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DISK DRIVE SYSTEM
BACKGROUND OF THE INVENTION

" The present invention relates to disk drive systems.
Sik : _

"One of the principle components of a computer system is a place to
5 store data. Typically computer systems employ a number of storage means
to store data for use-by a computer system. For example, a computer
system can store data in a periphefal storage device referred to as a

disk drive or direct access storage device (DASD).

A disk drive or DASD includes one or more disks which appear
10 similar to records utilized with a record player or compact disks (CD)
which are utilized with a CD player. The disks are stacked on a spindle
for rotary motion in parallel planes, much like records. In a disk
- drive, however, the disks are mounted to the spindie and spaced apart so
that the separate disks do not touch each other. '

15 Such data storage devices employing rotating magnetic or optical
media disks are well-known for high capacity, low cost storage of data.
Such disks typically have a multiplicity of concentric data track
locations formed on one or both surfaces, each capable of storing useful
information. The information stored in each track is accessed by a

20 transducer head which is moved among the tracks dufing track seeking
operations and which is maintained in allgnment with the track during
read only and/or read/write track following operations of the device.
Typically one or more transducer heads are provided for each data storage
surface. The electro-mechanical assembly for rotation of the disk

25 relative to the head and for moving the head radially relative to the
disk surface for track accessing purposes is referred to as the head and
disk assembly (HDA). Each HDA may include a plurality of magnetic
storage disks mounted on a spindle. A control mechanism is provided in
order to maintain thie head within the boundaries of each data track, and

30 may take the form of detents provided by a stepping motor, or by a
continuously positionable actuator operating within a closed loop servo,
or a time-sampled servo. Additionally, an interface device is required
for connection of the HDA to a controller and for communication between

the disk drive and.the computer system. Typically, a standardized
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5 store data. Typically conputer systens enploy a nunber of storage,'

T neans to store data for use by a conputer system For exanple, a

conput er system can store data in a peripheral:storage device referred
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interface compatibility is being pursued by manufacturers of both desktop
systems such as personal computer (PC) and workstation systems and larger
computing systems. Thus, disk drives having differing capabilities and

10 capacities provided in standard form factors and plug-in configurations
by several different manufacturers may be used interchangeably in
different PC's, for example, in standardized plug-in slots provided by
the PC manufacturers.

Increasing system storage capacity while reducing disk drive size

15 reqguires careful balancing of the reduction of the area of the storage
medium, i.e., the area of the disk surface, agaihst the corresponding
reduction in storage capacity. A typical solution is to increase the . '
number of disks per spindle and/or increase the number of disk drives.
On a large scale, large numbers of relatively small disk drives are

20 mounted in drawers to provide high storage capacity while taking
advantage of common powér supplies and cooling facilities, for example,
to achieve an overall reduction in power requirements. However, for a
PC, for example, a user is limited to adding individual disk drives in
the standard form factor slots provided by the PC manufacturer or by

25 adding relatively expensive stand-alone units.

SUMMARY OF THE INVENTION

According to the present invention, there is provided a disk drive
assembly comprising a unitary assembly having: a mountihg frame; a
plurality of head-disk assemblies (HDAs) for storing information, said
30 HDAs being mounted on one side of said mounting frame; control means
. coupled to each of said HDAs for providing control signals; and data
~§;connect10n mgans for coupling information to and from said HDAs in
'response to said control signals.
. Preferably, disk drive assemblies according to the present
35~ 1nventidn*1nclude at least two HDAs packaged in an industry-standard form
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operations and which is maintained in alignment with the track during
*read only and/or read/wite track follow ng operations of the. device.
Typically one or nore transducer heads are provided for each data storage
surface. The el ectro-nechani cal assenbly for rotation of the disk 25

rel ative to tlkgedheagizand for noving the hemd radially relative to the

di sk surface for track accessing purposes is referred to as the head and
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preferred for the HDAs to be separately addressable via a common
interface connector.

A preferred embodiment of the present ihvention provides a disk
drive assembly in a five and one-quarter (5 1/4) inch disk drive form
10 factor which includes two three and one-half (3 1/2) inch form factor
HDAs mounted on a common framé. This two-drive embodiment of the
invention has as great or greater storage capacity than a like-sized
5 1/4 inch disk drive while consuming less power. Additionally, since
the spindle drive motor for a 3 1/2 inch disk drive is significantly
15 smaller than the spindle motor for a 5 1/4 inch disk drive and since
startup of the two drives can be st;ggered, less startup current is
required. )
Thus, a disk drive assembly accbrding to the present invention
preferably comprises a mounting frame or base having a length
20 approximately equal to the length of a selected disk drive form factor
and a width approximately equal to the width of the selected disk drive
form factor and having two HDAs mounted on a top side thereof, each of
the HDAs having a length approximately equal to the width of the selected
disk drive form factor and a width.approximately equal to one-half of the
25 length of the selected disk drive form factor. Such a multiple disk
drive assembly further includes a single, common controller board mounted
on the bottom side of the base underlying the two HDAs and having common
power and interface connectors mounted at a rear edge of the controller
- board. A common jumper or option block may also be mounted at the rear
30 edge of the controller board, providing for setting separate addresses
for each of the HDAs. Top and Bottbm covers may be attached to the top
and bottom sides of the base, respectively, to form upper and lower
enclosures enclosing the HDAs and the controller hoard and providing a
disk drive assembly unit having overall outside dimensions approximately
35 equal to the selected disk drive form factor.
A multiple disk drive assembly according to one embodiment of the
present invention provides a 5 1/4 inch disk drive form factor assembly
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2 *interface is utilized, for exanple, the Small Conputer Synchronous

s Interface (SCSl). Today's technology relating to data storage is

mar ked by continuing trends towards standardization and towards increased
storage capacity, reduced data storage device weight and size, and reduced
power consunpdagose-ofs andardi zation in sizg, referred to as formfactor,
and in interface conpatibility is being pursued by manufacturers of both
desktop systens such as personal conputer (PC) and workstation systens and
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and capaciti es igid frame and accessible via a common industry-standard interface.
Both the interface and power connectors and the frame mounting hole-
patterns are industry standard to provide interchangeability with

5§ 5 1/4 inch form factor disk drives provided by manufacturers for use in
computer systems, such as desktop personal computers, for example. A
single electronic controller board is shared by the two HDAs to provide
all controller functions. and power distribution for the HDAs as well as
data transfer to and from the data channel for each HDA. The controller

10 board may be implemented with either SCSI or IPI (intelligent printer
interface) interfaces in single-ended or differential versions. Top and
bottom covers provide the assembly with upper and lower enclosures with
sufficient clearance around the HDAs and controller board, respectively,
to provide efficient cooling of the components utilizing the cooling

15 . provided by the hosf computer system. A spring vibration damper device
is utilized to minimize both external and internal vibration and shock
effects to the HDAs. The-aséembly is fully enclosed with metal covers to
provide electromagnetic compatibility and radio frequency interference
protection. |

20 This embodiment of the present invention provides a two-drive array
in a single assembly within the constraints of a 5 1/4 inch industry-
standard form factor having common electronics -and accessible via a
common interface connector. The performanée of the array may be
optimized for various configurations without forcing a user of the

25 assembly to rewrite or amend their computer operating system software or
providing special controllers or interfaces. For example, the two-drive
assembly provides two independently addressable disk drives which may be
utilized as two separate data storage files or in which one drive may be
reserved as a "hot" spare while the other drive is used for data storage.

30 Alternatively, the two-drive array may be configured to provide a
"single" drive with the media rate effectively doubled or as one drive
with multiple copies of data (mirrored data).

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be more fully understood from the
35 following detailed description of the preferred embodiments, reference
being made to the accompanying drawings, in which like reference numerals
indicate like parts and in which: -
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"provided in standard form factors and plug-in configurations by several
rdifferent manufacturers may be used interchangeably in different PCs, for
exanple, in standardi zed plug-in slots provided by -the PC manufacturers.

I ncreasi ng system storage capacity while reducing disk drive size requires
careful bal sxeep218f the reduction of the area of the storage nedi um

I.e., the area of the disk surface,, against the correspondi ng reduction in
storage capacity. A typical solution is to increase the nunber of disks
per spindl'e and/ orig. NCriea&e eifldaed Wiy iafpedssdctid Y% afdk ariveag@eescal e,

l'arge nunber g. Qf airl) & 1tk presIm! 5?‘%;1?@5'1“ ves are nounted in drawers to

provi de high storage capacity whi 1ng advantage of common power
supplies 'and cooling facilities, for exanple, to achieve an overall
reducti on i n powefigr edjuiisr ®ipentpective view of the disk drive system in Fig. 1 in

partially assembled form;

5 Fig. 3 is a perspective view illustrating the disk drive system of
Fig. 1 in fully assembled form;
Fig. 4 is a rear view of the disk drive system shown in Fig. 3
illustrating controller board connectors and cover cooling vents;

Fig. 5 is a top view of the interior of a head/disk assembly
10 suitable for use in the disk drive system shown in Fig. 1;

Fig. 6 is an exploded view in perspective of the head/disk assembly
" shown in Fig. 5;

Fig. 7 is a conceptual block diagram of electrical, control and
communications distribution circuitry employed in the disk drive system
15 shown in Fig. 1: '

'Fig. 8 is a plan view of a jumper block for a controller board
forming part of the circuitry of Fig. 7; and

Fig. 9 is a partially exploded view in perspective of a second

embodiment of a disk drive system of the present invention.
20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figs. 1 and 2, Fig. 1 is an exploded view of a
preferred embodiment of the disk drive system according to the principles
of the present invention. A multiple disk drive system 10 comprises two
head and disk assemblies (HDA) 11 and 13 mounted on the top side a

25 mounting frame or base 15, a common controller board 17 mounted on the
bottom side of the base 15 and including a top cover 19 and a bottom
plate 21'a£tached to the top and bottom of the base 15, respectively, to
provide an enclosure for the two HDAs 11 and 13 and the controller board
17. Each of the HDAs 11, 13 is enclosed in a separate housing 23, 25,

30 respectively, which provides a'rig}d frame for mounting the spindle and
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However, for a PC, for exanple, a user is linited to adding individual disk
Yrives in the standard formfactor slots provided by the PC nanufacturer
or by adding relatively expensive stand-al one units.

SUMVARY  OF Tk IBIVGNT! ON It is an opject of the present invention to
anel i orate one or nore disadvantages of the prior art. According to
one aspect of the present I nvention there is provided a nultiple disk
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i nformati on, Base
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to each of saiith defdeenicd teFibor Smami A1 ZiThe bhke 15 includes a mounting bracket

27 for mounting the HDAs 11 and 13 on the base. The HDAs 11 and 13 are
5 mounted side-by-side on the base 15 and attached to bracket 27, for

example, by stud 31 engaging slot 29 and secured by clip 35. Shock
absorbing devices,'such as rubber shock absorber 33, for example, are
provided at the HDAs 11 and 13 attachment points to provide mechanical
isolation from the base 15. Similarly, studs 37 and 39 engage slots 41

10 and 43, respectively; additional stud and clip combinations (not shown)
or other suitable attachment means complete the attachment of the HDAs
11, 13 to the bracket 27.

The base 15 also includes a mounting bracket 49 for mounting a
vibration damping device 47. The vibration damper 47 is attached to the
15 bracket 49 in such a manner that a force is applied to the front side 51
of each HDA housing 23, 25 when the HDAs 11 and 13 are mounted on the
base 15. The vibration damper device ‘47 comprises a stainless steel
spring providing a controlled force acting on the HDA housings. The
stainless steel spring is coated withfa low-wear, insulating material,
20 such as XYLAN 1010, to provide electrical insulation and a consistent
coefficient of friction between the HDA housings 23, 25 and the
vibration damper 47. The vibration damper 47 is rigidly secured to the
mounting bracket 49 by bolts and nuts or other well-known manner.

When mounting two or more HDAs on a common frame, base 15, for

25 example, the frame must be sufficiently rigid to minimize effects due to
both external vibration and shock and to vibrational forces generated by
the HDAs themselves. For example, rotational torque generated by the
rotating magnetic disks is transmitted to the HDA housing causing low
frequency vibrations. This vibration may also be transmitted to adjacent

30 HDAs via the mounting frame. One result of such vibration is track
misregistration greatly increasing the demands on the head tracking servo
system. The use of dampening systems, such as the vibration dampening
device 47, for example, reduces the rigidity and stiffness requirements
of the mounting frame resulting in a lighter, less massive frame and

35 allowing a greater choice of materials for fabrication of the mounting
frame. 1In the preferred embodiment, the vibration damper 47 applies a
frictional dampening force in the range of 0.8 kilograms to 2.0 kilograms
to the front side 51 of each HDA 11, 13. The frictional force applied by
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ef fects of shock and vibration on the operation of said N disk drives,

*vi bration

3  danper

menber being coated with a layer of electrically insulating materi al

i nsul ating

said vibration danper nmenber fromsaid N disk drives; contr

means coupl edsifrosagid N di sk drives for pyoviding control signals; and
data neans for coupling information to and fromsaid N disk drives in
response to said control signals.- - According to another aspect of

pr esent i ”Ve”%é) Qiﬁxtketri.gn iﬁmﬁrro){'} %‘Egiquwltgtie Hlo‘? frequency resonance of the
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35

individual HDAs 11, 13 and_stiffens the HDA shock mounts, shock absorber
33, for example, to minimize transmission of vibration and shock between
adjacent HDas.

The controller board 17 comprises a mﬁlti-la&er printed circuit
board having various electronic components mounted thereon and provides
the required electronic circuitry to facilitate operation and control of
the HDAs 11 and 13, couple information to and from the HDAs and to
interface with a host computer system. The controller board 17 also
includes a power connector 53, a controller interface connector 55 and a
jumper block or options connector 57 mounted thereon at the rear end of
the board. Cables 59 connect the controller board to the HDAs 11 and 13
and to the data channel boards 61 and 63, respectively, mounted on the
HDA housings. The controller board 17 is described in greater detail
below with reference to Fig. 7.

Referring now also to Figs. 3 and 4, the controller board 17 is

mounted on the bottom side of the base 15. Slots 45 in the front edge of

the board 17 engage corresponding studs or clips formed in the bottom

side of the base 15 (not shown). The board 17 is retained in position by

a rear mounting bracket 65 which engages the board at its rear edge and
is secured to the base 15 in slots 67 by screws or bolts and nuts 69
through tabs 7i. The base 15 includes downwardly extending side and
front walls 73 and 75, respectively, which form an enclosure for the
controller board 17 when the bottom plate 21 is attached to the base 15.
The front wall 75 includes a pattern of air or ventilation holes formed
therethrough to provide a cooling air inlet for the controller board
components.

The top cover 19 is attached to the base 15 by slots 79 in

sai d

ol

t he

éngagement with screws or bolts and nuts 83 through holes 81. The bottom

Plate 21 is attached to the bottom side of the base 15 by tabs 85 in

engagement with corresponding slots (not shown) in the lower portion of

the base front wall 75 and maintained in position by screws or bolts and
nuts 69 through slots 77 and 67 at the rear of the base. When completely

assembled, the two HDAs 11 and 13 are enclosed in an upper enclosure
above the base 15 and the controller board 17 is enclosed in a lower
enclosure below the base 15. The front and rear walls 87 and 89,

respectively, of the cover 19 have a pattern of air or ventilation holes
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dISk drive system conprising: a base; a nunber of N of disk drives for
Ystoring informati-on, said N di'sk drives nmounted on a top side of said.
base; and a -single vi bration danper nerber nounted on said base for
coupliing a force to each of 'said disk drives for mnimzing the effects of
shock ‘and vibration on the operation of said N disk drives, said vibration
danper nenber being coated with a |ayer of electrically |nsulat|ng mat eri al -
~i.nsulating sgjdle ?kﬁ@atlon danper nenber fgom said N disk drives.

According to sti anot her aspect of the present invention there is
provided a nultiple disk drive systemconprising: a base; two disk drives

ount ed on afSRn%aSéhQ?e&fmg%aw ali@a@co@ﬁaa & u&ahshsdm& afidcygcaencl osed in a
separat e -houSing for noun ce spri nmenber

mount ed on s&P’EP°B%‘§€ - arfg® c"d’ﬁ? a°(,£t Flheg lg‘écfhe%°2‘°ﬁl‘-'re 18 %pen gifm"mg coolihg sir

to flow through the enclosure and to provide access to the controller
board connectors 53, 55 and 57.

5 ' The assembled multiple disk drive system, as shown in Fig. 4, forms
a complete plug-in disk drive unit 90 having overall dimensions of
approximately 3.25 inches (82.5 millimeters (mm)) in height, 5.75 inches
(146.0 mm) in width and 8.25 inches (209.5 mm) in length, the approximate
dimensions of the industry-standard form factor for a five and one-

10 quarter (5 1/4) inch disk drive. B2n industry-standard pattern of
mounting holes are pfovided which allows the disk drive unit 90 to be
mounted in six different positions. The controller board connectors 53,
55 and 57 comprise industry-standard components. The disk drive unit 90
is completely interchangeable with other'industry-Standard $ 1/4 inch

15 form factor disk drives and can be used in any 5 1/4 inch slot or rack in
a computer, such as a PC for example. '

The HDAs 11 and 13 utilized in the preferred embodiment described
above have a length approximately equal to the width of a 5 1/4 inch disk
drive form factor and a width approximately equal .to one-half the length

20 of a 5 1/4 inch disk drive form factor which are the approximate
dimensions of a three and one-half (3 1/2) inch disk drive form factor.
Figs. 5 and 6 are a top plan view and an exploded view in perspective,
respectively, of an HDA for a 3 1/2 inch form factor disk drive which is

suitable for use in the multiple disk drive sysfem 10 of the present
25 invention.

Referring now to Figs. 5 and 6, a disk drive 100 includes a housing
101, and a housing cover 103 which, after assembly, is mounted on base 15
within bracket 27 (és shown in Fig. 1). Rotatably attached within the
housing 101 on an actuator shaft 117 is an actuator arm assembly 119.

30 One end of the actuator arm assembly 119 includes an E block or comb like
structure 121 having'a plurality of arms 123, Attached to the separate
arms 123 on the comb or E block 121 are load springs 125. Attached at
the end of each load spring is a slider 127 which carries a magﬁetic
transducer head (not shown). On the other end of the actuator arm

assembly 119 opposite the load springs 125 and the sliders 127 is a voice
coil 129,

35

-—
This Sheet Has Been Re

IENATY flll



separate housing at a selected point for coupling a frictional force to
each of said two disk drives at said selected point of contact, said
spring nmenber for mnimzing the effects of shock and vibration on the
operation of sglodoswa3di sk drives; said spsing nenber being coated with a
| ayer of |ow wear, electrically insulating material for electrically

I nsul ating said spring nenber fromsaird two di sk drives and for providing a
sel ected coeffici enftt@éneliriithinrhddbuemy A tk apsdirGofRadREs asd. eard padd d

di sk drive at tsa'%, gﬁ& &a &fén(l&(étewcﬁgnfz_@%renﬁ éonvpgugltgd?ég vfk Qéo\ﬁ?

_di sk drives fof pr contral g&g ;  and means coup
i nformation t oAl ‘f*’l‘ﬁﬁ‘nag&]rlﬁstﬁ/vcfmé‘iesk £ \RESuater a’rﬂ‘é%"ﬂ’i’&i‘isjewtEf’ §&Fa&ec-btnt roI
si gnal s. abdat athei aryubryshafiridfZhetles pewitedfwithin phe bowdingrmpanis an

there is F)rQVi§BQQde shaft 133. = Attached to the spindle shaft 133 are a number of
magnetic storage disks 135. A spindle motor (not shown in Fig. 6) is
coupled to the spindle shaft 133 for rotatory motion of the spindle shaft
at a selected speed. As shown in Fig. 6, eight disks 135 are attached to
the spindle shaft 133 in spaced apart relation. When assembled, the
10 separate arms 123 extend between the disks 135 in such a manner that the

13

magnetic head at the end of each load spring 125 is closely adjacent a
surface of one of the disks. During storing and retrieving (write/read)
of information, the voice coil motor responsive to control signals causes
the magnetic head to be moved across the surface of the disk.

15 Referring now also to Fig. 7, the single electronics controller
board or card 17 is mounted in the lower enclosure below the two HDAs 11
and 13 (as shown in Fig. 1) and is shared by the two HDAs. For the

.purposes of the description of the controller board 17, the two HDAs 11
and 13 will be referred to as drive A and drive B, respectively. Each

20 drive A, B is electronically controlled by an interface microprocessor, a
servo control microprocessor, several logic modules, digital/analoé
converters and various drivers and receivers and associated circuitry.
With the exception of. the data channel circuitry which is mounted on a
separate channel board 137 (as shown in Fig. 6) for each drive &, B, all

25 of the control circuitry and components are mounted on the controller
board 17. While some of the components physically may be shared by the
two drives A, B for efficiency and parts reduction, logically, the
controller board 17 is divided into halves, one-half A, 149, providing

control for drive A and the other half B, 151, provide control for drive
30 B, ’

Since the control electronics for both of the drives is essentially
identical, both in operation and composition, the operation of only one
will be described.

The servo microprocessor (not shown) for each drive A, B generates

35 all actuator servo and spindle motor control signals with the exception
of starting and stopping of the spindle. The servo microprocessor
controls the spindle motor speed via a closed loop servo system and

performs the spindle synchronization function. The servo microprocessor

—
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mil tiple disk drive system conprising: a base: two disk drives for storing
I nformation nounted on a top side of said base, each of said tw disk
drives enclosed in a separate housing; a single-piece spring nenber
nount ed on said base and contacting each.sgid
4 separate hoWdr?4y%4% a selected point for coupling a frictional force to
each of said two disk drives at said_selected point of contact, said
spring nmenber for mnimzing the effects of shock and vibration on the
operation of sgrioWidegosrindle AptareSontsanl sigads Sigri Hj respective drive on lines

141 and 143, respectively. The spindle is driven directly by an in-hub,

brushless DC drive motor 153 receiving its power from the controller
board. Dynamic braking is utilized to quickly stop the spindle upon
5 receipt of a stop signal.

The actuator 155 is a swing-arm assembly driven by a voice coil
motor having the read/write transducer heads mounted opposite the voice
coil motor. The servo microprocessor initially conducts a power-up

10 sequence and calibrates the actuator servo system. All actuator control
signals providing closed loop control of transducer head positioning and
tracking on the disk surface are generated by the servo microprocessor.
‘A dedicated servo disk surface and head provides feedback to the actuator
servo to maintain the read/write heads centered over the desired track on

15 the disk. The servo microprocessor monitors the actuator position and
determines a target track for a seek operation. Utilizing stored
velocity profiles, the voice coil motor power amplifier driver is
controlled to drive the actuator to a desired target track.. During seek
operations, the dedicated servo head provides track crossing information

20 to the servo. Responsive to appropriate iﬂput conditions, the servo i

microprocessor generates control signals for accessing servo signal
gating, recalibration, track following and error detection and recovery.

. The servo microprocessor provides servo control signals to its respective

actuator servo via lines 145 and 147, respectively.

25 The interface microprocessor (not shown) controls and interprets
all interface signals between the host computer system controller and its
respective drive. The interface microprocessor generates the spindle
start and stop signals for its respective drive. BAll data processing
circuitry and logic including coding for write and detection and decoding

30 operations, error detection and error correction is implemented on a
separate data channel board 137 (as shown in Fig. 6) for each drive A, B
coupled to its microprocessbr via lines 139A and 139B, respectively. The
interface microprocessor controls .the transfer of data between its
respective drive A, B and the host computer system, read/write access of

35 the disk media and disk defect management and error recovery.
Additionally, the interface microprocessor performs diagnostics and
provides monitoring of the spindle status.
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menber being coated wth a |layer of |owwear, electrically insulating
~material for electrically insulating said spring nenber fromsaid tw disk
drive and for providing a selected coefficient of friction between said
spring menber and each said disk drive at said point of contact.
BRI EF DESCRI PT$RONBZPBLFHE DRAW NGS Thélpresent I nvention may be nore
fully understood fromthe follow ng detail ed description of the preferred
enbodi ments, reference being nmade to the acconpanying draw ngs, in which
li ke reference nunemhal sulitiygliecdisk Aiive writt® ascoupledhte fthe host computer

. system via the connectors 53, 55 and 57 mounted at the rear édge of the

controller board 17. The controller board may use ANSI standardized SCSI

or IPI interfaces in either differential or single-ended versions. In

§ the preferred embodiment, single-ended buffered SCSI is utilized and the
interface éignal connector 55 comprises a 50-pin connector meeting
ANSI/SCSI specifications (Molex part no. 70246 is suitable for this
purpose). The pin assignments are given in Table I. The DC power
connector 53 comprises a 4-pin connector which couples + 12 volt and + 5

10 volt power to the board 17 and provides two system grounds.

Conductor
Pin .
Signal Name ___ Number Signal Name
. GROUND 1 2 -DB(0
GROUND 3 4 -pB(1
GROUND 5 6 -DB(2
GROUND 7 8 -DB(3
GROUND 9 10 -DB(4
GROUND 11 12 ~DB(5
GROUND 13 14 -DB(6
GROUND 15 16 -DB(7
GROUND 17 18 -DB(P)
GROUND 19 20 GROUND
GROUND 21 22 GROUND
OPEN 23 24 OPEN
OPEN 25 26 TERMPWR
OPEN 27 28 OPEN
GROUND 29 30 GROUND
GROUND 31 32 -ATN
GROUND 33 34 ‘ GROUND
GROUND 35 36 -BSY
GROUND 37 38 -ACK
GROUND 39 40 -RST
GROUND 41 42 -MSG
GROUND 43 44 -SEL
GROUND 45 46 -C/D
GROUND 47 48 -REQ
GROUND 49 50 . =170
TABLE I

The options block 57 comprises a 26-~pin jumper block 57 as shown in
Fig. 8. Pins Al1-2A6 and B1-B6 are used to select and set the respective
drive A, B SCSI device address (SCSI ID). The desired address is set
ufilizing a jumper or shorting block 161, shunting one or more of the bit
pPins to ground. Pin configuration for a desired drive address is defined
in Table I. Pins A9, Al0 and B9, B10 control spindle synchronization and
the remaining pins control spindle motor start and term power for the -

respective A and B drives.
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perspecti

ok T ~.Fig. 1 is an exploded viewin
6t a di sk drive system according to the present invention;
$29-92-013 : 12

ADDRESS DETERMINATION
BITO . BIT1 BIT2

1 + ADDRESS
£ of o 0
of off , off 1
of f on - off 2
on . on off 3
off off on 4
on - off ) on 5
off . on on 6
on on on 7

Note: In the chart above MOEF" means Jumper is not in place and “on"
means jumper is in place.

TABLE I1I

The multiple disk drive unit 90 provides a two-drive array
utilizing a common controller boérd and a common interface connector in a
5 1/4 disk drive form factor. The two-drive array may be controlled in
various configurations to provide optimum performance or user desired
features. The configuration of the preferred embodiment comprises two
separately addressable independent disk drives accessed fhrough a common
SCSI connector. The address (SCSI ID) of each drive A, B is set at the i
jumper block 57 as described above. A user then may use one drive, drive
A, for example, while reserving the other drive as a "hot" spare.
Alternatively, both drive A and drive B may be usgd“for continuous data
storage thus providing greafer storage capacity than provided by a single
5 1/4 inch drive while reducing the power and cooling requirements and

the cables, connectors, etc., required for two 3 1/2 inch drives.

Referring now to Fig. 9, a second preferred embodiment of a
multiple disk drive system according to the principles
of the present invention is shown. A multiple disk drive system 200
comprises a base 201 having four HDAs 203, 205, 207 and 209 mounted on an
upper side thereof and a single controller board 211 providing the
circuitry and components required for the operation and control of the
four HDAs. Cable connector pairs 213, 215, 217 and 219 are provided to
couple power and control signals to and transfer data to and from the
HDAs 209, 203, 205 and 207, respectively. Power connector 221 and
interface connector 223 are mounted at the rear edge of the controller

board 211 to couple the multiple disk drive system 200 to a host computer
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Fig. 2-is a--pefspective view of the disk drive systemin Fig. 1in
«partially assenbled form 5 ‘Fig. 3 is a perspective view
illustrating the disk drive system of Fig. 1 in fully assenbled form
Fig. 4 is arear view of the disk drive sygtemshown in Fig. 3 :

il lustrating AU PHIHM2r board connectors an cover cooling vents;

Fig. 5is atop viewof the interior of a head/disk assenbly 10 suitable

Lo, s 0 e lak O Y2 SNELE T UOM Ptheslto i 1. one opfidinn®l 5 20
board 211 is mounted on the bottom side of the base 201 beneath_the HDAs.
Similarly, a top cover 227 and a bottom cover (as shown in Fig. 1) are
attached to the base 201 forming upper and lower enclosures which enclose
the four HDAs aﬁd the controller board, respectively. When assembled, a
comélete disk drive unit 90 is formed (as shown in Fig. 4) which provides
an array of four separately addressable, independent disk drives

accessible via a common interface connector.

_ In the preferred embodiment as described above with reference to
Fig. 9, the disk drive unit 90 has approximately the overall dimensions
of a 5 1/4 inch disk drive form factor {as shown in Fig. 4). Each of the
four HDAs 203, 205, 207 and 209 mounted on base 201 has a length
approximately equal to one-half the length of a 5 1/4 inch drive form
factor and a width approximately equal to one-half the width of a 5 1/4
inch disk drive form factor, which length and widtﬁ approximate the

dimensions of a two and one-half (2 1/2) inch diskidrive form factor.

While the invention has been particularly shown and described with .
reference to various preferred embodiments tﬁereof, it is understood by
those skilled.in the arf that the invention is not to be limited to the
disclosed embodiments, but that various modifications in the form and
details may be made therein without departing from the spirit and scope

of the appended claims.
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Fig. 7 is a.conceptual block diagramof electrical, control and

comuni cations distribution circuitry enployed in the disk. drive system 15
shown in Fig. 1; Fig. 8 is a plan view of- a junper block for a
controll er board formng part of the circuitry Fig. 7; and

Fig. 9 is a pasm+e@-pi3 expl oded view in per%ﬁective of a second

enbodi mrent of a disk drive systemof the present in ﬁm

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS “"m, m' "l" u?m,' ng to
Figs. 1 and 2, Fig. 1 is an expl oded vi e L&¥MSy pref érred "entfodi*ment of
the di sk drive systemaccording to the principles of the present

i nvention. A multiple disk drive system 10 conpr-i ses two
) 1. A disk drive system (10) comprising a unitary assembly having:

a mountiné frame (15):;

a plurality of head-disk assemblies (HDAs) (11, 13) for storing

information, said HDAs being mounted on one side of said mounting frame;

control means coupled to each of said HDAs for providing control

signals; and

data connection means (55, 57) for coupling information to and from

said HDAs in response to said control signals.

2. A disk drive'sygtem as claimed in claim 1 further comprising a
first cover {(19) having substanﬂiafly the same dimensions as said
mounting frame and engaged with said mounting frame enclosing said
plurality of HDAs mounted thereon, said first cover providing a

.controllable environment between said mounting frame and said first

cover.

3. A disk drive system according to claim 2, wherein opposing forward
and rear sides (87 and 89 respectively) of said first cover each have at
least one aperture formed therethrough for inflow and outflow of a

cooling medium thereby to provide cooling for components enclosed by said

first cover.

4, A disk drive system as claimed in any one of claims 1 to 3 further
comprising a common controller board (17) mounted on the opposite side of
said mounting frame to said HDAs, said control means and said data

connection means being mounted on said controller board.

—_—
This Sheet H.

LT



head and di
mounting frd§
bott om si de_

enblies (HDA) 11 and 13 nounted on the top side a 25
base 15, a comon controller board 17 nounted on the

plate 21 at %@s; gf;ﬁelfogngnidnglo??ionmgo?léﬁg Egjﬂllmﬂlmmuﬁm)ﬂ)ﬂ ly, to

provi de an en or the two HDAs 11 and 13 and tle Eontrdl |l ér board
17. Each of the HDAs 11, 13 is enclosed in a separate housing 23, 25, 30

respectively, which providss futhdld {iadim Lo e ARnd Eonfi ilge, and

REPLACEMENT SHEET
attached di sksgecbh® copdmtio, nsridrsegand cheerabaving gubskratiaidu/ mel game

transducer head assembly a8.WduhtRG AGRE! 088 nblhtdhs HrGhe HEYAY aOSL AN

two opposing side walls (73) extending from opposing sides thereof, said
second cover engaging said opposing side walls for enclosing said common

éont}oller board.

6. A disk drive system as in claim 5 wherein said mounting frame
further includes a forward wall (75) having a pattern of cooling holes
formed therethrough, the enclosure formed by engagement of said second
cover with said side and forward walls being open at a rear side for
providihg access to said common controller board and flowthrough for a

cooling medium.

7. A disk drive system according to any one of claims 4 to 6 whqrein
said common controller board includes address means mounted thereon and

. coupled to said control means and said data connection means for'sétting
a separate address for each of said HDAs, each said HDA being

independently addressable.

8. A disk drive system as in claim 7 wherein said address means

comprises a jumper block (57) for setting separate addresses for each of

said HDAs.

9. A disk drive system as in any one of claims 4 to 8 wherein said
common controller board includes at least one connector mounted thereon,
said connector being common to said HDAs, said connector providing cable

connections for coupling said common controller board to a host computer

systen.

10. A disk driver system as in claim 9 wherein said common controller
board includes a common power connector (53) mounted thereon for coupling

said common controller board to a host power source, and a common
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with reference tq . Figs. 5 and 6. The base 15 includes a nounting bracket
27 for nounting the HDAs 11.and 13 on the base. The HDAs 11 and 13 are 5

nmount ed si deghy-si de on the base 15 and attachedllwlﬁ mﬂuus mum

exanpl e, by&gtud 23]0 gngagl ng slot 29 and segcured

absor bi ng dév%geg such as rubber shock absor ber “for exarrpl e, are
provided at the HDAs 11 and 13 attachment points to provi de nmechani cal

i sol ati.on fromthe base 15.. .Sidth! @dun¥ed $héidsn For adtp PRgeilda%EomabPt S 41 10
and 43, respe?:"t‘tie\‘/'g‘f . SIS c’lro%al) Stud and clip conbinations (not shown)

or other’ sui t adtiteoHiet dnhamdrto AdwAL coptisldere t he attachment of the HDAs

11, 13 to the bracket 27. The base 15 al so includes a nounting
bracket 49 for nmounting a vi brati on danpi ng device 47. The vibration
danper 47 is atiachedsk driveesystempcgerding 4y any evgo R dtheepnseedingaglaing or ce
is applied to the. fr R Jur therOLonB2das Hida MR 10 n the
HDAs 11 and 1§he§r & r?tg)%tsgdéj ur & omgse s5 gl'he Vi brgtlgneﬁa\r,r%gr devi ce
47 conpri ses eowpled nbe@sdsdaéelconnecfsm imagnsp £ isEP g sandorrtr dtvied for ce
acting on the, | A98na Fhén the onl VrMhdRESnadhO8le SIhg aisiCPAIs§d With a
| ow wear, i nsu'%iD T‘Jr}ggﬁraope?? aF 20 © guchras XYL a%N 1010, rtég)ligprovsl ggg ?

el ectri cal | nahﬂcatmmrmdea;hctlﬁiisi st ent

12. A disk drive system according to any one of the preceding claims
wherein the mounting frame has a 1quth apﬁroximately equal to the length
of a first selected industry-standard form factor disk drivé and a width
approximately equal to the width of said first selected industry-standard

form factor disk drive.

. 13. A disk drive system according to claim 12 wherein each of said HDAs
has dimensions substantially equal to an HDA foria selected industry-
standard form factor disk drive which is different from said first

selected form factor.

14. A disk drive system according to claim 12 or claim 13 wherein the
first selected industry-standard form factor is the 5 1/4 inch form

factor.

15. A disk drive system according to any one of the preceding claims
having vibration damper means (47) mounted on said mounting frame for
coupling a force to each of said HDAs for minimizing the effects of shock

- and vibration on the operation of said disk drives.

16. A disk drive system as in claim 15 wherein said vibration damper

means comprises spring means for applying a frictional force to each of
said HDAs.
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coéfficient -ofxfsiction between the HDA housi ngs 23, 25 and the —
»-Vi bration darrper 47. The vibration danper 47 is ri "m he
nounting bracket 49 by bolts and nuts or other vvel “mm !lﬁm

When nounting two O{ﬁ_gf e HDAs on a common fyame, base €15+t for = exanpl e,
the frame nust [78° ciently rigid to mnimze effects due to bot h
external vibration and shock and to vibrational forces generated by t he

HDAs t hensel ves. For exanple, rot tlonal t ener at ¢

rotating magnet ild-di $k&i5¥s driye f¥# “t"t &g o° fﬂ@ﬁdﬂ%ﬁﬁ%l géﬁﬁls“ign"éeaf“%v@s
frequency vi br atdogtes wil'thi 8 Mlybf a:tﬂa:)rlomaa.l ghedseid¢alaysimstlatiing eatxdjiaL et 30
HDAs via the nounti ng laQ}.n aﬁ trBI sua%g é/l brsatll |santdr oc%k

m sregi stration edF‘é f ]1Yn’c'}58a3| na % G S i R P HE TR E RS ng servo
system The use pebvitaapankeigctss teshificizne bfasrichﬁowbbmabn caidlappibwy Nepns
device 47, for exanpl.e, reduce e I’I. I dpt f ness requirenent

of the m)untl ng af"figésrﬁﬁﬂwi 3t ttp - &°H ﬂ% crxr,'%cgsbsettﬁa ‘Ee s?rlg'ﬁemea?ﬁa é
all owi ng a greatwne upaoi ce of rra_terl al s for fabri.cation of t he nmounti ng
frame. In the preferred enbodi nent, the vibration danper 47 applies a
frictional danpening force in the range of 0.8 kilograns to 2.0 kil ograns
to the front side 51 of each HDA 11, 13. The frictional force applied by

.\
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REPLACEMENT_SHEET . . the vibration danper 47 m nimzes the | ow

; frequency resonce of the . individual HDAs 11, 13 and stiffens the HDA
shock mounts, _shock absor ber 33, for exanple, to mnimze transm ssion
of V|brat|®n and shock between adj acent HDAs.
- §A9-92-013 18
ABSTRACT

~  ARCHITECTURE FOR MULTIPLE DISK FILE ASSEMBLIES
ON A COMMON MOUNTING FRAME

A multlple disk drive assembly (10) in a 5 1/4 inch disk drive form
factor hav1ng two 3 1/2 inch disk drive form factor head-disk assemblies
(uDpa) (11, 13) internally mounted on a rigid frame (15) and accessible
via a common industry-standard interface connector (55) is provided.

Both the interface and power connectors (55 and 53 respectively) and the
frame mounting hole patterns are.industry standard to provide
interchangeability with 5 1/4 inch form factor disk drives provided by
manufacturers for use in computer systems. A single electrpnics
controller board (17) is shared by both HDAs and is méunted on the bottom
side of the frame below the HDAs, The controller board may implement
SCSI or IPI interfaces in either differential or single-endéd versions.:
A spring vibration damper (47) is utilized to minimize exfernal vibration
and shock effects on the HDAs and also to minimize the effects of I
vibration internally generatéd by one HDA on the adjacent HDA. The
assembly is fully enclosed with metal top and bottom covers (19 and 21
respectively) to provide separate enclosures for the HDAs and the

controller board cooling and to provide EMC and RFI protection.

—_—
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5 The controller board 17 conprises a multi-layer printed circuit
) gaérd,having vari ous el ectronic conponents nounted thereon and provides .
+4¥ he required electronic circuitry to facilitate operation and control of. =

t he HDAs .11 and 135-couple information to and fromthe HDAs and to

interface wth .a host conputer system The controller board 17 also 10

i ncl udes a power connector 53, a controller interface connector 55 and a

j unper bl ock or options connector 57 nmounted thereon at the rear end of

t he board, Cables 59 connect the control % board to the HDAs 11 and 13

and to thé data channel boards 61 and 63, respectively, nounted on the

HDA housi ngs. The controller board 17 is described in greater detail 15

below with reference to Fig. 7. Referring now also to Figs. 3
and 4, the controller board 17 is nmount ed on the bottom side of the
base 15. Slots 45ir1tﬂ; front edge of ~82 the board 17 engage
correspondi ng studs -or cINps [essed yh the bottom side of the base 15

(not shown). The board 1

= ®xgd in position by 20 a rear nounting
bracket 65 which engages 445 oy

rear edge and is secured to .
Rqand nuts 69 t hrough tabs 71.




froat walls 73 and 75, respectively, which forman enclosure for the .
controller board 17 when the bottomplate 21 is attached to the base 15. 25
*The front wall 75 includes a pattern of air or ventilation holes forned

t heret hrough to provide a cooling air inlet for the controller board

conponents. - - The top cover 19 isdsttached to the base 15 by
slots 79 in engagenent with screws oraf ts and nuts 83 through hol es
81. The bottom 30 plate 21 is attached to the bottom side of the base 15
by tabs 85 in engagenment with corresponding slots (not shown) in the

| ower portion of the base front wall 75 and maintained in position by -
screws or bolts and =~ nuts 69 through slots 77 and 67 at the rear of the
base. Wien conpletely assenbl ed, the two F£A§311.2?Wb13 are enclosed in
an upper enclosure 35 above the base 15 and they,contyoller board 17 is
enclosed in a | ower encl osure bel ow t he bass he front and rear
wal | s 87 and 89, respectivel y,48f thg a pattern of air or

ventilation hol es .

L
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¢t t her et hrough- tjo al | ow.cooling of the HDAs and associ at ed conmponents.
The rear of the l'ower enclosure is. open allowi ng cooling air "to flow
t hrough the encl osure and to provide acce;g to the controller boar d
connectors B3, .55 and 57. * .5 The #£8enbl ed mul tiple disk drive

system as shown in Fig. 4,

havi ng overatl di nensions of
i-n hei ght,
in | ength,

mllimeters (mm)
I nches {209.5 mmM)

forns

plug-in disk drive unit 90

2R3. 25 inc (82.5
"_'"‘wi dth and 8.25
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di nrensi ons of the industry-standard formfactor for a five and one- 10
quarter--{5 1/4) inch disk drive. An industry-standard pattern of '
Tount i ng hol es are provided which allows the disk drive unit 90 to be
mounted in six different positions. The controller board connectors 53,
55 and 57.gmmpri-se industry-standard conagﬁents. The disk drive unit 90
I's conpl etel’y interchangeable w th other dustry-bgpnadard oA/ 4 inch 15

formfactor disk drives and can be used in anf23 1/{4 i _ rack in
a conputer, such as a PC for gx : 13
utilized in the preferred d'nen} A TiRd engt h
approXimately equal to t ijiidth of 14 i il ' orm fact or
and a wi dth approxi mat jl /270 al f| the* X et MEOWAT. . 1[4 inch
di sk drive form fact or/fi etk | Ok f /29t hr ee
and one-hal f (3 1/2) gAdinlidhilslk ldri Ve rerals \d . 6 are a
top plan view angzanfexpl- i ersgective, b, ify£ly, of an
HDA for a 3 1/2™ rm fi 4B I i vg whi ch ,” © " &l e for use
inthe nultiple dis drive,'l ! Y hg present] {24} fHn 3/




Reférring now to Figs. 5 and 6, a disk drive 100 includes a housing

101, and a housing cover 103 which, after assenbly, is nounted on base 15 -~
wi thin bracket 27 (as shown in Fig. 1). Rotatably attached within the gy
housi ng 101 on an actuator shaft 117 is an actuator arm assenbly 119. 30

One end of the actuator arm assenbly 119 includes an E block or conb |ike
structure 121 having a plurality of arns 123. Attached to the separate

arns 123 on the conb or E block 121 are | oad springs 125. Attached at

the end of each load spring is a slideg/AR7 which carries a magnetic
transducer head (not shown). On the other end of the actuator arm 35

assenbly 119 opposite the load springs 125 and the -sliders 127 is a voice

coil 129. '
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Att.ached within the housing 101 is a pair of nmagnets 131. The pair of
~ pagnets 131 and the voice coil 129 are key conponents of a voice coi

not or which applies a force to the actuator assenbly 119 to rotate it
about the actuator shaft 117. Al so nounted within the housing 101 is a5
spindl e shaft 133. Attached to the spindle shaft 133 are a nunber of
magneti c storage di sks 135. A spindle mptor (not shown in Fig. 6) is
coupled to the spindle shaft 133 for rotatory notion of the spindle shaft
at a selected speed. As shown in Fig. ? ei ght disks 135 are attached to
the spindle shaft 133 in spaced apart6 %I ation.. Wien assenbl ed, the 10
separate arms 123 extend between the disks 135 in such a nanner that the
magneti ¢ head at the end of each |oad spring 125 is closely adjacent a
surface of one of the disks. During’/ég:ing and retrieving (wite/read)
of information, the voice coil noigfEesSasive to control signals causes
the magnetic head to begnged,,vfg;“"“ sekace of the disk.
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IS | : ' ‘Referring now also to Fig. 7, the single electronics controller

boar ¢ card I7 rsnournted—+r—the; | ower encl osurge—bel-ew—i-he—twe—HDAS—l————
and 13 (REBWAGED SHERIS1) 8@ is|shared by the |t wo REBRACEMENY ﬁ@EE:‘S i’?
pur pg f..the descrpption of el controll er bogr J QL PAgRE i
and ] ? inlion % paged Tiget P38 drive A and drive H z&?’p@éﬁ)l vép?ge@ Etp" P%Gd Sl
dri vewaic'alﬂ‘(ﬁ)s élpegad adi. ctalpaged: 0filr ! I'ed by an i ntleld Reavinges) opagadsssty p i |
ser v§ (T Draningls) mpaggaprpgqgsbgéed sevefral |ogic nodul eﬂ/Abslylcltal /'pagddfafﬁrto paged (& |
conve ggs%aand dgouke dr recejivers and fassoci ated circui U

W t h the except PR fh PHIS - han RERK PRV T8 W £1E | OF Teutked o1 LM AY]QSS
separate channel board I37 (as sttown in Fig. 6) for—eachdrrve—A—DB—art—25
of the control circuitry and cospexermind @ euETOMVHNETONON the control | er

board 17. While sone of the corrponents physi cal |y rray be shared by the

two drives A, B for efficienc arts redyction, ically, the

control | er board 1%/ RFe4F%4 4% "F’rﬂ"opﬂzi‘lt%§° Bk %éﬂ'ef gtei‘ig provi di.ng
control for drive A and the other half B, 151, provide control for drive 30

e

o'Za
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essenti al | § . |(§i«%nt| Pf) operation aq con’80§| ti t he

. re da vpica Y comput systems empilo mber o storage means
oper ati on f ® (1

“to- store data for use by a computer system. For example, a computer
system can store data in a peripheral storage device referred to as a

disk drive or direct access storage device (DASD). -

2 disk drive or DASD includes one or more disks which appear
10. similar to records utilized with a record player or compact disks (CD)
which are utilized with a CD player. The disks are stacked on a spindle
for rotary motion in parallel planes, much like records. In a disk
- drive, however, the disks are mounted to the spindie and spaced apart so
that the separate disks do not touch each other.

15 Such data storage devices employing rotating magnetic or optical
media disks are well-known for high capacity, low cost storage of data.
Such disks typically have a multiplicity of concentric data track
locations formed on one or both surfaces, each capable of storing useful
information. The information stored in each track is accessed by a

20 transducer head which is moved among the tracks during track seeking
operations and which is maintained in alignment with the track during
read only and/or read/write track follbwing operations of the device.
Typically one or more transducer heads are provided for each data storage
surface. The electro-mechanical assembly for rotation of the disk

25 relative to the head and for moving the head radially relative to the
disk surface for track accessing purposes is referred to as the head and
disk assemblY"(HDA) %ach HDA . max 1nclude a plurallty of magnetic
storage disks mounted on a splndle A contré% meehanlsm is provided in
order to maintain the head w1th1n the" boundarles of ‘each data track, and

30 may take the form of detents provided by a stepping motor, or by a
continuously positionable actuator operating within a closed loop servo,
or a time-sampled servo. Additionally, an interface device is required
for connection of the HDA to a controller and for communication between

the disk_drive and the computer system. Typically, a standardized
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et

141 and 143,

Wi ll. be described. The servo microprocessor_(not shown) for each
drive A, B generates 35 all actuator servo armkpmcgmi_m @r jcontrol
signals with the exception of starting fgn FaYalarvAr t He spindl e.
The servo m croprocessor controls the spihdle m)tor spded via a cl osed
| oop servo system and performs the spinfl p SMANo®Batli dn functi on.
The servo m croprocessor 2

REPLACEMENT SHEET . 10

provi des spindle notor control signals for its_respective—drinde on |ines

iespiarei ielyilized 6pf peinele sty Sweli Competdr Fydsprensus n- hub,

brushl ess DC gidey€adaDigek1)l53 receiving its power fromthe controller

10

15

20

25

30

Today's technology relating to data storage is marked by continuing
trends towards standardization and towards increased storage capacity,
reduced data storage device weight and size, and reduced power
consumption. Standardization in size, referred to as form factor, and in
interface compatibility is being pursued by manufacturers of both desktop
systems such as personal computer (PC) and workstation systems and larger
computing systems. Thus, disk drives having differing capabilities and
capacities provided in standard form factors and plug-in configurations
by several different manufacturers may be used interchangeably in
different PC's, for example, in standardized plug-in slots provided by

the PC manufacturers.

Increasing system storage capacity while reducing disk drive size
requires careful balancing of the reduction of.the area of the storage
medium, i.e., the area of the disk surface, against the corresponding
reduction in storage capacity. A typical solution is to increase the .
number of disks per spindle and/or increase the number of disk drives.
On a large scale, large numbers of relatively small disk drives are
mounted in drawers to provide high storage capécity while taking
advantage of common power supplies and cooling facilities, for example,
to achieve an overall reduction in power requirements. However, for a
PC, for example, a user is limited to adding individual disk drives in
the standard form factor slots provided by the PC manufacturer or by
adding relatively expensive stand-alone units.

SUMMARY OF THE INVENTION

According to the present invention, there is provided a disk drive
assembly compriging a unitary assembly having: a mountihg frame; a
pPlurality of head-disk assemblies (HDAs) for storing information, said
HDAs being mounted on one side of said mountihg frame; control means
coupled to each of said HDAs for providing control signals; and data

v;;coﬁhectlon me fis for coupling information to and from said HDAs in

35

response to" sa1¢ control signals.

I .
o i

Preferably, disk drive assemblies accordlng to the present
lnventlonflnclude at least two HDAs packaged in an industry-standard form

T
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A preferred embodiment of the present invention provides a disk

drive assembly in a five and one~quarter (5 1/4) inch disk drive form -
10 factor which includes two three and one-half (3 1/2) inch form factor

HDAs mounted on a common frame. This two-drive embodiment of the

invention has as great or greater storage capacity than a like-sized

5 1/4 inch disk drive while consuming less power. Additionally, since

the spindle drive motor for a 3 1/2 inch disk drive is significantly
15 smaller than the spindle motor for a 5 1/4 inch disk drive and since

startup of the two drives can be staggered, less startup current is

required.

Thus, a disk drive assembly according to the present invention
preferably comprises a mounting frame or base having a length
20 approximately equal to the length of a selected disk drive form factor
and a width approximately equal to the width of the selected disk drive
form factor and having two HDAs mounted on a top side thereof, each of
the HDAs having a length approximately equal to the width of the selected
disk drive form factor and a width.approximately equal to one-half of the
25 1length of the selected disk drive form factor. Such a multiple disk
drive assembly further includes a single, common controller board mounted
on the bottom side of the base underlying the two HDAs and having common
power and interface connectors mounted at a rear edge of the controller
board. A common jumper or option block may also be mounted at the rear
30 edge of the controller board, providing for setting separate addresses
for each of the HDAs. Top and bottom covers may be attached to the top
and bottom sides of the base, respectively, to form upper and lower
enclosures enclosing the HDAs and the controller board and providing a
disk drive assembly unit having overall outside dimensions approximately
35 equal to the selected disk drive form factor.
A multiple disk drive assembly according to one embodiment of the
_Present invention provides a 5 1/4 inch disk drive form factor assembly
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actuator servo via lines 145 and 147, respectiyely 25 —the

i nterface microprocessor (not shown) controls RrRERLACEMENESHEET | al |

i nterface signals between the host conputer syg its
respective drive. The interface microprocessor dl e
start and stop signals for its respective drive. i ng
circuitry and logic including coding for ite] decodi ng
30 operations, error detection and error corr ction is i mpl enen ed on a

separate data channel board, 137 shown in Filg of—eaciT—or
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provi des mmo Qn‘af f?%%%cﬁpﬁzﬂ%gr sd[ré‘(easproe ded by manufa turers for use in

computer systems, such as desktop personal computers, for example. A

single electronic controller board is shared by the two HDAs to provide
all controller functions and power distribution for the HDAs as well as
e oo o - data -transfer- to- and from the data channel for each HDA. The controller

10 board may be implemented with either SCSI or IPI (intelligent printer
interface) interfaces in single-ended or differential versions. Top and ~
bottom covers provide the assembly with upper and lower enclosures with
sufficient clearance around the HDAs and controller board, respectively,
to provide efficient cooling of the components utilizing the cooling

15 provided by the host computer system. A spring vibration damper device
is utilized to minimize both external and internal vibration and shock
effects to the HDAs. The assembly is fully enclosed with metal covers to
provide electromagnetic compatibility and radio frequency interference °

protection.

20 This embodiment of the present invention provides a two-drive array
in a single assembly within the constraints of a 5 1/4 inch industry-
standard form factor having common electronics and accessible via a
common interface connector. The performance of the array may be
optimized for various configurations without forcing a user of the

25 assembly to rewrite or amend their computer operating system software or
providing special controllers or interfaces. For example, the two-drive
assembly provides two independently addressable disk drives which may be
utilized as two separate data storage files or in thch.one drive may be
reserved as a "hot" spare while the other drive is used for data storage.

30 Alternatively, the two-drive array may be configured to provide a
“single" drive with the media rate effectively doubled or as one drive
with multiple copies of data (mirrored data).

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be more fully understood from the
35 following detailed description of the preferred embodiments, reference
being made to the accompanying drawings, in which like reference numerals
indicate like parts and in which: |

ThlS Sheet Has Been Reﬁ aced

LT




The multiple disk drive unit 90 is coupled to kﬁﬂgéﬁmﬁ@r’r‘%éﬁ system
2dy he

via the connectors 53, 55 and 57 nounted at th
controller board 17. The controtler board nmay| use ANSI standdrdi zed SCSI
or IPl interfaces in either differential or siphgl eOdnM&Y 1996silorls. In 5
the preferred enbodi nent, single-ended bufferegd |SCSI is utilizedq and the

I nterface signal connector 55 conprises @ 50-pi n connector mEet i ng
ANSI / SCSI specifications (Ml ex part- no. 70246is suitable for this
purpose). The pin assignnments are given in Table |I. The DC power

connect or 53 conpfPsels 18 2 profeth Néet or PRATREFLEGURT @sdiskidriye|qyshemd + 5 10
volt power t acdohéingote dhd presshtpiryenties;t wo syst em grounds.

Fig. 2 is a perspective view of the disk drive system in Fig. 1 in
partially assembled form;

5 Fig. 3 is a perspective view illustrating the disk drive system of
Fig. 1 in fully assembled form;
Fig. 4 is a rear view of the disk drive system shown in Fig. 3
illustrating controller board connectors and cover cooling vents;

Fig. 5 is a top view of the interior of a head/disk assembly
10 suitable for use in the disk drive system shown in Fig. 1;

Fig. 6 is an exploded view in perspective of the head/disk assembly
" shown in Fig. 5;

Fig. 7 is a conceptual block diagram of electrical, control and
communications distribution circuitry employed in the disk drive system
15 shown in Fig. 1; ' '

"Fig. 8 is a plan view of a jumper block for a controller board
forming part of the circuitry of Fig. 7; and

Fig. 9 is a partially exploded view in perspective of a second
embodiment of a disk drive system of the present invention.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figs. 1 and 2, Fig. 1 is an exploded view -of a
preferred embodiment of the disk drive system according to the principles
of the present invention. A multiple disk drive system 10 comprises two
head and disk assemblies (HDA) 11 and 13 mounted on the top side a

.25 mounting frame or base 15, a common controller board 17 mounted on the
bottom side of the base 15 and including a top cover 19 and a bottom
plate 21 attached to the top and bottom of the base 15, respectively, to
provide an enclosure for the two HDAs 11 and 13 and the controller board
17. Each of the HDAs 11, 13 is enclosed in a separate housing 23, 25,

30 respectively, which provides a rig}d frame for mounting the spindle and
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déEN reference to Figs. aer7 6. TQ% base 15 inc UdetﬁDEI‘{]muntin@l:\;ﬁﬂﬂEft
27 for moynRdpg\bhe HDALCRDUHYD 13 on the base. Th@HDAs 132and 13 are

mounted side—byfside on the base 15 and attached to bracket 27, for
Shock
absorbing devices, such as rubber shock absorber 33, for example, are

example, by stud 31 engaging slot 29 and secured by clip 35,

provided at the HDAs 11 and 13 attachment points to provide mechanical
isolation from the base 15. Similarly, studs 37 and 39 engage slots 41
and 43, respectively; additional stud and clip combinations (not shown)
or other suitable attachment means complete the attachment of the HDAs

11, 13 to the bracket 27.

The base 15 also includes a mounting bracket 49 for mounting a
vibration damping device 47. The vibration damper 47 is attached to the
bracket 49 in such a manner that a force is applied to the front side 51
of each HDA housing 23, 25 when the HDAs 11 and 13 are mounted on the
base 15.
spring providing a controlled force acting on the HDA housings. The

The vibration damper device 47 comprises a stainless steel

stainless steel spring is coated with a low-wear, insulating material,
such as XYLAN 1010, to provide electrical insulation and a consistent
coefficient of friction between the HDA housings 23, 25 and the
vibration damper 47. The vibration damper 47 is rigidly secured to the

mounting bracket 49 by bolts and nuts or other well-known manner.

When mounting two or more HDAs on a common frame, base 15, for
example, the frame must be sufficiently rigid to minimize effects due to
both external vibration and shock and to vibrational forces generated by
the HDAs themselves.
rotating magnetic disks is transmitted to the HDA housing causing low

For example, rotational torque. generated by the
frequency vibrations. This vibration may also be transmitted to adjacent
HDAs via the mounting frame. One result of such vibration is track
misregistration greatly increasing the demands on the head tracking servo
system. The use of dampening systems, such as the vibration dampening
device 47, for example, reduces the rigidity and stiffness requirements
of the mounting frame resulting in a lighter, less massive frame and
allowing a greater choice of materials for fabrication of the mounting
frame. In the preferred embodiment, the vibration damper 47 applies a
frictional.dampening force in the range of 0.8 kilograms to 2.0 kilograms

to the front side 51 of each HDA 11, 13. The frictional force applied by
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adjacent HDAs.

5 . The controller board 17 comprises a multi-la&er printed circuit
board having various electronic components mounted. thereon and provides
the required electronic circuitry to facilitate operation and control of
the HDAs 11 and 13, couple information to and from the HDAs and to
interface.with a host computer system. The controller board 17 also

10 includes a power connector 53, a controller interface connector 55 and a
jumper block or options connector 57 mounted thereon at the rear end of
the board. Cables 59 connect the controller board to the HDAs 11 and 13
and to the data channel boards 61 and 63, respectively, mounted on the
HDA housings. The controller board 17 is described in greater deiai}

15 below with reference to Fig. 7.

Referring now also to Figs. 3 and 4, the controller board 17 is
mounted on the bottom side of the base 15. Slots 45 in the front edge of
the board 17 engage corresponding studs or clips formed in the bottom
side of the base 15 {(not shown). The board 17 is retained in position by

20 a rear mounting bracket 65 which engages the board at its rear edge and
is secured to the base 15 in slots 67 by screws or bolts and nuts 69
through tabs 71. The base 15 includes downwardly extending side and
front walls 73 and 75, respectively, which form an enclosure for the
controller board 17 when the bottom plate 21 is attached to the base 15.

25 The front wall 75 includes a pattern of air or ventilation holes Fformed
therethrough to provide a cooling air inlet for the controller board
components. C

The top cover 19 is attached to the base 15 by slots 79 in

engagement with screws or bolts and nuts 83 through holes 81. The bottom

30 plate 21 is attached to the bottom side of the base 15 by tabs 85 in
engagement with corresponding slots (not shown) in the lower portion of
the base front wall 75 and maintained in position by screws or bolts and
nuts 69 through slots 77 and 67 at the rear of the base. When completely
assembled, the two HDAs 11 and 13 are enclosed in an upper enclosure

35 above the base 15 and the controller board 17 is enclosed in a lower
enclosure below the base 15. The front and rear walls 87 and 89,
respectively, of the cover 19 have a pattern of air or ventilation holes
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.formed therethrough to allow cooling of the HDAs ‘and associated
components. The rear of the lower enclosure is open allowing cooling air
to flow through the enclosure and to provide access to the controller
board connectors 53, 55 and 57.

_ The assembled multiple disk drive system, as shown in Fig. 4, forms
a compléte plug-in disk drive unit 90 having overall dimensions of
approximately 3.25 inches (82.5 millimeters (mm)) in height, 5.75 inches

(146.0 mm) in width and 8.25 inches (209.5 mm) in length, the approximate

dimensions of the industry-standard form factor for a five and one-
quarter (5 1/4) inch disk drive. BAn industry-standard pattern of
mounting holes are pfovided which allows the disk drive unit 90 to be
mounted in six different positions. The controller board connectors 53,
55 and 57 comprise industry-standard components. The disk drive unit 90
is completely interchangeable with other industry-standard 5 1/4 inch
form factor disk drives and can be used in any 5 1/4 inch élot or rack in

a computer, such as a PC for example.

The HDAs 11 and 13 utilized in the preferred embodiment described
above have a length approximately equal to the width of a 5 1/4 inch disk
drive form factor and a width approximately equal to one-half the length
of a 5 1/4 inch disk drive form factor which are the approximate
dimensions of a three and one-half (3 1/2) inch disk drive form factor.
Figs. 5 and 6 are a top plan view and an exploded view in peérspective,
respectively, of an HDA for a 3 1/2 inch form factor disk drive which is
suitable for use in the multiple disk drive system 10 of the present
invention. '

Referring now to Figs. 5 and 6, a disk drive 100 includes a housing
101, and a housing cover 103 which, after asseﬁbly, is mounted on base 15
within bracket 27 (as shown in Fig. 1). Rotatably attached within the
housing 101 on an actuator shaft 117 is an actuator arm assembly 119.
One end of the actuator arm assembly 119 includes an E block or comb like
structure 121 having a plurality of arms 123. Attached to the separate
arms 123 on the comb or E block 121 are load springs 125. Attached at
the end of each load spring is a slider 127 which carries a magnetic
transducer head (not shown). On the other end of the actuator arm

assembly 119 opposite the load springs 125 and the sliders 127 is a voice
coil 129.
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5 spindle shaft 133. Attached to the spindle shaft 133 are a number of
magnetic storage disks 135. A spindle motor (not shown in Fig. 6) is
coupled to the spindle shaft 133 for rotatory motion of the spindle shaft
at a selected speed. As shown in Fig. 6, eight disks 135 are attached to
the spindle shaft 133 in spaced apart relation. When assembled, the

10 separate arms 123 extend between the disks 135 in such a manner that the
magnetic head at the end of each load spring 125 is closely adjacent a
surface of one of the disks. During storing and retrieving (write/read)
of information, the voice coil motor résponsive to control signals causes
the magnetic head to be moved across the surface of the disk.

15 Referring now also to Fig. 7, the single electronics controller
board or card 17 is mounted in the lower enclosure below the two HDAs 11
and 13 (as shown in Fig. 1) and is shared by the two HDAs. For the

-purposes of the description of the controller board 17, the two HDAs 11
and 13 will be referred to as drive A and drive B, respectively. Each

20 drive A, B is electronically controlled by an interface microprocessor, a
servo control microprocessor, several logic modules, digital/analoé
converters and various drivers and receivers and associated circuitry.
With the exception of the data channel circuitry which is mounted on a
separate channel board 137 (as shown in Fig. 6) for each drive A, B, all

25 of the control circuitry and components are mounted on the controller
board 17. While some of the components physically may be shared by the
two drives A, B for efficiency and parts reduction, logically, the
controller board 17 is divided into halves, one-half A, 149, providing

control for drive A and the other half B, 151, provide control for drive
30 B. o

Since the control electronics for both of the drives is essentially
identical, both in operation and composition, the operation of only one
will be described.

The servo microprocessor (not shown) for each drive A, B generates

35 all actuator servo and spindle motor control signals with the exception
of starting and stopping of the spindle. The servo microprocessor
controls the spindle motor speed via a closeé loop servo system and

performs the spindle synchronization function. The servo microprocessor
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5 receipt of a stop signal.

The actuator 155 is a swing-arm assembly driven by a voice coil
motor having the read/write transducer heads mounted opposite the voice
coil motor. The servo microprocessor initially conducts a power-up

10 sequence and calibrates the actuator servo system. All actuator control
signals providing closed loop control of transducer head positioning and
tracking on the disk surface are generated by the servo microprocessor.

A dedicated servo disk surface and head provides feedback to the actuator
servo to maintain the read/write heads centered over the desired track on

15 the disk. The servo microprocessor monitors the actuator position and
determines a target track for a seek operation. Utilizing stored
velocity profiles, the voice coil motor power amplifier driver is
controlled to drive the actuator to a desired target track. During seek
operations, the dedicated servo head provides track crossing information

20 to the servo. Responsive to appropriate iﬂput conditions, the servo
microprocessor generates control signals for accessing servo signél
gating, recalibration, track following and error detection and recovery.
The servo microprocessor provides servo control signals to its reépective
actuator servo via lines 145 and 147, respectively.

25 The interface microprocessor (not shown) controls and interprets
all interface signals between the host computer system controller and its
respective drive. The interface microprocessor generates the spindle
start and stop signals for its respective drive. Aall data processing
circuitry and logic including coding for write and detection and decoding

30 operations, error detection and error correction is impleménted on a
separate data channel board 137 (as shown in Fig. 6) for each drive A, B
coupled to its microprocessor via lines 1392 and 139B, respectively. The
interface microprocessor controls the transfer of data between its
respective drive A, B and the host computer system, read/write access of

35 the disk media and disk defect management and error recovery.
Additionally, the interface microprocessor performs diagnostics and
pProvides monitoring of the spindle status.



mul tiple disk drive system according to the principles of the present
I nvention is shown. A nultiple disk drive system 200 conprises a base 201"
havi ng four HDAs 203, 205, 207 and 209 nmounted on an upper side thereof
and a single controller board 211 providing the <circuitry and conponents
required for the operation and control of the four HDAs. Cable connector
pairs 213, 215, 217 and 219 are provided to couple power and control
signals to and transfer data to and fromthe HDAs 209, 203, 205 and 207,
respectively. Power conn 223 are nounted

ctQr 2%(Fmd i nterf.ace connectQr
at the rear edge of TEh& *o’ﬁ’??olf rrfi%ealuﬂltz‘é lfo°°é‘88’p‘f§°t PRTC FPPREI sk
drive system 2@@stem mishdhe coompsyiers 53, 55 and 57 mounted at the rear edge of the
controller board 17. The controller board may use ANSI standardized SCSI
or IPI interfaces in either differential or single-ended versions. 1In
5 the preferred embodiment, single-ended buffered SCSI is utilized and the
interface signal connector 55 comprises a 50-pin connector meeting
ANSI/SCSI specifications (Molex part no. 70246 is suitable for this
purpose). The pin assignments are given in Table I. The DC power
connector 53 comprises a 4-pin connector which couples + 12 volt and + 5
10 volt power to the board 17 and provides two system grounds.

Conductor

Pin
Signal Name Number Signal Name

. GROUND 1 2 -DB(0

GROUND 3 4 ~-DB(1
GROUND 5 6 -DB(2
GROUND 7 8 -DB(3
GROUND 9 10 -DB(4
GROUND 11 12 =DB(5
GROUND 13 14 -DB(6
GROUND 15 16 -DB(7
gggggg 17 18 -DB(P ) -

19 20 GROUND . :
GROUND 21 22 GROUND REPLACEMENT SHEET
o8 z

- 26 TERMPHWR
OPEN 27 28 OPEN 04 MAY 1994
GROUND 29 30 GROUND
GROUND 31 32 -ATN
GROUND 33 34 ’ GROUND
GROUND 35 36 -BSY
GROUND 37 38 -ACK
GROUND 39 40 -RST
GROUND . 41 42 -MSG
GROUND 43 44 ~-SEL
GROUND 45 46 : -C/D
GROUND 47 48 -REQ
GROUND 49 50 . -1/0
TABLE I

The options block 57 comprises a 26-pin jumper block 57 as shown in
Fig. 8. Pins Al-A6 and B1-B6 are used to select and set the respective
drive A, B SCSI device address (SCSI ID). The desired address is set
utilizing a jumpér or shorting block 161, shunting one or more of the bit
pins to ground. Pin configuration for a desired drive address is defined
in Table I. Pins A9, Alg and B9, B10 control spindle. synchronization and
the remaining pins control spindle motor start and term power for the .

respective A and B drives.



13 system As described above with reference to Fig. 1, the controller

board 211
Simlarly,

is mounted on the bottom side of the base 201 beneath {he HDAs.
a top cover 227 and a bottom cover agE END JHEgT L) are
an A

" attached to the base 201 forming upper and lowdr C-osHes—wH ch encl ose

the four HDAs and the controller board, respectliJely. Wen assg¢npl ed, a

conpl ete disk drive unit 90 is forned (as Showj ijin GAJMAG)IIHni
an array of four 'separately addressable, indepgndent disk drivés}accessible

4

hi pr ovi des

vi.a a conmon interface connector. In tHe preferred enbodjnent as
described aboyg,WskghAhiieR O _
BITO BITl BIT2 ADDRESS
off " off off 0
on off off 1
off on of £ 2
on . on off 3
off off on 4
on - off on 5
off - on on 6
on on on 7

Note: In the chart above "off" means jumper is not in place and “on"
means jumper is in place.

TABLE 11

The multiple disk drive unit 90 provides a two-drive array
utilizing a common controller board and a common interface connector in a
51/4 d{sk drive form factor. The two-drive array may be controlled in
various configurations to provide optimum performance or user desired
features. The configuration of the preferred embodiment comprises two
separately addressable independent disk drives accessed fhrough a common
SCSI connector. The address (SCSI ID) of each drive A, B is set at the i
jumper block 57 as described above. A user thenmay use one drive, drive
A, for example, while reserving the other drive as a "hot" spare.
Alternatively, both drive A and drive B may be used for continuous data
storage thus providing greaﬁer storage capacity than provided by a single
5 1/4 inch drive while reducing the powér and cooling requirements and

- the cables, connectors, etc., required for two 3 1/2 inch drives.

Referring now to Fig. 9, a second preferred embodiment of a
multiple disk drive system according to the principles
of the present invention is shown. A multiple disk drive system 200
comprises a base 201 having four HDAs 203, 205, 207 and 209 mounted on an
upper side thereof and a single controller board 211 providing the
circuitry and components required for the operation and control of the
four HDAs. Cable connector pairs 213, 215, 217 and 219 are provided to
couple power and control signals to and transfer data to and from the
HDAs 209, 203, 205 and 207, respectively. Power connector 221 and
interface connector 223 are mounted at the rear edge of the controller

board 211 to couple the multiple disk drive system 200 to a host computer



Fig. 9, the disk drive unit 90 has approxi mately the overall dinmensions of
a5 1/4 inch disk drive formfactor (as shown in Fig. 4). Each of the four
HDAs 203, 205, 207 and 209 nounted on base 201 has a | ength approximately
equal to one-half the length of a 5 1/4 inch drive formfactor and a width
approximately equal to one-half the width gg a 5 1/4 inch disk drive form
factor, which length and wi dth approxi mate the dinmensions of a two and

one-half (2 1/2) inch disk drive formfactor. - While the invention

has” been particularly,sh ' SELERed, g .LbLer enge A
preferred enboﬁ?ﬂ%ﬂtsA?H%%gggegfggfgbhﬁhg?%%ooé Ei%ﬁﬁogé %%i%?%égﬁﬁrthe art
that the invenbomd 26 Aomoumtedeon EhA Petkon csidh o fdihee batre 80le bradithetie SHDAB Ut

‘that various mogliiLpali el ddviNgz] QARG R IBLLS (ERNBM R4 NGT Gl
wi t hout departing frromthe spirit and scope of the appended cl ai ns.
REPLACENVENT SHEEtRched to the base 201 forming upper and lower enclosures which enclose

the four HDAs and the controller board, respectively. When assembled, a
complete disk drive unit 90 is formed (as shown in Fig. 4) which provides
an array of four separately addressable, independent disk drives

accessible via a common interface connector.

In the preferred embodiment as described above with reference to
Fig. 9, the disk drive unit 90 has approximately the overall dimensions
of a 5 1/4 inch disk drive form factor (és shown in Fig. 4). Each of the
four HDAs 203, 205, 207 and 209 mounted on base 201 has a length
approximately equal to one-half the length of a 5 1/4 inch drive form
factor and a width approximately equal to ocne-half the width of a 5 1/4
inch disk drive form factor, which length and width approximate the
dimgnsions of a two and one~half (2 1/2) inch disk drive form factor.

While the invention has been particularly shown and described with
reference to various preferred embodiments tﬂereof, it is understood by
those skilled in the art that the invention is not to be limited to the
disclosed embodiments, but that various modifications in the form and
details may be made therein without departing from the spirit and scope

of the appended claims.
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CLAIMS 1. A multiple disk drive system conprising: a base; a
nunber N of disk drives for storing i nforrratlon said N di sk drives nounted

o O O R

CLAIMS

1. A disk drive system (10) comprising a unitary assembly having:
a mounting frame (15);

a plurality of head-disk assemblies (HDAs) (11, 13) for storing

information, said HDAs being mounted on one side of said mounting frame;

control means coupled to each of said HDAs for providing control

signals; and

data connection means (55, 57) for coupling information to and from

said HDAs in response to said control signals.

2. A disk drive syétem as claimed in claim 1 further comprising a
first cover (19) having substantiafly the same dimensions as said
mounting frame and'engaged with'said mounting frame enclosing said
plurality of HDAs mounted thereon, said first cover providing a
controllable environment betweeﬁ said mounting frame and said first

cover.

3. A disk drive system according to claim 2, wherein opposing forward
and rear sides (87 and 89 respectively) of said first cover each have at
least one aperture formed therethrough for inflow .and outflow of a

cooling medium thereby to provide cooling for components enclosed by said

first cover.

4. A disk drive system as claimed in any one of claims 1 to 3 further
comprising a common controller board (17) mounted on the opposite side of
said mounting frame to said HDAs, said control means and said data

connection means being mounted on said controller board.
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“a single vibration danper ‘menber nounted on said base for coupling a force
to each of said disk drives for mnimzing the effects of shock and
.vibration on the operation of said N disk drives, said vibration danper

menber being coated with a layer of electrically]i 0l 1L m al
i nsul ating said vibration danper nenber fram said H"ﬂll"ﬂu m."m I
control means coupled to said N disk drives for providing cBnttol* signals;

and dat a

means for coupling inférmation to and fromsaid N disk

dri-ves in respgnse {Qgisfaddve @pitedl aSkPdiabs in SlaimA Futthep| Rmphtiskngllal Ve

systemas in claiml further co

rising a commpn caontroll board nount ed

ler
on a bottom si ¢ecy@ el FAde Al éFT%ﬂdnﬁvg'éihaVNl‘gdf"é‘if’tﬁ?ﬁl\?&x th&isgme

dimensions as said mounting frame, said mounting frame having at least
two opposing side walls (73) extending from opposing sides thereof, said
second cover engaging said opposing side walls for enclosing said common

contfoller board.

6. A disk drive system as in claim 5 wherein said mounting frame

further includes a forward wall (75) having a pattern of cooling holes
formed therethrough, the enclosure formed by engagement of said second
cover with said side and forward walls being open at a rear side for

providing access to said common controller board and flowthrough for a

cooling medium.

7. A disk drive system according-to any one of claims 4 to 6 wherein

said common controller board includes address means mounted thereon and

. coupled to said control means and said data connection means for'setting

a separate address for each of said HDAs, each 'said HDA being

independently addressable.

8. A disk drive system as in claim 7 wherein said address means

comprises a jumper block (57) for setting sepafate addresses for each of

said HDAs.

9. a disk drive system as in any one of claims 4 to 8 wherein said
common controller board includes at least one connector mounted thereon,
said connector being common to said HDAs, said connector providing cable

connections for coupling said common controller board to a host computer
system.

10. A disk driver system as in claim 9 wherein said common controller
board includes a common power connector (53) mounted thereon for coupling

said common controller board to a host power source, and a common

| e

04 MAY 1996




“control l er means and said data neans nounted thereon. 3. A mul tiple disk

drive systemas in claim2 wherein said vibration danper neans conpri ses

spring nmeans for applying a frictional force to eaCH of said N disk drives.

4. A nultiple disk drive systemas in claim3 wher !mﬁmllﬂuujwuwgl |y

insulating material provides a selected codffi | ci ent i

said spring nmeans and each said disk drive. 5. A nmultiple di sk drive
systemas in claim3 wherein said spring rreans conprises a single-piece
stai nl ess st eel,aREidicimEbar (S5)Nt@téd thaiedn Foeatoubling. sai@. compomul ti pl e

di sk drive system conpr.i Si a nunber of N of -disk
drives for stoF?‘?fg”ng ?%Sna hs?zsifcfokpra ék drives nounted on a top side

of said base; and _
11. A disk drive system according to any one of the preceding claims
wherein each sai& HDA further comprises data chénnel means (61, 63)
coupied to said data connection means for storing and retrieving
information on and from the one or more magnetic storage disks (135)

which comprise each HDA.

12. A disk drive system according to any one of the preceding claims
wherein.the mounting frame has a length approximately equal to ghe length
of a first selected industry-standard form factor disk drivé and a width
approximately equal to the width of said first selected industry-standard

form factor disk drive.

13. A disk drive system according to claim 12 wherein each of said HDAs
has dimensions substantially equal to an HDA for a selected industry-
standard form factor disk drive which is different from said first

selected form factor.

14. A disk drive system according to claim 12 or claim 13 wherein the
first selected industry-standard form factor is the 5 1/4 inch form

factor.

15. A disk drive system according to any one of the preceding claims
having vibration damper means (47) mounted on said mounting frame for
coupling a force to each of said HDAs for minimizing the effects of shock

and vibration on the operation of said disk drives.

16. A disk drive system as in claim 15 wherein said vibration damper

means comprises spring means for applying a frictional force to each of
said HDas.
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¥15 a single vibration danper nenber nounted on said base for coupling
a force to each of said disk drives for m nim zing the-eHeets—of—stock—

-and vi bration on the operation of said N disk drives,
danper nenber being coated with a |ayer of electri caII “ tlmH m““l
material insulating said vibration danper nmeaber fron1s s ves

7. Amltiple disk drive systemas in claim6 wherein sald vi bration
danper nmeans

17. | A disk drive system as in claim 16 wherein said spring means is
coated with a layer of a low-wear, electrically insulating material for
electrically insulating said spring means from said HDAs and for
providing a selected coefficient of friction between said spring means
and said each ﬁDA at the point of contact between the spring means and

the HDA.
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conprises spring neans for applying a frictional force to each of said N
‘disk drives. 8. A nultiple disk drive systemas in claim7 wherein said
el ectrically insulating material provides a selected coefficient of
friction between said spring neans and each -said disk drive. 9. A

nul tiple disk drive systemas in claim?7 whegein said spring nmeans
conprises a single-piece stainless steel spring nmenber nounted to said
base. 10. A multiple disk drive system conpri sing: a base; t wo

di #k drives nounted on a top side of said b% i each of said disk drives
encl osed in a separate housing for nnuntiﬂﬁ sai d base;
~  ARCHITECTURE FOR MULTIPLE DISK FILE ASSEMBLIES -

ON A COMMON MOUNTING FRAME

A multiplé disk drive assembly (10) in a 5 1/4 inch disk drive form
facéor having two 3.1/2 inch disk drive form factor head-disk assemblies
(#pa) (11, 13) internally mounted on a rigid frame (15) and accessible
via a common industry-standard interface connector (55) is provided.

Both the interface and power connectors (55 and 53 respectively) and the
frame mounting hole patterns are industry standard to provide
-interchanéeability with 5 1/4 inch form factor disk drives provided by
manufacturers for use in computer systems. A single electronics
controller board (17) is shared by both HDAs and is méunted on the bottom
side of the frame below the HDAs. The controller board may implement
SCSI or IPI interfaces in either differential or single—endéd versions.

A spring vibration damper (47) is utilized to minimize external vibration
ané shock effects on the HDAs and also to minimize the effects of
vibration internally generaied by one HDA on the adjacent HDA. The
assembly is fully enclosed with metal top and bottom covers (19 and 21
respectively) to provide separate enclosures for the HDAs and the

controller board cooling and to provide EMC and RFI protection.

Fig. 1
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response

weight and size, and reduced powér consumption. Standardization in size, referred to as,
form factor, and in interface compatibility is being pursued by manufacturers of both
desktop systems such as personal compﬁter (PC) and workstation systems and larger
computing systems. Thus, disk drives having differing capabilities and capacities
provided in standard form factors ‘and plug-in configurations by several different
manufacturers may be used interchangeably in different PC's, for example, in
standardized plug-in slots provided by the PC manufacturers.

Increasing system storage capacity while reducing disk drive size requires careful
balancing of the reduction of the area of the storage medium, i.e., the area of the disk
surface, against the correspondiﬁg reduction in storage capacity. A typical solution is to
increase the number of disks pe1z spindle and/or increase the number of disk drives. Ona
large scale, large numbers of relatively small disk drives are mounted in drawers to
provide high storage capacity while taking advantage of common power supplies and
cooling facilities, for example, to acilieve an overall reduction in power requirements.
However, for é PC, for example, a user is limited to adding individual disk drives in the
standard form factor élots provided by the PC manufacturer or by adding relatively
expensive stand-alone units7

SUMMARY OF THE INVENTION
. It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

According to one aspect of the present invention there is provided a multiple disk
drive system compnsmg a base; a number N of disk drives for storing information,
said N disk drives mounted on a top side of said base; a single vibration damper member
mounted on said base for coupling a force to each of said disk drives for minimizing the

effects of shock and vibration on the operation of said N .disk drives, said vibration




v

"to said control si gnal s. REPLACEMENT SHEET
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A multiple disk drive systemas in claim10 wherein|sg9 GOF 1997 nenber
of stainless steel. 12. A nmultiple di 53k drive sysf{em conpri sing
base:

damper member being coated with a layer of electrically insulating material insulating
said vibration damper member from said N disk drives; control means coupled to said-N
disk drives for providing control signdls; and dz_tta means for coupling information to and
from said N disk drives in response to said control signals.

| According to another aspect of the present invention there is provided a multiple
disk drive system comprising: a base; a number of N of disk drives for storing
information, said N disk drives mounted on a top side of said base; and a single vibration
damper member mounted on said base for coupling a fqrce to each of said disk drives for
minimizing the effects of shock and vibration on the operation of said N disk drives, said
vibration damper member being coated with a layer of electrically insulating material
insulating said vibration damper member from said N disk drives.

According to still another aspéct of the present invention there is provided a

‘multiple di_sk drive system comprising: a base; two disk drives mounted on a top side of

said Base, éach of said disk drives enclosed in a separate housing for mounting to said
base; a singie-piece spring member mounted on said base and contacting each said
separate housing at a selected point for coupling a frictional force to each of said two
disk drives at said selected point of contact, said spring member for minimizing the
effects of shock and vibration on the operation of said two disk drives; said spring
member being coated with a layer of low-wear, electrically insulating material for
electrically insulating said spring member from said two disk drives and for providing a
selected coefficient of friction between said spring member and each said disk drive at
said_point of contact; control means coupled to said two disk drives for providing control
signals; and data means fof coupling information to and from said two disk drives in
response to said control signals.

According to yet another aspect of the present invention there is provided a
multiple disk drive system comprising: a base: two disk drives for storing information
mounted on a top side of said base, each of said two disk drives enclosed in a separate

housing; a single-piece spring member mounted on said base and contacting each said

11.
is



two disk drives for storing information nounted on a top side of said base,
each of said two disk drives enclosed:in a*separate housing; a

si ngl e- pi ece spring nmenber nounted on said base and contacting each said
‘'separate housing at a selected point for coupling a frictional force to
each of said two disk drives at said s&l ected poi nt of contact, said
spring nmenber for mnimzing the effects of shock and vibration on the

operatio |
coat od wiEhraBPhollitfel’s Sucaed pEt B Coupling a ARUERAforcAOt RIS A Bl

el ectri cadibly drived! afhifl Gsefericd pdilht 08, cCOREABE safd’ §pFirEambe® féH shnidfizing med for
providing a selected coefficient of friction between said spring nenber and
each sai ceffedtssef shock andtvilration paithé opératiembdfisdid two disk drives; and said spring
member being coated with a layer of low-wear, electrically insulating material for
electrically insulating said spring member from said two disk drive and for providing a
selected coefficient of friction between said spring member and each said disk drive at
said point of contact.
BRIEF DESCRIPTION OF THE DRAWINGS
The present invention may be more fully understood from the following detailed

description of the preferred embodiments, reference being made to the accompanying

drawings, in which like reference numerals indicate like parts and in which:
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13. A nultlple di sk drive systemas in cIa|n112 mhereln sai d spring nenber
Is of stainless steel. 17 17.
A disk drive systemas in claim 16 mhereln sald spring nmeans is coated
with a layer of a | ow wear, electrlcally insul ating material for

cums M

1. A multiple disk drive system comprising:

a base;

a number N of disk drives for storing information, said N disk drives mounted on a
top side of said base; |

a single vibration damper member mounted on. said base for coupling a force to
each of said disk drives for minimizing the effects of shock and vibration on the
operation of said N disk drives, sgid vibration damper member being coated with a layer
of electrically insulating material insulating said vibration damper member from said N
disk drives;

control means coupled to-said N disk drives for providing control signals; and

data means for coupling information to and from said N disk drives in response to
said control signals.

b 2. A multiple disk drive system as in claim 1 further comprising a common controller
board mounted on a bottom side of said base underlying said N disk drives, said
controller means and said data means mounted thereon.

3. A multiple disk drive system as in claim 2 wherein said vibration damper means
comprises spring means for applying a frictional force to each of said N disk drives.
4, A multiple disk drive system as in claim 3 wherein said electrically .insulating
~ material provides a selected coefficient of friction between said spring means and each

said disk drive. |
5. _A multiple disk drive system as in claim 3 wherein said spring means comprises a
single-piece stainless steel spring member mounted to said steel base.
6. A multiple disk drive system co;nprising: |

a base;

a number of N of disk drives for storing. information; said N disk drives mounted

on a top side of said base; and
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electrically insulating said spring neans from said HDAs and for pfovi di ng
a selected coefficient of friction between sai d spring means—ane-—said each

HDA at thel poi nt of contact between the1:‘pri ng nearﬁ!mn",ﬂt"ﬂ”’i!imm

a single vibration damper member mounted on said base for coupling a force to
each of said disk drives for minimizing the effects of shock and vibration on the
operation of said N disk drives, said vibration damper ﬁlember being coated with a layer -
of electrically insulating material insulating said vibration damper member from said N
disk drives.

7. A multiple disk drive system as' in claim 6 wherein said vibration damper means
comprises spring means for applying a frictional force to each of said N disk drives.

8. A multiple disk drive system as in claim 7 wherein said electrically insulating
material provides a selected coefficient of friction between said spring means and each
said disk drive.

9. A multiple disk drive system as in claim 7 wherein said spring means comprises a
single-piece stainless steel spring member mounted to said base.

10. A multiple disk drive system comprising:

a base; X

two disk drives mounted on 2 top side of said base, each of said disk drives
enclosed in a separate housing for mounting to said base;

a single-piece spring member mounted on said base and contacting .each said
separate housing at a selected point for coupling a frictional force to each of said two
disk drivés at said selected point of contact, said spring member for minimizing the
effects of shock and vibration on the operation of said two disk drives;

said spring member being coated with a layer of low-wear, electrically insulating
mate;ial for electrically insulating said spring member from.said two disk drives and for
providing a selected coefficient of friction between said spring member and each said .
disk drive at said point of contact;

control means coupled to said two disk drives for providing control signals; and

data means for coupling information to and from said two disk drives in response

to said control signals.
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11. A multiple disk drive system as in claim 10 wherein said spring mémber is of
stainless steel. - |
12. A multiple disk drive system comprising:

a base: |

two disk drives for storing information mounted on a top side of said base, each of
said two disk drives enclosed in a separate housing; |

a single-piece spring member mounted on said base and contacting each said
separate housing at a selected poin; for coupling a frictional force to each of said two
disk drives at said selected point of.contact, said spring member for minimizing the
effects of shock and vibration on the operation of said two disk drives; and

said spring member being coated with a layer of low-wear, electrically insulating
material for'electrically insulating said spring member from said two disk drive and for
providing a selected coefficient of friction between said spring mémber and each said
disk drive at said point of contact. . |
13. A multiple disk drive system as in claim 12 wherein said spring member is of

stainless steel.
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ABSTRACT
ARCHITECTURE FOR MULTIPLE DISK FILE ASSEMBLIES -
ON A COMMON MOUNTING FRAME

A multiplé disk drive assembly (10) in a 5 1/4 inch disk drive form
facéor having two 3 1/2 inch disk drive form factor head-disk assemblies
(#Dpa) (11, 13) internally mounted on a rigid frame (15) and accessible
via a common industry—standard interface connector (55) is provided.

Both the interface_and_power connectors (55 and 53 respectively) and the
frame mounting hole patterns are industry standard to provide
'interchanéeability with 5 1/4 inch form factor disk drives provided by
manufacturers for use in computer systems. A single electrgnics
controller board (17) is shared by both HDAs and is méunted on the bottom
side of the frame below the HDAs. The controller board may implement
SCSI or IPI interfaces in either differential’'or single—endéd versions.

A spring vibration damper (47) is utilized to minimize external vibration
ané'shock effects on the HDAs and also to min;mize the effects of
vibration internally generated by one HDA on the adjacent HDA. The
assembly is fully enclosed with metal top and bottom covers (19 and 21
respectively) to provide separate ehclosufes for the HDAs and the

controller board cooling and to provide EMC and RFI protection.

Fig. 1

REPLACEMENT SHEET

09 OCT 1997




