ID field CRC is correct, the data field is then
located and will be either written into, or read from
depending upon the command. The WD279X must
find 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 Il Commands contains an (m) flag
which determines if multiple records (sectors) are to
be read or written, depending upon the command. If
m = 0, a single sector is read or written and an in-
terrupt is generated at the completion of the
command.

Floppy Disk Controller Devices
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READ SECTOR
SEQUENCE

INTRQ. RESET BUSY
SEY CRC ERROA
INTRQ RESET BUSY

WRITE SECTOR
SEQUENCE

DELAY 2 BYTES OF GAP
DELAY 8 BYTES OF GAP

A
OR BEEN
LOADED BY
COMPUTER
(DRQ - )

INTRO. RESET BUSY
SETLOST DATA

B
vES

DELAY 1 BYTE OF GAP
TURN ON WG § WRITE
8 BYTES OF ZEROS

WRITE DATA AM
ACCORDING TO A0 FIELD
OF WRITE COMMAND

DELAY 11 BYTES

TUAN ON WG & WRITE
12 BYTES OF ZEROS

©OR TO OSR. SET DRQ

WRITE BYTE TO DISK

SET DATA
LOST

WRITE BYTE
OF 2EROS

WRITE CRC
WRITE 1 BYTE OF FF

TYPE Il COMMAND

If m = 1, multiple records are read or written with
sector register internally updated so that an address
verification can occur on the next record. The WD279X
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 il 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 ID field of the disk and compared
with the contents of the (S) flag (Bit 3). If the S flag com-
pares with the side number recorded in the ID field,

TYPE il COMMAND

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

The Type Il and lll for the WD2795-97 contain a side
select flag (Bit 1). When U = 0, SSO is updated to
0. Similarly, 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
and 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, allows
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
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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 ID field CRC byte; if not,
the ID field search is repeated.

When the first character or byte of the data field has
been shifted through the DSR,; it is transferred to the
DR, and DRQ is generated. When the next byte is ac-
cumulated in the DSR, it is transferred to the DR and
another 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 end of the
data field, the CRC error status bit is set, and the com-
mand is terminated (even if it is a multiple 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 or in 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
be masked by the lost data status and improper CRC
Bytes.

TYPE lll COMMANDS
READ ADDRESS

Upon receipt of the Read Address command, the head
is loaded and the Busy Status Bit is set. The next
encountered ID field is then read in from the disk, and
the six data bytes of the ID field are assembled and
transferred to the DR, and a DRQ is generated for
each byte. The six bytes of the ID field 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
Wirite Gate (WG) output is made active if the DRQ is
serviced (i.e., the DR has been loaded by the com-
puter). 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:

a0 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 until the next index pulse.
All Gap, Header, and data bytes are assembled 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
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included in the data stream; the internal side com-
pare is not performed; and the address mark detec-
tor is on for 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 ID AM.,, ID field, ID CRC bytes, DAM, Data and
Data CRC Bytes for each sector will be correct. The
Gap Bytes may be read incorrectly during write-splice
time because of synchronization.

Because these synchronization problems almost
always occur in the Data Area, this command 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 Ill commands for flow
diagrams.)

Formatting the disk is a relatively simple task when
operating programmed /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 pattern
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

NO

INTRO RESET
BUSY SET WPRT

SET INTRQ
LOST DATA
RESET BUSY

SET BUSY, RESET DRQ,
LOST DATA, STATUS
BITS 4.5

YES

SET HLD
COPY 'S' FLAG TO
S$SO LINE (2795.7 ONLY)

YES
HAS
15 MS
EXPIRED
?
YES

YES
TG43 UPDATE

SET DRQ
DELAY 3 BYTE
TIMES

NO HAS
DRQ BEEN
SERVICE
YES

INTRQ
'RESET BUSY

HAS
INDEX
PULSE
OCCURED

*30 MS IF CLOCK
= 1 MHz

TYPE 1l COMMAND WRITE TRACK

.
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YES (MFM)

WRITE DSA
CLK : FF

WRITE 2 CRC
CHARS CLK - §F
WRITE FC
cux o1

WRITE FD. FE OR
F8-FB CLK : C7
INITIALIZE CRC

HAS
DA BEEN
LOADED?

WRITE
BYTE OF 2EROS
3ET DATA LOST

L__,___. 00€S ES

WRITE A" IN MEM
WITH MISSING CLOCK

OSA : £§

INITIALIZE CAC

o
00ES
oS - Fo Yes

>

NO

DOES YES
OSR : FT
»

NO

WRITE DSR

WRITE C2° IN MFM
WITH MISSING CLOCK|

WRITE 2 CRC
CHARS

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 patterns F5 through FE must not
appear in the gaps, data fields, or ID fields. Also,
CRC’s must be generated by an F7 pattern.

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

TYPE IV COMMANDS

The Forced Interrupt command is generally used to
terminate a multiple sector Read or Write Command
or to insure Type | status in the Status Register. This
command can be loaded into the command register
at any time. If there is a current command under ex-
ecution (busy status bit set) the command will be ter-
minated and the busy status bit reset.

The lower four bits of the command determine the

conditional interrupt as follows:

'0 = Not-Ready to Ready Transition
1 = Ready to Not-Read Transition
12 = Every Index Pulse

13 = 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 will go high signifying that the
condition specified has occurred. If '3 -0 are all set
to zero (HEX DO0), no interrupt will occur but any com-
mand presently under execution will be immediately
terminated. When using the immediate interrupt con-
dition (3 = 1), an interrupt will be immediately
generated and the current command terminated.
Reading the status or writing to the command register
will not automatically clear the interrupt. The HEX DO
is the only command that will enable the immediate
interrupt (HEX D8) to clear on a subsequent load com-
mand register or read status register operation. Follow
a HEX D8 with DO command.

Wait 8 micro sec (double density) or 16 micro sec
(single density) before issuing a new command after
issuing a forced interrupt (times double when clock
= 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
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
FF Write FF with CLK = FF Write FF in MFM

*Missing clock transition between bits 4 and 5.

**Missing clock transition between bits 3 and 4.

Floppy Disk Controller Devices

1-107

¢0-X62am



¢0-X6l2cam

More than one condition may be set at a time. If for
example, the READY TO NOT-READY condition (1
= 1) and the Every Index Pulse (2 = 1) are both set,
the resultant command would he HEX “DA.” The
“OR” function is performed so that either a READY
TO NOT-READY or the next Index Impulse will cause
an interrupt condition.

STATUS REGISTER

Upon receipt of any command, except the Force Inter-
rupt command, the Busy Status bit is set and the rest
of the status bits are updated or cleared for the new

command. If the Force Interrupt Command is receiv-
ed when there is a current command under execu-
tion, the Busy status bit is reset, and the rest of the
status bits are unchanged. If the Force Interrupt Com-
mand is received when there is not a current com-
mand 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 program control or using the DRQ line with
DMA or interrupt methods. When the Data Register

SET BUSY
RESET STATUS
BITS2.4.5

INTRQ
RESET BUSY

COPY'SFLAG
TOSSO LINE
(2795.7 ONLY)

|

SET HLD

DELAY 15MS

NO

Q

YES

TG43
UPDATE

NO

Y

YES READ
ADDRESS

READ TRACK
SEQUENCE

SHIFT ONE BIT
INTO DSR

SET INTRQ
RESET BUSY

NO
ADDRESS
MARK DETECTEC
2
NO

HAVE 8
BITS BEEN
ASSEMBLED
?

NO

SET LOST
DATA BIT

TRANSFER
DSR TO OR

i

SET
E— DRQ

TYPE 1l COMMAND
Read Track/Address
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READ ADDRESS
SEQUENCE

RESET BUSY
SET WTRQ
SET ANF

SHIET 1 BYTE

INTO DSR

i

TRANSFER
8YTE T0 0A

TRANSFER TRACK
MUMBER TO SECTOR
REGISTOR

SET CRC
ERROA BIT

TYPE Il COMMAND
Read Track/Address

is read the DRQ bit in the Status Register and the
DRAQ line are automatically reset. A write to the Data
register also causes both DRQ’s to reset.

The busy bit in the status may be monitored with a
user program to determine 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 determine
the condition of busy will reset the INTRQ line.

The format of the Status Register is shown below:

BITS

7 6 5 4 3 2 1 0

S§7 | S6 | 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 be observed when operating under programmed
1/0. They are: (times double when clock = 1 MHz)

Delay Req'd.

Operation Next Operation| FM MFM
Write to Read Busy Bit 12us 6us
Command Reg. | (Status Bit 0)
Write to Read Status 28us 14us
Command Reg. | Bits 1-7
Write Any Read From Diff. 0 0
Register Register

IBM 3740 FORMAT - 128 BYTES/SECTOR

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

NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN
40 FF (or 00)°
6 00
1 FC (Index Mark)
126 FF (or 00)
6 00
1 FE (ID Address Mark)
1 Track Number
1 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)
128 Data (IBM uses E5)
1 F7 (2 CRC's written)
27 FF (or 00)
2472 FF (or 00)

1. Write bracketed field 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.
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NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN
80 4E
12 00
3 F6 (Writes C2)
1 FC (Index Mark)
*50 4E
12 00
3 F5 (Writes A1)
1 FE (ID Address Mark)
1 Track Number (0 thru 4C)
1 Side Number (0 or 1)
1 Sector Number (1 thru 1A)
1 01 (Sector Length)
1 F7 (2 CRC’s written)
22 4E
12 00
3 F5 (Writes A1)
1 FB (Data Address Mark)
256 DATA
1 F7 (2 CRC’s written)
54 <€
598** 4E

*Write bracketed field 26 times.
**Continue writing until 279X interrupts out.
Approx. 598 bytes.

1. NON-IBM FORMATS

Variations in the IBM formats are possible to a limited
extent if the following requirements are met:

1. Sector size must be 128, 256, 512, of 1024 bytes.
2. Gap 2 cannot be vaired from the IBM format.
3. 3 bytes of A1 must be used in MFM.

In addition, the Index Address Mark is not required
for operation by the WD279X. Gap 1, 3, and 4 lengths
can be as short as 2 bytes for WD279X operation,
however PLL lock up time, motor speed variation,
write splice area, etc. will add more bytes to each gap
to achieve proper operation. It is recommended that
the IBM format be used for highest system reliability.

FM MFM
Gap | 16 bytes FF 32 bytes 4E
Gap |l 11 bytes FF 22 bytes 4E
* 6 bytes 00 12 bytes 00
* 3 bytes A1
Gap lI** 10 bytes FF 24 bytes 4E
4 bytes 00 8 bytes 00
3 bytes A1
Gap IV 16 bytes FF 16 bytes 4E

*Byte counts must be exact.
**Byte counts are minimum, except exactly 3 bytes
of A1 must be written.

2250
AZel
gas
HH

Gary
DATa Ga®
23 BYTE M
8 BYTE FM

0 oana o €0 © DaTa FIELD
secord | aarz | akcomo | gar3 | mecomo | Garz | mecomp aecono |aasz| Recoro [caes
w02

NO 2 na '3 0 3 ~o 2% NG 2

TRack sioe | secron | secrom

m cre
aopmess | wintae wiwsen | niace T | avien

cAe
svrez

apoREss

+-MISSING CLOCK TRANSITION
BETWEEN BITS 3 AND 4

e e 11 8YTES

e
F NEXT DATA FIELD

. 28v7es /
WAITE GATE TURN ON FOR UPDATE =
o €

IBM TRACK FORMAT
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NOTE: Maximum limits indicate where permanent

ELECTRICAL CHARACTERISTICS device damage occurs, Continuous operation at these

Absolute Maximum Ratings limits is not intended and should be limited to those
Voltage to any input with conditions specified in the DC Operating
respect to VSS = +7 to -0.5V characteristics.

Operating Temperature: + 15°C to +50°C (NPO
Capacitor, Pin 26)
+5°C to +60°C (minimum, Neg. 3500 TC
capacitor, Pin 26)
0°C to +70°C (minimum, Neg. 3500 TC capacitor,
Pin 26 and a thermistor in pump circuit)

Storage temperature = -55°C to +125°C

OPERATING CHARACTERISTICS (DC)
Ta = See Electrical Characteristics

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
e Input Leakage 10 uA VIN = Vce

loL Output Leakage 10 uA | YouT = Vce

Viy Input High Voltage 20 \

Vi Input Low Voltage 0.8 N

Vou Output High Voltage 2.4 Vv '0 = -100uA
VoL Output Low Voltage 0.45 Y 0 = 1.6mA
Voup Output High PUMP 2.2 \ IOP = -1.0 mA
VoLp Output Low PUMP 0.2 \' 'OP = +1.0mA
Pp Power Dissipation 75 w All Outputs Open
Rpu Internal Pull-Up* 100 1700 uA VIN = oV

lcc Supply Current 70 150 mA All Outputs Open

*Internal Pull-up resistors on PINS 1, 17, 19, 22, 36, 37 and 40. Also pin 25 on WD2791 and 3.

TIMING CHARACTERISTICS
Ta See Electrical Characteristics Vgg = OV,Vgg = +5 +£.25V

READ ENABLE TIMING (See Note 2)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
TseT Setup ADDR & CS to RE__ 50 nsec See Note 3
THLp Hold ADDR & CS from RE 10 nsec
Tre RE Pulse Width __ 200 nsec C_ = 50 pf
Torr DRQ Reset from RE__ 100 200 nsec
TiRR INTRQ Reset from RE 500 3000 nsec See Fig. 3
Tpace Data Valid from RE 100 200 nsec C_= 50 pf
TooH Data Hold From RE 20 150 nsec C_= 50 pf

WRITE ENABLE TIMING (See Note 2)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. | UNITS CONDITIONS
Tser Setup ADDRS & CS TOWE 50 nsec See Note 3
Thip Hold ADDR & CS from WE 10 nsec
Twe WE Pulse Width ___ 200 nsec
TorR DRQ Reset from WE__ 100 200 nsec
TirR INTRQ Reset from WE 500 3000 nsec See Fig. 4
Tps Data Setup to WE__ 150 nsec
ToH Data Hold from WE 50 nsec

-
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DATA
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NOTE 1 TS MAY BE PERMANENTLY TIED LOW IF DESIRED
*TIME DOUBLES WHEN CLOCK - MMz

1 SERVICE (WORST CASE)

FM O 275uS

‘MEM 135 uS

ORQ RISING EDGE. INDICATES THAT THE DATA REGISTER MAS ASSEMBLED
DATA

DRQ FALLING EDGE: INDICATES THAT THE DATA REGISTER WAS READ

INTRQ RISING EDGE: OCCURS AT END OF COMMAND
INTRQ FALLING EDGE INDICATES THAT THE STATUS REGISTER WAS READ.

—_— 16° OR 32" uS
}-— Toar
oRQ —] I JVOL
[]
[}
1

w0

— TR — =]

1SERVICE ——and

Sy

——— Twe _ﬁ

wE ”
- Tser == l
DATA MUST
& BE VALID

=l

NOTE 1 CS MAY BE PERMANENTLY TIED LOWYIF DESKED

N WRITING DATA INTO SECT( \CX OR DAT/
REGISTER USER T READ THIS REGISTER UNTR.
S i OB I
'WHE! M
ISERVICE (WORST CASE) 15 NOT VALID UNTIL SOME 28 HSEC W FU. 14 4SEC 4
RN LATER, THESE TIMES ARE DOUBLED WHEN CUX = 1 Wiz
MEM 11508 “TIME DOUBLES WHE

DAQ AISING EDGE: INDICATES THAT THE DATA REGISTER IS EMPTY
DRAQ FALLING EDGE: INDICATES THAT THE DATA M@STER 18 LOADED
INTAQ RISING EDGE: INDICATE THE END OF A COM

INTRQ FALLING EOGE: INOICATES THAT THE CWHMII REGISTER
1S WRITTEN TO

FIGURE 3. READ ENABLE TIMING

INPUT DATA TIMING

FIGURE 4. WRITE ENABLE TIMING

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
Tew Raw Read Pulse Width 100 200 nsec
Tge Raw Read Cycle Time 1500 2000 nsec

WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK = 1 MHz)NO WRITE PRECOMPENSATION)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
Twe Write Data Pulse Width 400 500 600 nsec FM
200 250 300 nsec MFM
Twe Write Gate to Write Data 2 usec FM
1 usec MFM
Twr Write Gate off from WD 2 usec FM
1 usec MFM
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MISCELLANEOUS TIMING:

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS CONDITIONS
Tept Clock Duty (low) 230 250 20000 nsec
Teo2 Clock Duty (high) 230 250 20000 nsec
Tstp Step Pulse Output 2o0r4 usec See Notes 1 & 2
ToiR Dir Setup to Step 12 usec + CLK ERROR
Tur Master Reset Pulse Width 50 usec
T Index Pulse Width 10 usec See Notes 1 & 2
RPW Read Window Pulse Width Input 0-5V
120 700 nsec MFM
240 1400 nsec FM+15%
Precomp. Adjust 100 300 nsec MFM
WPW Write Data Pulse Width Precomp = 100 nsec
200 300 400 nsec MFM
WPW Write Data Pulse Width Precomp = 300 nsec
600 900 1200 nsec MFM
VCO Free Run Voltage Controlled 6.0 MHz Cext = 0
Oscillator. Adjustable by 4.0 MHz Cext = 35 pf
ext. capacitor on Pin 26
Pump Up +25% 5.0 MHz PU = 2.2V
Cext = 35 pf
VCO Pump Down -25% 3.0 MHz PD = 0.2V
Cext = 35 pf
5% Change V¢g 3.8 4.2 MHz Cext = 35 pf
VCO T, = 75°C 35 MHz Cext = 35 pf
Cext Adjustable external capacitor 6 25 60 pf VCO = 4.0 MHz
nom
RCLK Derived read clock VCO = 4.0 MHz
= VCO + 8, 16, 32
500 KHz DDEN = 0
5/8 = 1
250 KHz DDEN = 0
5/8 =
250 KHz DDEN = 1
5/8 = 1
125 KHz DDEN = 1
. 5/8 =0
PU/DON PU/PD time on 250 ns MFM
(pulse width) 500 ns FM

]
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[ SU— w NOTES:
| l 1. Times double when clock = 1 MHz.

e —] 2. Output timing readings are at Vo = 0.8v and Vpy
W - = 2.0v.

| I 3. Tger may be reduced to 0 nsec if Tre and Tyg are

e —=] increased the same amount.

‘——ﬁ [—————[ VK —-»| H_TWP
E— =
'—-'Cvc-—{ WD —.|—.,_-]_ —_— ——

CLx
r _—— . ————
L | W — 1
S WRITE DATA TIMING
VO
vOou -— ARy’ —o= l TBC I
l-'um —{'swl—-——llgwl—— I—'oma—i'svv'-—

s ’_l rL—{} rl— %%xg _>|[ l<_l U
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Gl
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MISCELLANEOUS TIMING
*FROM STEP RATE TABLE

READ DATA TIMING
Table 4. STATUS REGISTER SUMMARY

ALL TYPE | READ READ READ WRITE WRITE
BIT | COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK
S§7 | 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
83 | CRC ERROR CRC ERROR CRC ERROR 0 CRC ERROR 0
S2 | TRACK 0 LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA
S§1 | INDEX PULSE | DRQ DRQ DRQ DRQ - | DRQ

S0 | BUSY BUSY BUSY BUSY BUSY BUSY

STATUS FOR TYPE | COMMANDS

BIT NAME MEANING

S7 NOT READY This bit when set indicates the drive is not ready. When reset, it indicates that the
drive is ready. This bit is an inverted copy of the Ready input and logically “ORed”
with MR.

S6 PROTECTED When set, indicates Write Protect is activated. This bit is an inverted copy of WRPT
input.

S5 HEAD LOADED | When set, it indicates the head is loaded and engaged. This bit is a logical “and” of
HLD and HLT signals.

S4 SEEK ERROR | When set, the desired track was not verified. This bit is reset to 0 when updated.
S3 CRC ERROR CRC encountered in ID field.

$2 TRACK 00 When set, indicates Read/Write head is positioned to Track 0. This bit is an inverted
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 command is in progress.

L ]
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S S AT
STATUS FOR TYPE Il AND il COMMANDS

BIT NAME

MEANING

S7 NOT READY

This bit when set indicates the drive is not ready. When reset, it indicates that the
drive is ready. This bit is an inverted copy of the Ready input and “ORed” with MR.
The Type Il and Ill Commands will not execute unless the drive is ready.

S6 WRITE
PROTECT

On Read Record: Not Used. On Read Track: Not Used. On any Write: It indicates a
Write Protect. This bit is reset when updated.

S5 RECORD TYPE

On Read Record: It indicates the record-type code from data field address mark. 1 =
Deleted Data Mark. 0 = Data Mark. On any Write: Forced to a zero.

S4 RECORD NOT
FOUND (RNF)

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

S§3 CRC ERROR

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

S2 LOST DATA

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

S1 DATA REQUEST

This bit is a copy of the DRQ output. When set, it indicates the DR is full on a Read
Operation or the DR is empty on a Write operation. This bit is reset to zero when
updated.

S0 BUSY

When set, command is under execution. When reset, no command is under execution.

SUMMARY OF ADJUSTMENT PROCEDURE

DATA SEPARATOR

WRITE PRECOMPENSATION

1) Set TEST_ (Pin 22) to a logic high.

2) Strobe MR (Pin 19).

3) Set TEST (Pin 22) to a logic low.

4) Observe pulse width on WD (Pin 31).

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

1) Set TEST_ (Pin 22) to a logic high.

2) Strobe MR (Pin 19). Insure that 5 /8, and DDEN are set properly.

3) Set TEST (Pin 22) to a logic low.

4) Observe Puise Width on TG43 (Pin 29).

5) Adjust RPW (Pin 18) for (205ns for 8” DD 450ns for 5 1/4” DD, etc.).

6) Observe Frequency on DIRC (Pin 16).

7) Adjust variable capacitor on VCO pin for Data Rate (500 KHz for 8” DD, 250 KHz for 5 1/4” DD,
etc).

8) Set TEST (Pin 22) to a logic high.

NOTE: To maintain internal VCO operation, insure that TEST = 1 whenever a master reset pulse is applied,

Floppy Disk Controller Devices
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WD279X-02 Floppy Disk Formatter/Controller
Family Application Notes

INTRODUCTION

In an effort to simplify Floppy Diskette interfacing,
Western Digital has been constantly improving the
LSI Controller/Formatter, the most recent of which is
the WD279X Family of LSI controller devices, incor-
porating advanced technology to include controller,
Write Compensation and Analog Phase Lock Loop
in a single 40-pin dual-in-line 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 LSI Diskette Controller has been developed to
ease the interfacing of Processor to Disk Device. The
Host interfacing with WD279X Family is
accomplished with minimum external devices via an
8-bit bi-directional bus, read/write controls, register
select lines and optional control line for chip select,
5 1/4” or 8” select, enable mini floppy, double den-
sity enable. The basic operation at the controller is
accomplished by selecting the device via (CS) chip
select line, enabling selection of one of the five inter-
nal registers (Figure 1).

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

0 0 | Status Regiser Command Register
0 1 | Track Register Track Register

1 0 | Sector Register | Sector Register

1 1 | Data Register Data Register

FIGURE 1.

Each time a command is issued to the WD279X, 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 Aq, A Lines used for register selections can be
configured at the CPU in a variety of ways. These lines
may actually tie to CPU addressed like RAM. They

may also be used under Program Control by tying to
a port device such as the 8255, 6250, etc. As a
diagnostic tool when checking out the CPU interface,
the Track and Sector registers should respond like
“RAM" when the WD279X is idle (Busy = INTRQ = 0).

Because of internal synchronization cycles, certain
time delays must be introduced when operating under
Programmed 1/0. The worst case delays are:

NEXT DELAY | REQ’D.

OPERATION OPERATION FM MFM
Write to Read Busy Bit 12us 6us
Command Reg. | (Status Bit 0)
Write to Read Status 28us 14us
Command Reg. { Bits 1-7
Write Any Read From Diff. 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 will 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 written to the
command register after a MR, in which case the
remaining steps will occur at the faster programmed
rate. The WD179X will issue a maximum of 255 step-
ping pulses in an attempt to expect the TROO line
to go active low. This line should be con-
nected to the drive’s TROO sensor.

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

The 5/8 Line selects internal VCO frequency to be
used with 5 1/4” or 8” drives.

FLOPPY DISK INTERFACE

The Floppy Disk Interface can be divided into three
sections: Motor Control, Write Signals and Read
Signals. All of these lines are capable of driving one
TTL load and not compatible for direct connection

Floppy Disk Controller Devices
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to the drive. Most drives require an open-collector TTL
interface with high current drive capability. This must
be done on all outputs rom the WD279X. Inputs to
the WD279X may be buffered or tied to the Drives’
outputs, providing the appropriate resistor termina-
tion networks are used. Undershoot should not
exceed -0.3 volts, while integrity of V| and Vgy
levels should be kept within spec.

MOTOR CONTROL

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

Other Control Lines include the TP or Index Pulse.
This Line is tied to the drives’ Index L.E.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 selected by option
jumpers on the drive. The WD279X will look at the
ready signal prior to executing READ/WRITE 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 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
immediately terminated, an interrupt is generated and
the Write Protect status bit is set.

RESTORE (SEEK TRACK 0)

Upon receipt of this command the Track 00 (TR00)
input is sampled. If TROO is active low indicating the
Read-Write head is positioned over track 0, the Track
Register is loaded with zeroes and an interrupt is
generated. If TROO is not active low, stepping pulses
(pins 15 to 16) at a rate specified by the ry 1 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 takes place if the V
flag is set. The h bit allows the head to be loaded
at the start of command. Note that the Restore com-
mand is executed when MR goes from an active to
an inactive state.

SEEK

This command assumes that the Track Register con-
tains the track number of the current position of the
Read/Wirite head and the Data Register contains the
desired track number. The WD279X will update the
Track register and issue stepping pulses in the
appropriate direction until the contents of the Track
register are equal to the contents of the Data Register
(the desired track 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 pulse to the disk drive. The stepping
motor direction is the same as in the previous step
command. After a delay determined by the ryr, field,
a verification takes place if the V flagis 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 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. If the T flag is on, the Track Register is decremented
by one. After a delay determined by the ry r, 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 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.

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 than the precomp adjust-
ment. Write Data provides the unique address marks
in both formats.

READY

Whenever a Read or Write command (Type Il or Ill)
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 lli command is
received, the TG43 signal output is updated. TG43
may be tied to ENP to enable write precompensation
on tracks 44-76.
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COMMAND DESCRIPTION

The WD279X will accept eleven commands. Com-
mand words should only be loaded in the Command
Register when the Busy status bit is off (Status bit
0). The one exception is the Force Interrupt command.
Whenever a command is being executed, the Busy
status bit is set. When a command is completed, and

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

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 and Table 2.

B. Commands for Models: 2795, 2797

Bits Bits
Type Command 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
| Restore 0 0 0 0 h \' 8| {0 0 0 0 h VT
| Seek 0 0 0 1 h v " |0 0 0 1 h VM1
| Step 0 0 1 T h v | |0 01t T h V™M
| Step-in 0 1 0 T h \Y 8| |01 0T h V M
| Step-out 0 1 1 T h v | |0 1 1 ThV™MTT?W
Il Read Sector 1 0 0 m S E (o} 0 1 0 0 mL E U O
Il Write Sector 1 0 1 m S E C 20 |1 0 1 m L E U 2
il Read Address 1 1 0 0 0 E 0 0 |1 10 0 0 E UDO
Il Read Track 1 1 1 0 0 E 0 0 {111 00 E U O
1l Write Track 1 1 1 1 0 E 0 0/1 1110 EUO
IV Force Interrupt 1 1 0 1 13 I2 al o [1 1 0 1 312 14 g

Floppy Disk Controller Devices
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5
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 | V = 0,No verify
V = 1,Verify on destination track
[ 3 h = Head Load Flag h = O,Load head at beginning
h = 2,Unload head at beginning
| 4 T = Track Update Flag T = 0,No update
T = 1,Update track register
Il 0 380 = Data Address Mark 30 = 0,FB(DAM)
. 80 = 1,F8(deleted DAM)
&l 1 C = Side Compare Flag C = 0,Disable side compare
C = 1,Enable side compare
&l 1 U = Update SSO U = 0,Update SSO to 0
U = 1,Update SSO to 1
In&im 2 E = 15 MS Delay E = O,No 15 MS delay
E = 1,15 MS delay (30 MS for 1 MHz)
1] 3 S = Side Compare Flag S = 0,Compare for side 0
S = 1,Compare for side 1
I 3 L = Sector Length Flag
LSB’s Sector Length in ID Field
00 01 10 1
L=0 256 512 1024 128
L =1 128 256 512 1024
] 4 m = Multiple Record Flag m = 0,Single record
m = 1,Multiple records
v 03 'x = Interrupt Condition Flags
'0 = 1 Not Ready To Ready Transition
4 = 1 Ready To Not Ready Transition
12 = 1 Index Pulse
I3 = 1 Immediate Interrupt, Requires A Reset*
1310 = 0 Terminate With No Interrupt (INTRQ)

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

L
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WD1691 Floppy Support Logic (F.S.L)

FEATURES

DIRECT INTERFACE TO THE FD179X
ELIMINATES EXTERNAL FDC LOGIC

DATA SEPARATION / RCLK GENERATION
WRITE PRECOMPENSATION SIGNALS
VFOE / WF DEMULTIPLEXING
PROGRAMMABLE DENSITY

8" OR 5.25" DRIVE COMPATIBLE

ALL INPUTS AND OUTPUTS TTL COMPATIBLE
SINGLE + 5V SUPPLY

GENERAL DESCRIPTION

The WD1691 F.S.L. has been designed to minimize
the external logic required to interface the 179X
Family of Floppy Disk Controllers to a drive. With the
use of an external VCO, the WD1691 will generate the
RCLK signal for the WD179X, while providing an
adjustment pulse (PUMP) to control the VCO
frequency. VFOE/WF de-multiplexing is also
accomplished and Write Precompensation signals
have been included to interface directly with the
WD2143 Clock Generator.

The WD1691 is implemented in N-MOS silicon gate
technology and is available in a plastic or ceramic
20 pin dual-in-line package.

H» RCLK
vCo +N
PHASE
U COMPARE - PV
woin [ |1 20 Jvee . > "
DDEN
ﬁ: 2 19 %W —
RDD
w3 181 JiaTE
wl ] 17 Jeanry
TG43
sa[] s wotee1 [ voo — "
woour[ | 6 15| JODEN e Demix PRECOUP g
we[] 7 u[ ] € ¥
vFoEwr ] 8 13 _Jpru wa N
7343[: 9 12 :]f_c_li( EARLY o T WOIN
vss [ 10 11 |[_Jrop wre o wooun
| -

Figure 1. WD1691 PIN DESIGNATION

Figure 2. WD1691 BLOCK DIAGRAM
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PIN NAME SYMBOL FUNCTION
1 WRITE DATA WDIN Ties directly to the FD179X WD pin.
INPUT
2,3,4,19 PHASE 020301 04 4 Phase inputs to generate a desired Write Precompen-
2,314 sation delay. These signals tie directly to the WD2143
Clock Generator.
5 STROBE STB Strobe output from the 1691. Strobe will latch at a high
level on the leading edge of WDIN and reset to a low
level on the leading edge of 04.
6 WRITE DATA WDOUT Serial, pre-compensated Write data stream to be sent
OUTPUT to the disk drive’s WD line.
7 WRITE GATE | WG Ties directly to the FD179X pin.
8 VFO ENABLE /| VFOE /WF Ties directly to the FD179X VFOE / WF pin.
WRITE FAULT
9 TRACK 32 TG43 Ties directly to the FD179X TG43 pin, If Write
Precompensation is required on TRACKS 44-76.
10 Vss Vss Ground
1 READ DATA RDD Composite clock and data stream input from the drive.
12 READ CLOCK | RCLK RCLK signal generated by the WD1691, to be tied to
the FD179X RCLK pin.
13 PUMP UP PU Tri-state output that will be forced high when the
WD1691 requires an increase in VCO frequency.
14 PUMP DOWN | PD Tri-state output that will be forced low when the
WD1691 required a decrease in VCO frequency.
15 Double Density| DDEN Double Density Select input. When Inactive (High), the
Enable VCO frequency is internally divided by two.
16 Voltage vCoO A nominal 4.0 MHz (8” drive) or 2.0 MHz (5.25" drive)
Controlled master clock input.
Oscillator
17, 18 EARLY EARLY EARLY and LATE signals from the FD179X, used to
LATE LATE determine Write Precompensation.
20 Vee Veo + 5V + 10% power supply

Table 1. PIN DEFINITIONS
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Figure 3 PUMP SIGNAL TIMING DIAGRAM

DEVICE DESCRIPTION
The WD1691 is divided into two sections:

1. Data Recovery Circuit
2. Write Precompensation Circuit

The Data Separator or Recovery Circuit has four
inputs: DDEN, VCO, RDD, and VFOE/WF _and
three outputs: PU, PD, and RCLK. The VFOE/WF
input is used in conjunction with the Write Gate signal
to enable the Data recovery circuit. When Write Gate
is high, a write operation is taking place, and the data
recovery circuits are disabled, regardless of the state
on any other inputs.

The Write Precompensation circuit has been designed
to be used with the WD2143-03 clock generator. When
the WD1691 is operated in a “single density only”
mode, write precompensation as well as the
WD2143-03 is not needed. In this case, 01,02,03,04,
and STB should be tied together, DDEN left open,
and TG43, WDIN, Early, and Late tied to ground.

In the double-density mode (DDEN =0), the signals
Early_and Late are used to select a phase input
(01 - 04) on the leading edge of WDIN. The STB line is
latched high when this occurs, causing the
WD2143-03 to start its pulse generation. 02 is used
as the write data pulse on nominal (Early = Late = 0)
01 is used for early, and 03 is used for late. The
leading edge of 04 resets the STB line in anticipation
of the next write data pulse. When TG43=0 or
DDEN =1, Precompensation is disabled and any tran-
sitions on the WDIN line will appear on the WDout
line. If write precompensation is desired on ali tracks,
leave TG43 open (an internal pull-up will force a Logic
1) while DDEN =0.

The signals, DDEN, TG43, and RDD have internal
pull-up resistors and may be left open if a logic 1 is
desired on any of these lines.

WG VFOE/WF RDD PU+PD
1 X X HI-Z
0 1 X HI-Z
0 0 1 HI-Z
0 0 0 Enable

Figure 4 DATA RECOVERY LOGIC

When VFOE/WF and WRITE GATE are low, the
data recovery circuit is enabled. When the RDD
line goes Active Low, the PU or PD signals will be-
come active. See Figure 4. If the RDD line has
made its transition in the beginning of the RCLK win-
dow, PU will go from a HI-Z state to a Logic 1,
requesting an increase in VCO frequency. If the
RDD line has made its transition at the end of the
RCLK window, PU will remain in a HI-Z state while PD
will go to a logic zero, requesting a decrease in VCO
frequency. When the leading edge of RDD occurs
in the center of the RCLK window, both PU and PD
will remain tri-stated, indicating that no adjustment
of the VCO frequency is needed. See Figure 3. The
RCLK signal is_a divide-by-16 (DDEN=1) or a
divide-by-8 (DDEN =0) of the VCO frequency.

The minimum Voh level on PU is specified at 2.4V,
sourcing 200ua. During PUMP UP time, this output
wil! go from a tri-state to .4V minimum. By typing PU
and PD together, a PUMP signal is created that will
be forced low for a decrease in VCO frequency and
forced high for an increase in VCO frequency. To
speed up rise times and stabilize the output voltage,
a resistor divider can be used to set the tri-state level
to approximately 1.4V. This yields a worst case swing
of + 1V; acceptable for most VCO chips with a linear
voltage-to-frequency characteristic.

Both PU and PD signals are affected by the width
of the RAW READ (RDD) pulse. The wider the RAW
READ pulse, the longer the PU or PD signal (de-
pending upon the phase relationship to RCLK) will
remain active. If the RAW READ pulse exceeds 250ns,
(VCO = 4 MHz, DDEN = 0), or 500 ns. (VCO = 2
MHz, DDEN —1), then both a PU and PD will oc-
cur in the same window. This is undesirable and
reduces the accuracy of the external integrator or low-
pass filter to convert the PUMP signals into a slow
moving D.C. correction voltage.

Eventually, the PUMP signals will have corrected the
VCO input to exactly the same frequency multiple as
the RAW READ signal. The leading edge of the RAW
READ pulse will then occur in the exact center of the
RCLK window, an ideal condition for the FD179X
internal recovery circuits.

Floppy Disk Support Devices
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SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS

Ambient Temperature

under Bias ....... -25°C (-13°F) to 70°C (158°F)
Voltage on any pin with respect N

to Ground (Vgg) .. .covvvnnnnn.t. -02to +7V
Power Dissipation...................ccv... 1w

DC ELECTRICAL CHARACTERISTICS

Storage Temperature
Ceramic-65°C (-85°F) to + 150°C (302°F)
Plastic-55°C (-67°F) to + 125°C (257°F)

NOTE: Maximum limits indicate where permanent
device damage occurs. Continuous operation at these
limits is not intended and should be limited to those
conditions specified in the DC Electrical
Characteristics.

TA = 0°C (32°F) to 70°C (158°F); Vgg = 5.0V + 10%;Vgg = OV

SYMBOL PARAMETER MIN TYP MAX UNIT CONDITIONS
ViL Input Low Voltage -0.2 +0.8 \
Vi Input High Voltage 20 \%
VoL Output Low Voltage 0.45 v oL = 3.2 MA
Vou High Level Output Voltage 24 \ IOH = -200u a
Vee Supply Voltage 45 5.0 5.5 \
lec Supply Current 40 100 MA All outputs open

NOTE: For AC and functional testing purposes, a Logic ‘0’ is measured at 0.8V, and a Logic ‘1’ at 2.0V.

AC ELECTRICAL CHARACTERISTICS

TA = 0°C (32°F) to 70°C (158°F)Vce = 5V + 10%; Vgg = OV

SYMBOL PARAMETER MIN. TYP. MAX. UNITS TEST CONDITIONS
FIN VCO Input Frequency 5 4 6 MHz DDEN=0
5 2 6 MHz DDEN =1
Row RDD Pulse Width 100 200 ns.
W, EARLY (LATE) to WDIN 100 ns.
Pon PUMP UP/DN Time 0 250 ns.
Wy WDIN to WDOUT 80 ns. DDEN = 1
lor Internal Pull-up Resistor 4.0 6.5 10K
1 |
D) la— FIN —»
]
“ Vee vco ] l l I [
Inr
/‘ PINS
8,9,11,15 RDD
\' only U
—_ II : «— Rpw
2 S I A
(C RCLK
-f—————— Voo + 16—

Figure 5. INTERNAL PULL-UP RESISTOR

Figure 6. RDD AND RCLK PULSE DIAGRAMS
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RAW
DATA D 1771-01
25 | ——
_E— XTDS
1691 11 -
RDD
74LS08
12
RCLK \
} 2 FDDATA
74LS04
‘, 26 FDCLOCK
DDEN
P e
EARLY LATE VFOE
17 18 8

Figure 9. WD1691 to FD1771-01 INTERFACE

TYPICAL APPLICATIONS

Figure 9 illustrates the WD1691 to FD1771-01 floppy
disk controller. The RCLK signal is used to gate the
RAW data pulses which are inverted by the 74LS04
inverter. Since RLCK will be high during data and low
during clock a 74LS08 is used to switch the proper
clock or data pulse to the FD1771.

Shown in Figure 10 is a Phase-Lock Loop data
separator and the support logic for a single and

‘ double-density 8” drive. The raw data (both clock and

data bits) are fed to the WD1691 and FD179X. The
WD1691 outputs its PU or PD signal, which is
integrated by the .33uf capacitor and 33ohm resistor
to form a control voltage for the 745124 VCO device.
The 4.0 MHz nominal output of the VCO then feeds
back to the WD1691 completing the loop. The
WD2143-03 is also used, providing write precompen-
sation when in double-density, from tracks 44-77. The
DDEN line can either be controlled by a toggle switch
or a logic level from the host system.

ALIGNMENT

To adjust write precompensation, issue a command
to the FD179X so that write data pulses are present.
This can_be done with a ‘WRITE TRACK’ command
and the IP line open, or a continuous ‘WRITE
SECTOR’ operation. With a scope on pin 4 of the
WD1691, adjust the precomp pot for the desired value.
This will range from 100 to 300 ns typically.

The pulse width set on pin 4 (01) will be the desired
precomp delay from nominal.

The data separator must be adjusted with the RDD
or VFOE/WF line at Logic 1. Adjust the bias voltage

potentiometer for 1.4V on pin 2 of the 74S124. Then
adjust the range control to yield 4.0 MHz on pin 7 of
the 745124,

SUBSTITUTING VCO’S

There are other VCO circuits available that may be
substituted for the 74S124. The specifications
required are:

1) The VCO must free run at 4.0 MHz with a 1.4V con-
trol signal. The WD1691 will force this voltage 1
Volt in either direction (i.e., .4V = decrease fre-
quency, 2.4V = increase frequency). If a + 15%
capture range is desired, then a 1 Volt change on
the VCO input should change the frequency by
15%. Capture range should be limited to about
+ 25%, to prevent the VCO from breaking into
oscillation and/or losing lock because of noise
spikes (causing abnormally quick adjustments of
the VCO frequency). Jitter in the VCO output fre-
quency may further be reduced by increasing the
integration capacitor/resistor, but this will also
decrease the final capture range and lock-up time.

2) The sink output current of the WD1691 is 3.2ma
minimum. The source output current is —200ua.
Therefore, source current is the limiting factor.
Insure that the input circuitry of the VCO does not
require source current in excess of —-200ua.

Another alternative is to use a voltage follower/level
shifter circuit to match the input requirements of the
VCO chosen, A more complex filter can be used to
convert the PUMP UP/PUMP DOWN pulses to the
varying DC voltage signal required by the VCO,
achieving an optimum condition between lock-up time
and high frequency rejection.

2-6
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WD16C92 Floppy Read/Write Circuit Device

FEATURES
e Compatible with NEC 765A Floppy Disk Controller
¢ CMOS
¢ TTL Compatible
¢ Single +5V Supply
¢ Phase Detector and Pulse shaping for Read Data
e Write Data Precompensation
* Floppy Controller Read/Write Clock Generation
e [BM PC/PC AT Bus Timing Compatible
Vce
L FDCLK
o PLL LOGIC [ FFoDATA__—
o oo & —
osC 2 VCO SELECT
PULSE SHAPE DN 2
XTL
o8 2 | CLOCK/REF GEN [24MHZ
DRV DATA RATE SELECT
1 OF 4 DATA RATE FREP
LDFCR OPT 2 SPEED DRIVE
E‘ XTAL OSC FWCLK
| FDC CLKS
WDA WRDATA
WE
=) WRITE PRECOMP LOGIC | g0
PS1
FINT FIRQ
DRQ INT/DMA
FDMAEN PC BUS TIMING FDRQ
DACK
]Vss

40 PIN DIP/44 PIN PLCC

Floppy Disk Support Devices

DESCRIPTION

The WD16C92 is a 40-pin CMOS custom LSI device
with full TTL level compatibility on input and output.
It is intended to replace a number of discrete com-
ponents needed with the NEC765A Floppy Disk Con-
troller. The WD16C92 handles four primary functions:

e PLL Logic

e Clock Generation

e Write Precompensation

e [nterrupt/DMA timing PC/PC AT Bus

This floppy support device augments the 765A con-

troller while it reduces overall cost.

FWCLK [T out ~ Vee Vee
DRV Z} IN[35] DRQ
FDRO (3] out IN[38] /DACK
spB1 2] w in[E7) FDMAEN
_sDBo L&) w IN[E] FINT
Lorcr & w out [55] FIRQ
osc1Z] w out[31] FDRQ
osc2 CE] w our [B] DN0O
FDCLK [=] our our [32] UP0O
veoent G our out [Z1] DNO1
veoen O our our % upo1_
FREP [Gz] out out [28] DNO2
FFDDATA [G3] our out 78] UP02
VCOEN [Gz] n our 7] DNO3
Pso [G5] ™ out [7] UPO3
Ps1 [G&] v IN [75) XTL
WDA [GZ] m our [24] XTL
WE [G8] N (TEST POINT) OUT [73] (24MCLK)
WRDATA % out in [22) FDATA
GND [Z0] v N [21] MR

¢6291LAM
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SIGNAL DESCRIPTION

PIN | MNEMONIC DESCRIPTION
1 FWCLK WRITE CLOCK - TTL output, clock for write data.
2 | DRV DRIVE TYPE - TTL input with internal pullup resistor. Low level indicates special drive.
3 [ FDRO SPEED SELECT - TTL output, latched image SDBO. (effective only on dual speed drives.)
4 | SDB1 DATA BUS BIT 1 - TTL input, of data bus bit 1.
5 |SDBO DATA BUS BIT 0 - TTL input, of data bus bit 0.
6 |LDFCR LOAD FLLOPPY CONTROL REGISTER - TTL input causes SDBO0 and SDB1 to be latched
internally.
7 |0sC1 OSCILLATOR 1 ~ TTL input, for 500 Kbs, 250 Kbs and 125 Kbs data rates (nominally
2.0 MH2)
8 |0sc2 OSCILLATOR 2 - TTL input for 300 Kbs data rate (nominally 2.4 MHz)
9 | FDCLK READ DATA CLOCK - TTL output, provides window for floppy read data pulse.
10 | VCOEN?1 VCO ENABLE 1 - TTL output, enables VCO for 300 Kbs data rate.
11 | VCOEN2 VCO ENABLE 2 - TTL output, enables VCO for 500, 250 and 125 Kbs data rates.
12 | FREP CLOCK OUTPUT - TTL output, provides clock signal for the uPD765A.
13 | FFDDATA READ DATA -~ TTL output, floppy read data pulses.
14 | VCOEN VCO ENABLE - TTL input, from the uPD765A when high enables reading from the floppy
disk.
15 | PSO PRECOMF BIT 0 - TTL input, decodes for precompensation.of write data.
16 | PS1 PRECOMP BIT 1 - TTL input, decodes for precompensation of write data.
17 [ WDA WRITE DATA - TTL input, write floppy data from the uPD765A.
18 | WE WRITE ENABLE - TTL inpui, from the uPD765A to enable writing data on the floppy disk.
19 | WRDATA WRITE DATA - TTL output, precompensated data from the WD16C92 to be written on
the floppy drive.
20 | GND GROUND :
21 |MR MASTER RESET - TTL input, clears all internal conditions to be reset. WD16C92 will
default to the 500 Kbs data rate following a MR.
22 | FDATA READ DATA - TTL input, raw read data from the floppy drive.
23 | 2dMCLK 24 MHz CLOCK TEST POINT - TTL output, for test monitoring only; NOT to be used
to drive any external circuitry.
24 | XTL CRYSTAL RETURN - TTL output, return for 24 MHz crystal when used; otherwise not
connected.
25 | XTL CRYSTAL INPUT - TTL input connection for 24 MHz crystal. Can optionally be used for
24 MHz TTL level square wave clock input.
26 | UPO3 UP PUMP 3 - Open drain output, provides up pump for 125 Kbs data rate.
27 | DNO3 DOWN PUMP 3 - Open drain output, provides down pump for 125 Kbs data rate.
28 | UP0O2 UP PUMP 2 - Open drain output, provides up pump for 250 Kbs data rate.
29 | DNO2 DOWN PUMP 2 - Open drain output, provides down pump for 250 Kbs data rate.
30 | UPO1 UP PUMP 1 - Open drain output, provides up pump for 300 Kbs data rate.
31 | DNO1 DOWN PUMP 1 - Open drain output, provides down pump for 300 Kbs data rate.
32 | UPOO UP PUMP 0 - Open drain output, provides up pump for 500 Kbs data rate.
33 | DNOO DOWN PUMP 0 - Open drain output, provides down pump for 500 Kbs data rate.

2-10
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SIGNAL DESCRIPTION (cont.)

PIN | MNEMONIC DESCRIPTION

34 | FDRQ DELAYED DATA REQUEST - TTL TRI-STATE output, is the DRQ delayed by 2 us and
enabled by FDMAEN.

35 | FIRQ INTERRUPT REQUEST - TTL TRI-STATE output, generates an interrupt request on the
PC/AT compatible bus and is gated by FDMAEN.

36 | FINT FLOPPY INTERRUPT - TTL input from uPD765A to generate bus interrupt request.

37 | FDMAEN FLOPPY DMA ENABLE - TTL input to gate FIRQ and FDRQ onto the PC/AT compatible
bus.

38 | DACK DATA ACKNOWLEDGE - TTL input, data acknowledge signal from the PCI/IAT
compatible bus.

39 [ DRQ DATA REQUEST - TTL input, from the uPD765A to request a data transfer between the
data bus.

40 | VCC +5 volt+5% power supply input.

... - ]
Floppy Disk Support Devices 2-11
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WD2143-03 Four Phase Clock Generator

FEATURES | GENERAL DESCRIPTION
¢ IMPROVED VERSION OF WD2143-01 The WD2143-03 Four-Phase Clock Generator is a
e TRUE AND INVERTED OUTPUTS MOS/LSI device capable of generating four phase
e SINGLE 5 VOLT SUPPLY clocks. The ouput pulse widths are controlled by tying
e TTL COMPATABLE an external resistor to the proper control inputs. All
e ON CHIP OSCILLATOR pulse widths may be set to the same width by tying
e TTL CLOCK INPUT the $PW line through an external resistor. Each pulse
e TTL CLOCK OUTPUT width can also be individually programmed by tying
¢ PROGRAMMABLE PULSE WIDTHS a resistor through the appropriate $1PW-$4PW con-
e PROGRAMMABLE PHASE WIDTHS trol inputs.
e NO EXTERNAL CAPACITOR
o1PW
%
STBIN ) T a = 1
—Wv QS]
_ v osel T = | T T
¢4 11 18 ] Vee . a > 51
o4 ] 2 17 [] ¢pPW
$3(]3 16 [ gapw ET Q > 2
¢34 15 [] ¢3PW 2 PW >___I —AAM 2 BN
2 s 14 [ ¢2rw J S t - .
¢2 e 13 [ 1w e > 62
7 12 [T NC
\ | >
M[]s 1 DSTBIN P3PW ) T a > 3
”‘Wv -
GND [ 9 10 [ONe T 1 93
1 o] > 33
\ l
PIN DESIGNATION parw ) Too e
"—Wv ¢4
oew > T T sl lew

Figure 1. WD2143-03 BLOCK DIAGRAM

DEVICE OPERATION

Each of the phase outputs can be controlled
individually by tying an external resistor from ¢1PW-
$4PW to a + 5V supply. When it is desired to have
$1 through ¢4 outputs the same width, the $1PW-
$4PW inputs should be left open and an external

resistor tied from the $PW (Pin 17) input to +12V.
STROBE IN (pin 11) is driven by a TTL square wave.
Each of the four phase outputs provide both true and
inverted signals, capable of driving 1 TTL load each.

Floppy Disk Support Devices
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PIN NUMBER SYMBOL DESCRIPTION

1,3,5,7 4,_1@ Four phase clock outputs. These outputs are inverted (active low).

2,468 o1-¢4 Four Phase clock outputs. These outputs are true (active high).

9 GND Ground.

10 NC No connection.

11 STB IN Input signal to initiate four-phase clock outputs.

12 NC No connection.

13-16 ¢1PW-04PW | External resistor inputs to control the individual pulse widths of each output.
: These pins can be left open if ¢PW is used.

17 oPW External resistor input to control all phase outputs to the same pulse widths,

18 Vee +5V + 5% power supply input.

TYPICAL APPLICATIONS

Table 1. PIN DESCRIPTIONS

7 4o t (’
s E b 11
B 7400 | STBIN

o pr—

WD2143-03
STB IN WD2143-03
r__"' oPW
L—

Figure 2. WRITE PRECOMP OPERATION
WITH F.S.L. WD1691

Figure 3. TTL SQUARE WAVE OPERATION

+12

2K

10K

3 S I
N ] |
1 STBIN] 8
I 11 AN 21PW 1 e &1

dPW

WD2143-03 41 f——ym 1

STBIN

@
k—l
>
s
o

o2 6 o2 A/ 22PW D2 fm g 2
e et

4 WD2143-03
63 b 43 Y. 15 3 4 03

2 a4 23PW B3
4 p—— 4 .

* 16 2
B4PW G4 | 4

10K

Figure 4. EQUAL PULSE WIDTH OUTPUTS

2-14

Figure 5. INDIVIDUAL PULSE WIDTH OUTPUTS

Floppy Disk Support Devices




0
ARLY
wo itk 10 il
NOMINAL
EARLY 0 40
7418175
LATE 20 20 LATE
30 .
179% Ls 40
e 02 cin
CONTROLLER
" .
st
l WD2143.03
'
4

Figure 6. WRITE PRECOMP FOR FLOPPY DISK

SPECIFICATIONS

Absolute Maximum Ratings
Operating

Temperature ...... 0°C (32°F) to +70°C (158°F)
Voltage on any pin with

respect to Ground* 05to +7V

Power Dissipation 1 Watt

Storage Temperature
plastic ........ -55°C (-67°F) to + 125°C (257°F)

ceramic ....... -65°C (-85°F) to + 150°C (302°F)
DC ELECTRICAL CHARACTERISTICS

=

Figure 7. WD2143-03 TIMING DIAGRAM

Note: Maximum ratings indicate limits beyond which
permanent damage may occur. Continuous operation
at these limits is not intended and should be limited
to the DC electrical characteristics specified.

"Pin 27 = 0.5V to + 12V. Increasing voltage on Pin
17 will decrease Ty,

Ve = 5V = 5%, GND = 0OV, T4 = 0°C (32°F) to 70°C (158°F).

SYMBOL PARAMETER MIN | MAX | UNITS CONDITIONS
VoL | TTL low level output 0.4 \Y lo. = 1.6 mA
Vou TTL high level output 20 V' lon = -100u A
ViL STB in low voltage 0.8 \

Vi STB in high voltage 24 \'
lce Supply Current 80 mA All outputs open

Table 2. DC ELECTRICAL CHARACTERISTICS

Floppy Disk Support Devices
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SWITCHING CHARACTERISTICS
Veg = 5V + 5%, GND = 0V, T, = 0°C (32°F) to 70°C (158°F)

SYMBOL CHARACTERISTIC MIN.| MAX.| UNITS CONDITIONS
tep STB IN to ¢1 140 ns
tow Pulse Width (any output) 100 300 ns CL = 30pf
ter Rise Time (any output) 30 ns CL = 30pf
tpr Fall Time (any output) 25 ns CL = 30pf
fs STROBE PULSE WIDTH 1.0 ns combined t,, = 400 ns
towp Pulse Width Differential *10 % Referenced to ¢1, 100-300 ns

Table 3. SWITCHING CHARACTERISTICS
Note: Tpyy measured at 50% Vgu Point; Vo = 0.8V, Vgu = 2.0V.

2-16
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WD9216-00/W D9216 01
Floppy Disk Data Separator — FDDS

FEATURES

e PERFORMS COMPLETE DATA SEPARATION
FUNCTION FOR FLOPPY DISK DRIVES

® SEPARATES FM OR MFM ENCODED DATA
FROM ANY MAGNETIC MEDIA

® ELIMINATES SEVERAL SSI AND MS| DEVICES
NORMALLY USED FOR DATA SEPARATION

® NO CRITICAL ADJUSTMENTS REQUIRED

® COMPATIBLE WITH WESTERN DIGITAL 179X,
176X AND OTHER FLOPPY DISK CONTROLLERS

® SMALL 8-PIN DUAL-IN-LINE PACKAGE

® +5 VOLT ONLY POWER SUPPLY

o TTL COMPATIBLE INPUTS AND OUTPUTS

GENERAL DESCRIPTION

The Floppy Disk Data Separator provides a low cost
solution to the problem of converting a single stream
of pulses from a floppy disk drive into separate Clock
and Data Inputs for a Floppy Disk Controller.

The FDDS consists primarily of a clock divider, a long-
term timing corrector, a short-term timing corrector,
and reclocking circuitry. Supplied in an 8-pin Dual-
in-Line package to save board real estate, the FDDS
operates on + 5 volts only and is TTL compatible on
all inputs and outputs.

The WD9216 is available in two versions; the
WD9216-00, which is intended for 5 1 / 4” disks and
the WD9216-01 for 5 1 /4" and 8” disks.

psko []1 8] vee
SePCLK [ 2 7] SEPD
REFCLK [ 3 6| ] coi
anD [ 4 5| ] coo

PIN CONFIGURATION

REFCLK —»|
CLOCK — +5V
CD0O—»| DIVIDER —GND
CD1 —»
— L
DATA/ICLOCK |, PULSE —» SEPCLK
SEPARATION REGENERATION P
> LOGIC LOGIC  |}—» SEPD
y
— EDGE
DSKD—=] DETECTION
LOGIC

FLOPPY DISK DATA SEPARATOR BLOCK DIAGRAM

Floppy Disk Support Devices
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ELECTRICAL CHARACTERISTICS
MAXIMUM RATINGS*

Operating Temperature Rnge ...... 0°C to +70°C
Storage Temperature Range....... -55°C TO 1250
Positive Voltage on any Pin,

with respect to ground ............... + 8.0V
Negative Voltage on any Pin,

with respecttoground................. 0.3V

‘Stresses above those listed may cause permanent
damage to the device. This is a stress rating only and
functional operation of the device at these or at any
other condition above those indicated in the opera-
tional sections of this specification is not implied.

NOTE: When powering this device from laboratory or
system power supplies, it is important that the
Absolute Maximum Ratings not be exceeded or
device failure can result. Some power supplies exhibit
voltage spikes or “glitches” on their outputs when
the AC power is switched on and off. In addition,
voltage transients on the AC power line may appear
on the DC output. If this possibility exists it is sug-
gested that a clamp circuit be used.

OPERATING CHARACTERISTICS (T, = 0°C to 70°C, Voc = = 5%, unless otherwise noted.)

REFCLK

PARAMETER MIN. [ TYP. | MAX. | UNITS COMMENTS
D.C. CHARACTERISTICS
INPUT VOLTAGE LEVELS
Low Level Vy 0.8 i
High Level V;_ 20 \
OUTPUT VOLTAGE LEVELS
Low Level Vg 0.4 \ lo = 1.6 mA
High Level Voy 24 \'% loy = -100 A
INPUT CURRENT
Leakage I 10 pA 0 < Vi< Vpp
INPUT CAPACITANCE
All Inputs 10 pF
POWER SUPPLY CURRENT
IDD 50 mA
A.C. CHARACTERISTICS
Symbol
foy REFCLK Frequency 0.2 43 | MHz WD9216-00
foy REFCLK Frequency 0.2 8.3 MHz WD9216-01
tokH REFCLK High Time 50 2500 ns
tokL REFCLK Low Time 50 2500 ns
tspon REFCLK to SEPD “ON” Delay 100 ns
tsporrF REFCLK to SEPD “OFF” Delay 100 ns
tspok REFCLK to SEPCLK Delay 100 ns
toLL DSKD Active Low Time 0.1 100 us
toik DSKD Active High Time 0.2 100 1S
Y —

N s

tSDON tSDOFF
SEPD: 3

tspPCK

SEPCLK

tow

DSKD.

Figure 3. AC CHARACTERISTICS

2-18
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DESCRIPTION OF PIN FUNCTIONS

PIN
NUMBER PIN NAME SYMBOL FUNCTION

1 Disk Data DSKD Data input signal direct from disk drive. Contains combined
clock and data waveform.

2 Separated Clock | SEPCLK Clock signal output from the FDDS derived from floppy disk
drive serial bit stream.

3 Referenced Clock| REFLCK Reference clock input.

4 Ground GND Ground.

5,6 Clock Divisor CD0,CD1 CDO0 and CD1 control the internal clock divider circuit. The
internal clock is a submuitiple of the REFCLK according to
the following table:

CD1 CDO Divisor
0 0 1
0 1 2
1 0 4
1 1 8
7 Separated Data | SEPD SEPD is the data output of the FDDS.
8 Power Supply Vee +5 volt power supply.
4 MHz CRYSTAL
OSCILLATOR
1MHz
e +4
y
REFCLK ———| REGENERATED DATA { ————— CLK
SEPD RAW READ
— WD179X, 176X or Equiv.
F'a‘.’é’.f* DISK DATA DSKD FLOPPY DISK
DRIVE WD9216-00, 01 DERIVED CLOCK CONTROLLER
SEPCLK »| RCLK
CD0  CD1
GND GND
Figure 1. TYPICAL SYSTEM CONFIGURATION
(5 1/ 4” Drive, Double Density)
OPERATION Separate short and long term timing correctors assure

A reference clock (REFCLK) of between 2 and 8 MHz
is divided by the FDDS to provide an internal clock.
The division ratio is selected by inputs CDO and CD1.
‘The reference clock and division ratio should be
chosen per Table 1.

The FDDS detects the leading edges of the disk data
pulses and adjusts the phase of the internal clock
to provide the SEPARATED CLOCK output.

accurate clock separation.

The internal clock frequency is nominally 16 times
the SEPCLK frequency. Depending on the internal tim-
ing correction, the internal clock may be a minimum
of 12 times to a maximum of 22 times the SEPCLK
frequency.

The reference clock (REFCLK) is divided to provide
the internal clock according to pins CDO and CD1.

Floppy Disk Support Devices
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L
Table 1. CLOCK DIVIDER SELECTION TABLE

DRIVE DENSITY REFCLK
8”or51/4” (DD or SD) MHz CD1 cbho REMARKS
8 DD 8 0 0
8 SD 8 0 1 Select either one
8 SD 4 0 0
51/4 DD 8 0 1
51/4 DD 4 0 0 Select either one
51/4 SD 8 1 0
51/4 SD 4 0 1 Selecct any one
51/4 SD 2 0 0
INTCLK
SEPCLK ‘I I -
SEPD L L LT
|
1
always two internal clock cycles

Figure 2. REFERENCE CLOCK TIMING

L. ]
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WD92C32 Floppy Disk Digital Data Separator

FEATURES

e HIGH PERFORMANCE DIGITAL DATA
SEPARATOR (Low error rates)

NO ADJUSTMENTS

8 PIN DIP

TTL COMPATIBLE

CMOS

SINGLE 5V SUPPLY

PIN FUNCTION COMPATIBLE WITH THE WD9216

GENERAL DESCRIPTION

The WD92C32 digital data separator has been
designed to address the high performance 5%” or
8" floppy disk drive market. It is pin function com-
patible with the WD9216, although it provides superior
performance in terms of available bit jitter window
margins. The WD92C32 is designed to operate at data
rates of 125, 250 and 300, and 500 Kb/s.

The WD92C32 is a CMOS LSI product with TTL com-
patible /0 which operates from a single 5 volt supply.
Packaged as an 8 pin DIP, the WD92C32 represents
a significant cost savings when compared to the cost
of the analog components required to achieve equal

DERD E \ J E Voo performance.
SEPCLK E 3 SEFD The device contains an internal power-up reset along
with all of the necessary logic to achieve classical
RercLk 2] 5] cp1 2nd order phase locked loop performance.
Implemented digitally this design does not require any
5
Vss E : CcDo external adjustments or any additional logic to per-
form the data separation.
PIN CONFIGURATION
DESCRIPTIONS OF PIN FUNCTIONS
PIN NUMBER | MNEMONIC | SIGNAL NAME FUNCTION

1 DSKD Disk Data Data input signal from the floppy drive containing both clock
and data information.

2 SEPCLK Separated Clock | Resultant clock recovered from the disk serial bit stream.
Sometimes called RCLK.

3 REFCLK Reference Clock | Reference clock input from a crystal oscillator.

4 Vss Ground Ground

5 CDo, Clock Divisor Encoded bits which are used to select 1 of 4 reference clock

6 CcD1 division factors.

7 SEPD Separa