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Field of the Invention
| The present invention relates generally to electronic
devices implementing local storage, and in particular to an
electronic circuit that inéorporates a component level disk

drive in lieu of costlier solid state memory.

Background of the Invention

' Solid state memory is a standard component of computer

_systems and of many electronic devices, providing local

storage to the electronic circpit that incorporates it.

Some eiamples of solid stéte memory components are flash -

EPROM (erasable, programmable read-only memory), SRAM

- (static random access memory), and DRAM (dynamic random

access mémbry).' One useful function of local memory is to
hold small amounts of microcode to be used, for example, for
programming p;ogrammable circuit components, or fof running
basic assurance tests (BATS) on other the circuit
coﬁpopents. Another useful function of local memdry is to
storé-user informatigh, e.g. lbcal storage is used by a
pager to s;pre;teléphone numbers and messages, by a fax
machine tofstore communication protocol pafameters, by a

printer to store fonts, and so on. For reliability and



flexibility, the solid state memory used in such
applications is non-volatile and modifiable, e.g. SRAM.
Unfortuhate;y, the cost of solid state memory increases
almost linéariy with its storage capacity. Moreover, Since
there are physical limitations to known solid stﬁte
technologies;.ah increésé in ﬁhe storage capacity of memory
corresponds to an increase in its physical size. These
liﬁitaﬁions pfesent é foreseeable problem with the growing
demand for émall, sophisticated, portable, and inexpensive
éevicés_with substantial storage requirements. .
_One area in which the limitations of solid state memory

are becoming apparent is card-based electronic circuits.

'For example, circuits embodying or controlling fax machines,

modems, cellular phones, printers, cameras, disk drives, and

other devices are presently being housed in credit-card

sized  formats of predefined dimensions that plug into a

compatible_sockéﬁ of a laptop computer, PC, or other

electronic device. Three standard formats that have emerged
for such credit-cérd;typé applications are the PCMCIA
formats. A "type III" cérd measureé 10.5 mm in height, 5.6
mit . in léngth and -54 mm in width. The dimensions of a "type
II"féard are approximately 3.3 mm high X 85.6 mm long X 54

mm wide. A "type I" card is a modest 2.5 mm high X 85.6 mm

long X 54 mm wide.



w/

This Sheet Has Been Reilaced .

UL

In contrast to solid state memories, madnetic disk
drives in general are becoming smaller, and their cost per
megabyte is decreasing. It is therefore.advantageous to
provide a magnetic disk drive small enouéh to replace solid
state memory in electronic devices, such as printers, and in
card-based électrbnic éircuits, e.g. PCMCIA formats.
Furthermore,'magnétic disk drives are ideal for many of the
applicatiqns discussed above because they provide
modifiable,_high density, nonvolatile storage.

Until recently, however, magpetic storage devices have
been to large to incorporate directly into an applicition
circuit such as those implemented. in PCMCIA type card
"enclosures. Rather, drives have traditiopally'been-
peripheral devices communicatihg with the'apglication
through a peripheral interface. Moreover, removable, card-
based electronic circuits and many -electronic devices in
general must remain operational after being dropped or
otherwisg exbosed to external shock. Previous disk drives
were ﬁnable to withsﬁand'large amounts of external shock
without suffering damage, because tﬁe shock caused the
read/write heads and'éuspensions to slam into the magnetic
recéfding surfaces....

| Receptly, a number of small disk drives have become
available on the market approaching a component-sized

storage device. For example, Hewlett Packard offers a 20-40
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MB 1.3" KittyHawk drive. In addition, componen£ type drives
are disclosed in U.S. Patent No. 5,264,975, Japanese;
application nos. 62-270089, 04-291079, and Japanese
publication no. 01112586. However, none of these references
discusses an architecture for impiementing a disk drive as
local storage within-an electronic circuit, wherein the
circuit performé functions unrelated to the operation of the
disk drive itself, e.g. a circuit wherein the disk drive
stores micrqdode for use in the operation of the circu;t, or
wherein messages received by the_circuit are stored in the.

disk drive.

Summary of the Invention

A primary ébject of the present invention is to provide
an eleétropic circuiﬁ implementing a discrete, component-
type disk drive in lieu of solid state memory for local
stbrage requirements, whereirn the -electronic circuit uses
information stored on the component drive to perform
functions unrelated to the operation of the disk drive.

A further objgct of the presenf invention is to provide
an electronic ¢ircuit in a card enclosure, e.g. a PCMCIA
type;iI or IIXI card,nénd including therein a low profile
.compdnent sized drive having a footprint of less than 50% of

the card area, and good resistance to external shock.
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Another object of the present invention is to provide
an electric circuit implementing a component disk drive for
locally storing basic aséurance tests.

A further object of the present invention is to provide
an electroni; circuit, including a programmable logic uﬁit
(PLU)}, and-ihplémenting a component disk drive for locally
storing the microcode used to program the éLU.

Yet another object of the present invention is to
provide an eléctronic messaging device including a éomponent
disk drive for storing messages, images, documents; videos'
and other user information.

Accordingly,.the present 1nvent10n is an electronic

‘circuit apparatus comprising an electronic circuit

implementing a discrete, compdnént sized disk drive in lieu
of solid state memory for locally storing information to be
used.by'said circuit in performing one or more functions not
related to the operation of the disk drive. 1In the
preferred embodiment, the disk drive comprises a single disk
with a diameter of no more ‘than 1.3 inches and a single
recording surface, mounted directly-to a rotatable flat
motor having a -diameter of up to 1.3 inches. The component

drive further comprises a single suspension carrying at -

-least'one transducer for writing and retrieving data from

the disk, and a parking zone at the center of the recording

surface for high shock resistance.
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In a first specific embodiment of the proposed
apparatus,.an electronic circuit including a compoﬂént disk
drive is_pro&ided‘wherein the disk drive stores microcode
for use in the operation of the circuit. In another
specific embodiment, an electrohic circuit including a
component disk driﬁe is provided wherein the disk drive
stofés user informéﬁion such as telephone numbers and

messages.

Brief Description of the Drawing
_ The foregoing and other objects, features and

advantages of the present invention will be apparent from,

‘the following detailed description of the preferred

eﬁbodiments of the invention, and from the accompanying

figures of the drawing:

Fig. 1 is a circuit board including a discrete

component sized disk drive for local storage requirements

_ according to the present invention;

Figs. 2(a) and é(b).show a known disk drive including
two recording'surfaces and two suspénsions; |
- Figs. 3(a) - de) show side and top views of the
coméénent disk.driveﬂfor use in the preferred embodiment of
thelbresent invention;
Fig. 4 is a perspective view of a general card-type

electronic circuit enclosure;



Fig. 5 is a top exposed view of a card enclosure
housing an electronic circuit that includes a component. disk
drive for local storage requirements according to the
present invention; |

Fig. 6 is a functional block diagram illustrating a
specific embodiment of an electronic circuit apparatus
accdrding to the preéent.invention; and

Figsf 7Jis a functional bloék diagram illﬁstrating
another specific embbdiment of the circuit apparatus

according to the present invention.



Deécription of the Preferred Embodiment

The preéent invention will now be described witﬁ
reference éo Fig. 1, illustrating a general electronic
circuit board 4 representative of cifcuit boards found in a
variety of electronic devices. It includes a plurality of
interconnected circuit elements 5 such as solid state
compohents, resistors, capacitors, oscillators, and so
forth. The solid state components comprise, for example, a
microprocesgor, memory, an arithmetic logic unit, a
progrémmable logic unit, etc. The interconnected elements
are referred to cdlléctively as the electronic circuit. The

T
electronic circuit also ‘includes a discrete, component-sized.

‘disk drive 6 according to the present invention for

providing local storage to one or more of the circuit

elements 5.

A circuit board such as that representea in Fig. 1 may

reside, for example, in a personal computer, a laptop, or

other computing device. It may also reside in devices
peripheral to a compﬁtiné device, e.g. controller cards for
largerldisk drives, printers, modemé, fax-modems, and |
servers. A circuit board is often present in eléctronic
deviéés such as video cameras, fax machines, cellular
phonés, electronic pagers, photocopiers, and remote control
devices. All of these are likely to have electronic

circuits with some local storage requirements.



Figs. 2(a) and 2(b) show side and top views of .a
general, presently known disk drive comprising a disk or
platter 11 connected to a hub 15, a motor (not shown), an
acﬁuator assembly 12, arm electronics 17, and a housing 16.
The disk 11 includés a pair of recording surfaces 8,9. The
actuator assembly 12 génerally comprises a voice coil motor
(VCM) , an actuator arm 6, and a pair of suspensions 13
connected to the arm 6 and supporting a pair of air bearing
sliders 14 over respective recording surfaces 8,9 of the
disk 11. One or more transducers or read/write heads are
located on each slider 14, and are held in close proximity
to,the disk surface by the combination of a downward force
-(rglative to the disk surfacé) from the suspension 13 and an
uanrd:force caused by air flow éenerated from the rotation
of the disk 11. If the downﬁard force exceeds the upward'
force, the slider will come into contact with the disk
surfaée. .

Thé‘VCM comprises an inductive coil 19 disposed between
an upper magnet (not'sthnY and a lower magnetic piate 7.
The arm electronics 17 transmits eléctrical positioning
current to the coil 19. The current signal induces a
magnétic flux around the coil for repulsing and attracting
thelmagnet and magnetic plate 7. The repulsing and
attracting forces provide“movement of the actuator arm in a

piane substantially parallel to those of the disk recording



::lq '_ ~

surfaces, causing the suspensions 13 to move along én
arcuate path over respeétive.surfaces 8,9. |

Data is generally recorded on concentric tracks of the
recording surfaces 8,9. The disk region or track haviﬁg the
largest diameter is referred to as the outer diameter (OD)
of the disk, and the region or track nearest to the hub and
having the sméllest diameter is referred to as the inner
diameter (ID). Data fo be stored on the disk 11 is first
"encoded" by a read/write channel (not shown) ordinari;y'
iesiding external to the disk drive housing 16. The data is
encoded ipto a form suitable for the storage ﬁedium, then
transmitted via the arm electronics 17 to.the transducer for
writing to the disk. For example, in a magnetic disk drive,
digital-data'is encoded into a series of pulses. As is
known in the art, the pulses are trénshitted in'the form of
a current to the transducer, and cause a fluctuating
magnetic field at the transducer pole tip that affects the
maghetization-of discrete rggions on the disk surface. When
a transduqer senses or "reads" information from the disk,
the data is transmitted in encoded form via the arm
ele¢tronics 17 to the channél for "decoding". The arm
elecﬁronics usually -include means for amplifying and
synchronizing the read signal.

The hub 15 is fixedly attached to the disk 11 and

encases a motor (not shown) for providing a rotational
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force. The rotational force is translated to the hub 15 and
from the hub'15 to the disk 11. The hub encloses a*métor
shaft and generélly protrudes from the upper surface of the
disk as shown in Fig. 1A, preventing the suspension/ head
assembly from access to the region at the center of the
disk. To protect a rotary disk drive from external forces
during operation or-mbvement, means may be implemented to
park the head when the disk is not operating and/or during
periods of inactivity (i.e. times when data is not being
written to or retrieved from the disk).

Figs. 3{(a)-3(d) show the preferred embodiment of the
component disk drive implgménted in the electronic circuit
apparatus of the present invention. The. drive comprises a
disk 11, a motor 44, an actuator assembly 12, arm
electronics 17, and a housing 16. The disk 11 is preferably
magnetic and iﬁCludes.one recording surface 42 with a
substantially planar region 45 at its center. It is
preferably mounted directly_to a flat motor 44 along its
nonrecording surface~by some appropriate means, e.d.
mechanically, or by applying a bonding agent aiong interface
43. Use of a sinéle recording surface and direct platter
mounting allows a wider, thinner motor assembly to be used
than would be feasible for a disk having two recording
surfaces.  The diameter of the motor 44 may be as large or

larger than the diameter of the disk 11 itself. The
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advantages of this type of motor 44 will be described in
further detail below. | :

The actuator assembly comprises a voice coil motor, an
actuator arm 6, a single suspension 13 and a transducer-
bearing slider 14. Prefefably, the slider carries a
:magnetoresistive {MR) heéd for greater data cépacii?.
Magnetoresistive heads are known in the disk drive industry
and are preferred because their high sensitivity enables
greatexr areal density (i.e. bit§ per inch) than conventional
inductive heads. Using a state of_the art magnetoresistiﬁe.
head in the preflerred embodiment provides useful data
storage!capacity for applications requiring mbderate data
storage. However, it will be understood. that other types of
transducers may also be implemented. Moreover, the
invention may easily be adapted for a ﬁlurality.of heads per
slider and a plurality of sliders on suspension 13.

Direct mountin§ of disk 11 to motor .44 creates an
unobstructed region 45 at the'disk3s center 41 accessible to
the actuator assembly 12. The diameter of recerding tracks
in this region would be too small for practical use, so the
reéiqn is uséé for center parking. Figs. 3{(a) and 3(b) show
héad'14 and suspension 13 positioned over the data recording
surface of disk 11. During times of inactivity, Fhelhead is.
"parkéd" in the central region 45 as shown in Figs. 3(c) and

3(d) so that head 14 is substantially aligned with a central
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access 41 perpendicular to the disk surface. As the slider

14 nears the inner diameter of the disk 11, the upward force
of the air flow is reduced and the slider begins.to'drag
along region 45. It is then "parked" at the disk center 41
as shown. Parking structures, e.g. ramps, may be added to
the center parking region to facilitate parking. Spacer
structures may also be provided between this region and the
'upper drive hou51ng for added structural support.

The actuator assembly 12 moves the slider back onto the
disk surface when necessary by applying a force to- overcome
the stiction between slider 14 and surface 8. "Stiction" is
a term of art for .the attractive and frictional forces
betwéen slider 14 aﬁd surface 8. It is greatest at the
outer diameter of the disk and decreases in the direction of
the disk center, being essentially redﬁced to zero at dead
center. Since. the slider is parked at disk centexr 41,
stiction is virtually nonexistent, and very little fofce is
required to overcome it.

The slider 14 is preferably also center parked during
periods when the dri&e is not operational. When the drive
is.Qowered on,  the disk llhspins without any siénificant-
stié#ion impedance. . Reduced stiction translates to a
reduétion in starting torque required from the motor 44.
Reduced starting torqgue in turn leads to a reduction in the

electric power requlrements of the drive.
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As mentioned previously, the preferred embodiment of
the component'disk drive allows a flatter, wider motor 44 to
be used than conventional disk-drives requiring hubs.

The motor may take a vériety of forms. For example, it may
be -fixed to the disk drive housing or integrated therein.

It may have the shape of a disk, or be annular in shape. It
may include a hub, and the disk may be mounted directly to
the hub, or altérnatively, the hub may penetrate the disk
and lie substantially flush with the recoraing surface to
bresérve égtuator access for cenpgr parking. An annular
notor may surréund a §tationary hub structure that lies-
flush with the recording surface to provide a'stationary
parking zone at disk center.

Those skilled in the art of motor design denerally
understand that an increase in the diameter of the motor
windings increases its moment arm to generate more torque
with less force. The mbtof thus requires less electric
current to perfcrm the same operation as a center hub motor.
Since the electrical power (P) is pfoportional to the square
of the current, a reduction in ;he current requirement will
résglt in a iérge reduction in the electric powér

requirement as showii-below.

(1) P=IxIX R, and -

{(2) 1

k/D.
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Therefore,
(3) P=(kxkxR)/ (DxD),

where P is the electric power of the motor, I is the
electric current used by the moﬁor, D is the motor diameter,
R is the electric resistance of the motor, and k is the
inverseiy proportional constant of the motor current to
diameter. Applying the above equations, an increase of
motor diameter by,-for example, a factor of 3 will resu;t in’
é motor that can achieve the same torque with 1/9th of the
power. The motor torque is transmitted direc;ly to the
bottom surface of the disk through, for exampie, an adhesive
or a coupling device. Examples of motors that may be used
to implement the preferred embodiment incX¥ude those
implemented in the commercially availaﬁle IBM T;avelstar,
and -the Maxtor MobileMax Lite. -

Fig. 4 is representative of a card enclosure for an
electronic circuit, adapted to be plugged into a compatible .
computer slot at connector.64. It may, for examplé, be a
PCMCIA card type I, iI or III having a predefined length 64,
width 63, and'height?ﬁz. Tpe card thickness 62'is generally
the most critical dimension of a card enclosure.

| Fig. 5 illustrates generally the preferred embodiment
of the electronic circuit apparatus of the present

invention. The circuit implements a discrete, component
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sized disk drive 74 for local.storage'énd resides in a card
' enclosure such as a PCMCIA type II or type III format,
although it will be understood that the circuit apparatus of
the present invention may also be encloﬁed in other ¢ard
formats, or may comprise the electronic circuit of.an
electronic device and reside within the device enclosure
rather than within a card enclosure (e.g. a camera). The
disk drive assembly 74'preferably measures no more than 2
inches in length 72 X 1.6.inches in width 73 X 5 mm in_.'
height.

For example, a 1.34 maggetic disk is mounted to a
~small, flat motor such as th&t implemented inlMaxtoj's
MdbileMax Lite. (At present there are no flat motors under
5 mm commercially available for -implementation’'in a type II
design. However, availability is antiéipated iq the near
futureé and prgtotYpes are currently being tested.) The
actuator assembly is a conventional dual-suspension design
such as that uséd in the Hewlett Packard KITTYHAWK 1.3"
drive, modified to havé a single suspension with a
magnetoresistive head. Modifications required for
operability include removal of the lower suspension and any
actuator arm height-adjustments necessitated by the height
of the direct-mounted disk. It may also be desirable to

make additional modifications, e.g. reducing the height of

the actuator assembly. The manner of making such
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modifications will be readily apparent to a person of
ordinary skill in the operation of disk drive assemblies in
view of this specification and the state of the art.

The disk drive assembly 74 preferably occupies less
than 50% of the available card area and has an orientation
such as that shown. .Aiternatively, the drive is oriented
such that its .length 72 .is parallel to the length 64 of the
card. The remaining card area is populated by a plurality
of electronic components 71 comprising an application
subcircuit.

| The control functions required to conﬁrol operatioh of
the drive preferably reside on one or more of the inﬁegraéed
circuit (IC) components 71 within the card enclosure. As'
those skilled in the art will appreciate, the control
electronics include funcfions such as servo con;rol, an
interface, data, address and command buffers,-drive motor
controls, and a read/write channel. Since the component
disk dri&e is small, the control electronics will Be in
close proximity to the drive itself. It may therefore also
be desirable to include the arm electrohics 17 within tﬁe
control electronics rather than within the disk drive
enc?osure. The cirﬁuit components embodying the control
éleétronics may be dedicated to storage control, or may
additionally include non-storage fﬂnctions. -For circuits

housed in non-PCMCIA . card formats, it may be desirable to
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locate the storage control components external to the card,
e.g. within the electronic device into which the cafa is
plugged.

Referring back to Fig. 5, subcircuit components 71 are
mounted to an electronic circuit board 76 occupying the
portion of the card unoccupied 5y the device assembly 74.
Conductive means 75, e.g. a flex cable or other connector,
couples the drive assembly to the circui; components 71.
The conductive means 75 include, for example, control lines,
a data bus, and an address bus. If the components
controlling the operation of the drive ,are external to the
card enclosure, the appropriate control lines are routkd to
connector 60 to provide external access .to the assembly 74,
as shown.

The drive assembly 74 is preferabiy enclosgd in a
separate housing (not shown) within.the card enclosure
isolating it from the other components for protection
against contamirants. Alte;natively, the card may be
subdivided into two or more isolated sections, or card
production may be carefully controlled to minimize the
presence of cénﬁaﬁinants in the entire card.

fNUmerous types “of electronic devices currently include
electronic circuits that use solid state memory for local
storage féquirements. All of these are viable candidates

for implementing a component disk drive in lieu of memory
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according to the electronic circuit apparatus of the present

- 19

‘invention, including, for example, fax machines, cellular
phones, printers, cameras, appliances, and portable
computing devices.

Fig. 6 is a functional diagram of an electronic circuit
apparatus according to the present invention wherein the
component disk drive 74 is used for storing microcode. The
circuit includes a programmable logic unit (PLU) 127 for
performing one or more desired functions which are defipéd
by oné or.more microcode sets. Tne PLU may, for example[ be
programmable array logic (PAL), a programmable logic device
(PLD), or a microprocessor with programmable functions._
Each microcode set corresponds to a unique PLU function.

The PLU 127 typically is linked to one or more non storage
related circuit components 128 and may-function,_for
example, as a.disk interface between_tﬁe components 128 and
the disk drive 74, as a microprocessor, or as an.arithmetic
device:. The microcode sets are stored ldcally, i.e. in the
component disk drive 74, and then programmed into the unit
127 via a logic programmer 125. Since information on a disk
drive is easily updated, additionms, deletions, and other
modifications may readily be.made to the miérocode sets;

&he component,d;ive 74 is linked to drive control
electronics-123. 1In tﬁe“iqterest of conserving space, the

drive control electronics are merged with logic programmer
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125 into a controller device 122 such as a solid state
component, die, multi-chip module, or electronic assémbly.
The controller 122 optionally includes other functions 124
unrelated to drive control and PLU programming that may:
require further links to one or more additional circuit
components 126.

Fig. 7 shows another specific embodiment of ;he present
invention, wherein the component disk drive 74 stores basic
assurance test (BAT) code and tables. As described ea;lier,
~ BAT code typically resides in EPRQM or flash‘memory,;and'
runs diagnostic tests against components of the cifﬁuit to
verify their operability. Verification gestihg is a
desirable feature for card-based applica;ions and electronic
devices in general to assure their reliasility:

Referring_to Fig. 7, a component &isk drivg 74 and its
associated drive electronics 123 are linked to a
microprocessor-91 which initiates execution of the BATSs.

The microprdceséor is linked to high speed sta;ic ram (SRAM) .
92, which, in turn, is linked to test circuitry 95. The
test circuitry is part of a circﬁit.loop including the
circuit componénts 104-106 to be tested. |

¥When the processor 91 is in test mode, it receives test
micrécode from component drive 74, including a table of test
patterns that are loaded into SRAM 92. The table includes a

plurality of binary input test patterns 93 and their
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corresponding results 94 expected. from a properly working
circuit. The nexﬁ test pattern to be executed and it;
corresponding expected result are provided to the test
circuit, e.g. by loading them into input buffers 96, 99.
The test pattern is then forwarded to Ehe components under
test, e.g. via an output buffer 98, unless an error signal
has been detected by control means 97. Buffers 96 and 98
may actually comprise a series of n latches, where n is the
number of bits in the test pattern, and the control means 97
may cbmprise an inverted error signal coupled td the clock
inputs of these latches.

Assuming no error, the next seguential test pattern is
loaded into input buffer 96 and the current test pattern is
passed through the circuit components 104-106. * Each
component under test receives the pattérn and pe;forms its
particular function upon it. The final result is then
returned to the test circuitry 95, e.g. into input buffer
102- Comparing means 101 sgch as a comparator then compare
the result in buffer 102 with the expected result in buffer
99. If a mismatch occurs, an error signal is generated and
propagated to éhntrol means 97 to halt execution of the next
pattefﬁ in the tést sequence. It is also provided to error
handling functions (not shown), such as retry circuitry,
error. indiéator means or shutdown means. If a mismatch has

not occurred, the next test pattern is passed to the circuit
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components and thé preceding steps are repeated until an
error is detected or the test segquence is completed(r The
functions of test circuit 95 may alternatively be performed
by a computer program stored in the component drive 74 and
executed by the processor 91. -

Another use for a component disk drive is for storing
user information. A component drive may be used, for
instance; to stbre telephoné numbers, messages, and similar
informatiop in any type of portable wireless messaging
device. -

State-of-thé art.portable message devices that rely 09
solid state memories are limited in the amount of |
information they can store, making them .impractical for
receiving 1arge.dqcumen€s, electronic mail, pictures and
video images. This limitation is overéome by rgplacing the
memory with a component disk drive.

Fig. 8 shows a functional diagram of an electronic
circuit apparatus'131_according to the present invention
that operates as an electronic pager, wherein a component
disk drive 74 provideé resident storage for telephone
numbers, messages, and other user information. The device
is paékaged as a peripheral @evice, e.g. in a PCMCIA card
formét, or iﬁ an independent device packaged conveniently

for handheld manipulation.
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The pager apparatus 131 of Fig. 8 includes an
electronic circuit typical of a conventional digital;pager;
A processor 132 controls the operation of the device. - The
processor 132 is coupled to a frequencj monitoring wiréléss
receiver circuit 141 comprising, for examplé, an antenna 134
and receiﬁer electronics 133. The circuit also includes
some type of readout display 138, e.g. an LCD display. If
the pager is packaged as a peripheral device, it further
comprises means for cdmmunicating with a computing device
139, e.g. PCMCIA interface electronics 136 disposed betﬁéen
the processor 132 and the card coﬁnector 137. |

In operation, the yifeless receiver circuit 141
v"listens" on a predetermined frequency for a particular code
or signal indidaping a message is to 5e transmitted. In
listening mode, the component drive 74 is powered down to
conserve energy. Upon detecting the proper code; the
receiver electronics 133 signals.the processor 132 to power
up to thé component drive 74. The receiver circuit 141 then
receives the message in the form of electromagnetic
radiation and converts it to digital electric impuises.
The§e, in turn, are transmitted via the processor 132 to the
driv§ electronics 123 . and are stored magpetical;y on the
compénent drive 74f.0hce the message is received, the

display 138 may display the message or post a notice that a
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message has been received. Then the drive 74 is again
"powered down, and the circuit returns to a listening;mode.

The pager circuit just describgd is capable of storing
lengthy messages. For independent devices, this would
necessitates a reasonably large display means.
Alternatively, if the device is implemented as a peripheral,
messages can be stored away for later access. The user then
displays his messages by plugging the device 131 into a
computing device 139, e.g. a laptop computer. The comppting
aevide accesseé the information on the component drive 74
and displays it oﬁ'a monitor (not shown).

Since the component drive of the pager iﬁplementation
of Fig. 8 is powered down much of the time, energy
consumption of the unit is relatively low. Cormsequently,
the circuit may be powered by an indepéndent power source,
such as a battery pack 135. Alternatively, or in addition,
it may rely on a power supply (not shown) in computing
device 139.

A peripheral pager can be carried much like a digital
pager, using it's batteries to power up the component drive
whén_necessaryl since messages are immediately.received and
_availablé for access, the user is no longer required to
place a phone call to obtain the information. Standard
encryption techniques are preferably employed for security

to assure the security of the information. In addition, the
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device preferably further compriseé a wireless transmitter
(not shown) foi feturn communication. Information to;be
transmitted is entered into the computing device.139,and
downloaded into the coﬁponent drive. It may then be
transmitted immediately, or at a later time.

Although the electronic circuit apparatus of the
present invention has been descfibed in terms of specific
embodiments, it_is to be understood that this disclosufe is
not to be interpreted as limited to those embodiments shown.
Various further alterations and modifications will no doubt
become appargnt to those skilled in the art after having
read the apo%e disclosurg._ Moreéver, the exaﬁples provided
are not intended to be e;haustive,.and the scope of the |
present invention definea-by the following claims is
intendeé to extend to all functional eduivalents_of the

elements shown or described.



26

This Sheet Has Been R

S T D

I Claim:

1. An electronic circuit apparatus, comprising:

a component disk drive for storing and retrieving
informatidn; - | -

an electronic circuit, comprising é plurality of

electronic components for performing at least one
.predeterminéd function unrelated to the operation of said
éompohent disk drive; and |

_means for prdvidiné said information stored on said
component disk drive to ‘'said electronic circuit for use in

‘performing said at least one predetermined function.

2. The electronic circuit apparatus of claim 1, wherein
said electronic. circuit apparatus resides in a card

enclosure adapted for plugging into a computer slot.

3. The ‘electronic circuit apparatus of claim 2, wherein

said card further comprises a PCMCIA type II card.

4. fThe electronic éircuit apparatus of claim 2, wherein

said card further comprises a PCMCIA type III card.

_—_
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5. The electronic circuit appafétus of claim 2, wherein
said disk drive occupies not more than 50% of said card

enclosure.

6. The electronic circuit apparatus of claim 1, wherein
said information used by said electronic circuit further
comprises a basic assurance test program for testing said

plurality of electronic components.

7. The électronic circuit apparatus of claim 1, wherein
said electronic circuit further comprises a programmable

logic unit (PLU) and a logic programmer for programming said.

"PLU.

8. The electronic circuit apparatus of claim 7, wherein
said information used by said electronic circuit further

comprises a microcode set for programming said PLU.

9. The electronic circuit apparatus of claim 8, wherein
said component disk drive stores a plurality of microcode

sets for programming said PLU, each corresponding to a

unique PLU function.

* [ L L] H *
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10. The electronic circuit apparatus of claim 1} wherein
said electronic circuit further comprises means for
receiving electromagnetically transmitted messages and means
for storing said received messages on said component disk

drive.

11. The electronic circuit apparatus of claim 1, wherein
said component disk drive stores a plurality of messages,
and wherein said plurality of electronic components further
comprises means for.electromagnetically transmitting said
messages. |
i

"12. The electronic circuit apparatus of claim 1, wherein
said means for prov1d1ng said information to said electronic

circuit further comprises a disk drive controller.

-13. The electronic circuit apparatus of claim 1, wherein
eaid component disk drive further comprises:

a disk having oﬁe recording surface;

means for rotating said disk; '

means for writing information to said one recording
surface; and

means for selectively'retrieving a portion of said

information from said recording surface.

B
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14. The electronic circuit apparatus of claim 13, wherein
said component disk drive further comprises a substanﬁially
planar region at the center of said recording surface, a
transducer for writing to and retrieving information from
said recording surface, and means for parking said

transducer on said substantially planar regiomn.

15. The electronic circuit apparatus of claim 13, wherein

the diameter of said disk is not greater than 1.3 inches.

16. The electronic circuit apparatus of claim 13, wherein
. i -

said disk further comprises a magnetic disk.,

17. The electronic circuijt apparatus of claim 13, wherein.
said means for rotating said disk further comprises a round,

flat motor, and wherein said disk is mounted on said motor.

18. The electronic circuit apparatus of claim 13, wherein

said means for rotating said disk further comprises an

annulaxr motor.
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19. The electronic circuit apparatus of claim 18, further
comprising a stationary structﬁre disposed in the center of
said motor, wherein a portion of said stationary structure
passes through said disk and is flush with said recording

surface to provide a substantially planar region at the

center of said recording surface.

20. The electronic circuit apparatus of claim 13, wherein
said means for rotating said disk further comprises a motor
including a hub passing through s;id disk and flush with
said,récordiné surface to provide a-éubstantially planar

region at the center of 'said recording surface.

21. An electronié circuit appérgtus, compris;ng:

a component disk drive for storing and retrieving
information;

an electronic circuit coupled to séid component disk
drive comprising a programmablé logic unit (PLU) and means
for prdgramminé said-PLU{ and

means for providing said inforﬁation stored on said
cdmponent disk drive to said PLU programming means for use

in programming said PLU.

AN
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22. The electronic circuit apparatus of claim 21, wherein
said means for providing said information to said PLU

programming means further comprises a disk drive controller.

23. The electronic circuit apparatus of claim 22, wherein
said PLU programming means and said disk drive controller

reside on the same electronic component.

24. The électronic circuit apparatus of claim 22, wherein
said disk drive controller resides within said component
disk drive.

.
25. The electronic circuit apparatus of.claim 21, wherein
said electronic circﬁit apparatus resides in a card

enclosure adapted for plugging into a computer slot.

26. The electronic circuit apparatus of claim 25, wherein

said card further comprises a PCMCIA type II card.

27. The electronic circuit apparatus of claim 25, wherein

said. card further comprises a PCMCIA type IIX card.

28. The electronic circuit apparatus of claim 25, wherein
said .component disk drive occupies not more than 50% of said

card enclosure.

_—
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29. The electronic circuit apparatus of claim 21, wherein
said component disk drive stores a plurality of micrécode
sets for programming said PLU, and wherein each microcode

set corresponds to a different PLU function.

30. The electronic circuit apparatus of claim 21, wherein
said component disk drive further comprises: '

a disk having one recording surface;

means for rotating said disk:;

means for_writing informatioq to said one recording'
surface; and ;
i means for.selectively fetrieving a portién of said

information from said recording surface..

_31. The electronic circuit apparatus 6f claim 30, wherein
said component disk drive further comprises a substantially
planar region at the center of said recording surface, a
transducer for writing to and retrieving information from
said recording surface, and means for parking said

transducer on said substantially planar region.

32. :The electronic circuit apparatus of claim 30, wherein

the diameter of said disk is not greater than 1.3 inches.

\\\\\\\\\\\\\\\\\k\\\\\}\\\\)\
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33. The electronic circuit apparatus of claim 30, wherein

said disk further comprises a magnetic disk.

34. The electronic circuit apparatus of claim 30, wherein
said means for rotating said disk further comprises a round,

flat motor, and wherein said disk is mounted on said motor.

35. The electronic circuit apparatus of claim 30, wherein
said means for rotating said disk comprises an annular

motor.

36. The electronic circuit apparatus of claiﬁ 35, further
comprising a stationary structure disposed in the center of
said motor, wherein a portion of said stationary structure
passes through said disk and is flush Qith said'recording
surface to pfovide a substantially planar region at the

center of said recording surface.

37. The electronic circuit apparatus of claim 30, wherein

said means for rotating said disk further comprises a motor
inCluding'é hub pasSing through the center of said disk and
flush with said recording surface to provide a substantially

planar region at the center of said recording surface.

-
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38. An electronic circuit apparatus, comprising:

an electronic circuit comprising a plurality of
electronic components for performing a predetermined
function;

a component disk drive for storing and retrieving
‘information, including a basic assurance test (BAT) for use
in testing said predetermined function of eaid electfonic
- circuit;

means - for testing said electronic circuit; and

means for providing said BAT.to:said testing means for

use in testing said electronic circuit.
H

39. The electronic circuit apparatus of.claim 38, wherein
said basic assurance test.includes a table of input bit

patterns and corresponding expected result bit patterns.

* [ L M s * )
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40. The electronic circuit apparatus of claim 39, wherein
said testing means further comprises: -

means for periding each of said input bit patterns to
said electronic circuit;

means for receiving an output bit pattern generated by
'said electronic circuit in response to said input bit
pattern;

means for comparing said output bit pattern with said
expected result bit pattern corresponaing to said input bit
pattern; and

means for generating an error signal in response to a
miscompare of said output bit pattern and said expected

result pattern.

41. The electronic circuit apparatus of claim 40, wherein
said testing mean further comprises means responsive to éaid:

error signal for halting said basic assurance test.

42. The electronic circuit apparatus of claim 40, wherein

said testing means further comprises a computer program.

43. The electronic circuit apparatus of claim 40, wherein
said testing means further comprises an electronic

subcircuit in said electronic circuit apparatus.

-_—
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44. The electronic circuit apparatus of claim 40, further
comprising a solid state memory component and means for
temporarily loading said table into said solid state memory

component for access by said testing means.

45. The electronic circuit apparatus of claim 38, whexrein
said electronic circuit apparatus resides in a card

enclosure adapted for plugging into a computef slot.

46. The electronic circuit apparatus of claim 45, wherein
said card further comprises a PCMCIA type ITI card.
47. The electronic circuit apparatus of. claim 45, wherein

said card further comprises a PCMCIA type III card.
48. . The electronic circuit apparatus of claim 45, wherein

said component disk drive occupies not more than 50% of said

card enclosure. -

-
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49. The electronic circuit apparatus of claim 38, wherein
said component disk drivg further comprises:

a disk having one recording surface;

means fof rotating said disk;

means for writing.information to said one recording
surface; -and

means for selectively retrieving a portion of said

information from said recording surface.

50. fhe electronic circuit apparatus of claim 49, wherein
said component diék drive further éomprises a substantialiy
planar region at the center of said recording-surface, a
transducer for writing to and retriéving-information from
said recording surface, and means for_pa:king said

transducer on said substantially planar region.

51. The electronic circuit apparatus of claim 49, wherein .

the diameter of said disk is not greater than 1.3 inches.

52. The electronic circuit apparatus of claim 49, wherein

said disk further comprises a magnetic disk.

53. The electronic circuit apparatus'of claim 49, wherein
said means for rotating said disk further comprises a round,

flat motor, and wherein said disk is mounted on said motor.

_—
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54. The electronic circuit apparatus of claim 49, wherein
said means for rotating said disk comprises an annular

motor.

55. The electronic circuit appératus of claim 54, further
comprising a stationary structure disposed in the center of
said motor, wherein a portion of said stationary structure
passes through said disk and is flush with said recording
surfacé to provide é'substantially planar region at the
centef of said recording surface.

56. The electronic circuit apparatus of claim 49; wherein
said means for rotating said disk further comprises a motor
with a hub passing through the center of said disk and flush
with said recording surface to provide.a substaqtially

planar region.at the center of ‘said recording surface.

57. The electronic circuit apparatus of claim 49, wherein
said means for providing said BAT to said testing means

further comprises a disk drive controller.

-
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58. An electronic circuit appératus, comprising:

a component disk drive for storing and retrieviné
informatioﬁ; '

an electronic circuit comprising means for receiving
messages in the form of an electromagnetic signal; and

means for providing said received messages to said

component disk drive for storing.

59. The electronic circuit apparatus of claim 58, wheréin
said electfdnic qircuit further comprises means for

electromagnetically transmitting a message stored on said-
component disk drive, and means for proviaing.said message

to said transmitting means.

60. The electronic circuit apparatus of claim 58, wherein
said receiving means further comprises means for converting
said messages received from an electromagnetic signal to a

digital signal.

61. The electronic circuit apparatus of claim 59, wherein
said transmitting means further comprises means for
converting said message provided to said transmitting means

into an electromagnetic signal}

R
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62. The electronic circuit apparatus of claim 58, wherein
said electronic circuit apparatus resides in a card

enclosure adapted for plugging into a computer slot.

63. The electronic circuit apparatus of claim 62, wherein:

said card further comprises a PCMCIA type II card.

64. The electronic circuit apparatus of claim 62, wherein

said card further comprises a PCMCIA type III card.

65. The electronic circuit apparatus of claim 62, wherein

said component disk drive occupies not more than 50% of said -

card enclosure. -

66. The electronic circuit apparatus of claim 58, further
comprising means for downloading said received messages

stored on said component disk drive to a computer.

67. The electronic circuit apparatus of claim 58, further

comprising means for loading information from a computer

into said component disk drive.

* [ L M s *
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68. The electronic circuit apparatus of claim 58, wherein
said component disk drive further comprises:

a disk.having one recording surface;

means for rotating said disk;

means for writing information to said one recording
surface; and

means for selectively retrieving a portipn of said

information from said recording surface.

69. The electronic circuit apparatus of claim 68, wherein
said component disk drive further comprises a substantially
planar région at the center of said recording-surface, a
transducer for writing to and retrieving. information from
said recording surface, and means for parking said

transducer on said substantially planar region.

70. The electronic circuit apparatus of claim 68, wherein

the diameter of said disk is not greater than 1.3 inches.

71. The electronic circuit apparatus of claim 68, wherein

said disk further comprises a magnetic disk.

72. The electronic circuit apparatus of claim 68, wherein
said means for rotating said disk further comprises a round,

flat motor, and wherein said disk is mounted on said motor.
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73. The electronic circuit apparatus of claim 68, wherein
said means for rotating said disk comprises an annular’

motor. ) . -

74. The electronic circuit apparatus of claim 73, further
comprising a stationary structure dispoged in the center of
said motor, wherein a portion of said stationary structure
passes through said disk and is flush with said recording
surface to provide a substantially planar region at the ;
centef of said recording surféée.

75. The electronic circuit apparatus of claim 68, wherein
said means for rotating said disk further comprises a motér
with a hub passing through the center of said disk and flush
with said recording surface to provide'a substaqtially

planar region. at the center of .said recording surface.

76. The electronic circuit apparatus of claim 68, wherein
said means for providing said received messages to said
component disk drive further comprises a disk drive

controller.



