



















































































— DRIVE SELECT —/

— HEAD SELECT —/

20 us MAX ——=] |- | |==50nsTYP
+MFM VALID READ DATA B8 [ O A B | T I
I<- BIT CELL = 230 ns TYP -—I l—— 20 us Max
~WRITE GATE :
L |
(WRITE-REF)

Figure 12. MFM Read Data Timing
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6.0 General Timing Requirements

The timing diagram as shown in Figure 13
shows the necessary sequence of events
(with associated timing restrictions) for pro-
per operation of the drive.

Note that a recalibrate to track zero se-
quence is initiated automatically at every
DC power on. For this auto-recal sequence
to function, the Spindle must be spinning at
normal speed (if AC and DC are switched on
at the same time, seeking action will not oc-
cur until spindle is up to speed).

No AC or DC power sequencing is required.

AC POWER ON —— j~a 0SEC TYP

DC P
OWER ON | |- 20 SEC NOM
DRIVE READY
_ STEP -] |== 1.0 ms MIN*
10 SEC MAX
= -
— SEEK COMPLETE

|
— TRACK 000 :
|

HEADS SWITCHE
C, P | |- 20us MAX

|

|

]

READ DATA '
VALID :
|

|

I

|

| |= 20us MAX

—WRITE GATE

WRITE DATA | |-= 460ns MAX

(FROM CONTROLLER)
VALID

*FOR NORMAL STEP MODE

Figure 13. General Control Timing Reqirements
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7.0 Power Interface

The drive requires both AC and DC power
for operation. The AC power is used for the
drive motor and the DC is used for the elec-
tronics and actuator.

7.1 AC Power

AC power to the drive is via J4/P4. The
voltage, frequency and current requirements
are given in Table VII.

60HZ 50HZ

CONNECTOR P4 110V (Standard) 208/230V 100V 220V
1 90-127V 180-253V 90-127V 180-253V
2 FRAME GND FRAME GND FRAME GND FRAME GND
3 90-127 RTN 180-253V 90-127 RTN 180-253V
MAX INRUSH
CURRENT 4.0 Amps 2.0 Amps TBS TBS
(Duration®)
MAX RUN
CURRENT 1.0 Amps 0.5 Amps TBS TBS
FREQ TOL + 0.5 HZ +1.0HZ

Table VII. AC Power Requirements

*1 sec. for Q2010
2 sec. for Q2020
3 sec. for Q2030
4 sec. for Q2040
@ 117V AC
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7.2 DC Power

DC power to the drive is via P5/)J5. The three
required voltages and curent requirements
are given in Table VIILI.

CURRENT
DC VOLTAGE STEADY OR SEEKING
MAX. TYP.
+24 = 2.4V
1V P-P MAX 1.5A 1.25A
RIPPLE
+5 = 0.25V
50mV P-P MAX 15A 1.0A
RIPPLE
17 + to =16V
(=5 + 0.25V OPT)
50mV P-P MAX -25A -20A
RIPPLE

Table Viil. DC Power Requirements
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8-32 UNC-2B

8.0 Physical Outllne

" The mechanical outline of the Q2000 is

given in Figure 14.

WARNING: Exercise caution when selecting
mounting screws. The screws must be short
enough to not contact the bubble when in-
stalled and tightened. Failure to observe this
warning may result in damage to the bubble.

9.0 Physical Interface

Electrical interface between the Q2000 and
the host system is through four connectors:
the first connector (J1) provides control
signals for the drive; the second connector
(J2) provides radial connection of read/write

COVER — \ MOUNTING HOLES (16 PLACES) PCB
1 1 MAXIMUM COMPONENT HEIGHT
f 77—~ - - - 1 \
450 V4 AN AN
f T - - - $ - $ - 4.50 MAX
2.43 | | |
1 2.07 [—]
080 » |l€——-—— 800 ————Pl— 450 —p|
5.69
J
e
1.50¢
/ ACTUATOR LOCK
1} \ 1 ACCESS CUTOUT
7.47
] ACCESS TO 855
@ SPINDLE
© LOCK
—
2.25
Y B
[ A !
1.15 Y _GP- - _¢_ M {'
A -] |«
0.54 31
1.00 350 —»
—| | 0.25
-¢ 14.25 3o

Figure 14. Q2000 Mounting Dimensions
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data signals; the third connector (J5) pro-
vides for DC power; and the fourth connec-
tor (J4) provides for AC power and frame
ground. Refer to Figure 15 for connector

locations.
AC SPINDLE
J1 DRIVE MOTOR
SIGNAL
4.50 —
J2
[ SIGNAL
A
4.50
— MAX
,,/" ‘
':1‘ S ;
\ \»
\\ il 14.00
\ AR ;‘
8.55
J5-DC POWER
J4-AC POWER

All dimensions in inches

Figure 15. Mechanical Dimensions and Connector Locations
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9.1 J1/P1 Connector

Connection to J1 is through a 50 pin PCB
edge connector. Connector dimensions are
shown in Figure 16. The pins are numbered 1
through 50 with the even pins located on
the component side of the PCB and odd
pins located on the noncomponent side of
the PCB. Pin 2 is located on the end of the
PCB connector closest to the )2 connector
and is labeled. A KEY SLOT is provided be-
tween pins 4 and 6. The recommended
mating connector for P1 is Scotchflex ribbon
connector P/N 3415-0001.

5 _If—_ .036 +.004 0
A I
.400 +.010 .450 +£.010 i i
4 y il

_.‘ ->H<- 050 NOM J L | | .063 NOM
|¢oso NOM  .100 NOM

2.585 +.005

BOARD THICKNESS

082 +.007

Figure 16. J1 Connector Dimensions

9.2 J2/P2 Connector

Connection to )2 is through a 20 pin PCB
edge connector. Connector dimensions are
shown in Figure 17. The pins are numbered 1
-through 20 with the even pins located on
the component side of the PCB. The recom--
mended mating connector for P2 is Scotch-
flex ribbon connector P/N 3461-0001. A key
slot is provided between pins 4 and 6.

—p||«— .038 +.004 |
2 - ——--—T H
'400* 010 H” .450+.010 HH
it

|<-—oso NOM  » |« .063NOM
|.“<_ .050 NOM —»| |«f 100nOM

1.095+.005 ————

BOARD THICKNESS
062 +.007

Figure 17. J2 Connector Dimensions

9.3 J5/P5 Connector

DC power connector (J5) is a 6 pin AMP
Mate-N-Lok connector P/N 1-380999-0
mounted on the solder side of the PCB. The
recommended mating connector (P5) is AMP
P/N 1-480270 utilizing AMP pins P/N 60619-1.
J5 pins are labeled on J5 connector.

@ U Qo
@MNoe
® || ®

Figure 18. J5 Connector

9.4 J4/P4 Connector

AC power and frame ground are applied
through a 3 pin connector. The pin housing
(J4) is mounted in the drive and is AMP P/N
1-480701-0 with pins AMP P/N 350687-1 and
350654-1 (gnd pin). The recommended
mating connector (P4) is AMP socket P/N
1-480700-0 with AMP pins P/N 350536-1.

@@@

Il |

Figure 19. J4 Connector

The disk drive is shipped with DC ground
(base casting) and AC ground (drive motor)
connected together with a ground strap lo-
cated on the drive motor and grounding
clips. AC and DC grounds may be separated
by removing a ground wire attached to the
AC motor and the casting.
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10.0 Q2000 Recommended Track
Format (in Figure 20)

The purpose of a track format is to organize
a data track into smaller, sequentially
numbered blocks of data called sectors. The
Q2000 disk drive is intended to have a soft
sectored format. Soft sectored means that
the beginning of each sector is identified by
a prewritten identification (ID) field. (Hard
sectored disks use some type of mechanical-
ly fixed method of identifying sector beginn-
ings.) The ID field of a soft sectored drive
contains the physical sector address plus
cylinder and head information. The I.D. field
is then followed by a user data field.

The format shown in figure 20 is for illustra-
tion only as the Q2000 drive does not dic-
tate the format to be used. The soft sec-
tored format shown is a slightly modified
version of the 1.B.M. System 34 double den-
sity format, which is commonly used on 8
inch floppy disk drives. The encoding
method used here is modified frequency
modulation (MFM).

In the example shown (Figure 20), each track
is divided into 32 sectors. Each sector has a
data field of 256 bytes in length.

The beginnings of both the 1.D. field and the
data field are flagged by unique characters
called address marks.

An address mark is 2 bytes in length. The
first byte is always an “A1” data pattern.
This is followed by either an “FE” pattern
which is the pattern used to define an 1.D.
address mark, or an “FB” which is a data ad-
dress mark pattern.

The “A1” pattern is made unique by violating
the encoded rules of MFM by omitting one
clock bit. This makes the address mark pattern
unique to any other serial bit combination.

Each 1.D. and data field is followed by 16
bits of cyclic redundancy check (CRC) or 24
or 32 bits of Error Correction Code (ECC) us-
ed for data verification and correction. Each
CRC or ECC polynominal is unique for a par-
ticular data pattern.

Surrounding the 1.D. and data field are gaps
called interrecord gaps.
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101 GAP LENGTH CALCULATIONS
10.1.1 Gap 1

Gap 71’s purpose is to provide a head switch-
ing recovery period so that by switching
heads from one surface to another, sequen-
tial sectors may be read without waiting for
the rotational latency time. Gap 1 should be
at least 11 bytes long which corresponds to
the head switching time of 20 microseconds.
Gap 1 is immediately followed by a sync
field for the 1.D. field of the first sector.

10.1.2 Gap 2

Following the 1.D. field, and separating the
1.D. field from the data field is gap 2. Gap 2
provides a known area for the data field
write update splice to occur. The remainder
of this gap also serves as the sync up area
for the data field address mark. The length
of gap 2 is determined by the data separator
lock up performance.

10.1.3 Gap 3

Gap 3, following the data field, is a speed
variation tolerance area. This allows for a
situation where a track has been formatted
while the disk is running 3% slower than
nominal, then write updated with the disk
running 3% faster than nominal (power line
variations). Gap 3 should be at least 15
bytes in length.

INDEX J ¢

10.1.4 Gap 4

Gap 4 is a speed tolerance buffer for the entire
track. This allows the disk to rotate at least 3%
faster than normal without overflowing the
track during the format operation. The format
operation, starts with the first encountered in-
dex and continues writing a fixed number of 1D
fields. These fields must be written prior to the
next index.

10.2 Write Precompensation

Whenever two bits are written in close prox-
imity to each other, a phenomenon called
pulse superposition occurs, which tends to
cause the two bits to move away from each
other. This is a large factor of bit shift.

Other phenomenon such as random noise,
speed variation, etc., will also cause bit
shift, but to a lesser degree.

The effect of bit shift can be reduced by a
technique called write precompensation.
This technique requires detecting those
cases where bits will be written in close pro-
ximity to each other and alters the write
timing of these bits. The bits are then writ-
ten earlier or later than normal to compen-
sate for the expected shift.

Since bit crowding is greatest on the inner-
most tracks, the effects of pulse superposi-
tion cause the greatest shift on these tracks.
Therefore, write precompensation should on-
ly be used when writing on track numbers
greater than 255.

The optimum amount of pre-compensation
for the Q2000 is 12 nanoseconds for both
early and late written bits.

o

- REPEATED 32 TIMES (314 BYTES) -
GAP SYNC 1.D. FIELD GAP2 DATA FIELD GAP3 GAP4
CYLCYL, ~ SEC
16 X ME’ 14 X00 A!lFEl I IHD] X l 3X00 12 X 00 256 X USER DATA l 3X00 15 X '4E' 352 X ‘4E°
~—— ~—— —— 1
1.D. A.M. NOTE § DATAAM. NOTE 5 H
1
WRITE L
UPDATE
s NOTES:

1. NOMINAL TRACK CAPACITY - 10416 BYTES.

2. MINIMUM TRACK CAPACITY - (NOMINAL - 3% SPEED VARIANCE) 10102 BYTES.
3. WRITE TO READ RECOVERY TIME = 20 MICROSECONDS.

4. HEAD SWITCHING TIME = 20 MICROSECONDS.

5. CHECK BYTES MAY BE 2 BYTES OF CRC OR 3 OR 4 BYTES OF ECC.

Figure 20. Track Format
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A aasaasaaag000CO0OO0O0COOM

DATA PATTERN

SN LN 0000w AN 0000W

200" =200 ="=200==200N

_, O R O R O RO RN ORmO RN =

Table IX shows data bit patterns, the ex-
pected bit shift direction, the write
precompensate direction and the type of
pulse to write for MFM recording.

EXPECTED SHIFT DIRECTION PRECOMPENSATE DIRECTION

OF PULSE FOR CELL 2*

NONE
LATE
NONE
EARLY
NONE
NONE
LATE
NONE
EARLY
NONE
NONE
EARLY
NONE
NONE
LATE
NONE

Table IX

AND PULSE FOR CELL 2*

ON TIME CLOCK
EARLY CLOCK
ON TIME DATA
LATE DATA

NO CLOCK OR DATA WRITTEN
NO CLOCK OR DATA WRITTEN

EARLY DATA
ON TIME DATA
LATE CLOCK
ON TIME CLOCK
ON TIME DATA
LATE DATA

NO CLOCK OR DATA WRITTEN
NO CLOCK OR DATA WRITTEN
EARLY DATA
ON TIME DATA

The write data bits are shifted through a 4
bit shift register to detect those patterns
that require precompensation and to deter-
mine what type of pulse to write. Data or
clock pulses are written on the disk accord-
ing to the rules for MFM recording, and are
written on time, early or late in the cell
period according to the direction of ex-
pected shift. Timing is such that the cell
period for a pulse starts when the data bit is
shifted into position three and ends when
the bit is shifted into position four.

*Determination of pulse and precompensa-
tion is made in cell 2, however pulse is writ-
ten from cell 3.
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Figure 21.

Figure 22.

11.0 INSTALLATION INSTRUCTION

11.1 Required Tools:
1. Common Screwdriver
2. 11/32 inch socket or hex nut
driver
11.2 Unpacking Instruction:

a) Carefully remove drive from ship-
ping container, inspect for
damage. Do Not Drop!

b) Do not set drive down on its
printed circuit board.
11.3 Motor Locking Clip Disengagement

a) Stand drive on edge to unlock
drive motor. (See Figure 21.)

b) Loosen 11/32 inch hex nut.

c) Rotate locking clip away from
pulley. Do not rotate pulley.

d) Retighten 11/32 inch hex nut.

11.4 Actuator Lock

Unlock actuator by rotating the actuator
lock CCW as far as it will go (approx. V4
turn) Do Not Force. The actuator lock is
located on the bottom of the drive. (See
Figure 22.)
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11.5 Drive Options
11.5.1 Jumper Options (Fig. 23)

Description

The drive requires —5V DC
(—5V position) but will
regulate higher negative
voltages from —7 to —16
(—15 position). Drive is nor-
mally shipped with the .
jumper in the —15 position.

Designator
—=5/—15

Four drive select jumpers
allow logical drive assign-
ment.

DS$1,2,3,4

A Causes drive to be selected
constantly.

C When jumpered, allows J1 pin
6 REZERO to be used to cause
the drive to recalibrate

Use of this option is recom-
mended since it is faster
than standard recalibration
sequences and the drive
goes through an internal
recalibration.

E3 When jumpered, disables the
fine servo for maintenance
purposes.

E4 When jumpered, causes the
microprocessor to perform a
seek diagnostic routine.

11.5.2 Cut Trace Options

Designator Description

B The third head select line
(—head select 2?) is attach-
ed to pin 4 of J1. If it is
desired to use a pin on J1
other than 4, this trace may
be cut and a wire added
from “B” to the desired pin.

T1-T5 These options are not for
customer use. They are used
for factory test only.
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11.6 Control Line Termination

If drive is the last drive at the end of the
control signal cable, a 220/320 terminator
pack must be installed at PCB location 6).
The terminator pack must be removed from
location 6] if this drive is not at the end of
a string of drives. The Quantum P/N for the
terminator pack is 13-12302.

12.0 Shipping Instructions

In the event that the Q2000 drive needs to
be repacked for shipment, use the following
procedure:

12.1 Actuator Lock

Lock the actuator by rotating the actuator
lock CW as far as it will go (approx. % turn).
Do not force! (See Figure 22).

12.2 Motor Locking Clip Engagement

Enagage drive motor locking clip
(See Figure 21).

a) Loosen 11/32 inch hex nut.

b) Rotate locking clip until engaged in
pulley.

c) Tighten 11/32 inch hex nut.

12.3 Packaging

Carefully place the drive in a padded ship-
ping container and enclose a copy of the
packing/unpacking instructions, Quantum
P/N 81-40162.

Secure container and ship.
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APPENDIX A
Definition of Terms

A. Read/write head

The read/write head is a ferrite magnetic
transducer element which writes data to or
reads data from the magnetic media. The
read/write heads for use on “Winchester”
technology drives are aerodynamically con-
structed such that they fly over the surface of
the media at a height of 20 microinches. The
heads are in contact with the media when the
media is not rotating. See Figure 24.

B. Media

The media is a magnetic oxide coated on an
aluminum substrate (platter) which is very
flat and in the shape of a disk. The media is
lubricated to aid in the take off and landing
of the heads without damage to either the
media or heads. The media is also oriented
to give maximum signal output.

C. Surface

A media surface is one side of a disk in the
drive. Surface 0 is the area of a disk where
read/write head 0 writes and reads data. See
Figure 24.

D. Track

A track is a ring of constant radius on the
surface of a disk where data is stored. A
track is .0023 inches wide and the track
spacing is.00285 center to center. Tracks are
numbered 000 to 511 on the Quantum drive
with track 511 being the innermost. See
Figures 24 and 25.

E. Cylinder

A cylinder is a set of tracks on multiple
recording surfaces at a given actuator posi-
tion or location. See Figure 24. The Quan-
tum 2000 series drive has 512 cylinders.

F. Actuator

An actuator positions the read/write heads
over the desired track or cylinder. The ac-
tuator consists of a rotary torque motor and
the actuator arms. The actuator arms are at-
tached to the motor. The read/write heads
are attached to the other end of the ac-
tuator arm. As the motor rotates, the heads
are moved over the surface of the disks and
can access any track.
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G. Shipping and landing zone

The shipping and landing zone is a circular
area inside of track 511. The heads are posi-
tioned over this area at power off or any
time that the disks are not spinning at a
minimum of 90% of the nominal speed of
3000 RPM. This area is a designated landing
zone for the heads such that the heads do
not contact the surface in usable data areas.
This adds to the data reliability and integrity
on the Quantum drives. See Figure 25.

H. Winchester Technology

The term “Winchester Technology” when us-
ed in reference to rigid disk drives means
many things. Rigid disk drives utilizing Win-
chester Technology use continuously loaded,
low mass high compliant head assemblies.
These heads fly over the surface of the plat-
ter at a height of 20 microinches during nor-
mal operation but rest on the surface of the
media when the platter is not spinning. The
media used on the platters is lubricated such
that there is no damage to head or media
when the two come into contact.

The environment in which the heads and
platters reside is sealed and contamination
free to allow the 20 microinch head flying
height.

I. Disk/Platter

A disk or platter is a very flat circular
substate upon which magnetic oxide is
deposited or coated. Each disk/platter has
two surfaces for recording information.
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READ/WRITE

HEAD 5
TRACK

ACTUATOR

SURFACE 5

MAGNETIC
MEDIA
COATING

Figure 24. Typical Quantum Disk Drive Organization and Terminology

SHIPPING AND
LANDING ZONE
RADIUS 2.050

DATA TRACK

TRACK 511
RADIUS 2.155

TRACK 0
RADIUS 3.637

Figure 25. Data Area and Landing Zone
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APPENDIX B
MEDIA DEFECTS & ERRORS

Introduction

In a high density digital recording storage
system it is necessary to increase the reli-
ability and improve the operational perfor-
mance by providing an error detection and
correction scheme. For disk storage systems,
the predominant error pattern is a burst of
errors ocurring in one or more tracks. These
errors are normally absent bits (dropouts) or
additional bits. Errors may occur when bits
are shifted further from nominal than can
be tolerated by the data separator.

These errors are due to defects in the media
as well as a low signal to noise ratio that
contributes to probability of error occur-
rence. The error rate is dependent upon the
noise and phase characteristics of the
media, Read/Write circuits, and heads and
the accuracy of actuator positioning.

What is The Definition Of An Error?

An error is any discrepancy between
recovered data and true, correctly recorded
data. There can be an extra bit or a missing
bit, i.e., a ““zero”’ can be transformed into
““one” or a ““one” can be changed to zero.
Errors can be classified into soft or hard er-
rors. Soft errors are generally related to the
signal to noise ratio of the system and repre-
sent marginal conditions of the head, media,
and Read/Write circuits.

If an error is repeatable with a high pro-
bability, it is due most often to a media
defect and is termed a hard error.

How will Quantum Find the Errors?

The errors will be identified prior to ship-
ment and information incorporated in a
usable format to enable the user to skip
those defective locations per his system
capability. Quantum has a unique media
test system which exercises the drive in ex-
treme marginal conditions and measures the
amplitude and phase distortion of each bit
recorded on the disk storage. All drives ship-
ped will be accompanied by an error map
reporting any media defects.
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Error Reporting

An error map will be provided with each
drive showing defective areas. The areas will
be identified by cylinder and head address,
number of bytes from index, and number of
bits in length. Additionally, cylinder 000 is
guaranteed to be error free.

Error Acéeptance Criteria

There will be no more than 12 tracks with
defects per surface of which no more than 4
tracks will contain multiple defects.

A single defect is defined as an error less
than 2 bytes long. A multiple defect is a
defined as an error greater than 2 bytes
long, or a single error in several sectors.
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APPENDIX C

Ordering Information

1.

Table X provides the information
necessary to construct a unique part
number for a Q2000 rigid disk drive.

AB c D E
CAPACITY | CABINET FREQUENCY VOLTAGE
OPTION

AB| CAPACITY C | CABINET D |FREQUENCY E |VOLTAGE
41| 10MB 0| YES 0 [60Hz 0_[110vAC
42| 20MB 1]NO 1| 50Hz 1| 220vAC
43 | 30MmB

44 | 40 MB

Example: 42010 = 20MB, Cabinet, 50 Hz, 110VAC

Table X. Product Selection Index

2. Accessories

a) Signal Cable Connector Kit P/N

73-40157

b) DC Power Connector Kit P/N

7340158

c) AC Power Connector Kit P/N

73-40159

AC voltage or Frequency Conver-
sion. If it is required to change AC
power voltage and or frequency, the
following table indicates the
necessary components.

POWER PART NUMBERS
VOLTAGE AND FREQUENCY MOTOR ASM PULLEY BELT
110VAC 60 Hz 74-40109 40-40015 50-40000
110VAC 50 Hz 74-40109 40-40032 50-40001
220VAC 60 Hz 74-40111 40-40015 50-40000
220VAC 50 Hz 74-40111 40-40032 50-40001

Table XI. Voltage and Frequency Conversion Information
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