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[57] ABSTRACT 
A micro-Winchester disk drive system particularly 
suited to meet the demands of a portable computer 
system. The micro-Winchester disk is a Winchester disk 
of 85-100 mm in diameter. This disk drive system by 
virtue of its small size and vibration isolation is ideally 
suited for use in portable computer systems. The micro­
Winchester disk drive system was developed to store 
data at a density of 600 tracks per inch utilizing open­
loop positioning mechanism. This disk drive system 
provides fast access data storage for use with small 
business computers, terminals and microprocessor 
based systems, portable or otherwise, and many other 
areas where compact, rugged light-weight hard-disk 
storage is required. The disk drive system of the present 
invention normally utilizes either one or two hard disks 
such as Winchester disks and provides data stora~e on 
each disk in excess of 5 Megabytes, once the disks are 
formatted. 
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MICRO HARD-DISK DRIVE SYSTEM 
discloses a thermal compensation system used by 
Rodime PLC in its 5! inch disk drive system. The posi­
tioning mechanism of this system is shown in FIG. 15 of 
the present application. This thermal compensation This is a continuation of application Ser. No. 582,554, 

filed Feb. 22, 1984 now U.S. Pat. No. 4,568,988. 

BACKGROUND OF THE INVENTION 

The present invention relates to a hard disk drive 
system, in particular a micro-Winchester disk drive 
system. 

5 system uses different materials with different coeffici­
ents of thermal expansion for various components of the 
positioning mechanism for the read-write head used in 
the disk drive system. In the operation of this thermal 
compensation system, in response to a change in tem-

10 perature a mispositioning of the read-write head is com­
pensated for by a counter-movement due to the selec­
tion of various materials with different coefficients of 
thermal expansion within the mechanical arrangement. 

With the rapidly expanding development of personal 
computers and desk top data processing systems, there 
has been a demand for increasing the performance of 
the disk drive systems of such computers. The major 
development in this direction has been the introduction 15 
of small Winchester disk drives as replacements and 
enhancements to floppy disk drives for program stor­
age. The Winchester disk drive in general provides 
higher capacities and faster speeds of operation, factors 
which are important for the effective use of personal 20 
computers running advanced software packages. 

The types of Winchester disk drives that have devel­
oped in this regard were based on the use of hard disks 
of diameter approximately S! inch, also known as mini­
Winchester disks, and this so called "5! inch" disk drive 25 
has generally developed as an "industry standard." 
Such a Winchester disk drive can store typically 5-30 
Megabytes of information when designed around an 
open-loop positioning system using a stepper motor 
capable of supporting up to approximately 360 data 30 
tracks per inch. However, advances made by the as­
signee of the present invention have expanded the stor­
age capacity of the typical 51 inch disk drive up to 600 
tracks per inch using this same basic type of open-loop 
positioning system, a track density previously believed 35 
not to be obtainable with such a stepper motor technol­
ogy. 

More recently, portable personal computers have 
been introduced, and it is clearly a performance advan­
tage if they can achieve a high degree of software com- 40 
patibility with the desk top computing systems. Porta­
bility demands special requirements on the incorpora­
tion of a hard disk system, for example, light weight, 
low power consumption and particularly the capability 
of withstanding harsher shock and vibration conditions. 45 
However, software compatibility also demands perfor­
mance parameters such as data storage capability com­
parable to those available on 51 inch mini-Winchester 
disk drive systems. 

Among the various advances that have been made in 50 
the construction and operation of disk drive systems are 
those developments made by the assignee of the present · 
application, Rodime PLC, whose developments are set 
forth in the following U.S. patent and patent applica­
tions. The subject matter of such patent and patent 55 
applications is hereby incorporated by reference. 

U.S. Pat. No. 4,392,095, entitled "Method of and 
Apparatus for Generating a Unique Index Mark From 
the Commutation Signal of a D.C. Brushless Motor" 
discloses a system for providing a unique index mark 60 
relative to the computer disk which is required for 
avoiding errors in addressing a memory location on the 
disk surface. This index mark is provided by correlating 
the commutation signal from a d.c. motor with a syn­
chronizing signal present on one or more discrete tracks 65 
of the computer disk. 

U.S. patent application Ser. No. 332,003, entitled 
"Read-Write Head Thermal Compensation System" 

U.S. patent application Ser. No. 388,165 entitled 
"Ventilation System for a Computer Disk Drive Hub 
Assembly" discloses a ventilation system for use in a 
computer disk drive which enables the disk file data 
storage capacity to be increased for a given volume of 
chamber housing the disk and improves the disk drive 
operating performance. 

U.S. patent application Ser. No. 373,281 entitled 
"Method and Apparatus for Controlling a Stepper Mo­
tor" discloses a system for minimizing oscillations of the 
stepper motor for a single step, minimizing the time 
taken for the stepper motor to move between tracks for 
multi-track seek operations and reducing the angular 
hysteresis due to the mechanical and magnetic proper­
ties of the stepper motor construction. In controlling 
the operation of the stepper motor, a microprocessor 
circuit is adapted to drive the stepper motor in accor­
dance with predetermined programs. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
compact micro hard-disk drive system having a high 
performance capability. 

Another object of the present invention is to provide 
an improved hard disk drive system in which the size, 
weight, sensitivity to vibrations, power consumption 
and heat dissipation are minimized without sacrificing 
high performance capabilities thereby rendering the 
system particularly advantageous for use in portable 
computing systems. 

Still another object of the present invention is to 
provide a micro-Winchester disk drive with an open­
loop positioning system capable of providing perfor­
mance parameters comparable to those of a 51 inch 
Winchester disk drive. 

A further object of the present invention is to provide 
a micro-Winchester disk drive system that affords stor­
age capacity of at least approximately 5 Megabytes per 
disk. 

A still further object of the present invention is to 
provide a micro-Winchester disk drive system that is 
electrically compatible with 5! inch disk drives in its 
interface to computer systems. 

A still further object of the present invention is to 
provide a micro hard-disk drive system in which the 
disk housing assembly is secured with a first set of anti­
vibration mounts which isolates the housing against 
vibrational forces with substantial isolation in two or­
thogonal axes lying in a first plane. 

It is still a further object of the present invention to 
provide a micro-Winchester disk drive system mounted 
within a frame having a second set of anti-vibration 
mounts that provide additional isolation with substan­
tial further isolation in two orthogonal axes lying in a 
second plane orthogonal to the first plane. 
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Another object of the present invention is to provide 
a micro-Winchester disk drive system in which data is 
stored at a density of approximately 600 tracks per inch. 

pivot shaft for enabling the positioning arm to be piv­
oted about the axis of the pivot shaft. This pivot shaft is 
located on one side of the support arm and is spaced 
away from the support arm. The stepper motor has an Still another object of the present invention is to 

provide a micro hard-disk drive system having a ther­
mal compensation system which compensates for any 
misalignment of the read-write head positioning mecha­
nism due to thermal effects. 

5 output drive shaft for controlling the movement of the 
positioning arm. A tensioned steel band is coupled to 
the drive shaft of the stepper motor via a pulley and also 
is coupled both to the end of the positioning arm on the 

The micro-Winchester disk drive system of the pres­
ent invention was developed to provide a disk drive 10 
system particularly suited to meet the demands of a 
portable computer system. The terminology micro­
Winchester disk refers to a Winchester disk of 85-100 
mm in diameter, with the preferred embodiment being 
approximately 96 mm. A Winchester disk of this size 15 
can also be referred to as a "3i inch" Winchester disk. 
The micro-Winchester disk drive system was developed 
to incorporate the 600 tracks per inch open loop posi­
tioning capability. This new disk drive system by virtue 
of its small size and vibration isolation is ideally suited 20 
for use in portable computer systems. 

The disk drive system of the present invention is 
constructed for operating micro-Winchester computer 
disks. This disk drive system provides fast access data 
storage for use with small business computers, terminals 25 
and microprocessor based systems, portable or other­
wise, and many other areas where compact, rugged 

. light-weight hard-disk storage is required. The disk 
·· drive system of the present invention normally utilizes 

either one or two hard disks such as Winchester disks 30 
and provides data storage on each disk in excess of 5 
Megabytes, once the disks are formatted. The system is 
capable of storing in excess of 6 Megabytes per disk 
with the disk unformatted. 

Each of the hard-disks is mounted for rotation within 35 
the housing of the hard-disk drive system of the present 
invention. In accordance with the preferred embodi­
ment, each of these hard-disks is 96 mm in diameter. A 
transducer, which includes two read/write heads for 
each disk within the system, one head positioned on 40 

.~. · e~ch side of the disk, writes digital information on and 
· reads digital information from the hard-disk. The disk 
drive system of the present invention operates so that 
such information is stored on the disk at a density of 
approximately 600 concentric tracks per inch. A posi- 45 
tioning mechanism moves the transducer between the 
tracks on the computer disk for writing information on 
the disk and reading information from the disk. 

The positioning mechanism of the disk drive system 
of the present. invention is arranged for moving the 50 
transducer along a path extending in an approximately 
radial direction with respect to the hard-disk so that the 
transducer can move between the innermost and outer­
most tracks on the disk. The positioning means moves 
the transducer along an arcuate path that extends in the 55 
radial direction with respect to the disk. 

The positioning mechanism of the disk drive system 
of the present invention includes a stepper motor and a 
mechanism for operating the stepper motor in full step 
increments. In the operation of the stepper motor, each 60 
step increment is approximately 0.9°. Each step move­
ment of the stepper motor causes the transducer to 
move from one track to the next adjacent track. Each 
read-write head of the transducer is arranged on one 
end of a support arm, or flexure, which extends in a 65 
radial direction with respect to the computer disk. A 
positioning arm is attached to the other end of the sup­
port arm. The positioning arm has one end coupled to a 

opposite side of the support arm from the pivot shaft 
and to a tensioning spring attached to the positioning 
arm. The steel band is connected in a pulley arrange-
ment for coupling the drive shaft of the stepper motor 
to the positioning arm so that rotational movement of 
the stepper motor causes pivoting of the positioning 
arm about the pivot shaft. This pivoting movement of 
the positioning arm in turn moves the support arm and 
the transducer is incremental steps across the tracks of 
the disk. 

The positioning arm is coupled directly to the pivot 
shaft which itself is free to rotate by way of a bearing 
assembly which includes a pair of ball bearings ar­
ranged in a back-to-back configuration with a dimen-
sional pre-load of approximately 5 pounds force. The 
stepper motor that is used for driving the positioning 
arm is a two-phase bipolar stepper motor that operates 
in a full step mode. The tensioned steel band that inter-
connects the stepper motor to the positioning arm is a 
band etched from stainless steel with a tensile strength 
of greater than approximately 250,000 psi. 

In constructing the positioning mechanism of the disk 
drive system of the present invention, the materials for 
each of the components are selected to automatically 
compensate for any mispositioning between the trans­
ducer and a track caused by thermal effects. The posi­
tioning mechanism includes a primary thermal loop that 
on average causes the transducer to move inwardly 
from a track center as temperature rises and a second 
thermal loop that causes a counter-movement thereby 
tending to maintain the transducer on track center. 

In order to provide for such thermal compensation of 
the positioning mechanism in the disk drive system of 
the present invention, three different classes of materials 
are utilized. The positioning arm is formed of a first 
material. The disk and housing are formed of a second 
material. The pivot shaft, head support arm and metal 
band are formed of a third material. These first, second 
and third materials have different coefficients of ther­
mal expansion. The arrangement, geometry and selec­
tion of materials of these parts are such that in response 
to a change in temperature the various components of 
the positioning system react in such a way that the 
support arm effectively rotates via the positioning arm 
and the pivot shaft so as to maintain the transducer 
substantially at its original track position. Consequently, 
the positioning system self compensates for any move­
ment that would be caused by changes in temperature. 

The disk drive system of the present invention is a 
housing in which the micro hard-disk, the transducer 
and at least a portion of the positioning mechanism are 
contained. This housing is arranged within a first frame 
which holds the housing. A first set of anti-vibration 
mounts secures the housing within the frame so as to 
minimize the transmission of shock or vibration from 
the frame to the housing. This is substantially effective 
in two orthogonal directions lying in a first plane. In 
addition, this frame supporting the housing holding the 
disk drive system can be arranged within a second 
larger frame. In such a situation, the frame for the mi-
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cro-Winchester disk drive system of the present inven­
tion can be held within a larger frame that would fit 
within an opening normally designed for holding either 
a regular 51 inch disk drive system or a 5! inch disk 
drive system with half the height dimension. If such a 5 
second frame is used, then a second set of anti-vibration 
mounts is provided for securing the first frame within 
the second larger frame so as to substantially prevent 
vibration of the housing in the third orthogonal axis as 
well as further reducing the vibration and shock trans- 10 

mission in the original two axes. Such an arrangement is 
particularly beneficial in portable computers which 
need to be sufficiently rugged to protect the relatively 
delicate Winchester disk drive against handling and 

15 transportation damage. 
The electronics of the micro-Winchester disk drive 

system of the present invention have been developed 
utilizing integrated circuits with the entire control cir­
cuit being arranged on a single printed circuit board. 20 
Providing electronic functions of the drive on a single 
printed circuit board whose dimensions do not exceed 
the overall dimensions of the drive thus permitting full 
utilization of the systems of anti-vibration mounts has 
made it possible to meet the objectives for use of the 25 
micro-Winchester disk drive in portable computer sys­
tems. Further, the electronic functions have been imple­
mented, in part, in several integrated circuit chips of 
different types with the objective of functioning with a 
minimum use of power. An additional novel feature in 30 
this regard is the use of a microprocessor routine which 
substantially reduces the power used by the stepper 
motor when the disk drive is de-selected by the host 
computer system. This 'power-save' capability and low 
average power consumption are desirable properties of 35 
a hard-disk drive when used in a portable computer 
system since they result in less heat dissipation thereby 
minimizing the requirement of the computer system to 

FIG. 14 is a step pulse timing diagram for the control 
of the stepper motor of the disk drive system of the 
present invention. 

FIG. 15 is a schematic diagram of the positioning 
mechanism used in the Rodime 5! inch disk drive sys­
tem. 

FIG. 16 is a diagram of an embodiment of a print 
circuit board for use of the disk drive of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A micro-Winchester disk drive system in accordance 
with the present invention is shown in FIG. 1. The disk 
drive system includes housing 2 which is mounted in 
tum within frame 4. Frame 4 is attached to face plate, or 
facia, 6. Face plate 6 with housing 2 and frame 4 may be 
slid into a slot provided within the computer for the 
disk drive system. In order to secure housing 2 and 
hence the internal operating members of the disk drive 
system against vibrational forces, a plurality of anti­
vibration mounts 8, 10, 12 and 14 are provided. 

It is possible to mount the micro-Winchester disk 
drive system of the present invention within a larger 
opening constructed for receiving a 5! inch disk drive 
system. In such an arrangement, as shown in FIG. 2, a 
housing 2 with frame 4 is placed inside of a second 
frame. This second frame is formed by top frame mem­
ber 16, bottom frame member 18 and a cross bar 20. The 
second frame is attached to face plate 22 and to the first 
frame 4. With such an arrangement, a second series of 
anti-vibration mounts can be provided between first and 
second frames for further isolating the disk drive system 
against shock and vibrational forces in directions both 
parallel and orthogonal to the direction of isolation 
provided by the first set of anti-vibration mounts. The 
preferred anti-vibration mount is model type A VM 206 provide noisy and bulky air-extraction fans. 

40 supplied by AV A Ltd. of Surrey, England. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side perspective view of the housing of the 
disk drive system of the present invention mounted 
within its first frame assembly. 

FIG. 2 is a side perspective view of the opposite side 45 

of the housing for the disk drive assembly of the present 
invention from the view of FIG. 1 with such housing 
and first frame being mounted within a second frame 
assembly. 

50 FIG. 3 is a sectional view of the disk drive system of 
the present invention. 

FIG. 4 is a plan view of the positioning system of the 
disk drive system of the present invention. 

FIG. 5 is a plan view of the tensioning band used in 55 
the positioning system shown in FIG. 4. 

FIG. 6 is a plan view of a portion of the mounting 
assembly shown in FIG. 2 for the disk drive system of 
the present invention. 

FIG. 7 is a top end view of the mounting assembly 60 
shown in FIG. 2 for the disk dijve system of the present 
invention. 

FIGS. 8, 9 and 10 are schematic circuit diagrams for 
the control circuit for the disk drive system of the pres-
ent invention. 65 

FIGS. 11, 12, and 13 are flow charts for the computer 
program for driving the stepper motor of the disk drive 
system of the present invention. 

The disk drive system in accordance with the pre­
ferred embodiment of the present invention is a micro­
processor-based device which receives and transmits 
MFM (modified frequency modulation) data, seeking 
the appropriate track in response to step commands 
across the disk control interface. The drive is soft sec-
tored and is connected to the host system via- a disk 
drive controller which is responsible for formatting, 
MFM encode and decode to NRZ, block address de­
code, CRC generation and verification and other func-
tions. There are two embodiments containing 1 and 2 
hard disks and respectively ranging in total data storage 
from 6.37 to 12.75 Megabytes. Typical format schemes 
with 256 data bytes per sector and 32 sectors per track 
can realize an efficiency of about 79% giving formatted 
capacities up to about 10 Megabytes. 

The microprocessor is responsible for the control of 
the stepper motor used for head positioning. Fast seek 
times are achieved by the use of programmed velocity 
profiles and microstepped damping routines. Automatic 
thermal compensation has been built into the head posi­
tioning mechanism. A fail-safe dual-acting brake is pro­
vided as standard for the main d.c. disk motor and the 
stepper motor thereby increasing further the resistance 
of the drive to shock and vibration. 

A summary of the important performance parameters 
is given below: 



7 
4,638,383 

8 
ing SO and top cover 38. Winchester disk 24 is mounted 

GENERAL PERFORMANCE 
on a hub assembly S4 within chamber housing S2 so that 
it is rotated within the chamber by the d.c. motor 32. 

Disks 
Heads 
Unformatted capacity (Megabytes) 
Formatted capacity (typical) 
Per drive (Megabytes) 
Per track (bytes) 
Per sector (bytes) 
Sectors per track 
Cylinders 
Transfer rate (M bits/s) 
Seek times (ms) (including settling) 

Track to track 
Average 
Maximum 
Average latency (ms) 
Flux reversals per inch (max) 
Tracks per inch 
Rotational speed (r.p.m.) 

SHOCK & VIBRATION 

SHOCK 

Operating 
Non-Operating 

FIG. I FIG. 2 
Embodiment 

6g 
30 g 

Embodiment 

12 g 
40 g 

1,2 
2,4 
6.38,12.75 

5.0,10.0 
8192 
256 
32 
306 
5 

18 
85 
180 
8.3 
11,050 
600 
3600 

All axes; .::§IO ms 
duration 

The typical read/write magnetic head S8 is mounted 
5 on one end S6a of a flexure S6, which serves as the 

support arm. The other end S6b of flexure S6 is attached 
to a positioning arm 60. Flexure S6 is a thin rectangular 
stainless steel foil. Positioning arm 60 is coupled to a 
steel pivot shaft 62. The steel shaft 62 is fixed to the 

10 inner races of a pair of preloaded steel ball bearings (not 
shown) which in turn are located in the base of housing 
SO. Pivot shaft 62 rotates about pivot axis 64. The side of 
positioning arm 60 opposite from shaft 62 has a curved 

15 
portion 66. In addition, a steel spring arm 74 is attached 
to positioning arm 60. A tensioned steel band 68 is 
wrapped around and attached to steel pulley 76 
mounted on drive shaft 78 of the stepper motor. The 
stepper motor is fixed to the base of housing SO. The 

20 two ends of the steel band, 70 and 72, are attached to 
arms 74 and 66, respectively. 

By appropriately selecting materials of different coef­
ficients of thermal expansion for the various compo­
nents of the positioning mechanism, it is possible to 

_________ v_I_B_RA_T_I_o_N _________ 25 provide thermal compensation so as to ensure that the 
FIG. 1 - Embodiment read/write heads remain on track irrespective of ther-

Operating 5 Hz to 16 Hz 0.040" displacement 
peak-peak 

16 Hz to 60 Hz Interpolation at constant 
velocity (2 inch/s) 

mal effects. For such purposes, three different classes of 
materials are utilized, the first class of material is an 
aluminum/bronze alloy, the second class of material is 

Non-Operating 
60 Hz to 500 Hz 
5 Hz to 16 Hz 

16 Hz to 60 Hz 

2 g peak acceleration 
0.080" displacement 
Interpolation at constant 
velocity (4 inch/s) 

60 Hz to 500 Hz 4 g peak acceleration 
FIG. 2 - Embodiment 

30 stainless steel and the third class of material is alumi­
num. The principal components of the thermal compen­
sation system and their preferred materials are: disk 24 
(wrought aluminum); housing SO (die cast aluminum 
alloy LM2); positioning arm 60 (aluminum/bronze al-

Operating 

Non-Operating 

5 Hz to 16 Hz 0.080" displacement 
16 Hz to 60 Hz Interpolation at constant 

velocity (4 inch/s) 
(In region 20 Hz to 35 Hz maximum allowed 

acceleration = 0.5 g peak) 
60 Hz to 500 Hz 4 g peak acceleration 
5 Hz to 16 Hz 0.160" displacement 

35 Joy); metal band 68 (Sandvik 11 R 51 steel); and flexure 
support S6 (AISI 301 stainless steel). The dimensions 
and arrangement of these various components are such 
that in response to changes in temperature, the various 
materials expand or contract in such a way that the 

16 Hz to 60 Hz Interpolation at constant 
velocity (8 inch/s) 

60 Hz to 500 Hz 8 g peak acceleration 

40 support arm (flexure) effectively rotates via the posi­
tioning arm and the pivot shaft so as to maintain the 
typical read/write head substantially at its original track 
position. 

A sectional view of the disk drive system of the pres­
ent invention is shown in FIG. 3. In the system shown 45 
in this Figure, two micro-Winchester disks, 24 and 26, 
are arranged on the hub S4 of a d.c. motor 32 for rota­
tion within the housing. Magnetic heads 28 and 30 are 
attached to support arms 31 which in tum are coupled 
to a stepper motor 42 through a drive band assembly 40 50 
and positioning arm 41. 

A breather filter 34 is provided on the top cover 38 of 
the disk housing SO adjacent to the center of the spindle 
of the d.c. motor 32. A recirculating filter 36 is located 
inside the chamber S2 at one comer in a suitable posi- 55 
tion to filter the flow of air resulting from the pumping 
effect of the rotating disks when the disk drive is in 
operation. The top cover 38 seals the open face of the 
enclosure by means of a continuous gasket. An electron-
ics board 46 is fixed to the base of the chamber 52 cover- 60 
ing the full area (except for the stepper motor 42) of this 
face of the disk drive. The d.c. motor is fixed to the base 
of the chamber and is largely obscured from view by 
the electronics board. 

The positioning mechanism is shown in greater detail 65 
in FIG. 4. This positioning mechanism is mounted on 
the base of housing 50 within chamber S2 of the disk 
drive system. Chamber S2 is formed by chamber hous-

There are two thermal "circuits" effectively control­
ling the positioning of the read/write head S8 to a track 
on the disk 24 consisting of a primary thermal circuit 
and a compensating thermal circuit. The primary ther­
mal circuit operates in chamber S2 and links the track 
on the disk 24 to the hub S4, to the motor 32, to the base 
of housing SO, to the bearings for shaft 62, to the shaft 
62, to the arm 60, to the flexure S6, and to the read/­
write head S8. The compensating circuit also operates 
in chamber S2 and links the arm 60 to the band 68, to the 
pulley 76, to the stepper motor shaft 78, to the stepper 
motor, to the base of housing SO, to the bearings for 
shaft 62, to shaft 62 and to the arm 60. The primary 
thermal circuit and the compensating thermal circuit 
have arm 60, pivot shaft 62, housing SO and the circulat­
ing air in chamber S2 in common. 

In use, whenever there is a temperature change, the 
primary thermal circuit in chamber S2 results in a mis­
position of head S8 relative to a track on disk 24. How­
ever, the compensating circuit of the chamber S2 causes 
the shaft 62 to rotate in such a way as to substantially 
move the read/write head S8 to its original position 
relative to the disk. This operation is described more 
fully below. 
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mally provided for a 5! inch disk drive system. Conse­
quently an extremely rugged low weight hard-disk 
drive system is provided for use in a portable computer. 

The development of the single printed circuit board 
electronic control circuit in the micro-Winchester disk 
drive system has enabled the power consumption and 
dissipation to be significantly reduced. For example, the 
electronic circuits in the preferred embodiment pro­
vides heat dissipation at a rate of between 8 and 12 watts 

A temperature change in chamber S2 causes the 
read/write head S8 to move relative to a track on the 
disk 24 because of varying contributions from flexure 
S6, housing SO and positioning arm 60 in the primary 
thermal circuit. The resulting misposition varies ac- 5 
cording to track position (proportional to the angle of 
shaft 62 and arm 60 relative to the 'line' drawn between 
the center of the hub S4 and the shaft axis 64). As tem­
perature rises the head on average mispositions in­
wardly from the track centerline. 10 as compared to 25 watts typically dissipated by a 5! 

inch Winchester disk drive system. Thus, the micro­
Winchester disk drive system dissipates a relatively 
small amount of heat in the computer system. This ena-

The compensating thermal circuit in chamber S2 acts 
to reduce this misposition to acceptable proportions for 
all track positions. With temperature changes, the vari­
ous components of the compensating circuit vary in 
length relative to each other and the change in geome- 15 
try causes rotation of the arm 60 about the axis of the 
shaft 62, thus compensating for the read/write head S8 
and disk 24 misposition over the prescribed track posi­
tions and temperature range of the disk drive. 

As indicated above, the disk drive system 2 within 20 
frame 4 can be mounted within a second frame formed 
by frame members 16 and 18 and cross bar 20. This 
arrangement showing both frames is given in greater 
detail in FIGS. 6 and 7. This second frame supports the 
disk drive system using adapter plates 84 and 8S. The 25 
adapter plates are used for interconnecting the first and 
second frames. The adapter plates are attached to the 
first frame by screws and washers 82a, 82b, 82c and 82d. 
The adapter plates are connected to frame members 16 
and 18 by four anti-vibration mounts, 86, 88, 90 and 92. 30 
As shown in FIG. 7, the anti-vibration mounts are con­
nected by nuts 94 and 96 to the frame member 18 and a 
similar type of connection would be made of the anti­
vibration mounts to frame member 16. The first set of 
anti-vibration mounts 8, 10, 12 and 14, connecting frame 35 
4 to housing SO, which are shown in FIG. 1, are con­
nected to holes 98a, 98b, 98c and 98d on first frame 4. 
This overall arrangement provides for exceptional 
shock and vibration isolation due to the inclusion of the 
double anti-vibration mounts that are mounted in per- 40 
pendicular axes relative to each other. The first set of 
anti-vibration mounts primarily isolates the disk drive 
system in a first plane while the second set isolates the 
system in a second orthogonal plane. 

The d.c. motor 32 is a brushless 2-phase external rotor 45 
d.c. motor with integral hub and commutation effected 
by a Hall sensor. A spare Hall sensor is provided in each 
motor. The motor uses preloaded ABEC 7 bearings and 
is balanced in two planes to better than 0.25 gm cm. A 
ferrofluidic seal is fitted above the top bearing. The disk 50 
hub S4 is grounded to the electronics board via the 
motor shaft and a button contact to prevent build-up of 
static charge on the rotating disks. 

A dual brake/lock which is a plunger solenoid with a 
levc,r is provided to stop the disk drive motor in less 55 
than 5 seconds, to provide a restraining torque during 
handling and to lock the positioner assembly thereby 
restricting head movement across the disk surfaces. 

In developing the electronics for the micro-Winches­
ter disk drive system of the present invention, the elec- 60 
tronic circuits were designed primarily as integrated 
circuits that are placed on a single printed circuit board 
as shown in FIG. 16. The use of only a single printed 
circuit board whose dimensions lie within the outline 
dimensions of the housing SO is particularly beneficial in 65 
enabling the dual anti-vibration mounting arrangement 
of the present invention to be utilized for mounting the 
micro-Winchester disk drive system in the space nor-

bles a portable computer either to utilize a smaller fan or 
to eliminate the use of a fan for removing heat from the 
system. 

The electronic control circuits for the disk drive 
system are shown by the schematic diagrams in FIGS. 
8, 9 and 10. These diagrams are described below. 

Read and write data from the read/write heads S8 are 
differentially connected to the electronics board via 
connector P7. The resistor pack SILl contains damping 
resistors for the write current. The front end read and 
write circuitry is contained in ICl (22-pin SSI (Silicon 
System Inc.) 117). This ICl chip provides head read­
back voltage amplification with a differential gain of 
100 as well as controlling head selection, write transi­
tions, write current amplitude and fault conditions. 

In the write mode, the ICl chip functions as a differ­
ential current switch, with write currrent being set 
internally by choice of external resistor, RS. Reduced 
write current is effected by means of FET Qt together 
with resistor R4 and this action is controlled solely by 
the microprocessor, IC8. Interface commands on the 
'Reduced Write Current' line are ignored. Write data 
from the host computer are received on the li-
nes±MFM WRITE DAT A and are fed to ICl/20 via 
the line receiver IC9. All digital inputs to ICl are TTL 
compatible. 

Amplified read data from ICl are differentially re­
ceived on lines RDX, RDY. A further stage of amplifi­
cation occurs in the video amplifier IC2 and the d.c. bias 
level is reset in IC3. Components C3, C4, CS, L2, L3, 
L4, LS form a fifth order low pass Butterworth filter. 
IC4 contains a second S92 configured as a differentiator 
thus transforming the peaks of readback signals to zero-
crossings which are then passed to ICS, which contains 
both a zero-crossing detector and digital filter. DC 
levels for ICS are set by IC6. The digital pulse train is 
then shaped in IC7 (ULA) and passed to the line driver 
ICU (9638) for driving across the interface. 

The majority of interface receivers are located in IC7 
(ULA). Output lines are driven by IC10. SEEK COM­
PLETE, TRACK ZERO and READY are generated 
by the 8049 microprocessor. INDEX is derived by 
dividing the output of a Hall sensor in the d.c. motor, 
since 2 pulses occur per revolution of the motor. The 
width of the index pulse is set to approximately 175 µs. 

The speed control circuit for the d.c. motor is based 
on a phase-locked loop technique which derives its 
reference from the 11 MHz processor clock. Overall, a 
speed variation better than 0.1 % is achieved. 

The stepper motor is a bipolar two phase motor con­
trolled by the microprocessor through IC14, IClS, 
IC16, L7, LS, R20 and R21. Chips IC14, IClS are both 
RIPA PBL 3717 which provide a constant current to 
each motor phase by a chopping process. Chopper tim­
ing parameters are fixed by IC16. The timing for step 
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pulses received across the interface is shown in FIG. 14. 
The following defines the labels in FIG. 14: 

Label Description Min Typ Max Units 

t1 Width of Step pulse 0.5 5 µ.s 
t2 Time between Step pulses 5 15000 µ.s 
tJ Time from first Step to 40 

Seek Complete False 
4 Direction set to first Step 0 ns 
ts First Step to direction change 150 µ.s 

(for overlap seek) 

5 

10 

The microprocessor used on the drive is a member of 
the 8049 family of single-chip processors. The 8049 is 
used in the stand alone mode with no external memory 15 
and the 8049 in this mode has 2K bytes of program 
memory, 128 bytes of RAM and 24 I/O lines. It is 
driven by an 11 MHz crystal which gives a 1.36 µs 
instruction time. 

The microprocessor has three main functions: stepper 20 
motor control; power-on auto-recalibration; status and 
fault monitor. It also indirectly controls the d.c. drive 
motor. 

The stepper motor control function is described be­
low. The following interface signals are used to control 25 
the stepper motor: 

STEP. This input signal is used in conjunction with 
DIRECTION IN to move the stepper motor. It is con­
nected to the 8049 Tl pin. This is a special input to the 
microprocessor which is used to clock an internal 9 bit 30 
counter. This counter is reset prior to each seek. Once 
the first STEP pulse is received the processor issues 
stepper motor phase changes until the number of 
changes equals the value in the counter. At this point 
the seek is terminated and SEEK COMPLETE is set 35 
true after final step damping. 

DIRECTION IN. This input is connected directly to 
an I/O pin of the microprocessor. It defines the direc­
tion of motion of the stepper motor. Once the first 
STEP of any seek has been received the microprocessor 40 

"" · samples this input and internally stores the result. The 
input is then ignored until the next seek. 

SEEK COMPLETE. This status line is driven by a 
S-R flip-flop. STEP resets the flip-flop false. It is set 
true with an output from the microprocessor. 45 

A two phase bipolar stepper motor is used to control 
the read/write heads. The motor is full stepped in a four 
step sequence. Two outputs from the processor are used 
to control switches for each winding. A further four 
outputs are used to microstep the motor thus improving 50 
the damping characteristics of the motor. 

The microprocessor always buffers step pulses from 
the interface to the stepper motor. There are two seek 
modes, ramped and unramped. The interface step rate 
determines the seek mode automatically. In the ramped 55 
mode of operation the microprocessor accelerates the 
stepper motor to a maximum step rate of2500 steps/sec, 
then decelerates to the requested track. For all seeks the 
last phase change to the stepper motor is different to all 
others in order to achieve the correct settling character- 60 
istics. 

The flow chart for the STEP operation is shown in 
FIGS. 11, 12 and 13. 

When the drive is de-selected for a period exceeding 
2 seconds, the microprocessor causes the stepper motor 65 
current to reduce to approximately one-fifth of its nor­
mal value, a saving of 4 watts. The overall average 
saving in drive power consumption will.depend on the 

select/de-select duty cycle. Recovery on re-selection is 
instantaneous i.e., the drive may write, read, or seek to 
a different track immediately on re-selection. 

The present invention may be embodied in other 
specific forms without departing from the spirit or es­
sential characteristics thereof. The present embodi­
ments are presented merely as illustrative and not re­
strictive, with the scope of the invention being indicated 
by the attached claims rather than the. foregoing de­
scription. All changes which come within the meaning 
and range of equivalency of the claims are therefore 
intended to be embraced therein. 

What is claimed is: 
1. A computer disk drive system for operating a 

micro hard-disk, said disk drive system comprising: 
at least one micro hard-disk having a diameter of 

between 92 and 96 millimeters fixedly mounted in a 
sealed housing; 

means for rotatably supporting said hard-disk; 
means for rotating said hard-disk; 
transducer means having two read/write heads for 

writing digital information on and reading digital 
information from said hard-disk on both planar 
sides of said hard-disk in a format so that said hard­
disk has digital information stored on concentric 
tracks at a density providing at least 5 Megabytes 
of storage per disk; and, 

positioning means for moving said transducer means 
between the tracks on said hard-disk, said position­
ing means being arranged to substantially limit the 
total variance of the angle of said transducer means 
to a line tangential to each of said concentric 
tracks, said positioning means including a stepper 
motor and means for operating said stepper motor 
in step increments, each increment causing said 
transducer means to move from one track to the 
next adjacent track on said hard-disk. 

2. A computer disk drive system for operating a 
micro hard-disk, said disk drive system comprising: 

at least one micro hard-disk having a diameter of 
between 92 and 96 millimeters fixedly mounted in a 
sealed housing; 

means for rotatably supporting said hard-disk; 
means for rotating said hard-disk; 
transducer means having two read/write heads for 

writing digital information on and reading digital 
information from said hard-disk on both planar 
sides of said hard-disk in a format so that said hard­
disk has digital information stored on concentric 
tracks at a density providing in excess of 5 Mega­
bytes of storage per disk; and, 

positioning means for moving said transducer means 
between the tracks on said hard-disk, said position­
ing means being arranged to substantially limit the 
total variance of the angle of said transducer means 
to a line tangential to each of said concentric 
tracks, said positioning means including a stepper 
motor and means for operating said stepper motor 
in step increments, each increment causing said 
transducer means to move from one track to the 
next adjacent track on said hard-disk. 

3. A computer disk drive system for operating a 
micro hard-disk, said disk drive system comprising: 

at least one micro-hard disk having a diameter of 
between 92 and 96 millimeters fixedly mounted in a 
sealed housing; 

means for rotatably supporting said hard-disk; 
means for rotating said hard-disk; 
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transducer means having two read/write heads for 
writing digital information on and reading digital 
information from said hard-disk on both planar 
sides of said hard-disk in a format so that said hard­
disk has digital information stored on concentric 5 
tracks at a density providing at least 5 Megabytes 
of storage per disk; and, 

positioning means for moving said transducer means 
between the tracks on said hard-disk, said position­
ing means including a stepper motor and means for 10 
operating said stepper motor in step increments, 
each increment causing said transducer means to 
move from one track to the next adjacent track on 
said hard-disk. 

4. A computer disk drive system for operating a 15 
micro hard-disk, said disk drive system comprising: 

at least one micro hard-disk having a diameter of 
between 92 and 96 millimeters fixedly mounted in a 
sealed housing; 

means for rotatably supporting said hard-disk; 20 
means for rotating said hard-disk; 
transducer means having two read/write heads for 

writing digital information on and reading digital 
information from said hard-disk on both planar 
sides of said hard-disk in a format so that said hard- 25 
disk has digital information stored on concentric 
tracks at a density providing at least 5 Megabytes 
of storage per disk with the digital information 
being stored at a density of at least 6000 concentric 
tracks per inch; and, 30 

positioning means for moving said transducer means 
between the tracks on said hard-disk, said position­
ing means including a stepper motor and means for 
operating said stepper motor in step increments, 
each increment causing said transducer means to 35 
move from one track to the next adjacent track on 
said hard-disk. 

5. A computer disk drive system for operating a 
micro hard-disk, said disk drive system comprising: 

at least one micro hard-disk having a diameter of 40 
between 92 and 96 millimeters fixedly mounted in a 
sealed housing; 

means for rotatably supporting said hard-disk; 
means for rotating said hard-disk; 
transducer means having two read/write heads for 45 

writing digital information on and reading digital 
information from said hard-disk on both planar 
sides of said hard-disk in a format so that said hard­
disk has digital information stored on concentric 
tracks at a density providing at least 5 Megabytes 50 
of storage per disk; 

positioning means for moving said transducer means 
between the tracks on said hard-disk, said position­
ing means including a stepper motor and means for 
operating said stepper motor in step increments, 55 
each increment causing said transducer means to 
move from one track to the next adjacent track on 
said hard-disk; and 

a housing in which said hard-disk, said transducer 
means and at least a portion of said positioning 60 
means are contained, said housing having a width 
substantially the same as the diameter of said hard­
disk. 

6. A computer disk drive system for operating a 
micro hard-disk, said disk drive system comprising: 65 

at least one micro hard-disk fixedly mounted in a 
sealed housing; 

means for rotatably supporting said hard,disk; _ 

14 
means for rotating said hard-disk; 
transducer means having two read/write heads for 

writing digital information on and reading digital 
information from said hard-disk on both planar 
sides of said hard-disk in a format so that said hard­
disk has digital information stored on concentric 
tracks at a density providing at least 5 Megabytes 
of storage per disk with the digital information 
being stored at a density of at least 6000 concentric 
tracks per inch; 

positioning means for moving said transducer means 
between the tracks on said hard-disk, said position­
ing means including a stepper motor and means for 
operating said stepper motor in step increments, 
each increment causing said transducer means to 
move from one track to the next adjacent track on 
said hard-disk; and, 

a housing in which said hard-disk, said transducer 
means and at least a portion of said positioning 
means are contained, said housing having a width 
substantially the same as the diameter of said hard­
disk. 

7. A computer disk drive system for operating a 
micro hard-disk, said disk drive system comprising: 

at least one micro hard-disk having a diameter of 
between 92 and 96 millimeters fixedly mounted in a 
sealed housing; 

means for rotatably supporting said hard-disk; 
means for rotating said hard-disk; 
transducer means having two read/write heads for 

writing digital information on and reading digital 
information from said hard-disk on both planar 
sides of said hard-disk in a format so that said hard­
disk has digital information stored on concentric 
tracks at a density providing at least 5 Megabytes 
of storage per disk with the digital information 
being stored at a density of at least 600 concentric 
tracks per inch; 

positioning means for moving said transducer means 
between the tracks on said hard-disk, said position­
ing means including means for moving said trans­
ducer means from one track to the next adjacent 
track on said hard-disk; and, 

a housing in which said hard-disk, said transducer 
means and at least a portion of said positioning 
means are contained, said housing having a width 
substantially the same as the diameter of said hard­
disk. 

8. A computer disk drive system for operating a 
micro hard-disk, said disk drive system comprising: 

at least one micro hard-disk having a diameter of 
between 92 and 96 millimeters fixedly mounted in a 
sealed housing; 

means for rotatably supporting said hard-disk; 
means for rotating said hard-disk; 
transducer means having two read/write heads for 

writing digital information on and reading digital 
information from said hard-disk on both planar 
sides of said hard-disk in a format so that said hard­
disk has digital information stored on concentric 
tracks at a density providing at least 5 Megabytes 
of storage per disk; 

positioning means for moving said transducer means 
between the tracks on said hard-disk, said position­
ing means including a stepper motor and means for 
operating said stepper motor in step increments, 

. each increment-causing said transducer means to 
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move from one track to the next adjacent track on 
said hard-disk; and, 

electronic circuit means for implementing the opera­
tion of said disk drive system, said electronic cir­
cuit means being arranged substantially on a single 5 
printed circuit board. 

9. A computer disk drive system for operating a 
micro hard-disk, said disk drive system comprising: 

at least one micro hard-disk having a diameter of 
between 92 and 96 millimeters fixedly mounted in a 10 
sealed housing; 

means for rotatably supporting said hard-disk; 
means for rotating said hard-disk; 
transducer means having two read/write heads for 

writing digital information on and reading digital 15 

information from said hard-disk on both planar 
sides of said hard-disk in a format so that said hard­
disk has digital information stored on concentric 
tracks at a density providing to at least 5 Mega­
bytes of storage per disk with the digital informa- 20 

tion being stored at a density of at least 600 concen­
tric tracks per inch; 

positioning means for moving said transducer means 
between the tracks on said hard-disk, said position- 25 
ing means including means for moving said trans­
ducer means from one track to the next adjacent 
track on said hard-disk; 

a housing in which said hard-disk, said transducer 
means and at least a portion of said positioning 30 
means are contained, said housing having a width 
substantially the same as the diameter of said hard­
disk; and, 

electronic circuit means for implementing the opera­
tion of said disk drive system, said electronic cir- 35 
cuit means being arranged substantially on a single 
printed circuit board. 

10. A computer disk drive system for operating a 
micro hard-disk, said disk drive system comprising: 

at least one micro hard-disk having a diameter of 40 
between 92 and 96 millimeters fixedly mounted in a 
sealed housing; 

means for rotatably supporting said hard-disk; 
means for rotating said hard-disk; 
transducer means having to read/write heads for 45 

writing digital information on and reading digital 
information from said hard-disk on both planar 
sides of said hard-disk in a format so that said hard­
disk has digital information stored on concentric 
tracks at a density providing at least 5 Megabytes 50 
of storage per disk; and, 

positioning means for moving said transducer means 
between tracks on said hard-disk, said positioning 
means including a stepper motor which is operated 
such that said transducer means effectively incre- 55 
ments through a radian of 0.9° with each step, 
which increment causes said transducer means to 
move from one track to the next adjacent track on 
said hard-disk. 

11. A computer disk drive system for operating a 60 
micro hard-disk, said disk drive system comprising: 

at least one micro hard-disk fixedly mounted in a 
sealed housing; 
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means for rotatably supporting said hard-disk; 
means for rotating said hard-disk; 
transducer means for writing digital information on 

and reading digital information from said hard-disk 
in a format so that said hard-disk has digital infor­
mation stored on concentric tracks at a density 
providing at least 5 Megabytes of storage per hard­
disk; and, 

positioning means for moving said transducer means 
between the tracks on said hard-disk, said position­
ing means being formed of selected materials for 
compensating for any mispositioning arising from 
thermal effects between said transducer means and 
a track on said hard-disk, said positioning means 
including a stepper motor. 

12. A computer disk drive system for operating a 
micro hard-disk, said disk drive system comprising: 

at least one micro hard-disk having a diameter of 
between 92 and 96 millimeters fixedly mounted in a 
sealed housing; 

means for rotatably supporting said hard-disk; 
means for rotating said hard-disk; 
transducer means for writing digital information on 

and reading digital information from said hard-disk 
in a format so that said hard-disk has digital infor­
mation stored on concentric tracks at a density 
providing at least 5 Megabytes of storage per hard­
disk with the digital information being stored at a 
density of at least 600 concentric tracks per inch; 

positioning means for moving said transducer means 
between the tracks on said hard-disk, said position­
ing means being arranged to substantially limit the 
total variance of the angle of said transducer means 
to a line tangential to each of said concentric tracks 
on said hard-disk, said positioning means including 
means which operates such that said transducer 
means effectively moves from one track to the next 
adjacent track on said hard-disk; and 

a housing in which said hard-disk, said transducer 
means and at least a portion of said positioning 
means are contained, said housing having a width 
substantially the s~e as the diameter of said hard­
disk. 

13. The computer disk drive system of claim 8, 
wherein said electronic circuit means includes means 

for reducing current drawn by a stepper motor in 
response to deselection of said disk drive system by 
a host computer. 

14. The computer disk drive system of claim 9, 
wherein said electronic circuit means includes means 

for reducing current drawn by said positioning 
means in response to deselection of said disk drive 
system by a host computer. 

15. The computer disk drive system of claim 3, 
wherein said positioning means substantially maintains 
said transducer means at a predetermined angle with 
respect to each of said concentric tracks. 

16. The computer disk drive system of claim 12, fur­
ther including electronic circuit means for implement­
ing the operation of said disk drive system, said elec­
tronic circuit means being arranged substantially on a 
single printed circuit board. 

* * * * * 
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[S7) ABSI'RACT 

A micro-Winchester disk drive system particularly 
suited to meet the demands of a portable computer 
system. The micro-Wmchester disk is a Wmchester disk 
of 85-100 mm in diameter. This disk drive system by 
virtue of its small size and vibration isolation is ideally 
suited for use in portable computer systems. The micro­
Winchester disk drive system was developed to store 
data at a density of 600 tracks per inch utilizing open­
loop positioning mechanism. This disk drive system 
provides fut accesa data storage for use with small 
business computers, terminals and microprocessor 
based systems, portable or otherwise, and many other 
areas where compact, rugged light-weight hard-disk 
storage is required. The disk drive system of the present 
invention normally utilizes either one or two hard disks 
such u Winchester disks and provides data storage on 
each disk in excess of S Megabytes, once the disks are 
formatted. 
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REEXAMINATION CERTIFICATE 
ISSUED UNDER 35 U.S.C. 307 

THE PATENT IS HEREBY AMENDED AS 
INDICATED BELOW. 

Matter enclosed ln heaTY brackets [] appeared ln the 
patent, but has been deleted and ls no loqer a part of the 10 
patent; matter printed ln italics inclicates additiom made 
to the patent. 

ONLYTHOSEPARAGRAPHSOFTHE 
SPECIFICATION AFFECTED BY AMENDMENT 15 

ARE PRINTED HEREIN. 

2 
a positioning arm to which the other ends of said support 

arms tlTf! atttJched. said positioning arm having one 
end thereof coupled to said pivot shaft; 

a bearing assembly supporting said pivot shaft for rota­
tional mo-.ement thentby enabling said positioning 
arm to be pivoted about the axis of said pivot shaft; 

a stepper motor [and] having an output drive shaft; 
means for operating said stepper motor in step incre­

ments[,]; and 
a tensioned steel band coupling said drive shaft of said 

·stepper motor to the other end of said positioning arm. 
said band being arranged in a pulley arrangement 
whereby rotational mo-.ement of said stepper motor 
cau.ra piYoling of said positioning arm about said 
piWJI shaft for moving said support arms and the 
read/write heads in incremental steps with each in-
crement causing said [transducer means] n!ad/-

Column 7, line 6S to Column 8, line 3: write heads to move from one track to the next 
The positioning mechanism is shown in greater detail adjacent tnck on said micro hard-disk. 

in FIG. 4. This positioning mechanism is mounted on 20 4. A computer dUk drive system [for operating a 
"the bue of housing 50 within chamber 52 of the disk micro hard-disk. said disk drive system] comprising: 
drive system. Chamber 52 is formed by chamber hous- a .a}ed lunuing; 
ing 50 and top cover 31. Winchester dUk 24 is mounted at least [one] tM> micro [hard-disk] hard-disks 
on a hub uaembly 54 within chamber housing 52 so that eadt having a dWncter of between 92 and 96 milli-
it is rotated within the chamber by the d.c. motor 32. As 25 meters tllld each havi1lg a plurality of concentrically 
illustrated in FIG. 4, the horui11g has a width substantially aJ}aa111 l1'acla on both planar sides thereof. said 
the same as the diameter of duk 24. micro luuri-disla fixedly mounted in [a] the scaled 

housing; 
AS A RESULT OF REEXAMINATION. IT HAS 30 means for rotatably supporting said [hard-disk] 

BEEN DETER.MINED THAT: micro luuri..JUJa; 

Claims t. 2, 10, 12. 15 and 16 are cancelled. 

Claims 3-9, 11. 13 and 14 are determined to be patent- 35 
able u amended. 

New claims 17-27 are added and determined to be 
patentable. 

-40 
3. A computer disk drive system [for operating a 

micro hard-disk. said disk drive system] comprising: 
a sealed housing; 
at least one micro bard-dilk having a diameter of 

between 92 and 96 millimeten aNi ltarillg a plural- 45 
ity of COllCfftricaJly adjacnt trr:rcla on both planar 
siths dtueof. said micro ltard-di.fk fixedly mounted 
in [a] tlw sealed houtins; 

means for rotat8bly mpporting said micro bard-disk; 
meana for rotating aid micro hard-disk; '° 
tt•wlaicer mm having two read/write beads for 

wi'idna cfisital information Oil and reading digital 
idxmation from uid micro bard-disk on both pla­
_. .Iida of said micro bant-dilk ia a format so that 
said micro bard-diak bu digital information stored 

55 

OD [coaceatric] Mlitl cont:ollrit:ally odjot:alt tncb 
at a density providing at Aeut ' Megabytes of ltor­
age pee mkro bard-ditk; [and,] 

positioning meaaa for movina said tnmducer means 60 
between the ~ aJ}acnt tracks on said 
micro bard-disk. said positioning means including: 

tM1 S"fJPOl'f anra eaclr mpportbrg OM of JOid read/write 
lrbMb wlllr eaclt reodlwrittt Mad /Millg mounted at 
oM end of Its rapectiYe 111ppon arm: 65 

a piYOt shaft Nning an axis located on one side of said 
support arms tllld spaced away from said support 
arms; 

means for rotating said [hard~] micro hard-disks; 
first and S«:Ond tramducer means [having two read/-

write beads] for writing digital information on and 
reading digital information from said [hard-disk] 
micro luuri-4Ula on both planar sides of [said] 
eadr micro bard~ in a format so that [said] 
each micro hard-disk hu digital information stored 
on [concentric] said concentrically adjacent tracks 
at a density providing at least S Megabytes of stor­
age per [msk] micro hard-disk with the digital 
information being stored at a density of at least 
[6000] approximauly 600 concentric tracks per 
inch, lflki jiT# tllld JeCOltd tl'alUducer means each 
comprising tM1 nod/write heads; [and.] 

positioning means for moving said first and second 
tnmlducer means between the concentrically adja­
a11t tracks on said [bard-disk] micro hard-disks, 
said positioning means including: 

a pMidoniag arm dispol«J witliin the .aled housing and 
WlfJfl1ftal for """'1ffUt1lt rrlatiN to Jaid micro hord­
dis/a: 

a piJot Jltaft COtlpled to OM awl of saUI positioning ann 
tllld itqJf1011brr ·mid pmitJonbtg arm for rotational 
lflON1rW1ft relatiN to $11/d micro hard-disks. four sup­
pon cumr. eac1t stqJflOf'ti1rg OM of said heads at one 
awl ad elllCll COIUfCtMl to SIZJd pasilioning ann at its 

odra- - """ mHIU/or ~sidpoilitltJrl"'8 arm including a step-
per motor 11tnbrf a ""Vt atntiillg into said sealed 
ltoldbtf ud me&n1 for operating said stepper motor 
in step increments, each increment causing [said 
transducer means] said rmd/write heads to move 
from one tnck to the next adjacent track on said 
[hard-disk] micro ltard-duks. 

5. A computer disk drive system [for operating a 
micro hard-disk. said disk drive system] comprising: 

a sealed housing; 
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at least [one] two micro [hard-disk] hard-disks 
each having a diameter of between 92 and 96 milli­
meters and each having a plurality of concentrically 
adjacent tracks on both planar sides thereof. said 
micro hard-disks fixedly mounted in [a] the sealed S 
housing; 

means for rotatably supporting said [hard-disk] 
micro hard-disks; 

means for rotating said [hard-disk] micro hard-disks; 
first and second transducer means [having two read/- 10 

write heads] for writing digital information on and 
reading digital information from said [hard-disk] 
micro hard-disks on both planar sides of [said] 
each micro hard-disk in a format so that [said] 
each micro hard-disk has digital information stored IS 
on [concentric] said concentrically adjacent tracks 
at a density providing at least S Megabytes of stor­
age per [disk] micro hard-disk, said first and sec­
ond transducer means each comprising two read/write 
heads; 20 

posjtioning means for moving said first and S«ONi 
transducer means between the conantrically adja­
cent tracks on said [hard-disk] micro hard-dWa, 
said positioning means including a positioning ann 
disp<Md within the sealed housing. a piYOt shaft cou- 25 
pied to one end of said positioning ann and supporting 
said positioning ann for rotational movement relative 
to said micro hard-disks. four support arms, each 
supporting one of said heads at one end and each 
connected to said positioning ann at its other end. a 30 
stepper motor having a shaft extending into said 
sealed housing and means for operating said stepper 
motor in step increments. each increment causing 
said [transducer mcam] read/write heads to move 
from one track to the next adjacent track on said JS 
[hard-disk] micro hard-disks; and, 

[a housing in which] said [hard-disk] micro hare/­
disks, saidfirst and second transducer means and at 
least a portion of said positioning means [arc] 
being contained within said sealed housing, said 40 
housing having a width substantially the same as 
the diameter of said [hard-disk] micro hard-disks. 

6. A computer disk drive system [for operating a 
micro-hard-disk, said ~ drive system] comprising: 

a sealed housing; 4S 
at least [one] two micro [hard-disk] hard-disks 

each having a diameter of betwttn 92 and 96 mm and 
each ha'ing a plurality of concentrically adjacent 
tracks on both planar sida thueof. said micro hare/­
disks fixedly mounted in [a] the sealed housing; so 

means foe rotatably supporting said [hard-disk] 
micro 1-d-tlbkr, 

means foe rotating said [hard-disk] micro hard-dis/er, 
first and #tXHUJ transducer means [having two read/­

write bads] for writing digital information on and SS 
readin1 digital information from said [hard-disk] 
micro hard-dWa on both planar sides of [said] 
each micro hard-disk in a format 10 that [said] 
each micro hard-disk has digital information stored 
on [concentric] said con«ntrical/y adjacent tracks 60 
at a density providing at least S Megabytes of stor· 
age per [disk] micro hard-disk with the digital 
information being stored at a density of at least 
[6000] approximately 600 concentric tracks per 
inch. said first and S«ONi tranSducer means each 6S 
comprising two read/write heads; 

positioning means for moving said first and second 
transducer means between the concentrically adja-

4 
cent tracks on said [hard-disk] micro hard-disks, 
said positioning means including a positioning arm 
disposed within the sealed housing, a pivot shaft cou­
pled to one end of said positioning arm and supponing 
said positioning arm for rotational movement relative 
to said micro hard-disks, four suppon arms. each 
supponing one of said heads at one end and each 
connected to said positioning arm at its other end, a 
stepper motor ha'ing a shaft extending into said 
sealed housing and means for operating said stepper 
motor in step increments, each increment causing 
said [transducer means] read/write heads to move 
from one track to the next adjacent track on said 
[hard-disk] micro hard-disks-, and, 

[a housing in which] said [bard-disk] micro hard­
disks, saidfirst and second transducer means and at 
least a portion of said positioning means [arc] 
being contained within said sealed housing, said 
housing having a width substantially the same as 
the diameter of said [bard-disk] micro hard-disks. 

7. A computer disk drive system [for operating a 
micro hard-disk, said disk drive system] comprising: 

a seakd housing; 
at least [one] two micro [hard-disk] hard-disks 

each having a diameter of between 92 and 96 milli­
meter and each haYing a plurality of concentrically 
adjacent tracks on both planar sides thereof. said 
micro hard-disks fixedly mounted in [a] the scaled 
housing; 

means for rotatably supporting said [hard-disk] 
micro hard-disks; 

means for rotating said [hard-disk] micro hard-disks,· 
first and second transducer means [having two read/­

write heads] for writing digital information on and 
reading digital information from said [bard-disk] 
micro hard-dWa on both planar sides of [said] 
each micro hard-disk in a format so that [said] 
each micro hard-disk has digital information stored 
on [concentric] said concentrically adjacent tracks 
at a density providing at least 5 Megabytes of stor­
age per [disk] micro hard-disk with the digital 
information being stored at a density of at least 
approximately 600 concentric tracks per inch. said 
first and second transducer means each comprising 
two rmd/write heads; 

positioning means for moving said fint and second 
transducer means between the concentrically adja­
cent tracks on said [hard-disk] micro hard-disks, 
said poeitioning means including means for moving 
said [transducer means] read/wrile heads from 
one track to the next adjacent track on said [hard­
disk] micro lllud-dislcr, and, 

[a housing in which] said [hard-disk] micro hard­
disks, said /int and $«0nd transducer means and at 
least a portion of said positioning means [are] 
being contained witllin said :sealed housing, said 
housing having a width sublt.antially the same as 
the diameter of uid [hard-disk] micro hard-disks. 

8. A computer disk drive system [for operating a 
micro hard-disk, said disk drive system] comprising: 

a sealed housing; 
at least [one] tlllO micro [hard-disk] hard-disks 

each having a diameter of between 92 and 96 milli­
meters and each luning a plurality of concentrically 
adjacent tracks on both planar sides thereof. said 
micro hard-disks fixedly mounted in [a] the sealed 
housing; 
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means for rotatably supporting said [hard-disk] connected to said positioning ann at its other end and 

micro hard-disks; means for moving said [transducer means] read/-
means for rotating said [hard-disk] micro hard-disks: write heads from one track to the next adjacent 
first and second transducer means [having two read/- track on said [hard-disk] micro hard-disks: 

write heads] for writing digital information on and S [a housing in which] said [hard-disk] micro hard-
reading digital information from said [hard-disk] disks, said first and second transducer means and at 
micro hard-disks on both planar sides of [said] least a portion of said positioning means [are] 
each micro hard-disk in a format so that [said] being contained within said sealed housing, said 
each micro hard-disk has digital information stored housing having a width substantially the same as 
on [concentric] said concentrically adjacent tracks 10 the diameter of said [hard-disk] micro hard-disks, 
at a density providing at least S Megabytes of stor- and, 
age per [disk] micro hard-disk. said /int and S«- electronic circuit means for implementing the opera-
ond transd11«r nuans each comprising two rrad/wriu tion of said disk drive system, said electronic cir-
/aeads; cuit means being arranged substantially on a single 

positioning means for moving said /int and S«t>Ni 15 printed circuit board. 
transducer means between the conanlrically adja- 11. A computer disk drive system for operating a 
cent tracks on said [bard-disk] micro hard-dislc, · hard-~:.i.. · ~=-i.. dri · · 
said rvwitU-; .... mcam including a ,,.,..;.u...;.., arm nucro ......_ said wu.. ve syitem compnsmg: 

... -~- ,,.-.-.-"6 at least one micro hard-disk having a· diameter of be-
disposed within tiw seakd housing, a pirot shaft COfl· twttn 85 and JOO mm fixedly mounted in a scaled 
pied to OM end of MZid posiJianing arm and nlpporting 20 hon.Una-

- MZid pmitiolWrg tum for rotadoruzl ""1N1Mnt re/athe -
to said mkro lrmd-dlsla and /ow lflpport amu. eadl ::: ~= =y .:s~gislc~ hard-disk; 
supportillg Otu1 of IOill Mwb at OM oul tllfd eadl 
...... ---~ to _,~ .....;"-'- __ -· 1 .. _ .... ,. -.J a transducer means for writing digital information on 
~-•nc<olCU - ,.._.._ ............ - .... """"' ....... and reading digital information from said hard-disk 
stepper motor htni1rg a sltaft at6nding into MZid 25 in a format so that said hard-disk ha digital infor-
S«Jkd housing and means for·opcrating said stepper 
motor in step increments, e.ch illcmnent cauaing matio.n stored OD concentric tracks at a density 
said [tramduccr means] rrad/wrik lteods to move ~= at least S Megabytes of storage ~hard-

from[~ track] ,,,::0 ~:~t track 
00 said 30 positioning mcam for moving said transducer .fucans 

elcctroaic circuit means for ~ the opera- bctwccn the tracb OD said hard-disk. said pasition-
tion of said disk drive system. said elcctronic cir- ing ~ being formed of selected matcri8Is for 
cuit means being arranged IUbatantially oa a single compcaaating for any mispositioning arising from 
printed circuit board. thenml effects between said tramducer means and 

9. A computer disk drive system [for operating a 35 a track on said hard-disk, said positioning mcam 
micro hard-disk, said disk drive system] C91DPrising: including a stepper motor. 

a S«Jkd housing; 13. [The computer disk drive system of claim 8, 
at least [one] ™' micro [hard-disk] hard-dWa w~ said.electronic ~t.meam includes] A com-

each having a diameter of bctwccn 92 and 96 milli- pvur disk dnw ~ compnslfff: 
meters and each haviag a plurality of con«ntriazlly 40 at kast one micro hard-disk haring a diameur of be-
adjacent tracks oil both pl41Ulr sida thereof. said twttn 92 and 96 mm and a plurality of concentrically 
micro hard-disJa fixedly mounted in [a] th6 sealed adjacent tracks on both planar sida tlwreof. sakl 
housing; micro lrmd-disJc foc«ily motuited in a seakd housing; 

means for rotatably supporting said [bard-disk] nuans for rotatably 111pporting said micro hard-disk; 
micro lusrd-db/a: 45 means for rotating MZid micro hard-dive: 

means for rocating said [bard-disk] micro hard-dWcs; transd11«r maJ1U Nning two nod/write Mat:b for writ-
.first and secontl tramducer mcam [having two read/- ing digiJaJ iltfonnatiott on and readiwg digital infor-

writc heads] for writiq digital information OD and motion from IOill micro Juml-dlslc on both p/4nar 
readias. digital information from said [hani-dilk] sida of said micro ltard-disk in a fonnat so that said 
Miao lttud-dbb. on both planar sides of [said] '° micro lrmd-disk has digiJaJ btfomuztion stored on 
each .. Micro bard-dilk in a format so that [said] t:IHl«tttric trocJa at a dauity JH'fl"illiq at l«Ut 5 
~ bard-diak Im digital iDform.ation stored Mepbyta of ltOrtlp per mJao lrmd-dislc.; 
oa-~] saJd ~ adjocOlt tracks poiitioning m«aU for nttninr IOill transducer means 
at~ providing [to] at leMt ' McPbytcs of betwiea tJw l1'flcks on saJd micro lrmd-disk. MZid posi-
.. per [disk] micro lttud-dbk with the digital 5' t/oninr 1WIU inclruJbrg a stqpa' motor and means 
informatioo being stored at a density of at least for ~ IOill ~ motor in mp incnmena, 
~ 600 coacentric tnicb per inch. Jllid each iltt:remnt caailtg mid transd&K:er nuans to 
fint tllfd #eOlltl tnuutlw. m.ns each comprising mow frottt OM tl'DC/c lo tM 1WCI adjacnt track on 
tlllO read/.-,,.,. mid micro lrmd-db/c: -

positioning means for moving uid ftnt and MXNfll <iO 6kctro1Uc dmdt ,,._for lmpkmtutting tJw operation 
transducer means between the concnlrlcally otlja- of mid dbJc drlN qstmr. saJd el«JroiUc circuit means 
cent tncb on said [bard~] micro hard-disJa, beilf8 ~ lrlbamatially on a single priltt«i cir-
said positioning means including a positioning arm cllil board and inclruJbrg means for reducing current 
dJspoted withitt tM xakd housing, a piYot sltaft ctn1· drawn by a stepper motor in response to dcsclec-
p/«i lo Otul oul of said positlonbtg arm and npponinf 65 tion of said disk drive system by a host computer. 
said posidollbtg ann for rotadoruzl moYement n/4tiw 14. [The computer di&k drive system of claim 9, 
to said micro lvud-dula. four 111pport amu. each wherein said electronic circuit mcam includes] A com-
suppartiwg OM of said Ma.th al OM end and each pvur disk driw sptem comprising: 
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at least one micro hard-disk having a diameter of be­
tween 92 and 96 mm and a plurality of concentrically 
adjacent tracks on both planar sides thereof. said 
micro hard-disk fixedly mounted in a sealed housing; 

means for rotatably supporting said micro hard-disk; S 
means for rotating said micro hard-disk; 
transducer means having two read/write heads for writ­

ing digital information on and reading digital infor­
mation from said micro hard-disk on both planar 
sides of said micro hard-disk in a format so that said 10 
micro hard-disk has digital information stored on 
concentric tracks at a density providing at least 5 
Megabytes of storage per micro hard-disk with the 
digital information being stored at a density of at least 
approximately 600 concentric tracks per inch; IS 

positioning means for mewing said transducer means 
between the tracks on said micro hard-disk, said posi­
tioning means including means for moving said trans­
ducer means from one track to the next adjacent track 
on said micro hard-disk; 20 

a Jwusing in wlrkh said micro hard-disk. said transduar 
means and at least a portion of said p0smoning means 
are contained. said housing having a width substan­
tially the same as the diameter of said micro hard-
disk; and. 2S 

electronic ci1'C11.it means for implementing the operation 
of said disk dri~ system, said electronic cin:uit means 
being arranged substantially on a single printed cir­
cuit board and including means for reducing current 
drawn by said positioning means in response to 30 
desclcction of said disk drive system by a host 
computer. 

17. A computer disk d~ system according to claim 3 
wherein said support amu are attached to the positioning 
arm at a position intennediau to the ends of the positioning 3S 
arm. 

18. A computer disk d~ system according to claim 17 
wherein said stepper motor operates in a full step mode. 

40 
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19. A computer disk drive system according to claim 4 
and further including a metal band coupling said stepper 
motor shaft to the other end of said positioning arm. 

20. A computer disk drive system according to claim 19 
wherein said stepper motor operates in a fall step mode. 

21. A computer disk drive system according to claim 6 
wherein said at least two micro hard-disks each have a 
diameter of approximately 96 mm. 

22. A computer disk drive system according to claim 21 
wherein said stepper motor operates in a full step mode. 

23. A computer disk drive system according to claim 8 
wherein the digital information is stored at a density of at 
least approximauly 600 concentric tracks per inch. 

24. A computer disk drive sysum according to claim 23 
wherein said stepper motor operata in a full step mode. 

25. A computer disk drive system according to claim 9 
wherein said pivot shaft has an axis located on one side of 
said support arms and spaced away from said support 
a17Tl3, and said positioning means farther comprises: 

a bearing assembly supporting said pivot shaft for rota­
tional ntOHment thereby enabling said positioning 
arm to be pivoted about the axis of said piPOt shaft; 

a stepper motor having an output drive shaft; and 
a tensioned steel band coupling said drive shaft of said 

stepper motor to the other end of said positioning ann. 
said band being arranged in a pulley arrangement 
whereby rotational mOYement of said stepper motor 
causes pivoting of said positioning arm about said 
pivot shaft for moving said support arms and said 
read/write heads relative to said micro hard-disks. 

26. A computer disk dri?e system according to claim 25 
wherein said support arms are attached to the positioning 
arm at a position intermediate to the ends of the positioning 
arm. 

27. A computer disk dri?e system according to claim 26 
wherein said at least two micro hard-disks each have a 
diameter of approximately 96 mm. 

• • • • • 


