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ABBREVIATIONS/MNEMONICS

AM Address Mark NRZ Non Return to Zero
bpi Bits Per Inch PCB Printed Circuit Board
CRC  Cyclic Redundancy Check PM Preventive Maintenance
fci Flux Chaﬁges Per Inch POH Power On Hours

FM Frequency Modulation PSI Product Selection Index
GND  Ground P Test Point

ID Index tpi Tracks Per Inch

I/0 Input/Output TRK Track

MFM  Modified FM WG OFF Write Gate Off

MTBF Mean Time Between Failures 1F Single Density

MTTR Mean Time to Repair 2F Double Density

NOTICE TO USERS

This manual P/N 39409-0, replaces 455/465 OEM and service manuals, P/N 39238-1 and 39239-0 respectively.
Both of them were published in May 1983. This manual is a combined form of the service and the OEM manuals.

While every effort has been made to ensure that the information provided herein is correct, please notify us in the
event of an error or inconsistency. Make any comments on the Technical Publication Suggestion forms provided
on the back of this manual. If the forms have already been used, write your comments, include your name, ad-
dress, and telephone number and mail to:

Shugart Corporation

Technical Publications, MS 3-14
475 Oakmead Parkway
Sunnyvale, CA 94086 (U.S.A))
(408) 737-7900

Shugart makes no representations or warranties with respect to the contents hereof and specifically disclaims any
implied warranties of merchantability or fitness for any purpose.

Further, Shugart reserves the right to revise this publication and to make changes from time to time in the contents
hereof without obligation to notify any person of such revisions or changes.

The information contained herein has been copyrighted by the Shugart Corporation. No portion of this document

can be duplicated in any form, or sold, without the express written consent of Shugart Corporation. Failure to com-
ply could entail legal action to remedy such violation.
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SECTION 1
INTRODUCTION

1.1 PURPOSE

This manual for the Shugart 455/465 disk drives is designed as a reference source for the OEM engineers, system
integrators, maintenance technicians, and knowledgeable end users.

This document contains all the information that is normally required to integrate the Shugart 455/465 disk drives
into a system. It also contains the depot level maintenance information that is necessary to maintain, troubleshoot,
and repair the product. It is recommended that the maintenance and service be performed only by trained person-
nel.

1.2 GENERAL DESCRIPTION

The Shugart 455/465 Minifloppy™ disk drives are half-height, double-sided disk drives. These provide up to four
times the on-line storage capacity and faster access time. The 455/465 read and write in single and double density
on both sides of a standard 5.25-inch diskette. In addition, these are plug compatible with the Shugart 400 disk
drive.

The standard features of the 455/465 include: compact size; a weight of 3.3 pounds (1.5 kg); low heat dissipa-
tion; dc drive motor; band positioner; proprietary glass-bonded ferrite/ceramic read/write heads, and internal
write protect circuitry, etc.

Typical applications for the 455/465 are: word processing systems; entry level microprocessor systems; intelligent
calculators; program storage; low end computer systems, and other applications where low cost random access

data storage is required.

The 455/465 has been listed with Underwriters Laboratories, Inc., (E55114(S)) and the Canadian Standards
Association (LR55467-1 and LR55468-1).

Key Features
B 0.5 Mbytes (455) or 1.0 Mbytes (465) storage capacity (unformatted)
B 125/250 kbits/second data transfer rate
® DC drive motor that eliminates ac requirements

1.3 SPECIFICATIONS SUMMARY

1.3.1 Performance Specifications

455 (40 Track) 465 (80 Track)
Capacity Single Density Double Density Single Density Double Density
(in bytes) (FM) (MFM) (FM) (MFM)
Unformatted
Per Disk 250,000 500,000 500,000 1,000,000
Per Surface 125,000 250,000 250,000 500,000
Per Track : 3,125 6,250 3,125 6,250
Formatted (16 Records/Track)
Per Disk 163,840 327,680 327,680 655,360
Per Track 2,048 4,096 2,048 4,096
Per Sector 128 256 128 256
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455 (40 Track)

Single Density
Formatted (10 Records/Track)

Per Disk 204,800
Per Track 2,560
Per Sector 256

Transfer Rate 125 kbits/sec

Latency (avg.) 100 msec
Access Time
Track to Track 6 msec
Average 93 msec
Settling Time 15 msec

1.3.2 Functional Specifications

Typical Motor Start Time 300 msec
Worst Case Motor Start Time 500 msec
Rotational Speed 300 rpm
Rerording Density 2938 bpi
Flux Density 5876 fci
Track Density 48 tpi
Media Requirements

Soft-sectored Shugart 154

16 sectors hard-sectored Shugart 155

10 sectors hard-sectored Shugart 157

Industry standard flexible diskette
Oxide on 0.003 in. (0.08 mm) Mylar
5.25 in. (133.4 mm) square jacket

1.3.3 Physical Specifications

Environmental Limits Operating

Ambient Temperature

Relative Humidity 20 to 80%
Maximum Wet Bulb
Shock

Vibration

DC Voltage Requirements

50° to 115°F
(10.0° to 46.1°C)

78°F (25.6°C)
0.5G 10 msec
0.5G 5-600Hz

Double Density Single Density
409,600 409,600
5,120 2,560
512 256
250 kbits/sec 125 kbits/sec
100 msec 100 msec
6 msec 3 msec
93 msec 94 msec
15 msec 15 msec
300 msec 300 msec
500 msec 500 msec
300 rpm 300 rpm
5876 bpi 2961 bpi
5876 fci 5922 fci
48 tpi 96 tpi
Shugart 154 Shugart 164
Shugart 155 Shugart 165
Shugart 157 Shugart 167
"Shipping
-40° to 144°F
(-40° to 62.2°C)
1to 95%

No Condensation
35G 10 msec
3G 5-600 Hz

+12V + 10% @ 1.2 A (max), 0.6 A (typ), 100 mV ripple
0

)
+5V + 5% @ 0.9 A (max),

Mechanical Dimensions (exclusive of front panel)

Width = 5.75 inches (146.1 mm)
Height = 1.62 inches (41.1 mm)
Depth = 7.96 inches (202.0 mm)

Weight = 3.3 lbs (1.5 kg)

.6 A (typ), 50 mV ripple

Power Dissipation = 9.6 Watts (34.0 BTU) continuous typical
3.6 Watts (13.5 BTU) standby

Standby: Drive motor off, drive select off, and stepper at reduced current.

1.3.4 Reliability Specifications

MTBF: 10,000 POH under typical usage.
PM: Not required.
MTTR: 30 minutes.

NOTE

465 (80 Track)

Double Density

819,200
5,120
512

250 kbits/sec
100 msec

3 msec
94 msec
15 msec

300 msec
500 msec
300 rpm
5922 bpi
5922 fci
96 tpi

Shugart 164

Shugart 165
Shugart 167

Storage

-8°to 117°F
-22.2° to 47.2°C)

1to 95%

No Condensation
15G 10 msec
3G 5-600 Hz



Error Rates:
Soft Read Errors: 1 per 10° bits read.
Hard Read Errors: 1 per 10*2 bits read.

Seek Errors: 1 per 10° seeks
Media Life:

Passes per Track: 3.0 x10°¢

Insertions: 30,000 +

1.4 FUNCTIONAL CHARACTERISTICS

The 455/465 consist of read /write and control electronics, drive mechanism, read/write head, and precision track
positioning mechanism. These components performs the following functions:

a. Interpret and generate control signals.

b. Move read/write heads to the desired track.

c. Read and write data.
The interface signals and their relationship to the internal functions are shown in figure 1-2.
1.4.1 Read/Write and Control Electronics
The electronics package contains:

a. Index detector circuits

b. Head position actuator driver

c. Read/write amplifier and transition detector

d.  Write protect detector

e.  Drive seiect circuit

f.  Drive motor control
1.4.2 Drive Mechanism
The dc drive motor under servo speed control (using an integral tachometer) rotates the spindle at 300 rpm
through a direct drive system. An expandable collet/spindle assembly provides precision media positioning to en-
sure data interchange.
1.4.3 Positioning Mechanics
The read/write head assembly is accurately positioned through the use of a band positioner which is attached to the
head carriage assembly. Precise track location is accomplished as this positioner is rotated in discrete increments by
a stepping motor.
1.4.4 Read/Write Heads
The proprietary heads are a single element glass-bonded ceramic read/write, with tunnel erase elements to provide
erased areas between data tracks. The normal interchange tolerances between media and drives will not degrade
the signal-to-noise ratio and diskette interchangeability is ensured.
The read/write heads are mounted on a carriage which is located on precision carriage ways. The diskette is held in
a plane perpendicular to the read/write heads by a platen located on the base casting. This precise registration
assures perfect compliance with the read/write heads. The read/write heads are in direct contact with the diskette.

The head surface has been designed to obtain maximum signal transfer to and from the magnetic surface of the
diskette with minimum head/diskette wear.
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1.4.5 Recording Formats

The formats of the data recorded on the diskette are totally a function of the host system. These formats can be
designed around the user’s application to take maximum advantage of the total available bits that can be written on
any one track. Refer to Section VI for details.

Y

| ACTIVITY | 1 |
- UGHT STEP
DIRECTION SELECT

[v DRIVE SELECT
‘:IN‘DEXISECTOR - CT {4 LINES)

\

B

LED CONTROL
3 TRACK 00 .
- STEPPERA INDEX/SECTOR
STEPPER  |e—SIEPPERB MOTOR ON -
motorn | stepreRrc | -
STEPPER D - SIDE SELECT
READY _
TRACK 00 (COM)
TRACK 00
SWITCH TRACK 00 (N/C)
INDEX/SECTOR | DRIVE SIDE
DETECTOR SELECT SELECT
— WRITE PROTEGT (N/C) ! {
WRITE -
‘PROTECT
SWITCH e _ WRITE DATA
S WH'TfC%HhBTECT WRITE | WRITE GATE
i= WRITE HEAD 0 LOGIc WRITE PROTECT

Y

WRITE HEAD 1

x DRIVE SIDE
<2l SELECT SELECT
ox| = A
= o
28| & READ HEAD 0
(&} <
- R(;E&D READ DATA o
READ HEAD 1 Loaic
MOTOR ON

A

39238-02A

FIGURE 1-2. 455/465 FUNCTIONAL DIAGRAM



1.5 RECOMMENDED INCOMING INSPECTION

1.5.1 Necessary Equipment

Ithough all Shugart drives are 100 percent adjusted and tested before leaving the factory, incomming inspection

ay be done at the buyers discretion to inspect for shipping damage. For this purpose Shugart recommends the
following incomming inspection procedure. The inspection is simple and the test equipment is kept to a minimum.
The following equipment is recommended:

a.

b.

g.

Shugart 809 Exerciser (P/N 54157)

Exerciser Instruction Manual (P/N 50686)

Power supply for Exerciser and Drive (+5, +12 V)
Oscilloscope

Shugart 128/126 Alignment diskettes

Shugart 455/465 Reference Manual (P/N 39409-0)
Shugart 154/164 diskettes

1.5.2 Procedure

1.

¥ 0 N OO0k W DN

—
e

11.

12.
13.

14.

Unpack drive and inspect for physical shipping damage. (If shipping damage is found, see note
below)

Check the contents of the container against the packing slip.

Make sure all power is off.

Attach exerciser cables to appropriate drive connectors.

Power up.

Insert alignment diskette (Shugart 128 for 455 and Shugart 126 for 465).
Set track addresses of 00 and 39 (455) or 00 and 79 (465) into exerciser.
Select drive.

Start motor and let the drive seek automatically for five minutes.

Check that activity light is on.

Using 455/465 Reference Manual and the Exerciser Manual as guides, perform the following
checks:

® Index Timing Adjustment (refer to paragraph 10.4.5).

e  Head Radial Alignment, side O and 1 (refer to paragraph 10.4.1).
e  Ensure that Track O switch is on at track 00 and off at 01 and 02.
Remove alignment diskette and insert Shugart 154/164 diskette.

Seek to track 39 (455) or track 79 (465), and write a 2F signal. Minimum read back should be 90
mV.

Check write protect sensor adjustment (refer to paragraph 10.4.8 for test point locations).
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15. Power off.
16. Remove connectors.

This procedure verifies that the critical functions of the drive are working properly (i.e., the drive will read and
write, the diskette will rotate at the proper speed, and critical adjustments are within specifications).

NOTE

Inspect all containers for shipping damage. If the containers are damaged, the con-
tents should be checks and units verified electrically. If a unit is found damaged inside
the packaging container without outside damage, call the nearest Shugart Corpora-
tion’s Customer Service Center. If the unit is damaged due to mishandling during ship-
ping, call the freight service. Please retain all shipping labels and documents.

~ 1.6 FUNCTIONAL OPERATIONS

1.6.1 Power Sequencing

Applying dc power to the drive(s) can be done in any sequence. However, during power up, the WRITE GATE
line must be held inactive or at a high level. This will prevent possible “glichting” of the media. After application of
dc power, a 100 msec delay should be introduced before any operation is performed. After powering on, initial
position of the read/write heads with respect to the data tracks on the media is indeterminant. In order to assure
proper positioning of the read/write heads after power on, a Step Out operation should be performed until the
TRACK 00 line becomes active (Recalibrate).

1.6.2 Drive Selection

Drive selection occurs when the proper DRIVE SELECT line is activated. Only the drive with this line jumpered will
respond to input lines or gate output lines.

1.6.3 Motor On
In order for the host system to read or write data, the dc drive motor must be turned on. This is accomplished by ac-
tivating the line -MOTOR ON. A 500 msec delay must be introduced after activating this line or the Ready line
must be monitored to allow the motor to come up to speed before reading or writing can be accomplished.
The motor must be turned off by the host system by deactivating the MOTOR ON line. The control electronics keep
he motor active for three seconds, after MOTOR ON is deactivated. This allows reselecting during copy operations
and will ensure maximum motor and media life.
1.6.4 Track Accessing
Seeking the read/write heads from one track to another is accomplished by:

a.  Activating the DRIVE SELECT line.

b.  Selecting desired direction using the DIRECTION SELECT line.

c.  WRITE GATE being inactive.

d.  Pulsing the STEP line.
Multiple track accessing is accomplished by repeated pulsing of the STEP line (with direction valid) until the desired
track has been reached. Each pulse on the STEP line will cause the read/write heads to move one track either in or
out depending on the DIRECTION SELECT line. Head movement is initiated on the trailing edge of the step pulse.
1.6.5 Step Out
With the DIRECTION SELECT line at a plus logic level (2.4 to 5.25 V), a pulse on the STEP line will cause the

read/write heads to move one track closer to the center of the disk. The pulse(s) applied to the STEP line must
~ have the timing characteristics shown in figures 1-3 and 1-4.
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1.6.6 Side Selection

Head selection is controlled via the 1/0 signal line designated SIDE SELECT. A plus logic level on the SIDE
SELECT line selects the read/write head on the side O surface of the diskette. A minus logic level selects the side 1
read/write head. When switching from one side to the other, a 100 usec delay is required after SIDE SELECT
changes state before a read or write operation can be initiated. Figure 1-5 shows the use of SIDE SELECT prior to a

read operation.

POWER ON ——\

100 msec MAX

DRIVE SELECT —————x

500 msec MAXtt
2 usec MAX

VALID READ DATA <
- __/ AN

21 msec MAX* —
4—>| 1usec MIN

DIRECTION \ X X

STE N N

6 msec MIN** et >
500 nsec MAX —¥ I‘— — |<—-1usec MAX

TRACK 00 DETECT
\______/ N\

*18 msec MAX FOR 465.
**3 msec MIN for 465. 3.4 msec MAXt — |<—

11 usec MAX FOR 465.
ttOR WHEN READY COMES ACTIVE.

FIGURE 1-3. STEP TO READ

39239-27 -A

500 nsec
MAX

——»{ |<-— 500 nsec MAX
I

N
1
— Iq— 2usec MAX MIN**
| 200 usec —>| a _I\-‘-—

DRIVE SELECT

VALID WRITE PROTECT

VALID READ DATA \ T A .
f<—— 500 nsec MAX <—>| 1.1 msec MAX
WRITE GATE \\ | 1.5 msec MIN
—> |<— 8 usec MAX —>| la— 8 usec MAX
WRITE DATA
500 nsec MAX —&| |<— _...I |.<._ 1 usec MAX
DIRECTION SELECT T ——————————— — -

i
|4-—->-| 21 msec MIN* |<—>| 1.1msec MIN
STEP
N/ 4
'-(——F‘ 100 usec MIN 1.1 msec MIN
N\,

SIDE SELECT Ve

*18 msec MAX FOR 465.
**SIDE SELECT TO VALID READ DATA.
tOR WHEN READY COMES ACTIVE. 2923928

FIGURE 1-4. WRITE TO STEP
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POWER ON =y
sl
-

~<—1 100 msec MAX
MOTOR ON \
~§§-
DRIVE SELECT
N\ «

)y

500 msec MAX¥*
—>| 2 usec MAX
{C

VALID READ DATA \_/_\_/ -4 .

200 4s (MAX)
SIDE SELECT
N\, " /

)

100 »s (MIN) ->l1 ms (MAX)

|=500 NS (MIN)

WRITE GATE
\ (C /

1)
—»I |- 8 us (MAX)
WRITE TRANSITIONS \/\/

— <@ 8 s (MAX)

* OR WHEN READY COMES ACTIVE
39238-16

FIGURE 1-5. READ TO WRITE (FM)

1.6.7 Read Operation

Reading data from the drive(s) is accomplished by:
a.  Activating the DRIVE SELECT line.
b.  Selecting the head.
c¢.  WRITE GATE being inactive.

The timing relationships required to initiate a read sequence are shown in figure 1-5. These timing specifications are
required in order to guarantee that the position of the read/write heads has stabilized prior to reading.

The timing of Read Data (FM) is shown in figure 1-6.

—» '4— 1useC  fja— 8'36::0 —-—I 4'36?‘:"
[

SR B

4.0 usec -
NOM

A A

LEADING EDGE OF BIT MAY BE + 800 nsec FROM ITS NOMINAL POSITION.
LEADING EDGE OF BIT MAY BE + 400 nsec FROM ITS NOMINAL POSITION.

FIGURE 1-6. READ DATA TIMING (FM) 3923805

o2}
(]
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The encoding scheme of the recorded data can be either FM or MFM. FM encoding rules specify a clock bit at the
start of every bit cell and a data bit at the center of the bit cell if this cell contains a one data bit, (see figure 1-7).
MFM encoding rules allow clock bits to be omitted form some bit cells with the following prerequisites:

a. The clock bit is omitted from the current bit cell if either the preceding bit cell or the current bit cell
contains a one data bit. See figure 1-7.

b. In the above mentioned encoding schemes, clock bits are written at the start of their respective bit
cells and data bits at the center of their bit cells.

|
—->|2F|<- —>| 1F I<— //
| s
| e
| /
| 7
v
| s
| bV
| /
/

gg,_,_s 1 111 lof1v]ojofof|1]o //
| /7
| 7/
| D D //

mem 1T M1 mnn n_ .

|42—F>| '4'—1F—>'

FIGURE 1.7. FM AND MFM CODE COMPARISONS

39238-06

1.6.8 Write Operation
Writing data to the drive(s) is accomplished by:
a. Activating the DRIVE SELECT line.
b.  Selecting the head.
c. Activating the WRITE GATE line.
d. Pulsing the WRITE DATA line with the data to be written.

The timing relationships required to initiate a Write Data sequence are shown in figure 1-5. These timing specifica-
tions are required in order to guarantee that the position of the read/write heads has stabilized prior to writing.

The timing specifications for the write data pulses are shown in figure 1-8. Write data encoding can be FM or MFM.
The write data should be precompensated 125 nsec starting at track 22 (455) or track 40 (465) to counter the ef-
fects of bit shift. The direction of compensation required for any given bit in the data stream depends on the pattern
it forms with nearby bits.

1.6.9 Sequence of Events

The timing diagrams shown in figures 1-3, 1-4, 1-5, and 1-9 show the necessary sequence of events with
associated timing requirements for proper operation.
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WRITE DATA c D C C D c
3 ¢ 200 nsec MIN 8.00 psec ¢ 400 usec
il + 40 nsec > + 20 nsec
FIGURE 1-8. WRITE DATA TIMING (FM)
POWER ON —-\
|<——> 100 msec
MOTOR ON ===y == === =~
N\ '8
DRIVE SELECT \
<+—| 1sec MIN
DIRECTION \ X
-+ »1 1 usec MIN
STEP

¥_//
|<——> 1 usec MIN
39238-08-C

FIGURE 1-9. POWER ON TO STEP
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SECTION 11
ELECTRICAL INTERFACE

2.1 INTRODUCTION

The interface of the 455/465 can be divided into two categories:

a.  Signal Lines

b. Power Lines

The following sections provide the electrical definition for each line. See figure 2-1 for all interface connections.

HOST SYSTEM DRIVE

SPARE SIGNAL LINE

SPARE (IN USE)

DRIVE SELECT 4
INDEX/SECTOR

DRIVE SELECT 1

DRIVE SELECT 2

DRIVE SELECT 3

MOTOR ON

DIRECTION SELECT

STEP

WRITE DATA

WRITE GATE

TRACK 00

WRITE PROTECT

READ DATA

SIDE SELECT

READY

+5 VDC

+12 VDC

3923809
FIGURE 2-1. INTERFACE CONNECTIONS
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2.2 SIGNAL INTERFACE

The signal interface consists of two categories:
a. Control Lines
b. Data Transfer Lines

All lines in the signal interface are digital in nature and either provide signals to the drive (input), or provide signals
to the host (output), via interface connector P1/J1.

2.2.1 Input Lines
The input signals are of three types: those intended to be multiplexed in a multiple drive system, those which will
s;srtf:rx;‘rr'l the multiplexing, and those signals which are not multiplexed and affect all the drives in a daisy chain
The input signals to be multiplexed are:
a. DIRECTION SELECT
b. STEP
c. WRITE DATA
d. WRITE GATE
e. SIDE SELECT
The input signals which are intended to do the multiplexing are:
a. DRIVE SELECT 1
b. DRIVE SELECT 2
c. DRIVE SELECT 3
d. DRIVE SELECT 4
MOTOR ON is not multiplexed.
The input lines have the following electrical specifications. See figure 2-2 for the recommended circuit.
True = Logical zero = Vin £0.0to +0.4V @ In = 40 mA (max)
False = Logical one = Vv +2.5t0 +5.25V @ In = 250 pA (open)

Input impedance = 150 ohms

MAX 10 FEET
(3.048 METERYS)

RIBBON OR
TWISTED PAIR ~,l
7414
7438 "\;,L
|
)
Ay 4
\'4

39238-10

FIGURE 2-2. INTERFACE SIGNAL DRIVER/RECEIVER



2.2.2 Input Line Terminations

The 455/465 has been provided with the capability of terminating the ten input lines listed below.

1. DRIVE SELECT 1 6. DIRECTION SELECT
2. DRIVE SELECT 2 7. STEP

3. DRIVE SELECT 3 8. WRITE DATA

4. DRIVE SELECT 4 9. WRITE GATE

5. MOTOR ON 10. SIDE SELECT

These lines are terminated through a 150 ohm resistor pack. In a single drive system, this resistor pack should be
kept in place to provide the proper terminations.

In a multiple drive system, only the last drive on the interface is to be terminated. All other drives on the interface
must have the resistor pack removed. External terminations may also be used. However, the user must provide the
terminations beyond the last drive and each of the five lines must be terminated to +5V dc through a 150 ohm,
1/4-watt resistor.

2.2.3 Drive Select 1-4

The 455,465, as shipped from the factory, is configured to operate in a single drive system. The 455/465 can be
easily modified by the user to operate with other drives in a multiplexed multiple-drive system.

In a multiple drive system, the four input lines (DRIVE SELECT 1 through DRIVE SELECT 4) are provided so that
the using system may select which drive on the interface is to be used. In this mode of operation, only the drive with
its DRIVE SELECT line active will respond to the input lines and gate the output lines.

2.2.4 Motor On

This input, when activated to a logical zero level, will turn on the drive motor allowing reading or writing on the
drive. A 500 msec delay after activating this line must be allowed before reading or writing. This line should be
deactivated for maximum motor life, if no commands have been issued to the drives within two seconds (ten
revolutions of the media) after completion of a previous command.

2.2.5 Direction Select

This interface line defines the direction of motion the read/write heads will take when the STEP line is pulsed. An
open circuit or logical one defines the direction as out. If a pulse is applied to the STEP line, the read/write heads
will move away from the center of the disk. Conversely, if this input is shorted to ground or a logical zero leve, the
direction of motion is defined as in. If a pulse is applied to the STEP line, the read/write heads will move towards
the center of the disk.

2.2.6 Step

This interface line is a control signal which causes the read/write heads to move in the direction of motion defined
by the DIRECTION SELECT line. This signal must be a logical low going pulse with a minimum pulse width of one
psec and then logically high for five msec minimum between adjacent pulses. Each subsequent pulse must be
delayed by six msec (455) minimum of three msec (465) minimum from the preceding pulse.

The access motion is initiated on each logical zero to logical one transition, or at the trailing edge of the signal pulse.
Any change in the DIRECTION SELECT line must be made at least one psec before the trailing edge of the STEP
pulse. The DIRECTION SELECT logic level must be terminated one psec after the trailing edge of STEP pulse. See
figure 2-3 for these timings.

2.2.7 Write Gate

The active state of this signal, or logical zero, enables write data to be written on the diskette. The inactive state or
logical one, enables the read data logic and stepper logic. See figure 2-4 for timings.
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WRITE GATE === == == oo o

£C

DRIVE SELECT

24

£C

R4

REVERSE
DIRECTION SELECT
FORWARD
—i l—— 1 useC MIN —»! la— 1usec MIN
1 usec MIN———> | — — <«+—1usec MIN
STEP I_ssp
— <%— 5 msec MIN — <%— 1,s€C
1usec MIN —» -
MIN
_"1 |¢— 6 msec MIN (455)
3 msec MIN (465)
39238-11-A
FIGURE 2-3. STEP TIMING
C
WRITE DATA c 0 c c D
200 nsec MIN 8.00 usec 400 usec
! il ' + 40 nsec < .20ns
39238-12-A

2.2.8 Write Data

FIGURE 2-4. WRITE DATA TIMING

This interface line provides the data to be written on the diskette. Each transition from a logical one to a logical zero
level, will cause the current through the read/write heads to be reversed thereby writing a data bit. This line is
enabled by WRITE GATE being active. Write data must be inactive during a read operation. A write data clamp is
provided on the PCB at the interface which holds the WRITE DATA line at a logical zero whenever WRITE GATE
is inactive. See figure 2-4 for timings.

2.2.9 Side Select

This signal defines which side of a two-sided diskette is to be written on or read from. A logical one selects the side 0
head. When switching from one side to the other, a 100 usec delay is required before a read or write operation can

be initiated.

2.2.10 Output Lines

The output control lines have the following electrical specifications.

True = Logical zero =

False = Logical one

+0.0to +0.4V @ loutr = 40 mA (max)

+5to +2.5V (open collector) @ lour = 250 pA (max)
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2.2.11 Track 00

The active or logical zero state of this interface signal indicates when the read/write heads are positioned at track
zero (the outermost track) and the access circuitry is driving current through phase A of the stepper motor. This
iignal is at a logical one level, or inactive state, when the read/write heads are not at track zero. When the

ead/write heads are at track zero and an additional step out pulse is issued to the drive, a mechanical stop will
keep the read/write heads at track zero. However, the TRACK 00 signal will go inactive. This is because the step-
per motor will go to phase C and not phase A. One more step out pulse will put the stepper motor back into phase
A and the TRACK 00 signal will go active again.

2.2.12 Index/Sector
This interface signal is provided by the drive each time an index or sector hole is sensed at the Index/Sector photo
detector. Normally, this signal is at a logical one level and makes the transition to the logical zero level each time a

hole is sensed.

When using 154/164 media (soft-sectored), there will be 17 or 11 pusles on this interface line per revolution (200
msec). This pulse indicates the physical beginning of a track. See figure 2-5 for the timing.

C
P J

}———— 200 + 4 mMsSeC ————p»{

39238-13

FIGURE 2-5. INDEX TIMING (SHUGART 154/164 MEDIA)

When using 155/165 or 157/167 media (hard-sectored), there will be 17 or 11 pulses on this interface line per
revolution (200 msec). To indicate the beginning of a track, once per revolution there is one index transition be-
tween 16 or ten equally spaced sector transitions. The timing for these signals is shown in figures 2-6 and 2-7.

‘When using the Index/Sector signal, look for an edge or transition rather than a level for determining the status.
With no diskette inserted, this signal remains active or at a logical zero level which is an erroneous status.

SECTOR 14 SECTOR 15 , SECTOR 16 SECTOR 1 SECTOR 2
|4—>|<_>< P,»C D'Q—-
Y ] )
[ LI L L
Iﬂ——bﬁ———ﬂﬂ—ﬁl——, I-Q— —bl |.— 4.775 msec (MAX)

12.50 msec 1250msec 6.26 +  0.5msec MIN 30238-14
0.325 msec

FIGURE 2-6. INDEX/SECTOR TIMING (SHUGART 155/165 MEDIA)

SECTOR 9 SECTOR 10 SECTOR 1 SECTOR 2

—a ot ’r‘ rg—
C
J

s ] s | s s

L
&———><—>1 - l— 0.5 msec MIN

200 = 10.0 =

0.72 msec 0.35 39238-15
msec

FIGURE 2-7. INDEX/SECTOR TIMING (SHUGART 157/167 MEDIA)
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2.2.13 Read Data

This interface line provides the raw data (clock and data together) as detected by the drive electronics. Normally,
this signals is a logical one level and becomes a logical zero level for the active state. See figures 1-5 and 1-6 for the
timing and bit shift tolerance within normal media variations.

2.2.14 Write Protect

This interface signal is provided by the drive to give the user an indication when a write protected diskette is install-
ed. The signal is a logical zero level when it is protected. Under normal operation, the drive will inhibit writing with a
protected diskette installed in addition to notifying the interface.

2.2.15 Ready

READY informs the controller that a diskette is properly inserted and that the drive motor is up to speed. 500 msec
is required for starting the motor and an additional 200 msec is required for one revolution at the rated speed.
Thus, READY is available 700 msec after power is applied to the motor. The 455/465 generate READY by sens-
ing index pulses and measuring their frequency of occurence. When the index pulses are 200 msec apart, READY
becomes active.

2.3 POWER INTERFACE

The 455/465 require only dc power for operation. DC power to the drive is provided via P2/J2. The two dc
voltages, their specifications, and their P2/J2 pin designators are outlined in table 2-1. The specifications outlined
on current requirements are for one drive. For multiple drive systems, the current requirements are a multiple of
the maximum current times the number of drives in the system.

TABLE 2-1. DC POWER REQUIREMENTS

1.2 A MAX
50 mV MAX ALLOWABLE
1 +12VDC +1.2VDC 06 A TYP
2 +12 RETURN *
3 +5 RETURN *
4 +5VDC +0.25 VDC. 0.9 A MAX 50 mV MAX ALLOWABLE
0.6 A TYP
* +12 VDC AND +5 VDC GROUND RETURNS ARE TIED TOGETHER AT DRIVE PCB. 39238-17-A

2.4 FRAME GROUNDING

It is important that the drive be frame grounded to the host system ac ground or frame ground. Failure to do so may
result in drive noise susceptibility. Refer to paragraph 3.2 for frame grounding procedure.
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SECTION III
PHYSICAL INTERFACE

3.1 INTRODUCTION

This section describes the physical locations of the connectors used on the drive and recommended connectors to
be used with them.

The electrical interface between the 455/465 and the host system is via two connectors. The first connector, J1,
provides the signal interface. The second connector, J2, provides the dc power. See figure 3-1 for connector loca-
tions.

JUMPER AMP
P/N 53013-2

KEY
SLOT

DRIVE SELECT
DRIVE JUMPER BLOCK J2
PCB AMP P/N 350211-1

P1 CONNECTOR
SCOTCHFLEX P/N
3463-0001 OR

AMP P/N 583717-5

P2 CONNECTOR FRAME CONNECTOR FRAME GROUND
AMP P/N 1-480424-0 AMP P/N 60972-1 AMP P/N 61664-1 39238-18-A

FIGURE 3-1. INTERFACE CONNECTORS PHYSICAL LOCATIONS
3.1.1 J1/P1 Connector

Connection to J1 is through a 34 pin PCB edge connector. The dimensions for this connector are shown in figure
3-2. The pins are numbered 1 through 34 with the even numbered pins on the component isde of the PCB. The
odd numbered pins are on the non-component side. Pin 2 is located on the end of the PCB connector closest to the
corner and is labeled 2. A key slot is provided between pins 4 and 6 for optional connector keying.

3.1.2 J2/P2 Connector

nnector, P2, is AMP P/N 1-480424-0 using AMP pins P/N 61473-1. J2, pin 1, is labeled on the component
ide of the PCB. Wire used should be #18 AWG. Figure 3-3 illustrates the J2 connector as seen on the drive PCB
from the non-component side.

E’:e dc power connector, J2, is a 4-pin AMP Mate-N-Lok connector (P/N 350211-1). The recommended mating



| | 0.036 + 0.004
KEY SLOT 0.9 + 0.1)

0.450 + 0.010
(11.4 = 2.5)

l

o 050 NOM 0.063 NOM (2 X)
(1-3) [ (1.6)

o 050 NOM 0.100 NOM

(1.3) (2.5)

0.40 + 0.010
(10.2 = 0.3)

4

1.795 + 0.005
(456 £ 0.13)
NOTE: x.xXx *+ X.XX = in. BOARD THICKNESS 0.062 + 0.007
(XXX £ X.XX) = mm (16 = 0.2 39238-19

FIGURE 3-2. J1 CONNECTOR DIMENSIONS

+12VDC < |~ +5VDC

39211-16

FIGURE 3-3. J2 CONNECTOR

3.2 FRAME GROUNDING
CAUTION

The drive(s) must be frame grounded to the host system to ensure proper operation. If
the frame of the drive is not fastened directly to the frame of the host system with a
good ac ground, a wire from the system ac frame ground must be connected to the
drive(s). For this purpose, a faston tab is provided on the drive near the motor control
PCB where a faston connector can be attached or soldered. The tab is AMP P/N
61664-1 and its mating connector is AMP P/N 60972-1.
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SECTION IV
PHYSICAL SPECIFICATIONS

4.1 GENERAL
These paragraphs contain the mechanical dimensions and mounting recommendations for the Shugart 455/465.
4.2 MECHANICAL DIMENSIONS
See figure 4-1 for dimensions of the 455/465.
4.3 MOUNTING
CAUTION
Do not mount horizontal with PCB down. Failure to do so may damage the drive.
The 455/465s are capable of being mounted in one of the following positions:
1. Top Loading — mounted upright.

2. Front Loading — mounted vertical with door opening left or right.
— mounted horizontal with PCB up.

3. Mounting hardware for bottom and side holes is #3 metric.
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WRITE PROTECT INDEX STEPPER FRAME
SLOT KNOB DETECTOR ASSEMBLY MOTOR GROUND
J3
ey e _ 4
1.44

POWER
CONNECTOR
J2
+.03
588 _ o1 5.75+ .02
(149.0 %5 (146)
INTERFACE

CONNECTOR J1

KEY
SLOT
DISKETTE CONTROL
CLAMP ASSEMBLY ELECTRONICS PCB
8.15 + 05— .0
! (207 + 1.2/— .0) 1
%
%
197 1.87 = .01 3.12 + .01 .39 = .02
(5) (47.4 = 5) (79.2 + 5) (10 = .5)
[
MOTOR PCB
55 + .02
SPINDLE (139.7)
DRIVE
MOTOR
0.51 02 ‘ v » »
4 .
Db = I_ NOTE: x.xx = x.xx = in.
(13) (xxx + x.xx) = mm
NOTE: SCREW SIZE: #3 METRIC
d=3mm
L=5mm 39238-20-A

FIGURE 4-1. 455/465 PHYSICAL DIMENSIONS



SECTION V
ERROR RECOVERY

5.1 WRITE ERROR

If an error occurs during a write operation, this error will be detected on the next revolution by doing a read opera-
tion (commonly called a write check). To correct the error, another write and write check operation must be done.
If the write operation is not successful after ten attempts have been made, a write and write check operation should
be attempted on another track. This is done to determine if the media or the drive is failing. If the error still persists,
the disk should be considered defective and discarded.

5.2 READ ERROR
Most errors that occur will be soft errors. Soft errors are usually caused by the following:

a.  Airborne contaminants passing between the read/write head and the disk. The contaminants will
generally be removed by the cartridge self-cleaning wiper.

b.  Random electrical noise which usually lasts for a few microseconds.

c.  Small defects in the written data and/or track not detected during the write operation which may
cause a soft error during a read.

The following procedure is recommended to recover from errors:

a. Reread the track ten times or until such time as the data is recoverd.

[Tpgt]

b.  If data is not recovered after doing step “a”, access the head to the adjacent track in the same direc-
tion it was previously moved. Return to the desired track.

c. Repeat step “a”.
d.  If data is not recovered, the error is not recoverable.
5.3 SEEK ERROR
Seek errors are detected by reading an ID field after the seek is completed. The ID field contains the track address.

If a seek error is detected, the host system should issue a recalibrate operation (step out until Track 00 line goes ac-
tive) and seek back to the original track.

5-1/5-2(blank)



SECTION VI
RECORDING FORMAT

6.1 GENERAL

The format of the data recorded on the diskette is totally a function of the host system. As discussed in paragraph
1.6.8, data can be recorded on the diskette using FM or MFM e