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SECTION I

GENERAL INFORMATION

1.1 INTRODUCTION

This manual provides operation and maintenance information for the Model
1115-Series of 5 1/U-inch Flexible Disk Drives, manufactured by Micropolis
Corporation, Chatsworth, California. This manual provides data to aid in
installing and maintaining the equipment.

Figure 1-1. Micropolis 1115 OEM Flexible Disk Drive (Typical)
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1.2 SCOPE OF MANUAL

This manual is primarily directed to service personnel, either field service
engineers or repair technicians in an OEM repair facility. The manual con-
sists of the following eight sections:

a. Section I, General Information, provides introductory data of a
general nature. This includes a description and specification sum-
mary for the drives, maintenance philosophy, a list of maintenance
equipment required, brief preventive and corrective maintenance in-
formation, and a description of Micropolis services (including
spare parts ordering instructions).

b. Section II, Installation, provides procedures for unpacking the
drive, installing the drive, configuring multi-drive systems, and
supplying power.

c. Section III, Theory of Operation, provides a detailed description
of the disk drive, covering the drive mechanism, the interface, and
the drive electronics board.

d. Section IV, Tests and Adjustments, provides procedures to test and
adjust critical parameters of the disk drive.

e. Section V, Troubleshooting, provides information to assist in the
isolation of a fault to the replaceable component or subassembly in
a logical manner.

f. Section VI, Removal and Replacement Procedures, provides step-by-
step instructions for the replacement of assemblies, subassemblies,
or components of the disk drive,

g. Section VII, Parts Lists, provides a set of parts lists for the
disk drive. '

h. Section VIII, Assembly Drawings and Schematic Diagram, provides the
assembly drawings for the drive, and the assembly drawing and
schematic diagram for the Drive Electronies board used in the 1115
Series Flexible Disk Drive.

1.3 DESCRIPTION OF DRIVES

The Disk Drive (see Figure 1-1) consists of a Drive Electronics board and a
Drive Mechanism. Since the drives are intended to be mounted within an OFM
system and receive regulated DC power from that system, neither enclosure
nor regulated power supply is included.

Throughout this manual, the term "1115 drive" refers to any member of the
entire series of Model 1115, 5 1/4=inch OEM Flexible Disk Drives.
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The specific 1115-series drives described in this manual are:
- Model 1115-2 (Single head, 100 TPI)
- Model 1115-4 (Dual head, 100 TPI)
- Model 1115-5 (Single head, 96 TPI)

Model 1115-6 (Dual head, 96 TPI)

Model 1115-2 and 1115-4 drives have a track density of 100 tracks per inch
(TPI), with 77 total tracks. Model 1115-5 and 1115-6 drives have a track
density of 96 TPI, with 80 total tracks. The difference in track density
and total number of tracks results from using a different lead screw in the
positioner assembly. '

Table 1-1 summarizes the specifications of the 1115 drives.

TABLE 1-1., SPECIFICATIONS

Physical

Height (overall) 3.25 inches (8.26 cm)

Width (overall) 5.75 inches (14.61 cm)

Depth (overall) 8.00 inches (20,32 cm)

Weight 3.60 pounds (1.63 kg)
Environmental

o o 0 ,.0
Ambient temperature: 50°=113"F (10 =45"C)
Relative Humidity: 20%-80% (without condensation)

Shock (Non-Operating)

In Shipping Container 25.0 G's maximum in any axis

Directly to Drive 15.0 G's maximum in any axis
Vibration

Non-Operating 3.0 G's maximum (25-2000 Hz) in any axis

Operating ‘ 1.0 G's maximum (25-300 Hz) in any axis

Power Dissipation

Standby 5.3 watts max
Operating 16 watts nominal
Head Load Solenoid (option) 3 watts

Door Lock Solenoid (option) 0.7 watts
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TABLE 1-1. SPECIFICATIONS (continued)

‘Reliability/Maintainability

MTBF (25% spindle motor duty cycle)

MTTR -
Media life

Passes/Track
Disk Insertions

Error Rate

Soft error rate
Hard error rate

Seek error rate

Parameter 1115-5
Heads/Drive 1
Tracks/Surface 80
Track Density (TPI) 96
At Speed After MOTOR ON (ms) 200
Spindle Speed (RPM) 300
Speed Variation (%) +1.5
MFM Data Density (BPI) 5577
MFM Flux Density (FRPI) 5577
MFM Flux Rate (kHz) 250
Encoding Method MFM
Sectoring Method Hard/Soft
Unformatted Capacity

KBytes/Track 6.250

KBytes/Surface 500

KBytes/Diskette 500
MFM Transfer Rate (Kbits/sec) 250
Average Latency (ms) 100
Head Load Time (ms) (NOTE 1) 75
Access Time (ms)

Track to Track 6

Settling 15

Average (NOTE 2) 173

8500 hours
0.5 hours

6
3x 10"

3 x 10

9

1 in 1012

1 in 10
1 in 10

Model
1115-6

2
80
96

200

300

+1.5

5921

5921

250

MFM
Hard/Soft

6.250

500

1000
\

250
100
N/A

6
15
173

Number
1116=-2

1

7
100

200

300

+1.5
5248

5248

250

MFM
Hard/Soft

6.250
480
480

250

100

75

15
167

1115-4

2

77
100

200

300

+1.5
5552

5652

250

MFM
Hard/Soft

6.250
480
960

250
100
N/A

15
167

NOTE 1:
NOTE 2:

Timing when head load option is employed
([ (Tracks per Side - 1)/3] x 6ms) + 15ms
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1.4 MAINTENANCE PHILOSOPHY

Micropolis Flexible Disk Drives are designed for trouble-free operation.
Maintenance operations require a high degree of technical sophistication,
the proper training, and the proper equipment. Non-technical end users
should NOT attempt to perform corrective maintenance.

1.5 MAINTENANCE EQUIPMENT REQUIRED

The following tools, test equipment, and special items are required for
maintaining and/or servicing Micropolis 1115-Series OEM Flexible Disk
Drives. Where a manufacturers part number is given, equivalent equipment
may be used.

a. Tools: Screwdriver, Phillips #1.
3/32-inch hex Allen wrench, two-inch shank.
Tweezers.
Cotton swabs.

b. Test Equipment: Oscilloscope - Tektronix 465.
Digital multimeter - Simpson u461.
Frequency counter, 0 to 10 MHz (optional),
Micropolis Flexible Disk Exerciser, Model 1099
(optional).

¢. Special Items: DuPont Freon TF or isopropyl alcohol.
Alignment Diskette (see Paragraph 1.5.1).
Cleaning Diskette.

1.5.1 Alignment Diskette

Specific alignment diskettes are used with each configuration of the
drive., These are:

100 TPI - Single head

Micropolis Model No. 1081-03 (Dymek)

Dual head - Micropolis Model No. 1081-06 (Dymek)
96 TPI - Single head - Micropolis Model No. 1081-04 (Dymek)
Dual Head - Micropolis Model No. 1081-07 (Dymek)

The proper tracks on the alignment diskette must be used, as follows:

100 TPI 96 TPI
Drives Drives
Radial Alignment Track 36 32
Index Track 5 2
Azimuth Track 76 68
CAUTION

Care should be exercised not to erase the prere-
corded alignment tracks. Do not defeat or override
the write protect feature of the drive or diskette.
Do not install an alignment disk in a drive with a
suspected write logic or write protect logic fail-
ure. NEVER unplug the drive's head connector or
remove power with any diskette installed.
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1.6 PREVENTIVE MAINTENANCE

Micropolis Flexible Disk Drives do not require preventive maintenance. How-
ever, to ensure trouble-free operation over a wide variety of operating con-
ditions, the preventive maintenance operations specified in Table 1-2 should
be performed.

TABLE 1-2. PREVENTIVE MAINTENANCE SCHEDULE

v Time Manual
Operation Frequency Required Paragraph
(Hours) Reference
-Replace Head 2000 hours of 0.1 6.5.1
Load Pad diskette access
Clean Head 2000 hours of 0.1 1.6.1
diskette access

1.6.1 Cleaning the Head

Use an approved cleaning diskette per the manufacturer's instructions. If
additional information is required, contact Micropolis Technical Support.

1.7 CORRECTIVE MAINTENANCE

Corrective maintenance consists of isolating a fault to a defective or mis-
ad justed assembly or component, replacing or adjusting the assembly or
component, and verifying that the repair has eliminated the fault.

The followiné suggested sequence will help to make the most effective and
efficient use of this manual:

a. Isolate the malfunction to the faulty assembly, subassembly, or
component; see the Troubleshooting Chart in Section V.

b. If a more thorough understanding of the operation of a circuit or a
mechanical or electrical component is desired; see the Theory of
Operation in Section III. The ecircuit descriptions reference the
Assembly Drawings and Schematic Diagram in Section VIII.

c. If necessary, test the suspected circuit or mechanical assembly;
see Section IV, Tests and Adjustments. Also using Section IV, it
may be possible to perform an adjustment to eliminate the fault.

d. Order the replacement component, subassembly, or assembly; see
Section VII, Parts Lists.

e. Replace the component, subassembly, or assembly; see Section VI,
Removal and Replacement Procedures.

f. Adjust and/or test the circuit or mechanism after replacing the
part; see Section IV, Tests and Adjustments,
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1.8 MICROPOLIS SERVICES

a.

Training

Formal training courses are conducted by Micropolis at various
locations around the world. These courses cover the theory of
operation and the maintenance of Micropolis Flexible Disk Drives.
Further information on these training courses can be obtained from
Micropolis Technical Support.

Micropolis Repair Depots

Micropolis maintains fully equipped depots which provide warranty
and non-warranty repairs and emergency spares support. Further
information on repairs and spare parts availability can be obtained
from Micropolis Marketing/Sales Administration, Order Entry Group.

Before returning any item for repair or refurbishment, contact
Micropolis Customer Service for a Return Goods Authorization (RGA).
Ensure the equipment is properly packed for shipment, following the
guidelines given in Paragraph 2.8.

Spare Parts

Section VII, Parts Lists, provides part numbers of the replaceable
parts for the Model 1115 Drives. Micropolis Technical Support has
information on recommended spares levels for field engineers and
for repair depots.

Orders for spare parts should be placed through Micropolis Order
Entry.

An identification label is attached to the drive. It shows the

model number, part number, and serial number of the drive. These
numbers should be quoted in all correspondence.
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SECTION II

INSTALLATION

2.1 INTRODUCTION

This section provides information necessary for installing the Model 1115
Drive. Included are instructions for unpacking and visually inspecting the
drive, installing the drive, providing the proper power and the interface
signals, configuring multiple-drive systems and addressing each drive, and
re-packing the drive for shipment.

2.2  UNPACKING THE DRIVE

The drive is packed to minimize the possibility of damage during shipment.
Carefully follow the procedure to unpack the drive, and SAVE ALL PACKING
MATERIAL in case it is necessary to re-pack the drive for shipping.

a. Place the shipping carton on a flat work surface.
b. Cut the sealing tape on the carton top, and open the top flaps.

¢. Remove and save the foam that covers the inner carton.

CAUTION

Use extreme care when handling the
inner carton; the drive (inside it) is
subject to damage if dropped.

d. Carefully remove the inner carton containing the drive, and place
it on the work surface.

CAUTION

When the carton is removed, the drive
mechanism and circuit board will be
exposed. Handle VERY carefully.

e. Remove the top and bottom sections of the inner carton from the
drive.

f. Save both halves of the inner carton and the foam covers.

g. Visually inspect the drive for damage. If shipping damage of any
kind is evident, notify the carrier at once. Do not return a
damaged drive until the shipping company inspector has reviewed the
damage, since an insurance claim may be involved.

Verify that the model number on the identification label is as

ordered and agrees with the shipping paperwork. Immediately bring
any discrepancy to the attention of the supplier.
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2-3

DRIVE CONFIGURATIONS

The specific configuration of the drive is established by the installation
or omission of jumpers on the Drive Electronics board. These jumper options
are used to vary the interface pin assignments of certain signals as well as
specify or change many of the functional parameters of the drive. Section
3.3 of this manual provides a detailed description of all of the interface
signals and the various options available.

2.4
2.“.1

2.4.2

INSTALLING THE DRIVE

General Guidelines

The following general guidelines should be adhered to when planning
the installation:

Ambient temperature must be in the range of 50°-113° F(10°-45° ),
Avoid dirty, dusty, or smoky areas.

Avoid static discharging to any part of the system (use anti-
static spray on carpets).

Ensure that adequate regulated DC power is available (as specified
in Paragraph 2.5).

Specific Mounting Requirements

Refer to Figure 2-1 for details, and ensure that the following
mounting requirements are met:

The drive may be mounted in any orientation except upside down.

The drive will normally be inserted through the panel opening from
the front.

The mounting scheme must NOT rely on the bezel for support.
There are several mounting options (see Figure 2-1):
1) Use the four #6-32 holes in the bottom of the chassis.

2) Use the four #6-32 holes (two each side) spaced 4.00 inches
apart.

3) Use the four #6-32 holes (two each side) spaced 3.12 inches
apart.

For any of the options specified in the preceding steps, mounting
screws must not extend more than 0.2 inches into the drive mecha-
nism,

Allow for convection cooling of the drive, especially the circuit
board area.
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Figure 2-1. Drive Mounting Details
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2.5 POWER REQUIREMENTS/CONNECTIONS

a.

1115-Series drives require user-supplied DC power. Regulated 5V
and 12V DC power is supplied to the drive via one of three possible
connectors on the Drive Electronics board. (Since each "dash-
number" version of the board comes with a specific power connector,
this is determined when the drive is ordered; J8A is considered to
be the "standard" power connector, J7 or J8B are options.)

Connector J8A

The "standard" power connector is J8A, a U4-pin AMP Mate-n-Lok
connector (Micropolis P/N 680-0405-0, AMP P/N 641737-1), on the
Drive PCBA. The mating connector is AMP P/N 1-480424-0, utilizing
AMP P/N 60617-1 pins. For connector J8A, pin assignments are:

J8A Pin Connection

+12V regulated
+12V ground return
+5V ground return
+5V regulated

EWN -

Connector J7 (optional)

Alternate power connector J7 is a 7-pin Molex connector (Microplois
P/N 680-0701-2, Molex P/N 22-05-2071). The mating connector is

‘Molex P/N 22-01-2071, utilizing Molex P/N 08-50-0114 pins. J7 pin

assignments are:

J7 Pin Connection

not used

insertion key
+12V ground return
+12V regulated

not used

+5V ground return
+5V regulated

NOoOONEWN =

Connector J8B (optional)

Alternate power connector J8B is a U-pin AMP Mate-n-Lok connector
(Micropolis P/N 680-0401-9, AMP P/N 350211-1). The mating connector
for J8B is AMP P/N 1-480424-0, utilizing Amp P/N 60617-1 pins. J8B
pin assignments are:

J8B Pin Connection

+12V regulated
+12V ground return
+5V ground return
+AV regulated

W =
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b. Current requirements (regardless of which power connector is used)
are as follows:

Voltage Ripple Standby Operating
Voltage (Door Open) Average Peak
+12V +5% 100mv 0.1A 1.10A 1.70A
+5V +5% 50mv 0.70A 0.70A 0.70A

¢. The Drive Electronics board's signal ground is connected to the
drive chassis via jumper W26 on the board. The drive chassis may
be mounted so that it is either isolated or directly connected to
the main chassis ground of the host unit.

Additionally, there is a "quick connect" male lug attached to the
chassis which may be used to connect the user's earth ground to the
drive's chassis. The female mating connector is AMP P/N 60972-1 or
equivalent. Careful consideration should be given to the use of
this connection: If the signal ground jumper mentioned above is in
place, and if the "quick connect" lug is used to connect the drive
to the earth ground, then the drive board's signal ground will be
connected directly to earth ground. It is recommended that the
chassis not be used as a current carrying conductor.

The drive chassis must be connected to the computer chassis or
directly to earth ground.

2.6 SIGNAL PIN ASSIGNMENTS

Signal Connector J1 is located on the Drive Electronics board. J1 provides
the interface connection between the disk drive and the host controller.
Table 2-1 briefly lists the signals at J1; more detailed information on each
of the signals, the options available (through the addition or removal of
Jjumpers), and specific timing requirements are given following Table 3-1 of
this manual. .
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TABLE 2-1. CONNECTOR J1 SIGNAL ASSIGNMENTS

Connector Pin Signal ‘ ' Jumpers| Jumpers
Signal Ground Name Description In/Out In Out.
2 R . HDLD/ Head Load I W19 W20,wau
(NOTE 3) DRLK/ Door Lock I W10 W12,W1l4,W29
y 3 INUSE/ In Use I* W7 W9
6 5 RDY/ Ready 0 W17 W6,W35
(NOTE 3) ORLY4 Drive Select 4 I* WU ,W6 W5,W8
W17,W35
DOOR CLOSED/ | Door Closed 0 w35 W30,W17
DRIVE STATUS/ |Drive Status 0] W35,W30 W17
8 T SECP/ Sector/Index Pulse| O%
10 9 DS1/ Drive Select 1 I* W1 w2,w3,
W4,W5
12 11 DsS2/ Drive Select 2 I* w2 W1,W3,
' WY WS
14 13 DS3/ Drive Select 3 I* w3 W1i,w2
. Wi W5
16 15 MTRN/ Drive Motor On I*
18 17 DIRN/ Step Direction I*
20 19 STEP/ Step Command I*
22 21 WDA/ Write Data I*
24 23 WRT/ Write Gate I*
26 25 TRK@/ Track @ o%
28 27 WPT/ Write Protect o%
30 29 RDA/ Read Data o
32 31 HSLT/ Head Select I* w27 w28
34 33 DSu4/ Drive Select 4 I W4, We W1,W2,W3,
(NOTE 3) W5,W6,W9,
INUSE/ In Use I w9 ‘W7 ,W8,W16
DOOR CLOSED/ | Door Closed 0] w16 W30
DRIVE STATUS/ | Drive Status 0 W16 ,W30
I RDY/ Ready 0 W34 W6,W16

®# Industry standard interface lines.
Note 1: The mating connector is Scotchflex P/N # 3463-0001 or equivalent.

Note 2: All interface lines are low = true.

Note 3: The specific I/0 signal on these lines is selectable by proper
jumper placement. See Table 3-1 of this manual.
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2.7 MULTI-DRIVE DISK SYSTEMS

Micropolis 1115 Series drives can be configured into multi-drive systems;
the drive's interface circuitry provides for up to four drives being connec-
ted to a host controller. This section provides the information necessary
to implement a multi-drive system.

2.7.1 Daisy-Chaining Drives

A multi-drive system consists of two, three, or four drives, connected
to the host controller with a "Daisy-Chain" interface cable.

A typical multiple drive system is shown in Figure 2-2.

DAISY-CHAIN INTERFACE CABLE D

DISK
COﬁ;&ahgsk DRIVE 3 DRIVE 2 DRIVE 1 DRIVE 0
“ADD-ON" || "ADD-ON" | | "ADD-ON" || "MASTER"
COMPUTER

Figure 2-2. Typical Multiple Drive System

The Daisy-Chain interface cables listed below are available from

Micropolis:
Name Model No. Usage
Interface Cable R 1083-02 Two drives
Interface Cable C 1083-03 Three drives
Interface Cable D 1083-04 Four drives

The Daisy-Chain-interface cable is connected in place of the standard
Interface Cable A. The Master drive (the one with the terminators)
must be connected to the last connector on the cable (i.e., the one
farthest from the controller) to provide the proper termination.
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2.7.2 Drive Addressing

The interface cable includes four disk select lines in addition to the
other input/output lines. All the lines are supplied to all the
drives., Address comparison logic in the drive enables the drive to
respond to one and only one disk select line. A single drive may be
set to respond to address 0, 1, 2, or 3 (normally, if there is only
one drive it will be set for address 0). In a multi-drive system, no
two drives may be set to respond to the same disk select line.

To establish or change the address of a drive, configure the address
comparison logic as follows:

a. Determine which of jumpers W1 through W5 on the Drive Electronics
board (see Figure 2-3) are installed. These jumpers specify the
drive's address. Only ONE of the Jumpers W1 through W4 may be
installed on a drive (note that jumper W5, which can be installed

in a single-drive system to have the drive always selected, cannot
be used in a multi-drive system).

DRIVE ELECTRONICS BOARD
(P/N 102237-XX-X)
(COMPONENT SIDE) RN

 ——

§

w2 wy

Figure 2-3. Drive Electronics Board Address Jumpers and Terminators
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b. To change the drive's address, remove the jumper from the socket
and replace it in the socket for the desired address, as follows:

Drive Install No
Address Jumper Jumper
0 W1 W2,W3,Wl W5
1 w2 W1,W3,W4 W5
2 W3 W1,W2,Wi4, W5
3 Wy W1,W2,W3,W5

2.7.3 Master to Add-On Conversion

In a multi-drive system a distinction is made between the "master"
drive and the "add-on" drives. The master drive includes a resistor
network for terminating the interface lines (the network is RN1,
Micropolis P/N 116-0011-1). An add-on unit does not include the
termination network. The master/add-on distinction does not effect
the address selection; any drive may have any address.

To convert a master.drive to an add-on, remove the terminator as
follows:

a. Locate the terminator resistor pack (RN1, see Figure 2-3).

b. With a small flat-blade screwdriver, carefully loosen the resistor
pack and remove it from socket J3. The termination network should
be saved in case it is desired to convert the drive back in the
future.

2.8 RE-PACKING THE DRIVE FOR SHIPMENT

If it is necessary to re-pack the drive for shipment, the following proce-
dure must be used.

CAUTION

Do not attempt to ship the drive
except in the original packing.

a. Put the drive in the bottom half of the inner carton, fold the
sides of the carton carefully, and hold them in place.

b. Put the top of the inner carton on the drive, thus securing the
sides of the bottom carton in place.

c. Place the bottom foam in the shipping carton.
d. Place the drive in the bottom foam.
e. Put the top foam on top of the drive.

f. Close the outer carton flaps and seal securely with tape.
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SECTION III

THEORY OF OPERATION

3.1 INTRODUCTION

This section describes the theory of operation of the Model 1115, 5 1/U4~inch
Flexible Disk Drive. The drive consists of the mechanical and electrical
components necessary to record data on, and retrieve data from, a magnetic

disk.

The overall organization of the drive is shown in Figure 3-1.

The theory of operation is presented in the following order:

Electromechanical Description (Section 3.2)

An overall description of the drive's mechanical and electrical
components is presented in this section.

Drive Interface (Section 3.3)

All the interface signals used for communication with the host
controller are described in this section.

Functional Theory of Operation (Section 3.4)

This section examines the operational interactions between the
various functional elements of the Drive Electronics board and the
mechanical components.

Circuit Theory of Operation (Section 3.5)

A detailed analysis of the circuitry on the Drive Electronics board
is presented in this section.
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3.2 ELECTROMECHANICAL DESCRIPTION

The Model 1115 Flexible Disk Drive consists of a drive mechanics assembly
and a drive electronics board. Together, the mechanics assembly and the
electronics board perform the following functions under control of the host
system:

a. Clamp and rotate the diskette.
b. Interpret and generate control signals.
c. Position the read/write head on the desired track.

d. Read and write data.

Figure 3-2 shows the interaction of the drive's mechanical components.

-3 DOOR CLOSED
—$» WRITF PROTECT

WRITE
DOOR PROTECT HEAD/CARRIAGE

SENSOR SENSOR ASSEMBLY READ/WRITE DATA

@ DISKETTE

AV

STEPPER
MOTOR

SPINDLE
SENSOR

TRACK @
SENSOR

POSTTIONER DRIVE
(81, A2, 82, AW

» TRACK @

9 TACH FEEDRACK

MOTOR DRIVF
CONTROL

P SECTOR/INDEX

Figure 3-2. Drive Mechanical Elements
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3.2.1 Drive Mechanics Assembly

The drive mechanics consists of the following sub-assemblies:

a.

Chassis and Sub-chassis

The sub-chassis is comprised of a die cast inner structure that
contains virtually all of the drive's mechanical components; it
pivots within a die cast outer frame (the chassis). The outer
frame isolates the inner structure from mounting related stress
and distortion, and provides enhanced EMI shielding for the read/

write head(s).

Diskette Clamping Mechanism

The diskette is inserted through the disk access door onto a
registration hub, which centers the diskette on the spindle shaft.
As the door is closed, the diskette is rotated and clamped to the
spindle motor hub. Note that when the diskette is inserted and
the door is closed, the spindle motor is automatically energized.
This action (independent of the interface signals) centers and
seats the diskette on the spindle for accurate registration. A
sensor detects when the door begins to close,

Spindle Drive Motor

The spindle is driven by a DC motor. The motor-to-spindle pulley
size ratio provides the proper speed reduction. An LED/photo-
sensor pair senses "flags"™ on the spindle pulley; the resulting
sensor pulses are applied to the drive's Microcomputer, which
generates a control signal to slow down.or speed up the spindle
motor, thereby the correct speed. Generating the feedback signal
at the spindle pulley eliminates any effects of pulley or belt
wear. This gives the drive a very closely regulated spindle speed
of 300 RPM, enhancing data reliability and diskette interchange-
ability.

Head/Carriage Assembly

Each head consists of a ferrite read/write element and two tunnel
erase elements mounted in a ceramic slider. The head(s) are
designed to provide maximum signal transfer to and. from the disk-
ette with a minimum of wear., During write operations, tunnel

‘erase gaps trim the written data to produce a clean erased area

between adjacent tracks. This erased area provides a guard band,
which allows reasonable mechanical tolerances to be used without
affecting the interchangeability of diskettes between drives.
This also increases data reliability.

The read/write head is mounted in a carriage assembly, which is

supported and driven by a lead screw; see Section 3,2,1f., Double~
sided models use two heads; one on each side of the diskette,
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g.

Head Lift Mechanism

The read/write head is loaded against the diskette via a load arm
operated by either the door latch assembly or the optional head
load solenoid (for single-head drives only). A cushion on the
load arm assures that the diskette jacket is loaded against the
platen surface to maintain correct head-to-diskette contact.

1) Drives using the door-operated load arm cause the head(s) to
load whenever the door is closed; opening the door unloads the
head(s).

2) The single head drives that include the optional head load
solenoid load the head upon activation of the solenoid; de-
activating the solenoid unloads the head. Solenoid control is
asserted either by the host controller or by the drive's
Microcomputer.

Dual head drives have an "interposer" feature to prevent the heads
from loading if a diskette is not present. This protects the
polished head surfaces (by preventing them from contacting each
other).

Head Positioner

The head/carriage assembly (see Section 3.2.1d) is positioned by a
four-phase, permanent magnet stepper motor, a jeweled follower,
and stainless steel lead screw.

The stepper motor and lead screw combination positions the head to
the desired track. The head/carriage assembly moves (via the
follower) along a radial line with respect to the diskette when
the lead screw is rotated. For each Step Command pulse received
from the host controller, the head moves one track position in or

out as specified by a direction signal.

The positioner lead screw is preloaded in tension against a bear-
ing in the sub-chassis, directly adjacent to the spindle. This
referencing technique removes the sub-chassis from the thermal
expansion loop, giving repeatable and exact track positioning that
is independent of temperature.

Sensor Assemblies

There are five sensor assemblies in the drive. Each of the sensor
assemblies consists of a LED/photosensor pair. These utilize non-
contact sensing for high reliability and long life.
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1)

2)

3)

Sector/Index Sensor

A photosensor circuit is used to detect the occurrence of the
diskette's index mark (and sector marks, if present). These
are holes in the diskette that are used by the host controller

‘for formatting purposes.

Soft-sectored diskettes do not have pre-assigned sectoring,
and thus do not have sector marks, only a single index mark.
Hard sectored diskettes have sector holes that divide the
diskette surface into equal angular segments. The index hole
is located midway between the holes identifying the last
sector and sector @#. Because the Sector/Index photosensor
circuit generates a signal for each hole, the host controller
must be able to differentiate the index hole from the sector
holes.

Track @ Sensor

The Track @ Sensor circuit provides an input signal to the
drive's Microcomputer when the read/write head is positioned
at Track @. The interface Track @ signal is a microcomputer-
generated signal that is set true when the head is positioned
at Track # and the stepper motor is placed in the hold mode.

If, during normal operation, the host controller suspects a
positioning error, it should step the drive out until Track @
is reached and the interface Track @ output goes true.

Write Protect Sensor
CAUTION

Two write protect conventions are explained
in the following paragraphs. Ensure that
the appropriate write protect option is
installed in your system.

The diskette's write protect status is determined by a cutout
along one edge of its jacket. The presence of that cutout is
detected by a sensor assembly mounted in the drive mechanism.
If the cutout is covered, the write circuits are disabled and
the diskette cannot be overwritten. However, if the cutout is
uncovered, writing is permitted. The write protect status is
sent to the host system via an interface line.

A jumper-option is available that reverses the above-described
logic. If this option is implemented, when the cutout is

covered, the write circuits are enabled; and the diskette can

be overwritten, Tf the cutout is uncovered, the diskette is
write proteated,
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h.

4)

5)

Spindle Feedback Tachometer

An optical sensor assembly and a spindle pulley with integral
flags form the spindle tachometer. The sensor (tachometer)
output signal is sent to the drive's Microcomputer as spindle
speed feedback. The Microcomputer then processes this data
and generates a control signal to appropriately slow down or
speed up the motor.

Door Sensor

The Door Sensor is composed of a flag and an LED/photosensor
pair, which provides an input to the drive's electronics that
indicates the start of closure of the disk access door. This
signal automatically starts the spindle motor. This provides
smooth and accurate diskette clamping, since the spindle will
be turning when the diskette is clamped. The signal stays
asserted as long as the door is closed. This signal is also
gated with the various door lock options- and ensures that the
door lock solenoid cannot be activated when the door is open.

Indicator

An LED indicator in the front bezel is used to indicate when the

drive has been selected by the host system.

3.2.2 Drive Electronics Board

The Drive Electronics board contains the interface circuitry, the
Microcomputer-based control logic, and the read/write circuitry for
the drive. It includes the following elements:

a.

Drive Select Logic

This circuitry uses a jumper to define the drive's address. The
drive then responds to the corresponding one of four Drive Select
lines. When the appropriate Drive Select line is true, the drive

responds to signals on the interface input lines. When the drive .

is selected, the interface output lines are enabled.
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Drive Ready Logic

The optional Ready (RDY/) signal is an interface status signal
that provides an indication to the host interface that:

- The drive is powered.

- The diskette is inserted.

- The disk access door is closed.

- The drive is selected.

- The spindle motor is up to speed.

If the Ready option is used, it is recommended that the controller
test the RDY/ state before initiating a read/write operation.

Positioning Control Logic and Power Drivers

The drive's Microcomputer impleménts the logical functions for the
positioner by generating appropriate motion and direction signals.
The power drivers amplify the drive signals to the stepper motor.

Write/Erase Circuits

These circuits accept the encoded write data from the interface
and generate the signals to the write head. The erase circuits
control the turn-on/turn-off time delay for the trailing erase
heads. These delays ensure appropriate registration between writ-
ten data and the erase bands.

Read Circuits

These circuits amplify, filter, differentiate, zero-crossing de-
tect, and digitize the read signal. Additional circuits de-glitch
and wave shape the data for transmission to the host.

Interface Drivers and Receivers

The Drivers provide the appropriate signal levels at the drive
interface to transmit data and status to the host.

The Receivers provide proper termination for data and control
signal lines from the host.

Spindle Speed Control
The Microcomputer controls the spindle speed via direct feedback
from the optically servoed drive system. This direct feedback

control provides precise speed regulation, and eliminates the need
for speed adjustment.
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3.3 DRIVE INTERFACE
3.3.1 Drive Interface Connection

Interface Connector J1 provides signal interconnection between the
disk drive and the host controller. J1 is a 34-pin edge connector
which is physically part of the Drive Electronics printed circuit
board. The interface is pin and plug compatible with what is accepted
as the "industry standard" configuration. Additional control and
status interface lines are also present; their use is optional.

Either flat cable or twisted pairs may be used, with a maximum cable
length of twenty feet. The recommended mating connector is Scotchflex
3464-0001. Care should be taken to avoid contamination of the gold
contact fingers. If necessary, the connector may be cleaned using a
cotton swab and DuPont Freon TF or isopropyl alcohol.

DOCUMENT No. 102076 REV A Page 3-11



3.3.2 Drive Interface Signals

The signal assignments and jumper options at each pin of Interface
Connector J1 are listed in Table 3-1; the table and the following
paragraphs provide a detailed description of each signal (and jumper-
selectable option) and show the required timing relationships between
them, The jumpers are located on the Drive Electronics board; their
locations are shown in Figure 3-3.

W16 w21o W
[ S Pl @l
LEH w9 w7
*—o W5
oo Wi
*—o W3
oo W2
*—o W1
w3 W7 W28
w26
*——g W18
@ W19
e W20 w10 w29
@@ W21
Qe W22
.——-—. w23
@@ I 21}
u33I IH31 In63 @@ 1 25 W30
o—e I PN

&
w32 I

DRIVE ELECTRONICS BOARD
(P/N 102237-XX-X)
(COMPONENT SIDE)

Figure 3-3. Drive Electronics Board Jumper Locations
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TABLE 3-1. INTERFACE SIGNAL DETAILS

Connector Pin Signal Jumpers Jumpers
Signal Ground Name Description In/Out In Out
2 1 One of:
HDLD/ Head Load I (see below)
DRLK/ Door Lock I (see below)

If HDLD/ is on J1-2, then DRLK/ is not available and vice versa. The use of
either of these signals requires a corresponding optional solenoid.

Head Load Options:

If W19 is installed (W20 and W24 omitted), the head will load when the
MTRN/ interface signal is asserted (which turns on the drive motor) and
either the HDLD/ interface signal is asserted or the drive is selected.

In addition to head load operation via the interface HDLD/ signal, the
following head load jumper options are available:

a., If W20 is installed (W19 and W24 omitted), the head loads when
both MTRN/ is asserted and the drive is selected.

b. If W24 is installed (W19 and W20 omitted), the head loads when
either MTRN/ is asserted or the drive is selected.

Door Lock Options:

If W10 is installed (W12, W14, and W29 omitted), asserting the DRLK/
signal (when the diskette access door is closed) will activate the Door
Lock Solenoid, thereby locking the door.

In addition to door lock solenoid operation via the interface DRLK/
signal, the following door lock jumper options are available:

a. W12 Option (W10, W1l, and W29 omitted): If the INUSE/ signal is
true when the drive is selected, the Door Lock Solenoid activates,
locking the door of the selected drive. When INUSE/ goes false and
the drive is selected again, the door unlocks.

b. W14 Option (W10, W12, and W29 omitted): If INUSE/ is true, the
Door Lock Solenoid activates, locking the door.

c. W29 Option (W10, W12, and W14 omitted): The Door Lock Solenoid
activates when the drive is selected.
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TABLE 3-1. INTERFACE SIGNAL DETAILS (continued)

Connector Pin Signal Jumpers Jumpers
Signal Ground Name Description In/Out In Out

3 INUSE/ In Use I* W7 W9

For an alternative interface INUSE/ option, see J1-34,

If the INUSE/ signal is on J1-4, then J1-34 can be used (with appropriate

jumpering) for the DSU4/ input, the DOOR CLOSED/ output, or the DRIVE STATUS/
output.

The INUSE/ interface signal, in conjunction with the four jumper options
listed below, allows the host controller to operate the Door Lock Solenoid
or the Front Panel LED.

INUSE/ Interface Signal Options:

]

Option a or b may be selected in conjunction with option ¢ or d. Note
that door lock solenoid options require inclusion of the optional door
lock solenoid.

a.

W12 Option (W10, W14, and W29 omitted): If the INUSE/ signal is
true when the drive is selected, the Door Lock Solenoid activates,
locking the disk access door of the selected drive. When INUSE/
goes false and the drive is selected again, the door unlocks.

W1l Option (W10, W12, and W29 omitted): Assertion of the INUSE/
signal (regardless of the Selected status), activates the Door Lock
Solenoid, locking the door.

W13 Option (W11 and W15 omitted): If the INUSE/ signal is asserted
when the drive is selected, the Front Panel LED 1lights. When the
INUSE/ signal goes false and the drive is selected again, the LED
goes off.

W15 Option (W11 and W13 omitted): Assertion of INUSE/ (regardless
of the Selected status) lights the Front Panel LED.

Induatry standard interface line.
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TABLE 3-1. INTERFACE SIGNAL DETAILS (continued)

Connector Pin Signal Jumpers | Jumpers
Signal Ground Name Description In/Out In Out
6 5 One of:
RDY/ Ready Status 0 w17 W6
DSU4/ Drive Select U I* Wi, w6 | wi,w2,w3,
W5,W8,W17

DOOR Door Closed 0 W35 W30,W16,
CLOSED/ w17
DRIVE Drive Status 0 W35,W30 | W16,W17
STATUS/ .

If DS4/ is on J1-6, the RDY/ status signal is not available and vice versa.

RDY/ Interface Signal Options:

DS4/

DOOR

a.

W18 Omitted: This option places the RDY/ signal on the interface
at J1-6. The RDY/ signal is true when the power supplies are up to
voltage, the disk access door is closed, the spindle has been
rotated for proper seating of the diskette, the drive is selected,
the drive motor is at speed, and at least one index pulse has been
detected by the drive's Microcomputer, verifying the presence of a
diskette.

W18 Installed: When a seek operation is initiated, RDY/ will be
set false; upon seek completion, RDY/ will be set true, indicating
to the host controller that the drive is ready to accept further
commands.

Interface Signal Option:

For an alternative interface DS4/ input option, see J1-24,

For a detailed explanation of the Drive Selection process, refer to
Section 3.3.2.2.

CLOSED/ Interface Signal Option:

For an alternative interface DOOR CLOSED/ input option, see J1-3U.

DRIVE STATUS/ Interface Signal Option:

*

For an alternative interface DRIVE STATUS/ input option, see J1-34,

Industry standard interface 1line.
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TABLE 3-1. INTERFACE SIGNAL DETAILS (continued)

Connector Pin Signal Jumpers | Jumpers
Signal Ground Name Description In/Out In Out
8 7 SECP/ Sector/Index Pulse o* _— —

The SECP/ signal goes true when a sector hole or index hole is detected as
the diskette rotates.

host controller.
3.3.2.3.

For information on Sector/Index Pulse timing,

The sector/index determination is handled by the

to Section

| Connector Pin Signal Jumpers | Jumpers
Signal Ground Name Description In/Out In Out
10 9 DS1/ Drive Select 1 I* w1 w2,w3,
W4 ,W5
Refer to Section 3.3.2.2 for a complete explanation of the Drive Selection
process.
Connector Pin Signal Jumpers | Jumpers
Signal Ground Name Description In/Out In Out
12 1 DS2/ Drive Select 2 I* w2 W1,W3,
W4 ,W5
‘Refer to Section 3.3.2.2 for a complete explanation of the Drive Selection
process.
Connector Pin Signal Jumpers |Jumpers
Signal Ground Name Description In/Out In Out
14 13 DS3/ Drive Select 3 I* W3 wW1i,w2,
Wi, W5
Refer to Section 3.3.2.2 for a complete explanation of the Drive Selection
process. _
Connector Pin Signal Jumpers |Jumpers
Signal Ground Name Description In/Out In Out
16 15 MTRN/ Drive Motor On I* (see below)

The MTRN/ line allows the host controller to enable and disable the spindle
motors of each disk drive or all of the drives in the system simultaneously.

* Industry standard interface lines.
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TABLE 3-1. INTERFACE SIGNAL DETAILS (continued)
MTRN/ Interface Signal Options:

a, With both W21 and W22 omitted, the motor will turn on whenever
MTRN/ is true.

b. With W21 installed (W22 omitted), the motor will turn onh when MTRN/
is true and the drive is already selected.

c. With W22 installed (W21 omitted), the motor will turn on if MTRN/
is true or the drive is selected.

Connector Pin Signal Jumpers | Jumpers
Signal Ground Name Description In/Out In Out
18 17 DIRN/ Step Direction I* (see below)

The DIRN/ signal controls the direction of motion of the head(s) when a Step
Command (in the form of one or more pulses on the STEP/ interface line) is
received. If DIRN/ is low when a Step Command is received, the head(s) will
move toward the center of the diskette (higher track number). Motion away
from the center (lower track number) of the diskette occurs when a Step
Command is applied to the interface line while DIRN/ is high.

Head Selection Option:

For dual-head drives only, if W28 is installed (and W27 is omitted),
the interface DIRN/ line also performs the head selection function. A
true (low) level selects the upper head; a false (high) level selects
the lower head. (Note that head selection is not valid while the drive
is stepping; J1-32 would then not be used for head selection).

When a Step Command pulse is received, this line's level determines the
step direction in the same manner as described above.

Connector Pin Signal Jumpers | Jumpers
Signal Ground Name Description In/Out In Out
20 19 STEP/ Step Command I* -_— —

The drive will step one track from the current track per Step Command pulse,
in the direction specified by the DIRN/ line (see J1-18). For information
on Step Command timing, refer to Section 3.3.2.4.

* Industry standard interface lines.
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TABLE 3-1. INTERFACE SIGNAL DETAILS (continued)

Connector Pin Signal Jumpers | Jumpers
Signal Ground Name Description ;n/Out In Out
22 21 WDA/ Write Data I* _— _—

Write Data is the encoded data from the host to be written on the diskette.

For information on Write Data timing,

refer to Section 3.3.2.5.

Connector Pin Signal Jumpers | Jumpers
Signal Ground Name Description In/Out In Out
24 23 WRT/ Write Gate I* —— —

Read/write control for the selected drive is exercised via the WRT/ input

signal.

When WRT/ is true (low), the drive's write circuits are enabled

provided the diskette is not write protected (see J1-28 for write protect

options) and a step operation is not in progress.
written on the diskette.

Write Data (at J1-22) is
When the WRT/ signal is false (high), data is read

from the diskette and is output to the interface as RDA/ (at J1-30). For
information on Write Gate timing, refer to Section 3.3.2.6.

Connector Pin Signal Jumpers | Jumpers
Signal Ground Name Description In/Out In Out
26 25 TRK@/ Track @ o% —_— —_—

The TRK@/ signal is controlled by the drive's Microcomputer, and is set true
when the read/write head is positioned at Track @ and the Microcomputer has
placed the stepper motor in the hold mode. This signal indicates to the
host that the head is at Track @; the host uses this information to estab-

lish a reference point to continually compute the current track position.

Connector Pin Signal Jumpers | Jumpers
Signal Ground Name Description In/Out In Out
28 27 WPT/ Write Protect o* (see below)

The Write Protect status is sent to the host system and indicates the write
protected status of the diskette.

WPT/ Interface Signal Options:

a. "Standard" write protect convention with W32 and W33 installed
(etched conductors), W31 omitted, and R63 = 100K ohms:

The diskette is write protected when the diskette notch is covered
by a write protect tab (this disables the drive's write circuitry;
the interface WPT/ signal conveys this status to the controller).
With the notch uncovered, the drive's write circuitry is enahled,

b Industry standard interface lines.
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TABLE 3-1. INTERFACE SIGNAL DETAILS (continued)

b. With W31 installed, W32 omitted and W33 = 100K ohms (this requires
cutting the etched jumpers at W32 and W33 and installing a 100K ohm
resistor for W33), and R63 = @ ohms:

The diskette is write protected when the notch in the diskette is
uncovered (this disables the drive's write circuitry; the interface
WPT/ signal conveys this status to the controller). Covering the
notch enables the drive's write circuitry.

Connector Pin Signal Jumpers | Jumpers
Signal Ground Name Description In/Out In Out
30 29 RDA/ Read Data o% — ——

The Read Data, read from the diskette, is then décoded by the host. For in-
formation on Read Data timing, refer to Section 3.3.2.7.

Connector Pin Signal Jumpers | Jumpers
Signal Ground Name Description In/Out In Out
32 31 HSLT/ Head Select I* w27 w28

See J1-18 for an alternative head selection option.

For dual-head drives only, a true (low) level selects the upper head; a
false (high) level selects the lower head. For information on Bead Select
timing, refer to Section 3.3.2.8.

Connector Pin Signal Jumpers | Jumpers
Signal Ground Name Description In/Out In Out
34 33 One of:
DSU/ Drive Select U I W4, W8 | W1,W2,W3,
W5,W6,W9,
w16
INUSE/ Inuse I W9 WT7,W8,W16
DOOR Door Closed 0 w16 W30
CLOSED/
DRIVF ‘ 0 W16,W30
STATUS/
RDY/ Ready Status 0 W34 W6, W16,W17

* Industry standard interface lines.
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TABLE 3-1. INTERFACE SIGNAL DETAILS (continued)

DS4/ Interface Signal Option:

This is an alternative to using J1-6 for the DSU4/ signal, For an
explanation of the Drive Selection process, see to Section 3.3.2.2

INUSE/ Interface Signal Option:

DOOR

This is an alternative to using J1-4 for the INUSE/ signal.

The INUSE/ interface signal (in conjunction with four jumper options)
allows the host controller to operate the Door Lock Solenoid or the
Front Panel LED; see the explanation for Ji1-U,

CLOSED/ Interface Signal Options:

al

b.

W23 Installed: J1-34 is low (true) when the disk access door is
closed and is high (false) when the door is open.

W23 Omitted: This enables a latch function that monitors and
stores any door open event. When the door is opened, J1-34 will
remain high (false) until the drive is deselected; then the output
will reflect the current door status (low when the door is closed
and high when the door is opened).

DRIVE STATUS/ Interface Signal Options:

a.

b.

If ‘W23 is installed, DRIVE STATUS/ will be true (low) when the
following three conditions are met:

The drive is selected.

The disk access door is closed.

The drive is Ready (a diskette has been inserted, indicated
by a Sector Pulse having occurred; and the spindle is at
speed).

If W23 is omitted, the DRIVE STATUS/ signal will be true (low) when
the following three conditions are met:

The drive is selected.

The disk access door has not been opened since the drive was
last deselected. ‘

The drive is Ready (a diskette has been inserted, indicated
by a Sector Pulse having occurred; and the spindle is at
speed) .

RDY/ Interface Signal Option:

This is an alternative to using J1-6 for the RDY/ signal.

DOCUMENT No. 102076 REV A Page 3-20



3.3.2.1 Drive Interface General Timing

General timing requirements are specified in Figure 3-U4., Specific timing
requirements are given with the particular signals.

DC POWER

Restore to TRACK @

(Low = True) —D' j§— 700 msec max, 100 msec min
(Interface Disabled)

MTRN (Low = True)

RDY (Low = True)

ﬂ-—-ZOO msec max

i 1

Head Load Solenoid
Activated (Low = True)

L1

WDA (Low = True)

l— 75 msec max

Drive functions are unavailable to the user until the initialization is
complete; i.e., TRK@/ is true.

NOTE: The head load solenoid is optional.

Figure 3-4. General Timing
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3.3.2.2 Drive Selection

The Drive Select lines DS1/, DS2/, and DS3/ (J1-10, J12, and J1-14
respectively) have fixed I/0 connector pin assignments; the DS4/
line, if used, has two input pin options:

a. J1 pin 6: The DS4/ signal appears on J1-6 when W6 is installed
and W8 is removed.

b. J1 pin 34: When W8 is installed and W6 is removed, the DS4/
signal appears on J1-34,

Assertion of one of the four Drive Select lines (to a drive that has
the corresponding jumper W1 through W4 installed), selects that
drive for operation by the host controller. In a multiple drive
system, each drive must have a unique jumper address (assigned by
the use of one of the jumpers W1, W2, W3, or W4) and is selected by
a different Drive Select line. When selected, the drive responds to
control and data signals on the input lines and provides status and
data signals on the output 1lines,

If jumper W5 is installed (with W1 through W4 removed), the drive is
always Selected. This alternative should only be used on single-
drive systems.

Two other jumper options are:

a. If W11 is installed (W13 and W15 omitted), the Front Panel LED
illuminates when the drive is Selected.

b. If W12 is installed (W10 and W14 omitted) and the INUSE/ signal
is true, the door will be locked when the drive is Selected. To
deselect the drive, switch INUSE/ false; and re-assert the Drive
Select line.
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3.3.2.3 Sector/Index Pulse Timing

This signal goes true for 4 (+1) milliseconds each time an index
hole (and the sector holes, if present) in the diskette passes the
Sector/Index sensor in the selected drive. The leading edge of the
signal should be used by the host as the time reference.

The SECP/ output signal is not valid until the diskette has reached
operating speed. Figure 3-5, Sector/Index Timing (16 Sectors),
shows the timing for a sixteen sector diskette rotating at 300 RPM.
The optional interface Ready (RDY/) line may be used to indicate
when the motor is up to speed.

| |
mﬁz:tntwlwlo

|
|
|
SECP |S| S S 1 S |_SJ l_sj—_-
| !—Ji | —l lag—4.0 (41 msec | |
ja— ] —| 1.0 () maec |

12,5 (+.65) msec 6.25 (+.325) maec

1

Figure 3-5., Sector/Index Timing (16 Sectors)

3.3.2.4 Step Command Timing

The host controller needs to provide only one STEP/ pulse on the
interface to move the positioner one track position in accordance
with the direction specified by the DIRN/ interface signal.

Stepping can be performed either in "Conventional" or "Burst" mode.
Mode selection is made automatically by the drive's Microcomputer,
based on the pulse rate of the incoming Step pulses. Step pulses
with a period equal to or greater than six milliseconds force the
logic into Conventional mode; pulses with a period of from three to
five milliseconds force the logic into Burst mode. Step pulses with
periods between five and six milliseconds are not valid.

The interface Ready line (with jumper W18 installed) may be used as
a Seek Complete line, which indicates to the host computer that the
head is in position and reading or writing may occur. If this
option is used, add twelve milliseconds to the positioning timing
before reading or writing.

The Ready line option may be used in either Conventional or Burst
mode; it is particularly useful in Burst mode, in that it eliminates
the requirement for the host controller to calculate and implement
~the time delay TTP1 (which is described below in the description of
the Burst Mode). Instead, the host controller only has to check the
interface Ready line and ensure that RDY/ is true prior to a read/
write operation.
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a. Conventional Mode: Conventional Mode is used for pulse rates
greater than or equal to six milliseconds. Minimum time between
consecutive Step pulses 1is six milliseconds when moving in the
same direction or 21 milliseconds when changing the direction of
motion. A 21-millisecond (minimum) period must elapse after the
last Step pulse is received and a read or a write operation
begins; see Figure 3-6 for Conventional Mode Stepper Timing.

|
- r"———l 200 msec max
MTRN (Low = True) :q

teg— 200 msec max

. l‘-—-—-—'-—— 75 msec max

|
Head Load Solenoid ;l lg— 75 msec max
activated (Low = True)

| |
| |
| -D‘ ﬂ— 250 nsec min

DIRN (Low = in) %%

250 nsec min

|
|
-l
|
. |
STEP, trailing l I
edge recognized

F

|<-—250 nsec min
| |

—D: L-250 nsec min

WRT (Low = True)

|.C

— -

|
|
|
l 1
|
! : | (@ 21 msec
8 usec max —_— &8 usec max : nin
|
| |
|
l
|

!
!
|
]
|
|
|
]
|
|
1
|
A
WD, H
!
|
|

SRR I S |
i

Y |-
k) S

RDA (Low = Valid) | l | ) I
:\1- 21 msec min :
:1— 6 msec min ‘ ‘ :
—D: :1'— 21 msec min
STEP IN ! STEP OUT

Figure 3-6. Conventional Mode Stepper Timing

b. Burst Mode: The Burst Mode is for pulse rates of from three to
five milliseconds, see Figure 3-7. Burst mode is advantageous
for executing overlapped seeks in multi-drive systems.
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- :1- 250 nsec min

e

DIRN (Low = in) ﬁﬁ%

«@@— 250 nsec min

.

STEP, trailing
edge recognized

. | | —»! |l 250 nsec min
3 msec min _,: l—

5 msec max

WRT (Low = True) | I
| |

et TP |

NOTE: The direction of movement is specified by the state of the interface
DIRN/ line upon receipt of the first Step pulse.

Figure 3-7. Burst Mode Stepper Timing

Although pulses may be sent to the drive at rates between three
and five milliseconds, the host must allow Time-To-Position
(TTP1) the head prior to any read/write operation, where:

TTP1 = (number of Step

pulses in burst) X (6 ms/track) + 15 ms

There may theoretically be up to 256 pulses in a burst. As a
general rule, though, the controller will normally issue no more
pulses than there are tracks (i.e., the maximum number of pulses
equals the number of remaining tracks from the current track to
the last available track).

After the last step pulse in a burst, no further pulses are
allowed until the TTP1 has elapsed. During TTP1, the stepper
motor positions the read/write head in accordance with the
number of step pulses received and in the direction specified.
At the end of TTP1, the read/write head is in position; and the
drive is available for reading, writing, or further positioning.

DIRN/ should be allowed to settle for 250 nanoseconds prior to

the first Step pulse, and it must not change for 250 nanoseconds
after the trailing edge of the last pulse in the burst.
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3.3.2.5

3-3.2;6

3.5.2.7

Head Select

This interface input signal selects the lower head when at a high
logic level and the upper head when at a low level, The timing
restrictions placed on the sw1tch1ng of the interface HSLT/ signal
are shown in Figure 3-10

Head Select (HSLT/) should not change sooner than 250 nanoseconds
before the Write Gate (WRT/) signal is asserted and no later than

250 nanoseconds after Write Gate is terminated.

Write Gate

Read/write control for the selected drive is exercised via the WRT/
input signal. Read Channel circuitry is disabled and Step Commands
are ignored while WRT/ is true and during trim erase periods.

WRT/ should not be asserted 1less than 250 nanoseconds after HSLT/
changes state. Trim erase is energized approximately 425 micro-
seconds after the leading edge of the WRT/ signal and de-energized
approximately 950 microseconds after the trailing edge of WRT/.
Thus, the tunnel erase gaps provide a guard band, which allows for
moderate, mechanical tolerances to be used without affecting the
interchangeability of diskettes between drives. Data reliability is
enhanced.

Wraits Data Timing

The interface WDA/ line passes the encoded Write Data to be recorded
on the diskette. The negative—301ng edge of each WDA/ pulse causes
a reversal of the current flowing thrdugh the write head, thereby
recording a flux transition on the diskette.

Write data pulse widths must be in the range of 200 nanoseconds to
two microseconds. Write Data is enabled when the interface Write
Gate signal-(WRT/) is true, provided a Step operation is not in

_progress or the diskette is not write protected. The leading edge

of each pulse must be within 0,1% of the data cell time as shown in

‘Figure 3-8, Write Data Timing.

Write Data (WDA/) must be available no later than eight microseconds
after WRT/ is asserted, and WRT/ must be terminated no longer than
eight microseconds after the last state change of WDA/. Trim erase
of Write Data begins approximately 425 microseconds after WRT/ is
asserted. Trim erase continues for approximately 950 microseconds
WRT/ is terminated; see Figure 3-10, & ° A
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WDA ‘ U

e — > > |
8.0 usec 8.0 usec tn
B : 203 Vaeo mas
- - —> -
4.0 usec
+ U nsec

Write Data Timing for FM @ 125 Kbits/sec

- | | |

—————— f————> | > |e

8.0 usec 8.0 usec
| | | | 200 nsec min
! + 8 nsec | | + 8 nsec l > | 2 usec max
4,0 usec 4.0 usec
+ U nsec + U nsec

Write Data Timing for MFM @ 250 Kbits/sec
Figure 3-8. Write Data Timing

If write precompensation is included in the host controller, a
reduction in peak shift and a corresponding increase in decoding
margins can be expected. Precompensation should be in the range of
from 8% to 10% of a data cell and should be used on the inner tracks
only (track numbers greater than Uul),
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3.3.2.8 Read Data Timing

The Read Data (RDA/) line transmits composite data from the selected
drive to the host controller. The data consists of a series of low-
true pulses, one pulse for each flux transition recorded on the
diskette. The width of each data pulse is 0.7 (+0.4) microseconds.
The leading edge of the pulse represents the true position of the
flux transitions on the diskette surface and should always be used
as the time reference. Read data peak shift is dependent on the
data pattern, encoding method, and data transfer rate. Worst case
peak shift conditions using MFM encoding are shown in Figure 3-9.

Read Data (RDA/) is valid 1100 microseconds after WRT/ is terminated
or 250 nanoseconds after HSLT/ changes state if WRT/ has been termi-
nated for at least 1100 microseconds; see Figure 3-10.

| DATA CELL |
| D | c c D c ¢
= L L pimimi
et le- > I > |
y 8.0 usec nom- ; 8.0 usec nom S 0

_H H_. 0.7 (40.4) usec

4.0 usec nom

Read Data Timing for FM @ 125 Kbits/sec

|
DATA '
| CELL I
RDA » I I o | I | I
> i | > |
| 8.0 usec nom | 8.0 usec nom | - ' T
e ft—— 0.7 (+0.4) usec
4.0 usec nom ' 4.0 usec nom

Read Data Timing for MFM @ 250 Kbits/sec
Figure 3-9. Read Data Timing

The Read Data output signal is inhibited during a write operation
and also during the trailing trim erase delay and read amplifier
recovery time. A total of 1100 microseconds is required before the
output data is valid. The timing constraints on RDA are shown in
Figure 3-6, Conventional Mode Stepper Timing.
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HSLT/
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!
(Read)
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(Write)

(Low = Valid)

-’I . lﬂ—s usec —)J '1-—8 usec max

]
[}
|
|
]
1
Write Data :
]
|
\ max

Read Data
(Low = Valid)

1100 usec min gl e > lg-200 usec

min

Figure 3-10. Head Select and Read/Write Control Timing
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3.4 FUNCTIONAL THEORY OF OPERATION

This section describes the operation of the 1115-Series Flexible Disk Drive

from a functional viewpoint.
described in detail in Section 3.5.

The circuits referenced in this section are

The major Drive Functional Elements of the drive are shown in Figure 3-11.

WRITE
PROTECTED

WRITE DATA
READ DATA

CONTROL

STATUS

SECTOR/INDEX

DRIVE ELECTRONICS BOARD

DRIVE MECHANICAL ASSEMBLY

| r———71
|  WRITE PROTECT |
| N SENSOR
| —— e —
r__J__-ﬂ UPPER HEAD |
R/W DATA
READ/WRITE HEAD SELECT |
CHANNEL R/W CONTROL R/W DATA I |_ —_—— e —
L—-l-—bl LOWER HEAD |
I
|
| —— e —
POSITIONER PHASE CONTROL l POSITIONER
STEPPER MOTOR el STEPPER |
CONTROL | MOTOR
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I
|
| —— e —
MOTOR I ~ 1
> SPINDLE DRIVE -l DRIVE
HICROCONFUTER HoToR >
ppbbi CONTROL | l" _{
TACH FEEDBACK | J SPINDLE I
| ' SENSOR
A | F___ﬁ
POWER I | INDEX/ |
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ENABLE | | _J
CIRCUIT I "] -
]
!

Figure 3-11.
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3.4.1 Functional Overview

When power is applied to the drive, a power-on reset signal initia-
lizes the drive's Microcomputer and clears selected control logic
circuits. Next, the Microcomputer performs a Restore operation, which
positions the read/write head at Track @. The restore operation is
done whether a diskette is inserted in the drive or not.

When a diskette is inserted into the drive and the access door is
closed, the diskette is rotated (for centering purposes) and clamped
to the spindle. When the controller asserts the interface Motor On
signal (MTRN/), the spindle motor accelerates the diskette to its
nominal speed of 300 RPM, and maintains that speed. At this point the
drive can be selected by the controller. Spindle motor speed is
maintained until the Motor On signal is dropped, the disk access door
is opened, or power is removed.

The drive is selected by the host controller asserting the appropriate
Drive Select signal (there are various jumper options available for
this function). From this "selected" state, the controller can then
direct the drive into seek mode, read or write mode, or de-select the
drive.

The drive goes into seek mode upon receipt of one or more Step pulses
from the host controller. The positioner moves the head one track per
Step pulse, in the direction (from Track @ initially or from the
previous track) specified by a Direction signal. At the conclusion of

the seek, the drive returns to its "selected" state, as above. '

If the host controller asserts the Write Gate signal (assuming that
the drive is not seeking and that no write unsafe condition exists),
the drive will go into write mode. Write data from the controller (in
the form of a coded stream of pulses) is received by the drive. The
leading edge of each pulse reverses the direction of current flowing
in the head windings, recording a flux reversal on the diskette (on
the track under the head) for each input data pulse. When the Write
Gate signal is dropped, the drive returns to the "selected" state.

If Write Gate is not asserted and the drive is not seeking, it will
automatically be in read mode. The drive's read electronics senses
the flux reversals on the track under the head. That read signal is
amplified, peak detected, digitized, and then output to the controller
as a stream of read data pulses, nominally identical in timing to the

original write data pulses. All data encoding and decoding is per-
formed by the controller.

The Microcomputer in the drive's control logic constantly monitors the
drive's status. Various possible fault conditions are detected, the
drive's status is indicated to the controller, and any operation that
could jeopardize data is prevented.
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3.4.2 Detailed Functional Theory

3.4.2.1 Control Logic (Microcomputer)

a.

Initial Sequencing

When power is applied to the drive, the Microcomputer and its
associated control logic are reset. Next, the Microcomputer
automatically steps the read/write head outward until the Track
@ sensor output goes true. If the head is already positioned at
(or behind) Track @, the head is stepped in until the sensor is
no longer seen and then restored to Track @. Positioning the
head to Track @ occurs whether a diskette is inserted in the
drive or not. Thus, upon power-up, the host controller does not
need to position the read/write head but simply waits for the
interface Track @ signal to go true. The time (maximum) for
this process is 700 milliseconds.

When the head is positioned at Track @, the drive's Microcom-
puter asserts drive control signal OUTPUT ENABLE/. Until this
occurs, the user's input commands are ignored; and the drive's
output signals are disabled.

When a diskette is inserted in the drive, the access door is
closed, and the diskette is rotated for proper seating, the
diskette is considered Ready. Then, if the drive is selected,

the drive motor is up to speed, and at least one index pulse has

been detected, the drive is Ready. At this time, the drive is
prepared to accept read, write, and step commands from the host
controller.

Positioner and Control

In response to an interface Step Command (STEP/), the drive's
Microcomputer generates four sequential signals, identified as
Phase 1, Phase 2, Phase 3, and Phase 4, which are applied to the
stepper motor to cause the track-to-track positioning of the
read/write head(s).

1) Positioner: The positioning mechanism uses multiple steps
per track, and employs a precision 1lead screw and a low
friction, long life, jeweled follower. :

A temperature compensating, single-point head reference
system further increases accuracy.
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c.

2) Control: The positioner is activated by the four-phase
stepper motor such that each Step Command causes the stepper
motor to move/turn two incremental steps, corresponding to
one track movement. The track-to-track access time is six
milliseconds.

3) Special Considerations: If more Step pulses are issued than
there are available tracks, the following can occur:

- If stepping is toward the inner/higher tracks and the
head moves beyond the last allowable track, eventually
the head will reach a mechanical 1ift ramp and then a
mechanical stop. The stepper motor will continue to
rotate until all the Step pulses are issued. The host
controller (or host software) would then issue a seek to
Track @ to restore the head to a known track location.
The jeweled follower drops into the groove in the lead
screw, and the head is restored to Track @. Normal
read/write and seek operations would be resumed.

- If the step direction is toward Track @ and the number of
Step pulses issued attempts to move the head beyond Track
@, the drive will stop on Track @ and ignore the extra

_ pulses.

- If a step out command is issued when the head is at Track
@, the positioner will remain at Track 8.

If, during normal operation, the host controller suspects a
possible positioning error has occurred, the controller should
step the drive out until the interface Track @ signal goes true.

Spindle Drive and Control

The spindle is driven by a DC drive motor via a belt and pulley.
The speed reduction from motor to spindle is 8-to-1. A closed
loop servo regulates the drive motor speed.

The drive motor is controlled by the interface Motor On (MTRN/)
signal from the host controller. A drive with power on, a
diskette inserted, and the access door closed is accellerated to
operating speed when the Motor On signal is true.

Spindle speed is monitored at the spindle pulley by an LED/
photosensor pair, which is interupted by flags integral to the
spindle pulley. The sensor output is digitized and sent to the
drive's Microcomputer, which utilizes an algorithm to regulate
the spindle speed. The Microcomputer then generates a digital
(pulse-width modulated) speed control signal, which is applied
to an operational amplifier and filter network. The linear
output of the op-amp drives a power amplifier, which in turn
powers the DC drive motor.
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3.4.2.2 Read/Write Data
a. Media

A diskette is comprised of a recording medium held inside a
protective jacket. The recording medium typically consists of a
polyester disk coated with a formulation of oxides and polymers.
The diskette surface has low abrasivity to reduce head wear.
The jacket provides an environment that prevents damage from
normal handling, and eliminates the buildup of static charges.
The jacket lining is a wiping fabric bonded to the inside of the
jacket. This wiping material continually wipes dust and other
contaminants from the recording surface.

b. Heads

A center-tapped coil wound around the ferrite element provides
the write excitation and the read pick-off.

The equivalent magnetic circuit of the read/write head is a
slotted-ring magnet structure with a center-tapped coil, as
shown in Figure 3-12.

EQUIVALENT ' 1
MAGNETIC CENTER TAP
CIRCUIT 117 L 2

READ/WRITE GAP

N FERRITE
MAGNETIC
CIRCUIT

MAGNETIC — ]
FLUX

MAGNETIC COATING

POLYESTERG

o

LEAKAGE FLUX

Figure 3-12, Magnetic Head and Media
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c. Data Recording

The Magnetic Recording Process is shown in Figure 3-13..

-V

I I CURRENT SINK
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Figure 3-13. The Magnetic Recording Process

When current is passed through half of the head winding, a
magnetic induction field is created in the head. At the point
where the head gap breaks the magnetic circuit, some of the flux
leaks out around the gap, through the magnetic coating on the
diskette. When the diskette is moved relative to the head, the
area of the diskette surface passing under the head is left
magnetized in the same direction as the leakage flux.

When the current is passed through the other half of the head
winding, the magnetic flux flows through the head, across the
gap, and through the media in the other direction. As may be
seen in Figure 3-13, each time the current is switched between
the two windings, the magnetic field reverses and a magnetic
dipole is recorded in the magnetic coating of the diskette.
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The recording process is shown in greater detail in Figure 3-14,
Write data is presented to the drive as a stream of pulses. For
each pulse, a flux reversal is to be recorded on the diskette.
The pulses are applied to a write flip-flop which changes state

"on each pulse. The write flip-flop switches the head current,
thereby recording magnetic dipoles in the magnetic disk coating.

WRITE DATA ____ﬂ rL m m r‘__ n n II I! II

+
umscunnsur—-—][-—] - T -t ——"—--——+T-"1T—"——4+— 4+ — — — F— —
”y ) -

PR NN XN\ X A A

MAGNETIC DIPOLES ~ w-S[S—w NN «— s[s—wNN < s[s —» NNe—s[s —» N[ne—ss —» NN -—

mcu:ucrwx————-:'[—~ -ttt +t—-———4——4——— 44— — — 4 — —

'
| | !
| | |
READ AMP | : : ~ |
/
S . | !
| [
! |
! |

/
DIFFERENTIATOR /
/

1

|
|
] ] I
COMPARATOR . —J 1 J | I\ 1 [
\I \l \|
i L L] | 1 L —
| | |
ONELSHOT (RDA) - - n_n n_n n m_n_ n_n N

Figure 3-14, Recording Process - Detailed

Each magnetic dipole creates a maghetic field that is external
to the magnetic coating itself. The flux of this magnetic field
alternates in sign at each switch point as shown. In practice,
the changeover is not instantaneous. Rather, finite switching

times and finite magnetic transition widths cause the flux
reversals to be less well defined.
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In the read-back process, the magnetized diskette surface is
passed under the head. The head acts as a collector of magnetic
flux. As the diskette passes under the head, the alternate-
direction fields in the magnetic dipoles produce a changing
magnetic flux in the head itself. The head functions as a
differentiator (i.e., a voltage is induced across the head
windings, which is proportional to the rate of change of flux in
the head). The derivative of the actual flux, d$/dt as shown,
represents the output. The read signal is developed across both
halves of the head and applied via switching diodes to the Read
Amplifier.

Read/Write
1) Read Channel:

The drive electronics Read Channel processes the head output
to produce a stream of read pulses nominally identical in
timing to the original write data stream.

Signal Path

The read signal from the data head passes through an Input
Clamp, which prevents any transients generated by the write
circuit from propagating through the read circuit. The read
signal is applied to an Amplifier circuit. The amplified
read signal is then processed through a Filter circuit to
eliminate noise and to minimize distortion.

Next, the amplified and filtered read signal is applied to a
Differentiator circuit. The Differentiator (in conjunction
with the Comparator circuit) functions as a peak detector.
As a peak detector, the Differentiator identifies each read
signal peak with a corresponding "zero-crossing."

The differentiated read signal is filtered, digitized by a
Comparator, and then applied to the Digital Noise Filter,
which eliminates short-duration, pulse-type noise. The
final stage in the Read Channel is a Bidirectional One-Shot,
which generates the Read Data signal. The Read Data signal
is then output to the host controller.

Read Data consists of a series of low true pulses; one for

each flux transition recorded on the media. The pulse width
is 0.7 microseconds (plus or minus 0.4 microseconds).
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2)

Write Channel

Signal Path

Assertion of the interface Write Gate line puts the drive
logic into write mode. In write mode, the data received on
the interface Write Data line is recorded on the diskette.

The Write Data enters the drive as a stream of pulses. The
received pulses are applied to the write flip~flop, which
changes state on the leading edge of of each pulse. Each
time the flip-flop changes state, the write drivers switch
the head current, thereby recording a flux reversal on the
diskette for each Write Data pulse.

Writing is permitted only if it is safe to do so. Write
control logic enables the write circuits only if:

- Voltage monitor PSEN indicates the regulated +5V and +12V
supply voltages are present, and within tolerance.

~ The drive is Ready (i.e., a diskette is inserted, the
access door is closed and the diskette is clamped, the
drive is selected, and the spindle motor is up to speed).

- The drive is not performing a positioning/step operation.

- The diskette is not write protected.

If these conditions are not met, the write control logic

" disables the write circuits.
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3.5 CIRCUIT THEORY OF OPERATION

This section presents a detailed theory of operation of the circuitry in the
1115-Series of 5 1/4-inch Flexible Disk Drives. These circuits are located
on the Drive Electronics board.

The circuit descriptions follow a functional approach and are presented in
the following order:

Section 3.5.1 Interface, Control, and Status
Section 3.5.2 Sensors

Section 3.5.3 Spindle Motor Control

Section 3.5.4 Positioner Control

Section 3.5.5 Write Channel

Section 3.5.6 Read Channel

Section 3.5.7 Microcomputer-Based Control Logic

Specific sheets of the circuit board schematic diagram are referenced as
required; the Schematic Diagram is located in Section VIII of this manual.

The level of circuit analysis is specifically geared to service personnel
who will be field-repairing the drive and/or repairing the circuit boards in
a central depot. Since service personnel for this sophisiicated level of
equipment must already possess a thorough understanding and have experience
in both analog and digital circuit theory, relatively trivial circuits are
not described in detail. For more detailed information on the integrated
circuits used, refer to the appropriate manufacturer's literature.
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3.5'1
3.5.1.1

3.5.1.2

305.1-3

Interface, Control, and Status
Interface Connection

Interface connector J1 provides signal interconnection between the
disk drive and the host controller; see Table 3-11in Section 3.3.2.
All interface lines are low true with the following logic levels:

0.0V to 0.4V
+2.5V to +5.25V

True = Logic @

False = Logic 1

Interface Signal Processing

There are a total of seventeen TTL-compatible interface lines on
connector J1.

a. Inputs: Up to thirteen signals (two are jumper-selectable) are
terminated by 220/330 ohm terminator network RN1. Network RN1
provides the proper input signal termination. Systems having
more than one drive on a daisy-chain interface cable must have
RN1 installed in the last drive on the cable; RN1 is removed
from the other drives. All the terminated signals are received
by inverting Schmitt trigger gates U1 and US5. Schmitt triggers
are used on the input lines to provide noise immunity,

b. Outputs: Up to six signals (two are jumper-selectable) can be
used as outputs and are passed to the interface via tri-state
buffer inverter U10. Gate U10 is used as a control gate, which
is enabled when the drive is Selected and the microcomputer-
generated OUTPUT ENABLE/ signal is true.

Input Signals (Sheet 3)

The input lines at connector J1 provide the host system with direct
control over the drive.

MTRN/ (Motor On)

When the interface MTRN/ signal is low (true), that low is inverted
by U5 to MTRN. The high MTRN signal is applied to Microcomputer U11
(Sheet 8) input pin 6., Microcomputer control logic accelerates the
spindle motor and then maintains it at operating speed as long as
MTRN/ is true.

The jumper-selectable options available for the Motor On signal were
described in Table 3-1 and will not be repeated here,
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3.5.1.3 Input Signals (continued)

DS1/ through DS4/ (Drive Select)

The

jumper-selectable options available for the Drive Select signals

were described in Table 3-1 and will not be repeated here.

When any one of the four DS (Drive Select) lines is asserted and the
associated select jumper is installed (or if W5 is installed in a
drive in a single-drive system), the resulting low level is passed
to input pin 3 of inverting Schmitt trigger gate U1. The inverted
output (U1 pin 4) becomes the SEL (Selected) signal and is:

Sent to Microcomputer U11 (Sheet 8), pin 8.
Applied to the D-input of Step flip-flop U13 (Sheet 8).

jumper-selectable options are available for the SEL signal:

If W11 (Sheet 5) is installed (W13 and W15 omitted), the SEL
signal is applied to inverter U7 pin 5. The inverted output
signal controls the Front Panel LED, which will light when the
drive is Selected.

If W12 (Sheet 5) is installed (W10 and W1l omitted), and the
interface INUSE/ signal is true, the disk access door will be
locked when the drive is Selected.

When the drive is Selected, the positive-going edge of the SEL
signal clocks flip-flop U3, thereby loading the logic level of
the INUSE signal into U3. Output pin 9 (gated by U19 with the
DOOR signal) controls the Door Lock Solenoid.

SEL signal is inverted to SEL/ by inverter U1 pin 2.

The SEL/ signal goes to input pin 5 of inverter U2 (Sheet 6).
The output at pin 6 is a function of WRT, WPT, SEL/, and SBSY,
and functions as a Write Enable signal. This signal controls
head-select inverters U6, write current driver U3, erase current
drivers U9, and Write Busy (WBSY) generator Q3.

The SEL/ signal is also applied to pin 15 (the output-enable
pin) of gate U10 (Sheet 3). Gate U10 is a tri-state device,
which is enabled only when the OUTPUT ENABLE/ signal is true and
the drive is Selected; i.e., when SEL/ is low (true). T

During initial power-up, the OUTPUT ENABLE/ signal is false,
disabling the drive's output signals. At the completion of the
sequence (when Track @ is reached), the OUTPUT ENABLE/ signal
goes true, and the drive is made available to the user.
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3.5.1.3 Input Signals (continued)
HSLT/ (Head Select)

The Head Select signal is used for dual head drives only. The HSLT/
signal from the host controller is received on the interface at J1
pin 32 as a signal level. A high level selects the lower head and
vice versa, Head Select operation is explained in detail in Section
3.5.5.2, Head Select Circuit.

HDLD/ (Head Load)
NOTE

Enclosed within the dotted lines on schematic
Sheet 5 are the components only installed on
versions of the board that use the Head Load
Solenoid and Door Lock options.

The HDLD/ signal on J1 pin 2 is applied to pin 5 of inverter U1.
The output, HDLD, is applied to Microcomputer U11 (Sheet 8) input
pin 9 via jumper-option W19 (W20 and W24 removed). Microcomputer
control logic asserts the HEAD LOAD SOL signal at pin 29 when MTRN
is true and either HDLD is true or the drive is Selected. The HEAD
LOAD SOL signal is gated with the the normally high PWR ON RESET/
signal by U19. Output pin 3 controls the Head Load Solenoid.

The Héad Load function has two selectable options, which are not
controlled by the interface Head Load signal.

a. If jumper W20 (Sheet 8) is installed with W19 and W24 removed,
Microcomputer control logic ensures that the head will load when
MTRN is true and the drive is Selected.

b. If jumper W24 (Sheet 8) is installed with W19 and W20 removed,
Microcomputer control logic ensures that the head will load when
either MTRN is true or the drive is Selected.

STEP/ (Step Command)

The interface STEP/ signal is inverted twice by U5. The resultant
signal, also identified as STEP/, is applied to clock input pin 11
of Step flip-flop U13 (Sheet 8). If the drive is Selected, then the
D-input of U13 is high. That high is clocked into the flip-flop by
the Step pulse, and output pin 9 goes high. When pin 9 goes high,
the positive-going edge clocks DIRN (Step Direction) into U12. Both
the Step and the Step Direction outputs are applied to Microcomputer
U11 (Sheet 8) at input pins 3 and 2 respectively. Before the next
Step pulse is received, the Microcomputer asserts a reset pulse at
output port PC6 (pin 14), which resets Step flip-flop U13.
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3.5.1.3 Input Signals (continued)
DIRN/ (Step Direction)

The interface DIRN/ signal is inverted to DIRN by US and is passed
to the D-=input of Direction flip-flop U12 (Sheet 8). When a Step
Command is received and the drive is Selected, Step flip-flop U13
sets. When U13 sets, the positive-going edge at output pin 9 clocks
DIRN (Step Direction) into U12. Thus, the direction of motion of
the heads is latched into U12 at pin 5 and is independent of any
further changes on the Direction line until another Step pulse is
received. The output of the flip-flop is applied to Microcomputer
U11 (Sheet 8) input pin 2.

One jumper option is available on the DIRN/ line:

If W28 (Sheet 3) is installed with W27 removed, the appropriate
head is selected via the interface DIRN/ line; see Section
3.5.5.2, Head Select Circuit.

INUSE/ (In Use)

The options available for the INUSE/ signal were described in Table
3-1, and will not be repeated here.

The INUSE/ signal is applied to pin 11 of inverter U1 (Sheet 3).
The output; INUSE, can have one of three destinations:

a. If Wil is installed, then INUSE is applied to pin 6 of U19 and
is gated with the DOOR (high when closed) signal. Output pin 5
activates the Door Lock Solenoid.

b. If W15 is installed, then INUSE is applied to inverter U7 pin 5.
U7 pin 6 controls the Front Panel LED. When INUSE/ is true, the
Front Panel LED illuminates.

e. If neither W1l4 nor W15 are installed, then INUSE is applied to
the D=input of flip-flop U3. The D-input is clocked into U3 by
the positive-going edge of the SEL signal; i.e:, when the drive
is Selected. If W12 is installed, the output of U3 at pin 9 is
applied to U19 pin 6 and is gated with the DOOR signal (which is
high when closed) signal. The resultant output at U19 pin 5
activates the Door Lock Solenoid.

If W13 is installed, the output of U3 at pin 9 is applied to
inverter U7 pin 5 via jumper W13. The inverted output at pin 6 -
controls the Front Panel LED (thus INUSE/ will light the LED on
a selected drive).
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3.5.1.3 Input Signals (continued)
DRLK/ (Door Lock)
NOTE

Enclosed within the dotted lines on schematic
Sheet 5 are the components only installed on
versions of the board that use the Door Lock
and Head Load Solenoid options.

a. Door Lock Options:
NOTE

In the signal description below, the apparent
inconsistency of the mnemonics is due to the
multiple uses of various signals; specific
usage is determined by jumper selection.

The DRLK/ signal is applied to pin 5 of inverter U1. Output
HDLD at U5 pin 6 is applied to pin 6 of gate U19 (Sheet 5) via
jumper-option W10 (W12 and W1l removed). The HDLD signal is
then gated with the DOOR (high when closed) signal by U19. The
output at pin 5 controls the Door Lock Solenoid.

The Door Lock function has three jumper-selectable options;
these options are not controlled by the interface DRLK/ signal.

1) W12 Option (Sheet 5) with W10 W1k, and W29 removed: If the
INUSE/ signal is true and the drive is Selected, the Door
Lock Solenoid is activated.

When the drive is Selected, the positive-going edge of the
SEL signal clocks Door Lock flip-flop U3, thereby loading
the logic state of the INUSE signal into the flip-flop. The
output, at pin 9, is gated by U19 (via W12) with the DOOR
(high when closed) signal. Output pin 5 controls the Door
Lock Solenoid. ,

2) W14 Option (Sheet 5) with W10, W12, and W29 removed: If the
INUSE/ signal is true, the Door Lock Solenoid is activated.

The IN USE signal is gated by U19 (via W14) with the DOOR
(high when closed) signal. The output at pin 5 controls the
Door Lock Solenoid.

3) W29 Option (Sheet 5) with W10, W12, and W14 removed: If the

drive is Selected and the disk access door is closed, the
Door Lock Solenoid is activated.
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3.5.1.3 Input Signals (continued)
b. Door Lock Solenoid Driver:

The door lock solenoid driver circuit (comprised of a transistor
and its associated bias and timing components) generates a high
current pulse to energize the solenoid and then provides a low
holding current to maintain the solenoid in the energized state.

1) In the unlocked condition, output pin 5 of U19 is high; and
transistor Q10 is off. No current flows in the circuit.

2) If the disk access door is closed (U19 pin 7 is high) and
U19 pin 6 goes high, output pin 5 goes low. Capacitor C53
discharges immediately and then charges again via resistors
R103 and R104, While C53 is charging, Q10 is turned on; and
approximately +11.5V energizes the solenoid. After the RC
network times out, Q10 shuts off, thereby switching off the
high current. In this way, an approximately ten-millisec-
ond, high current pulse is generated to energize the Door:
Lock Solenoid.

As long as the door is closed, U19 pin 5 stays at a logic
low. That low forward biases diode CR39 (via the solenoid
and resistor R102) and keeps the solenoid energized with a
low, holding current.

WDA/ (Write Data)

Write Data from the host controller is received on the interface at
J1 pin 22 as a stream of digital pulses. For each digital pulse, a
flux reversal is written on the diskette. Write Channel operation
is explained in detail in Section 3.5.5.

WRT/ (Write Gate)

The WRT/ signal is applied to pin 11 of inverter U5 to become the
WRT signal. The WRT signal is passed to pin 9 of open-collector
buffer U6 (Sheet 6). The output at pin 6 is a function of WRT, WPT,
SEL/, and SBSY and is called the Write Enable signal. Write Enable
controls the operation of head-select inverters U6, write current
driver U3, erase current drivers U9, and Write Busy (WBSY) generator

Q3. Operation of the Write Channel is explained in detail in
Section 3.5.5.
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3.5.1.4 Output Signals

The six output lines appearing at connector J1 provide the host
controller with continuous status and data signals when the drive is
Selected.

All six output sigﬁals are passed to the interface via gate U10.

Gate U10 is a tri-state buffer inverter, which is enabled only
when the microcomputer-controlled OUTPUT ENABLE/ signal is true
and the drive is Selected. When the drive is not Selected, U10
1s not enabled and the high impedance output state of the gate
effectively removes the outputs from the Bus.

During the initial power-up sequence, The OUTPUT ENABLE/ signal
is false, thus disabling the drive's output signals. At the
completion of the sequence (when Track @ is reached), the
OUTPUT ENABLE/ signal goes true, thereby making the drive
avallable to the user,

RDY (Ready)

The Ready signal is a signal generated by the drive's Microcomputer
that is asserted when the power supplies are within tolerance, the
door is closed, the spindle has been rotated for proper diskette
centering, the drive is Selected, and the motor is up to speed.

If jumper W18 is installed, the above conditions apply and SBSY
(Step Busy) must be false; i.e., the drive must not be performing a
step operation for the drive to be Ready.

RDA/ (Read Data)

The RDA/ line at J1 pin 30 transmits Read Data from the selected
drive to the host controller. The data consists of a series of low-
true pulses, one pulse for each flux transition recorded on the
diskette. The host controller then decodes this pulse stream into
the actual data. Operation of the Read Channel is covered in detail
in Section 3.5.6. ' '

SECP/ (Sector/Index Pulse)

The SECP/ signal goes low (true) at interface connector J1 pin 8
each time a sector hole or index hole is detected as the diskette
rotates. The leading edge of the signal should be used as the time
reference by the host controller.
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TRK@/ (Track Zero)

This signal at J1 pin 26 is controlled by the drive's Microcomputer;
it is set true when the read/write head is positioned at Track @ and
the drive's Microcomputer has placed the stepper motor in the hold
mode.

WPT/ (Write Protect)

The two write protect conventions were described in Table 3-1, and
will not be repeated here. ‘

DOOR CLOSED/ (Door Closed)

This interface option (jumper W16 installed, jumper W30 removed)
places the DOOR CLOSED/ status signal on J1 pin 34,

If W16 and W17 are removed and W35 is installed, the DOOR CLOSED/
status signal appears on J1 pin 6.

Jumper W23 controls the microcomputer-generated Door signal (PCA4).

a. Installed: Microcomputer output port PCY goes low whenever the
disk access door is closed. That output is inverted by U8 to
become the DOOR CLOSED signal.

b. Removed: A latch circuit, internal to the Microcomputer, is
enabled. This circuit monitors and stores/latches any door open
event while the drive is deselected. If this occurs, Microcom-
puter output port PC4 goes high and stays high until the drive
is deselected. That output at PCU is inverted by U8 to become
the DOOR CLOSED signal.

DRIVE STATUS (Drive Status)

This optional (jumpers W16 and W30 installed) interface signal on J1

pin 34, indicates the disk access door is closed and the drive is
Ready.

If W16 and W17 are removed and W30 and W35 are installed, the DRIVE
STATUS/ signal appears on J1 pin 6.
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3.5.2

3.5.2.1

3.5.2.2

Sensors (Sheet 4)

Door Open Sensor

The circuit consists of an LED/Photosensor pair and an inverter.

a.

When the disk access door is open, the light emitted by DOOR LED
CR25 is blocked by a mechanical flag. Door Sensor Q6 is turned
off; and the output voltage, measured at the collector, is high
(+5V). That high at the output is inverted by Ul4 to a logic low
at pin 8. This low DOOR signal indicates the door is open.

When the disk access door in closed, the mechanical flag is
removed. The light emitted by the DOOR LED is detected by Door
Sensor Q6, causing it to conduct. The output of Q6, at the
collector, approaches @V, That low at the output of the sensor
is inverted by U4 to a logic high at pin 8. This high DOOR
signal indicates the door is closed.

The DOOR signal at U4 pin 8 is passed to Microcomputer U11 (Sheet 8)
input pin 4 and to Door Lock Solenoid gate U19 (Sheet 5) pin 7.

Track @ Sensor

The circuit consists of an LED/Photosensor pair, a precision voltage
comparator, and a stabilizing capacitor.

a.

When the read/write head is at Track @, the light emitted by the
TRK@ LED is blocked by a mechanical flag. The TRK® Sensor is
turned off; the sensor output at the emitter is low; and that
low is applied to comparator U20, non-inverting input pin 7.
Since the input is negative with respect to the +2.5V reference
on comparator pin 6, output TRK@IN/ goes low (true), indicating
the read/write head is positioned at Track @.

When the head is NOT at Track @, the mechanical flag is removed.
The 1ight, emitted by the TRK@® LED, is detected by the TRK®
Sensor, causing it to conduct. The output of the sensor at the
emitter is high, approximately +4.5V. That high at the output
is applied to comparator U20, non-inverting input pin 7 and can
be measured at TP8-3., Since the input level is positive with
respect to the +2.5V reference on comparator pin 6, output
TRK@IN/ goes high (false), which indicates the head is NOT at
Track d@.

Capacitor C35, in U20's feedback loop, is used to suppress
oscillations that occur as the comparator changes state.

The TK@IN/ ecircuit output appears at U20 pin 1 and is passed to
Microprocessor U11 (Sheet 8) input pin 7.
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3.5.2.3 Write Protect Sensor

The Write Protect sensor circuit consists of an LED/Photosensor pair
and a precision voltage comparator.

Write Protected with a tab: Jumpers 32 and W33 installed, W31
omitted, and a 100K-ohm resistor at R63. (This is the "standard"
write protect convention.)

1) When the diskette is write protected, a tab is placed over
the cutout along the edge of the diskette jacket. The light
emitted by WPT LED CR37 is blocked by the tab, the WPT
Sensor is turned off, and its collector output is high, +5V.

The high level at the output of the sensor is applied (via
W32) to comparator U20, input pin 5. Since the input to the
comparator is positive with respect to the +2,5V reference
on pin 4, output WPT goes high, indicating that the diskette
is write protected.

2) When the diskette is NOT write protected (i.e., when the tab
is removed), operation of the circuit is the inverse of that
described in preceding paragraph a-1,

Write Protected without a tab: Install jumper W31, omit jumper
W32, first cut the etched jumper and -then install a 100K-ohm
resistor for W33, and install a zero-ohm resistor for R63.

1) When the diskette is to be write protected, the tab covering
the cutout along the edge of the diskette jacket is removed.
The light emitted by the WPT LED is detected by the WPT
Sensor, causing it to conduct. The output of the sensor at
the emitter is high, approximately +4.5V.

That high at the output is applied (via W31) to comparator
U20, input pin 5. Since the input to the comparator is
positive with respect to the +2.5V reference on pin 4,
output WPT goes high, which indicates that the diskette is
write protected.

2) When the diskette is NOT write protected (i.e., when the tab
is placed over the cutout), operation of the circuit is the
inverse of that described in preceding paragraph b-1.

Write Protect Sensor Circuit output WPT (Write Protect) appears at
U20 pin 2. The WPT signal is sent to U2 pin 9 (Sheet 6) as a write
control signal and to interface output control gate U10 (Sheet 3).
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3.5.2.4

3.5.2.5

Spindle Tachometer Feedback Sensor

The circuit consists of an LED/Photosensor pair, a precision voltage
comparator, a differentiator circuit, and an inverter,

a. Spindle speed is sensed by an optical tachometer that utilizes
an LED and Photosensor. As the light from the Spindle LED is
interrupted by flags on the spindle pulley, the Spindle Sensor
is alternately turned off and on, causing its collector to
alternately switch from +5V to OV. Comparator input pin 9 then
alternately switches from positive to negative with respect to
the +2.5V reference on pin 8. The resulting comparator output
is a pulse train, switching from +5V to OV. Feedback resistor
R84 provides circuit hysteresis,

b. The comparator output is passed through a differentiator circuit
consisting of capacitor C37 and resistor R81. This network
"shapes" the signal. Only the positive-going pulses of the
differentiated signal are passed on to U4, The negative-going
spikes of the differentiated signal forward bias diode CR35.

c. The positive-going pulses, applied to inverter U4 pin 11, appear
as the MOT TACH/ signal at pin 10.

The MOT TACH/ signal is passed to the drive's Microcomputer, input
pin 37, and to Motor Control flip-flop U13, reset pin 1 (both on
Sheet 8).

Sector/Index Sensor

The circuit consists of an LED/Photosensor pair, an RC network, and
two inverters.,

a. The Index Sensor detects the light (emitted by the Index LED)
passing through the index hole and sector holes in the diskette,
as the diskette rotates. The Index Sensor assembly output is a
negative-going pulse for each hole sensed.

b. These pulses are applied to input pin 3 of inverter U4,

c. Positive feedback, which produces hysteresis, is achieved via
resistor R3. Hysteresis prevents the circuit from responding to
small discontinuities in the input signal. ’

The circuit output at U4 pin 4 is the signal SECP (Sector/Index
Pulse). The SECP signal is passed to Microprocessor U11 (Sheet 8)
input pin 4 and to interface output control gate U10 (Sheet 3).
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3.5.3

Spindle Motor Control (Sheet 5)

The Spindle Motor Control circuit is comprised of an LED/photosensor pair, a
microcomputer-generated control signal, and a spindle motor drive circuit.

Spindle

3.5.3.1

3.5.3.2

speed is maintained at 300 RPM.
Sensor Assembly and Control Logic

The MOT TACH/ signal (refer to Section 3.5.2.4, Spindle Tachometer
Feedback Sensor) is sent to Microcomputer U11 (Sheet 8), input Port
PA1 (pin 37). The Microcomputer applies the input pulse rate to the
algorithm which regulates the spindle motor speed. The Spindle
Motor Control signal appears at output Port PB7 (pin 22) and is
applied to the spindle drive circuit.

Spindle Motor Drive Circuit

The spindle motor drive circuitry consists of a flip-flop, an
inverter, a comparator operating as a filter and amplifier, and a
power amplifier (with a control gate).

a. The motor control signal is applied to the D-input (pin 2) of
motor control flip-flop U13 and is clocked into the flip-flop by
the inverted CNTR signal. The flip-flop is reset by the MOT
TACH/ pulse.

b. The output of flip-flop U13 at pin 6 is inverted by buffer UT.

c. Comparator U20 operates as a two-pole, low-pass filter and as an
amplifier.

The input to the comparator circuit is a square wave;
however, the output at pin 13 is a linear signal that
drives power amplifier Q9 (a Darlington pair transistor).
This conversion from a pulse-width modulated digital signal
to an analog signal reduces the noise that would normally
be generated by a digital motor-control signal.

d. The power amplifier consists of Darlington pair transistor Q9
with associated bias and filter components.

Resistor R87 is a convenient point to monitor the spindle

motor current. Diode CR36 protects Q9 from the inductive
kick-back caused by commutation.

The power amplifier circuit is controlled by the MOT/ signal.
When MOT/ is low, power amplifier Q9 is enabled. '
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The Spindle Motor Control signal regulates the spindle drive circuit
by slowing down or speeding up the spindle motor.

a.

If the spindle speed is too slow:

Output Port PB7 (pin 22) goes high. That high, applied to the
D-input of motor control flip-flop U13, sets the flip-flop when
clocked by the inverted CNTR signal. Output pin 6 goes low
and stays low until the next MOT TACH/ pulse resets the flip-
flop. The low output at pin 6 is inverted to a high by inverter
buffer U7. The high, applied to the non-inverting input of U20,
causes output pin 13 to go high. That high turns on Darlington
pair Q9, and the spindle motor starts to accelerate.

If the spindle speed is too fast:

Output Port PB7 switches low. That low level is applied to the
D-input (pin 2) of flip-flop U13, which switches the output at
pin 6 to a high when clocked by the inverted CNTR signal. The
high output at pin 6 is inverted to a low by inverter buffer U7.
The low applied to the non-inverting input of U20 causes output
pin 13 to go low. The low turns off Darlington pair Q9 and the
spindle motor starts to decelerate.

3.5.4 Positioner Control (Sheet 5)

The Positioner Control circuit performs the stepping function and consists
of Step and' Direction logic, microcomputer-generated control logic, power
drivers, and a holding circuit.

3.5.4.1 Step and Direction Logic

a.

Step Logic: The interface STEP/ signal (Sheet 3) is inverted
twice by U5. The resultant signal (U5 pin 8) is then applied to
clock input pin 11 of Step flip-flop U13 (Sheet 8). If the
drive is Selected, the D-input of U13 is high. That high is
clocked into the flip-flop by the Step pulse, and the output at
pin 9 goes high. When pin 9 goes high, the positive-going edge
clocks Direction flip-flop U12. Before the next Step pulse is
received, U13 is reset by the Microcomputer U11 (Sheet 8) output
signal at pin 14 applied to flip-flop reset pin 13,

Direction Logie: The DIRN/ signal (Sheet 3) is inverted to DIRN
by U5 and is passed to the D-input of Direction flip-flop U12
(Sheet 8). When the Step flip-flop output at pin 9 switches
high, the positive-~-going edge clocks DIRN into flip-flop U12.
In this way, the intended direction of motion of the heads is
latched into U12 at pin 5. Any changes on the Direction line
are ignored until another Step pulse is received.
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3.5.4.2 Positioner Control Logic

The latched Step output (U13 pin 9) and the latched Step Direction
output (U12 pin 9) are applied to Microcomputer U11 at input pins 3
and 2 respectively. Given the Step Command and the Direction, the
drive's Microcomputer controls the balance of the step dperation.

There are two modes of stepping (conventional and burst). Selection
of the appropriate step mode is made by the Microcomputer. Mode
determination is based on the Step pulse rate and does not affect
the circuit descriptions.

The drive's Microcomputer asserts the necessary phase, logic, and
hold outputs via Port B to position the head at the desired track.

a. Phase Control: The on-board Microcomputer generates four phase-
control signals. These signals appear at output ports PBI
through PB4 and are applied directly to the D-inputs of Step
register U14., The D-inputs are transferred to the Q-outputs on
the positive-going edge of the inverted CNTR pulse applied to CK
input pin 9.

Gate U8 ensures that Phase 2 is asserted during the time that
the Power-On Reset signal is true.

b. Logic Control: The Step Busy signal at Port PB6, like the
phase-control signals, is also clocked into Step register U1l4 by
the inverted CNTR signal. The output, SBSY, appears at pin 12
of U1y,

The SBSY signal is applied to write control inverter buffer U7
pin 9 (Sheet 6). The output at pin 8 is a function of WRT, WPT,
SEL/, and SBSY, and is identified as the Write Enable signal.
Write Enable controls the operation of head-select inverters U6,
write current driver U3, erase current drivers U9, and Write
Busy (WBSY) generator Q3. The SBSY signal ensures that a write
operation is not attempted while the drive is stepping. The
Write Channel is explained in detail in Section 3.5.5.

c. Holding Control: If, after a specified delay, no further Step
Commands are received, output port PB5 (the HOLD signal) is
asserted; and the holding phase is entered.

d. Timing Control: The circuit clock pulse for the control logic
timing is generated by Microcomputer U11 at CNTR output pin 21
and is inverted by U1 before clocking Step register U1l
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3.5.4.3 Power Drivers

3.5.4.4

The power drivers amplify the drive signals to the stepper motor.

Power driver U18 (Sheet 5) is always enabled since the +5V

" regulated supply voltage is applied to enable input pin 14, The

power driver passes the four phase-control signals from Step
register U14 to the outputs. Those four open-collector outputs
drive the stepper motor.

Internal to the chip are four output diode clamps. These diodes
are connected (via pins 2 and 7) to the cathode of 20V-Zener
CR33. Since the anode of CR33 is tied to the +12V motor supply
voltage, the turn-off transient is limited to about +32V.

Positioner Holding Circuit

A reduced hold current is supplied to the stepper motor when the
HOLD signal is asserted.

a'

When stepping the HOLD signal is low (false). That low is
applied to open-collector buffer U6. The low output at pin 12
turns on Darlington pair transistor Q8 to saturation, thereby
providing +12V from the power supply to the center-taps of the
stepper-motor windings. Diode CR32, in the holding circuit, is
reverse biased,

_When the drive is in the holding mode, the HOLD signal is high

(true). That high, applied to buffer U6, allows output pin 12
to go high, turning Q8 off completely. Diode CR32 is forward
biased, which places +5V, via resistor R65, on the center-taps
of the stepper-motor windings. This is done to reduce power
consumption in the stand-by mode.
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3.5.5

Write Channel (Sheet 6)

Write Data from the host interface is received by the Write Channel as a
stream of pulses. Each pulse causes the current flowing through the write

head to

be reversed, As a result, for each Write Data pulse received on the

interface, a flux reversal is recorded on the diskette.

NOTE

The format and encoding schemes are determined by,
and actually performed in, the host controller.
The Write Channel records one flux reversal for
each (encoded) pulse.

Figure 3-15 is a block diagram of the Write Channel. The Write
Channel consists of a power supply enable circuit, a read/write
switch, a head select circuit, write control logic, write current
driver, and erase current drivers.

POMER P VOLTAGE
SUPPLY . DIVIDER
ENABLE =3 PSEN

R R22 & R23

WRT —J
WPT —JP
SEL =3
SBSY =t

WRITE WRITE VOLTAGE
CONTROL POWER

LOGIC 3 CONTROL $ ? P DIVIDER - wasY
R26 & R27

v2, v6, U7 Q3

4 WRITE IE—— —gl READ/WRITE L g,
CEEE— cD:n:E:r READ/WRITE SWITCH TO READ
1
- —b HEADS 394 (DIODE NETHORK Yo CTRCUITS
v3, U7, U1

ERASE
CURRENT
— DRIVER OPTIONAL

vy (DUAL HEAD)

!

HSLT

o~

Figure 3-15. Write Channel Block Diagram
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3.5.5.1 Power Supply Enable Circuit

The Power Supply Enable circuit consists of transistors Q1 and Q2
and associated biasing components.

When power is applied to the drive, the regulated +5V power
supply voltage rises to its operational level. Transistor Q2
conducts as soon as its base voltage exceeds +3.4V (i.e., the
2.7V Zener voltage of CR5 plus Q2's 0.7V base-emitter drop).
When the collector current of Q2 drops 0.7V across resistor R18,
transistor Q1 conducts, thereby providing +12V (if the +12V is
present) to the remaining circuit elements. The +12V (supplied
by Q1) is applied to the voltage divider consisting of resistors
R22 and R23. This voltage divider develops a PSEN level of
approximately +2.8V,

The PSEN signal is applied directly to the Power-On Reset circuit
(Sheet 8); see Section 3.5.7.2b., Support Circuitry.

3.5.5.2 Read/Write Switch

The read/write switch consists of diodes CR11, CR12, CR13, and CR15
through CR21, and resistors R38, RUU, RU5, and RU6.

a.

During a write operation, transistor Q3 conducts. The anodes of
diodes CR19 and CR20 go to approximately +11.5V, which forward
biases both diodes. The voltage at the cathodes of the two
diodes is about +10.8V. Since the anodes of diodes CR18 and
CR21 cannot rise above the V2 clamp voltage in the read circuits
(Sheet 7), both CR18 and CR21 are reverse biased. Reverse
biasing CR18 and CR21 effectively isolates the read circuits
from the read/write head.

With transistor Q3 turned on, approximately +10V is applied (via
diode CR6 and either head-select transistor QU4 or Q5) to the
center-tap of the selected read/write head, thus providing the
correct write current to the head.

When the read mode is selected, transistor Q3 is turned off; the
circuit stabilizes with diodes CR19 and CR20 cut off and all the
diodes in the hridge (formed by CR11, CR15, CR18, .and CR21)
conducting. With the four diodes in the bridge each conducting
approximately 0.25 milliamps, the diode bridge provides a low
impedance path (for the read signal) to differentiator U17 in
the Read Channel (Sheet 7).

With transistor Q3 turned off, +12V is divided by resistors Ru41,
R42, and R43, This divider produces about 6.7V, which is used
in the Read Channel Input Clamp (see Section 3.5.6.1). At the
same time, approximately +6V is applied to the center-tap of the
selected read/write head via head-select transistor Q4 or Q5,
thus providing the correct bias for U17 in the Read Channel.
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3.5.5.3 Head Select Circuit

NOTE

The same Drive Electronics board is used for
both single and dual head drives. Enclosed within
the dotted lines on schematic Sheet 6 are the
components not installed on versions of the board
used with single head drives.

For dual head drives (1115-4 and 1115-6 models), the interface HSLT/
signal selects the desired head (upper or lower).

a.

When the interface HSLT/ signal (Sheet 3) is high, the high is
inverted by U1 to HSLT. The low HSLT signal is applied to input
pin 1 of open-collector buffer U6 (Sheet 6), which turns on
head-select transistor Q4. Transistor Q4 couples write current
(from transistor Q3) or read bias (from voltage divider RU49,
R50, and R51) to lower head JU.

Head-select transistor Q5, in turn, is shut off via the high
signal from open-collector inverter buffer U2 pin 10. With Q5
off, upper head J5 is disabled.

When the HSLT/ signal is low, that low is inverted by U1 to
HSLT. The high HSLT signal is inverted again by inverter U2
(Sheet 6). The low output at U2 pin 10 turns on head-select
transistor Q5. Transistor Q5 couples either the write current
or the read bias, depending on the mode, to upper head J5.

Head-select transistor QU is shut off via open-collector buffer
U6. With QU off, lower head JU is disabled.

The Head Select function has one jumper-selectable option; this
option, however, is not controlled by the interface Head Select
signal.

If W28 (Sheet 3) is installed with W27 removed, the appropriate
head is selected via the interface DIRN/ line. After the DIRN/
signal is inverted by U1 to HSLT, the head selection circuit
description is exactly the same as the HSLT/ explanation.
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3.5.5.4 Write Control Logic

a.

b.

The logic signals WRT, WPT, SEL/, and SBSY are gated to form a
Write Enable signal that controls the write circuits. To write:

- - The drive must be in Write Mode (WRT is high at U6 pin 9).

- The diskette must not be Write Protected (WPT is low at U2
pin 9).

- The drive must be Selected (SEL/ is low at U2 pin 5).
- The drive must not be Stepping (SBSY is low at U7 pin 9).

If the above four conditions are met, the Write Enable signal is
high and:

1) Write current driver U3 is enabled. The high releases the
clear and preset inputs (pins 1 and 4 respectively), which
enables U3 to respond to Write Data at input pin 3. When
pins 1 and 4 are held low, outputs 5 and 6 are both high.

2) The selected erase current driver is enabled via buffer U6,
pins 6 or 10. Erase current driver selection depends upon
the condition of the HSLT signal.

3) WBSY is generated. The high write enable signal is applied
to pin 3 of inverter buffer U2. The low output, coupled to
the base of transistor Q3, turns on the transistor. WBSY is
generated by the voltage divider formed by R26 and R27. The
WRSY signal ensures that no stepping occurs while writing.

3.5.5.5 Write Current Driver

The write current driver circuit consists of a flip-flop, two gates,
two power drivers, two diodes, and two resistors.

a.

When the Write Enable goes high, the preset and clear inputs to
write flip-flop U3 are released; and the flip-flop toggles on
each WDA pulse. The complementary outputs of U3 are inverted by
exclusive-OR gates U15., The outputs at pins 6 and 8. then are
applied to power inverters U7. Thus, as write flip-flop U3
toggles, the outputs (at U7 pins 2 and 12) alternately drive
current through the two halves of the read/write head.

Resistors R4 and R5 ensure that diodes CR10 and CR1Y4 are reverse

biased when the write operation is completed, thus isolating the
write circuits from the read/write head during read operations.
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3.5.5.6 Erase Current Driver

The erase current driver circuit for single-head drives consists of
a delay generator circuit (capable of generating two different
delays) and a driver circuit.

a.

Resistors R12 and R12, capacitor C5, and diode CR3 comprise a
delay network that generates the two delays.

1)

2)

When a write operation is initiated, ‘U6 pin 6 goes high.
Capacitor C5 charges via resistor R12 and forward-biased
diode CR3. The C5 charge~time via R12 is approximately 400
microseconds. After that delay, the voltage at capacitor C5

(applied to the trigger and the threshold inputs at pins 6
and 2 respectively) turns on timer U9.

At the conclusion of the write operation, U6 pin 6 goes low.
Capacitor C5 discharges through resistor R13; diode CR3 is
reverse biased and does not offer an alternate discharge
path. The discharge time via R13 is approximately 800
microseconds. At the end of that delay, the voltage at
capacitor C5 is removed from the trigger and threshold
inputs, which turns off timer U9,

Timer U9 and various filter and biasing components comprise the
driver circuit.

1

2)

When a write operation is initiated and U6 pin 6 goes high,
the output of timer U9 does not follow the change of state
until the U400 microsecond delay circuit times out. At this
time, U9 senses the the high state of U6 pin 6; and U9 pin 5
goes low. This condition causes the erase current to flow
through the erase winding and diode CR8. The amount of
erase current is determined by the value of resistors R36
and R15.

At the conclusion of the write operation, U6 pin 6 goes low.
However, the output of timer U9 does not follow that change
of state until the 800 microsecond delay circuit times out.
At the end of that time delay, U9 pin 5 goes high; and the
erase current stops flowing. When the head winding current
stops, diode CRY4 absorbs the inductive EMF.

For dual head drives, the description of the erase current driver
circuitry (within the dotted lines on Sheet 6 of the schematic) is
identical to that explained in previous paragraphs a and b.
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3.5.6 Read Channel (Sheet T)

After passing through the Input Clamp, the read signal is Amplified and then
Filtered. Next, the signal is differentiated, filtered, and then digitized
by the Comparator. The digitized read signal is then applied to the Digital
Noise Filter. The final stage of the Read Channel is the Bidirectional One-
Shot, which generates the read data signal, RDA. The RDA signal is then
passed to the host controller via the interface. Figure 3-16 is a block
diagram of the read circuitry.

@ ——— — —

1

, DIGITAL BIDIREC- RDA
HEAD INPUT DIFFER- - | .
OUTPUT CLAMP AMPLIFIER FILTER ENTIATOR FILTER COMPARATOR NOISE TIONAL
FILTER ONE-SHOT
— -

WBSY * ’

Figure 3-16. Read Channel Block Diagram

The regulated +12V supplied to the elements of this circuit is
filtered by inductor L5 to provide noise isolation. Voltage divider
R92 and R93, and filter capacitor Cul, develop reference voltage V1,
which is approximately +6V.

3.5.6.1 Input Clamp

The low-level read signal (approximately 2 to 3.5 millivolts) from
the head first passes through the Input Clamp, which consists of two
diodes and a reference voltage.

a. When in the write mode, the junction of CR22 and CR23 is set at
approximately +10.6V (V2 reference voltage), thereby reverse
biasing diodes CR18 and CR21 (Sheet 6). Diodes CR22 and CR23
then constitute a clamp circuit that blocks the input to the
Read Channel and prevents large transients, generated by the
write circuit, from propagating through the read circuits.

b. When reading, the junction of diodes CR22 and CR23 switches to
approximately +6.7V (V2 reference voltage), forward biasing
diodes CR18 and CR21 and thus providing a low impedance path for
the read signal. The V2 reference voltage is set by the voltage
divider formed by resistors RU49, R50, and R51; see Paragraph
3.5.5.2b, Read/Write Switch,

The read signal is fed to the Amplifier circuit via zero-ohm resis-
tors R39 and RU4O.
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3.5.6.2

3.5.6.3

3.5.6.4

Amplifier

The Amplifier circuit consists of amplifier U17 with capacitor C23
connected to pins 3 and 12, The gain of the amplifier is approxi-
mately 100 and cannot be adjusted. The balanced, differential
output is applied directly to the Filter.

Filter
The Filter circuit is a differential LCR network.

Inductors L2 and L4, capacitors Ci45 and C47, and resistor R91
form one leg of the filter; inductors L1 and L3, capacitors
C45 and C43, and resistor R90 form the other leg of the filter.
Note that capacitor C45 is common to both legs of the filter.

Resistors R90 and R91, along with reference voltage V1, main-
tain the read signal at the center of differentiator U21's
linear range.

Differentiator

The Differentiator consists of an amplifier chip and its associated
gain select components. This Differentiator circuit (in conjunction
with the Comparator circuit) functions as a peak detector.

U21 is a differential output, wideband amplifier., Capacitor
C54 provides the 6db per octave rising characteristic of a
differentiator, while resistor R88 terminates this characteris-
tic at 250 kHz. Inductor L6 rolls off noise at frequencies
greater than 250 kHz. '

For test purposes, a jumper can be connected across TP7-1 and
TP7-2. This jumper by-passes differentiator component C54 in
the gain select network, thereby enabling U21 to operate as an
amplifier only. This test is performed in order to check
circuit resolution and adjust CE.

The output of the differentiator is AC coupled to the Compara-
tor by capacitors CU48 and CU6 and resistors R9Y4 and R97, while
resistors R95 and R96 center the output at the V1 reference
potential.

The outputs of the Differentiator at U21 pins 7 and 8, shown in
Figure 3-14, cross the zero baseline each time a peak is detected

on the input signal. This output is first filtered and then passed
to the Comparator.
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3.5.6.5

3.5.6.6

3.5.6.7

Filter
The filter consists of an RC network.

The output of the Differentiator is processed by the filter
network formed by R94, R97, and C50. This filter provides
additional noise rejection before the read signal is applied to
the Comparator.

The differentiated, amplified, and filtered read signal is made
available for measurement at TP11-5 and TP11-6 and is passed on to
the Comparator.

Comparator
Voltage comparator U22 detects the zero-crossings of the differen-
tiated read signal and changes state at each zero-crossing. This

has the effect of digitizing the read signal.

Digital Noise Filter

The digital noise filter consists of an edge detector, a delay, and.

a flip-flop. Signal timing through the digital noise filter is
shown in Figure 3-17.
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Figure 3-17. Digital Noise Filter Timing Diagram
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The digitized read signal from the Comparator is applied to an
edge detector circuit.

The Comparator output is applied directly to exclusive-OR
gate U15 input pin 12, The Comparator signal is also
delayed (by RC network R55/C18) and applied to U15 input
pin 13.

The output at U15 pin 11 is a narrow, positive-going pulse,
which is generated for every change in state of the Comparator
output.

The edge detector clock pulses are delayed by one-shot U16,

The RC time constant set by C20 and R54 determines the
pulse width of one-shot U16. The normally high output at
U16 pin 12 goes low with each pulse generated by the edge
detector. The one-shot output at pin 12 will stay low for
the duration of the delay and will then return to its
normally high logic state. The positive-going edge of the
one-shot output clocks flip-flop U12 pin 9 (Sheet 7).

The Write Busy signal (WBSY) from the Write Channel (Sheet
6) disables delay one-shot U16 whenever the drive is in the
write mode. This prevents noise from being passed through
the Read Channel to the interface.

The delay circuit shifts the clock timing away from the read -
data signal transitions. This is done to eliminate any short-
duration noise spikes from being clocked through the Digital
Noise Filter. The output of this delay circuit is used to clock
the Digital Noise Filter flip-flop.

U12 pin 9 is a D-type flip-flop and is positive edge triggered.

The positive-going edge of the delayed pulse from the delay
circuit clocks the flip-flop.

1) If read data initiates the delayed clock pulse, then data
appears at the D-input of flip-flop U12, and the flip-flop
will change state. 1Tn other words, the change in logic
state that fired the one-shot will be clocked into the flip-
flop, and the output at pin 9 will assume that state.

2) If noise initiates the delayed clock pulse, U12 will not
change state. By the time the delayed clock edge is applied
to the flip-flop, the noise pulse at the D-input of the
flip-flop will have passed.

DOCUMENT No. 102076 REV A Page 3-63




3.5.6.8 Bidirectional One-Shot

The Bidirectional One-Shot consists of an edge detector and a one-
shot. Figure 3-18 shows the timing.
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Figure 3-18. Bidirectional One-Shot Timing Diagram

Edge Detector: The read signal from flip-flop U12 pin 9 is
applied directly to exclusive-OR gate U15 pin 2. The read
signal is also delayed (by RC network R52/C19) and applied to
U15 pin 1.

The output at U15 pin 3 is a narrow, positive-going pulse, which
is generated for each read data pulse transition or edge. The
width of each output pulse is determined by the RC delay.

One-shot: U16 pin 13 is a re-triggerable, monostable multivi-
brator with associated timing components.

The clock pulses, generated by the edge detector, fire one-
shot U16. The RC time constant determined by capacitor C30
and resistor R72 establishes a 0.7 (+0.4) microsecond one-
shot pulse width.

The WBSY (Write Busy) signal from the Write Channel (Sheet
6) disables delay one-shot U16 when writing, Disabling U16
prevents noise from being passed to the interface.

The RDA signal is passed to the interface via interface output
control gate U10 (Sheet 3).
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3.5.7 Microcomputer-Based Control Logic (Sheet 8)

The microcomputer-based control logic supervises, controls, and monitors all
the operations of the drive. The control logic consists of a 6500 Single-
Chip Microcomputer System (U11) and associated support circuitry.

3.5.7.1 Microcomputer

The 6500 Microcomputer is a complete 8-bit computer with 2048 bytes
of Read Only Memory (ROM) and 64 bytes of Random Access Memory (RAM)
fabricated on a single chip.,

Thirty-two signal lines (four eight-bit ports) are available for
input and output functions. Input/Output applications for
Microcomputer U11 are as follows:

a. Ports A and D:

Although these eight-bit ports can be used for either inputs or
outputs, both ports are used as input ports ONLY.

b. Ports B and C:
These two eight-bit ports, 1ike Ports A and D, can be used for

either inputs or outputs; both ports are used as output ports
ONLY.
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3.5.7.2 Support Circuitry (Sheet 8)

a.

Clock Oscillator:

The Clock Oscillator provides the basic timing signals used by

-the 6500 Microcomputer. The reference frequency is provided by

an external 2.000 MHz crystal connected to the Microcomputer's
XTAL input pins 10 and 11.

Power-On Reset Circuit:

The Reset input (RES) to the drive's Microcomputer is a power-on
reset signal that initializes the Microcomputer when power is
applied to the drive.

The reset circuit consists of an RC network, a diode, a logic
gate (connected as an inverter), and two Schmitt trigger inver-
ters.

When power is turned on, the PSEN signal goes high and capacitor
C3 charges, via resistor R9, to about +2.8V. As C3 charges, the
positive-going voltage passes the threshold of gate Uld; and
output pin 2 switches to OV,

1) The low on output pin 2 is inverted to a high at U8 pin 11,
That reset signal is applied directly to reset pin 39 (RES)
of Microcomputer U1t (Sheet 8)

2) The low on output pin 2 is inverted to a high at Ul pin 12.

The reset signal at U4 pin 12, identified as PWR ON RESET/,
is applied to:

Reset pin 1 (MR) of Phase latch U14 (Sheet 8)
Input pin U4 of gate U8 (Sheet 8)

Reset pin 13 (R) of In Use latch U3 (Sheet 5)

Input pin 2 of Head Load Solenoid gate U19 (Sheet 5)

The RC time-constant of R9 and C3 holds the signal, applied to
Microcomputer input RES, low for at least eight clock cycles
after the supply voltage is within tolerance. That reset time
guarantees that all Microcomputer circuitry and associated con-
trol logic is reset.
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3.5.7.3 Microprocessor I/0 Signals

The chart that follows summarizes all of the I/O signals into and
out of Microcomputer U11,

PORT A (Input)

Microcomputer Drive Logic Function

Identifier Signal Name

PAD - Inverted CNTR signal (from Microcom-
puter output pin 21).

PA1 MOT TACH/ Spindle speed sensor output, used by
the Microcomputer for spindle motor
speed regulation.

PA2 (NOTE) W21, jumper option The spindle motor comes on when MTRN

(W22 removed) is true and the drive is selected.

PA3 (NOTE) W22, jumper option Spindle motor comes on if either MTRN

(W21 removed) is true or the drive is selected.

PAY W23, jumper option Controls the microcomputer-generated
Door signal (PCHY4),.

Installed: Microcomputer output
port PCU goes high when the disk
access door is opened.

Removed: Enables a latch circuit
which monitors and stores any
door open event while the drive
is deselected. If this occurs,
Microcomputer output port PCY
goes high, The latch is cleared
when the drive is deselected.

PAS W24, jumper option The head will load when the drive is

(W19, W20 removed) selected or MTRN is true.
PA6 W25, jumper option Not used.
PAT7 WBSY Write Busy (WBSY) indicates that a

write operation is being performed.

NOTE: If both jumpers W21 and W22 are removed, the motor will come on when
MTRN is true.
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3.5.7.3 Microprocessor I/0 Signals (continued)

PORT B

(Output)

Microcomputer
Identifier

Drive Logic
Signal Name

Function

PB@

PB1

PB2

PB3

PBY

PBS

PB6

PB7

HEAD LOAD SOL

1

92

?3

P4

HOLD

SBSY

LLoads

Phase
latch
drive
track

Phase
latch
drive
track

Phase
latch
drive
track

Phase
latch
drive
track

tion.

Motor

the head when asserted.

1 of four signals applied (via
U14) to the stepper motor
circuits to cause track-to-
positioning.

2 of four signals applied (via
U14) to the stepper motor
circuits to cause track-to-
positioning.

3 of four signals applied (via
U14) to the stepper motor
circuits to cause track-to-
positioning.

4 of four signals applied (via
U14) to the stepper motor
circuits to cause track-to-
positioning.

Asserted at the end of a step opera-

Holds the positioner in place

in a low power, stand-by mode.

Asserted during a step operation and
applied to the write control logic
(via latch U14). Ensures that writ-
ing does not occur while the drive
is stepping.

Applied directly to the D-input of

Control flip-flop U13, which

controls the spindle motor circuit.
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3.5.7.3 Microprocessor I/0 Signals (continued)

PORT C (Output)

Microcomputer Drive Logic Function

Identifier Signal Name

PC@ OUTPUT ENABLE/ Gated with the SEL/ signal to enable
interface output control gate U10.

PC1 READY Indicates the operational status of
the selected drive.

PC2 - Not used.

PC3 TK@OUT Asserted when the read/write head is
positioned at Track @ and the step-
per motor is in the hold mode.

PCY - Indicates the open/closed condition
of the disk access door.

PC5 - Not used.

PC6 - Resets Step flip-flop U13 before the
occurrence of the next pulse in a
series of step pulses.

PC7 MOT/ Enables the spindle motor circuit.
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3.5.7.3 Microprocessor I/0 Signals (continued)

PORT D (Inputs)

Microcomputer Drive Logic Function
Identifier Signal Name
PD@ HDLD Controls (along with jumper-options

W19, W20, and W24) the HEAD LOAD SOL
signal (PB®).

PD1 SEL Indicates the drive has been selec-
ted by the host controller,

PD2 TK@IN Indicates when the read/write head
is positioned at Track @.

PD3 MTRN Controls the on/off condition of the
spindle motor.

PDY SECP Indicates the occurrence of an index
hole or sector holes as the diskette
rotates.

PD5 DOOR Indicates the condition of the disk

access door (i.e., open or closed).

PD6 - Indicates the presence of an inter-
face step command.

PD7 - Indicates the step direction.
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SECTION IV

TESTS AND ADJUSTMENTS

4.1 INTRODUCTION

This section. provides information on testing a drive and (if necessary)
adjusting the appropriate electrical and/or mechanical parameters. The
tests and adjustments should be done in an order dictated by the operating
condition of the drive; this may or may not be the order in which they are
presented in this section. In general, the test requirements for different
drive configurations are the same. When test requirements differ, relevant
paragraphs specify those differences. Figure 4-1 shows the location of the
PCBA-mounted components referenced in this section. Tools and test equip-
ment required are listed in Section 1.5 of this manual.

4,2 TEST AND ADJUSTMENT PHILOSOPHY

Acceptable limits are specified in each functional test and ad justment
procedure, taking into account the assumed accuracy of the test equipment
specified. If the measured value of any parameter is within the acceptable
limits, NO ADJUSTMENT should be made. If the measured value is outside the
acceptable 1limits, the accompanying adjustment (if present) should be made;
otherwise, troubleshoot to the defective component.

C

DRIVE ELECTRONICS BOARD
(P/N 102237-XX-X)
(COMPONENT SIDE)
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Figure 4-1, ©°CBA-Mounted Components
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4.3 FUNCTIONAL TESTS

NOTE

There are no adjustments for the
functional tests; if the measured
value is outside the acceptable
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