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COMPONENT LEVEL DISK DRIVE

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 tle Invention
' Solid state memory is a standard component of computer

_systems and of many electfonic devices, providing local : -
storage to the elecfronic circpit that incorporates it.
Some eiamples of solid stéte_memory components are flash -
EPROM (erasable, programmable read-only memoryi, 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



prograpm pg programmable circuit conponents, or for running basic assurance
tests (BATS) on other the circuit conponents. Another useful function of

| ocal menory is to store user information, e.g. local storage is used by a
pager to store tel ephone nunbers and nmessages, by a fax machine to store
communi cati on protocol paraneters, by a printer to store fonts, and so on.
For reliability and 2 flexibility, the solid state nmenory used in such
applications is non-volatile and nodifiahle, e.g. SRAM Unfortunately, the
cost of solid state nmenory increases alnost linearly with its storage
capacity. Mreover, since there are physical |limtations to known solid
state -

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
correspopds 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'exémple, éircuits.embodying ér-cogtrolling fax machiﬁes.
modems,. cellular phones, pfintérs, came;as, disk drives, and
other devices are presently being housed in credit-card
sized  formats of predefined dimensions that plug into a
compatiblé_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"»éard 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.
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card- based el ectronic exanpl e, circuits enbodying or

control ling fax machi nes, nodens, cellul ar phones, printers, cameras, disk
drives: and other devices are presently beigg housed in credit-card sized
formats of predefined dinensions that plug i'nto a conpatible socket of a

| apt op conputer, PC, or other electronic device. Three standard formats

t hat have energed for such credit-card-type applications are the PCMC A
formats. A "type |I1InceeRtFReatukessedis shaks memgkiess. gagmsitid eigh and

54 mMmin width.  The dinensions_of a "type, . .
drives 1n 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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t herefore advantage _ nmagnetic di sk drive small enough to
replace solid state “ﬁ\ ron| c devices, such as printers, and in
card- based el ectroni PCMCI A for mat s. Furt hernore, nagnetic

‘disk.drives are ideal for many of the appl i cations di scussed above because

they provide nodifiable, high density, noavolatile storage. .
MB 1.3" KittyHawk drive. In addition, componen£ type drives
are disclosed iﬁ 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 microcode for use in the operation of the circu;t, or
wherein messages received by the_gircuit are s;ored in the

disk drive.

Summary of the Invention

A primary ébject of the present invention is to provide
an eleatropic 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
functiona unrelated to the operation of the disk drive.

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

the card area, and good resistance to external shock.



Until jrecently, however, magnetic storage devices have-heen-t-o-tlarge-t
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I nterface. Moreover, Hr d- based electronic circuits and many
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remai n operational after being dropped
erw shock. Previous disk drives were unable to
wi t hst'and | arge anpbunts of external shocksw thout suffering damage, because
t he shock caused the read/wite heads and suspensions to slaminto the
magneti c recordi ng surfaces. Recently, a nunber of small disk drives have
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device. For exanple, ackar
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 presenﬁ invention is an electronic

"circuit apparétus“cbmprising 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
drivé;further comprises a single suspension carrying at -
-leastfone transducer for writing and retrieving data from

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

surface for high shock resistance.



4 NB 1.3" KittyHawk drive. 1n addition, conponentg

in U’S. Patent No. 5,264, 975, Japanese applicatio
04- 291079, and Japanese publication no. 01112586. 2
references di scusses s @fe&itlal Bfh REghacier | Mpl ementing a di sk drive as |ocal
storage within an elect | wherein the circuit perforns
functions unrel ated: toJmH"ﬂm’ EIHBLM the disk drive itself, e.g. a:
circuit wherein the di m crocode for use in the oper ation of

the cifcuit, or wherein messages received by the circuit are stored in the
di sk drive. Summary of the Invention 6

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 forggbing and other objects, features and
advantages of the present. invention will be apparent from,
"the following detailed_descripﬁion of the preferred
eﬁbodiments of the invéntion, and from the a;companying
'figureé 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 2(b) 'stiow a known disk drive 1nclud1ng
two recordlng surfaces and two suspen51ons,

- Figs. 3(a) - 3(d) 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;



A prinmpry opject of the present invention is to provide an electronic
circuit inplenenting a discrete, conponent- type disk drive in |ieu of
solid state nenory for |ocal storage requirenments, wherein the electronic
circuit uses information stored on the conponent drive to performfunctions
unrel ated to the operation of the disk drive. A further object of the
present invention is to proviiie:an electronic circuit in a card enclosure,

e.g. a PCMCIA type Il or Ill card, and including therein a low profile
conponent sized drive having a footprint of |ess than 50% of the card area,
and good resistance to external shock. 57Anot her obj ect- of the present

invention is to provide

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.



an electrjc circuit inplenenting a conponent disk drive for locally storing
basic assurance tests. A further object of the present invention is to
provi de an electronic circuit, including a progranmable |logic unit (PLU),
and inpl enmenting a conmponent disk drive for locally storing the m crocode
'used to programthe PLU. Yet another object of the present invention is to
provi de_an el ectroni ¢ nessagi ng device including a conponent disk drive for
storing nessages, imges, docunents, videos and other user information:
Accordingly, the present invention is an electronic circuit apparatus
conprising an electronic circuit inplemenging a discrete, component sized
‘disk drive inlieu of solid state nenory for locally storing information to

‘be used by said circuit_in perfornin? one or nore func i%ps not related to
the operation of the diBRSGFIPE*OPnOfhEhe Preferxed odiment

The present 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
elect;onic 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, allaptop, or
other computing device. It may also reside in devices
peripheral to a compﬁtiné device, e.g. controller cards for
larger disk 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.



prefgrred,enbodi ment, the disk drive conprises a single disk with a
diameter of no nore than 1.3 inches and a single recording surface, nounted
directly to a rotatable flat notor having a dianeter of up to 1.3 inches.
The conponent drive further conprises a single suspension carrying at |east
one transducer for witing and retrieving data fromthe di sk, and a parking
zone at the center of the recording surface for high shock resistance. 6
In a first specific enbodi nent of the proposed apparatus, an el ectronic
circui't including a conponent disk drive is provided wherein the disk drive
stores mcrocode for use in the operationgof the circuit. In another

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



speC|f|c enbodi nent, an electronic circuit including a conponent disk drive
S prOV| ed wherein the disk drive stores user information such as

t el ephone nunbers and nessages. Brief Description of the Drawing The
foregoi ng and ot her objects, features and advantages of the present
invention will be apparent fromthe followi ng detailed description of the
preferred enbodi nents of the invention, and fromthe acconpanying figures
of the drawing: Fig. 1 is a circuit boar d i ncludi ng a discrete conmponent
sized-disk drive for |ocal storage requirenments according to the present

i nvention; Figs. 2(a) and 2(b) show a kngﬁp di sk drive including two

recordi ng surfaces and two suspensions;

views of the

3(a) - 3(d) show side and top

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



conpqgnent ,di sk drive for use in the preferred enbodi nent of the present

I nvention; Fig. 4 is a perspective view of a general card-type electronic
circuit encl osure; 7 Fig. 5is a top exposed view of a card encl osure
housing an electronic circuit that includes a conponent disk drive for

| ocal storage requirenents according to the present invention; Fig. 6 is a
functional block diagramillustrating a specific enbodi nent of an

el ectronic circuit apparatus according to the present invention; and Figs.
7 is a' functional block diagramillustrating

- o 11
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 ;s 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
thaﬁ 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



anot her specific enbodi mrent of the circuit apparatus according to the
present invention. 8 Description of the Preferred Enbodi nent The present

i nvention wll

now be described with reference to Fig. 1, illustrating a

general electronic circuit board 4 representative of circuit boards found
in a variety of electronic devices. It includes a plurality of

I nterconnected circuit elenments 5 such as solid state conponents,
resistors, capacitors, oscillators, and so forth. The solid state
conponents conprise, for exanple, a mcroprocessor, nmenory, an arithmetic
logic unit, a programmable logic unit, etc. The interconnected el ements

12 '
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) head 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, Fhe head is.
"parkéd" in the central region 45 as shown in Figs. 3(c¢c) and

3(d) so that head 14 is substantially aligned with a central



are referred to collectively as the electronic circuit. The electroni

circuit al so
the present i
circuit eleme
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rcuits wi,th sone |l qcal stora ui.rene
gccess 4& perpendicular to %%e %q sur ace. 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.



9 Figs. 2(a) and 2(b) show side and top views ofa general, presently known
di sk drive conprising a disk or platter 11 connected to a hub 15, a notor
(not shown), an actuator assenbly 12, armelectronics 17, and a housi ng 16.
The disk 11 includes a pair of recording surfaces 8,9. The actuator
assenbly 12 generally conprises a voice coil notor (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 nore transducers or read/wite heads are | ocated on
each slider 14, and are held in close proxjqnty to the disk surface by the
conbi nati on of a downward force (relative to the disk surface) fromthe

suspensi on 13 and an
As mentioned prev1ously, 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.



upwar,d for,ce caused by air flow generated fromthe rotation of the disk 11.
I f the downward force exceeds the upward force, the slider will cone into
contact with the disk surface. The VCM conprises an inductive coil 19

di sposed between an upper magnet (not shown) and a | ower nmagnetic plate 7.
The armel ectronics 17 transmts electrical positioning current to the coi
19. The current-signal induces a nagnetic flux around the coil for

repul si,ng and attracting the magnet and magnetic plate 7. The repul sing and
attracting forces provide novenent of the actuator armin a plane
substantially parallel to those of the I sk recording 10

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



surfaces,  causing the suspensions 13 to nove along an arcuate path over
respective surfaces 8,9. Data is generally recorded on concentric tracks of
the recording surfaces 8,9. The disk region or track having the |argest
dianeter is referred to as the outer dianeter (OD) of the disk, and the
region or track nearest to the hub and having the small est dlaneter S
referred to as the inner diameter (ID). Data to be stored on the disk 11 is
first "encoded" by a read/wite channel - (not shown) ordinarily residing
external to the disk drive housing 16. The data is encoded into a form
suitable for the storage nmedium then tranggtted via the armelectronics
17 to the transducer for witing to the disk. For exanple, in a magnetic
disk drive, digital data is encoded into a series of pulses. As is known in
the art, the piized @iekidnivsi Fledoin loralf StATayca2dGr FESLASS iy 2 card

transducer, and cause a fluctuatln% _
enclosure such as a PCMCIA type II or type III format,

although it will be understood that the circuit apparatus qf
the present invention ﬁay also be enclosed in other card
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 1.3" 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 in 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
actﬁétor arm height-adjustments necessitated by the height
of éhe direct-mounted disk. It may also be desirable to
make additional modifica;;ons, e.g. reducing the height of

the actuator assembly. The manner of making such



magnetic field at the transducer pole tip that affects the nmagnetization of
di screte regions on the disk surface.- When a transducer senses or "reads"
information fromthe disk, the data is transmtted in encoded formvia the
armelectronics 17 to the channel for "decoding"”. The armelectronics _
usual ly include neans for anplifying and synchroni zing the read signal. The
hub 15 i.s fixedly attached to the disk 11 and encases a notor (not shown)
for providing a rotational force. The rotational force is translated to
the hub 15 and fromthe hub 15 to the disk 11. The hub encl oses a notor
shaft and generally protrudes fromthe uppgs surface of the disk as shown
in Fig. 1A, preventing the suspension/ head '

modifications will be readily apparent to a person Qf
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 control 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
enciosure. 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



assepbly from access to the region at the center of the disk. To protect a
rotary disk drive fromexternal forces during operation or novenent, neans
may be inplemented to park the head when the disk is not operating and/or
during periods of inactivity (i.e. tinmes when data is not being witten to
or retrieved fromthe disk). Figs. 3(a)-3(d) show the preferred enbodi nent
of the conponent disk drive inplenented in the electronic circuit apparatus
of the present invention. The drive conprises a disk 11, a notor 44, an
act uat-or assenbly 12, armelectronics 17, and a housing 16. The disk 11 is
preferably magnetic and includes one recording surface 42 with a
substantially planar region 45 at its cen¥®r. It is preferably nounted
directly to a flat notor 44 along its nonrecordi ng surface by sone

?glto; ﬂ?; Lgte Meakdt e the MROAYL AINrd WY §deRe DARLL NPoagRB cakang
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 requirements. All of these are viable candidates

for implementing a component disk drive in lieu of memory



43. Use of a single recording surface and direct platter nmounting allows a
wi der, thinner notor assenbly to be used than woul d be feaSLDLQZLQE:&vdISk
haV|ng two recording surfaces. The dianeter of the : Kﬂnay;behﬂs | ar ge
or larger than the dianmeter of the disk 11 itself. i SN AR advantages of
this type of mtorrhéslbhmhésﬁaa] €eﬂ| bed in further: 1. hel ow:=Tre-
actuator assenbly CI e coil notor, an actuator arme6, a single

suspension 13 and a aring slider 14. Preferably, the slider
carries a magnetore ead for greater data capacity.
Magnet or esi stive heads are knomn in trfbdlsk drive industry

according to the electronic circuit apparatus of the present
‘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 lacally, 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
dr1Ve is easily updated, addltlons, deletions, and other
modlflcatlons may readily be made to the mlcrocode sets.

The component,drlve 74 is linked to drive control
electronics-123. 1In tﬁe“iqterest of conserving space, the

drive control electronics are merged with logic programmer



and are preferred because their high'sensitivity énables greater areal
density (i.e. bits per inch) than conventional inductive heads. Using a
state of the art magnetoresistive head in the preferred enbodi nent provides
useful data storage capacity for applications requiring noderate data
storage. However, it will be understood that other types of transducers may
al so be inplenented. Mreover, the invention nmay easily be adapted for a
plurality of heads per slider and a plurality of sliders on suspension 13.
Direct mounting of disk 11 to notor 44 creates an unobstructed regi on 45 at
the disk's center 41 accessible to the_actuator assenbly 12. The di aneter
of recording tracks in this region wouP8 be too smal | for practical use, so
the region is used for center parking. Figs. 3(a) and 3(b) show head 14 and
suspensi on 132podinticoredanverol hex diewicech?li suck1as azesol idi skate.

During tinmes of inactivity, the head is
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 t'est__'circuit:ry' 95. The
test circuitry is part of a circuit loop including the
circuit componénts 104-106 to be tested. |

¥When the processor 91 is in test mode, it receives test
micrscode 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



"parked" in the central region 45 as shown in Figs." S(Q} ~and: 3(d) S0~ thai
head 14 is substantially aligned with a central 13 axTHs QLT 48 SEE
perpendi cular to the disk surface. As the slider 14 ngars tﬁ@%d%ﬁ&ﬂ

di aneter of the disk 11, the upward force of the air flowT G
the slider begins to drag along region 45. [It_is then "parked" at the disk

center 41 as shown. Parking structures, e.g. ranps, to the
center parking region to facilitate parking. Spﬁggﬁa§&£yct res nay al so be
provided between this region and the upper drive

structural support. The actuator asseqgbly 12 rmvégm Em] ack onto t he
di sk surface when necessary by applyi a force

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 performs 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 test sequence. It is also provided to error
handling functions (not shown), such as retry circuitry,

error indicator means or shutdown means. If a mismatch has

not occurred, the next test pattern is passed to the circuit



the stiction between slider 14 and surface 8. "Stiction" is a termof art
for the attractive and frictional forces between slider 14 and surface 8.
It is greatest at the outer dianeter of the disk and decreases in the
direction of the disk center, being essentially reduced to zero at dead
center. Since the slider is parked at disk center 41, stiction is virtually
nonexi stent, and very little force is required to overcone it. The slider
14 is preferably -al so center parked during periods when the drive is not
operational. Wen the drive is powered on, the disk 11 spins w thout any
significant stiction inpedance. Reduce®tiction translates to a
reduction in starting torque required fromthe notor 44. Reduced starting
torque in turn leads to a reduction in the electric power requirenents of
the drive. components and the 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 perfqrmed
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 péékaged as a peripheral @evice, e.g. in a PCMCIA card
form;t, or iﬁ an independent device packaged conveniently

for handheld manipulation.



14 As nentioned previously, the preferred enbodi nent of the conponent disk
drive-allows a flatter, wder notor 44 to be used than conventional disk
drives requiring hubs. The notor may take a variety of forns. For exanple,
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 alternatively, the hub may
penetrate the disk and lie substantially flush with the recording surface
to preserve actuator access for center parking. An annul ar notor may
surround a stationary hub structure that %ies flush with the recording
surface to provide a stationary parking %one at disk center. '

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



Those skil,led in the art of notor design generally understand that an

I ncrease in the dianmeter of the notor wi ndings increases its nonent armto
generate nore torque with less force. The notor thus requires less electric
current to performthe sane operation as a center hub notor. Since the

el ectrical power (P) is proportional to the square of the current,.a

reduction in the current requirenent will result in a large reduction in
the electric power requirenent as shown below. (1) P=1 x| x R and (2) |
= k/ DB’ Therefore, (3) P=(k x k x R/ (D x D),

. 24 )

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



where: P is.the electric power of the notor, I-is the electric current used
by the notor, Dis the notor dianeter, Ris the electric resistance of the
notor, and k is the inversely proportional constant of the notor current to
di ameter. Applying the above equations, an increase of notor dianmeter by,

for exanple, "a factor of 3 will result in a notor that can achieve the sane.
torque with 1/9th of the power. The -notor torque is transmtted directly to
t he bottom surface of the disk through, for exanple, an adhesive or a
coupling device. Exanples of notors that may be used to inplenent the
preferred enbodi nent include those inplﬁﬁﬁnted in the comercially

avail able I1BM Travel star, and the Maxtor "MobileMax Lite. Fig. 4 is -
representative of a card enclosure for an electronic circuit, adapted to be -
pl ugged i nt 0C&VesEp @G aratvhp fwrthentcenpriseecd ovisaless fapnsidtter

exanpl e, be 8 - ' '
P ?not shown) for return communication. Information to"be
transmitted is entered into the computing device 139 .and
downloaded into the component drive. It may then be
transmitted immediately, or at a later time.

Although the electronic circuit apparatus of the
present invention has been described in terms of specific
embodiments, it_is to be understood that this disclosure is
not to be interpreted as limited to those embodiments shown.
Various further alterations and modifications will no doubt
become apparent to those skilled in the art after having

i - :
read the above disclosurg. Moreover, the examples provided
are not intended to be exhaustive, .and the scope of the
present invention defined. by the following claims is
intended to extend to all functional eduivalents of the

elements shown or described.



PCMCI A card type I, Il or Ill having a predefined length 64, width 63, and

hei ght 62. The card thi ckness 62 is generally the nost cridti s
of a card enclosure. Fig. 5 illustrates generally the prefé-ﬁﬁﬂpsﬂbEﬂPnemK£§mﬂ
of the electronic circuit apparatus of the present inventiadh. ThezitACE
i npl ements a discrete, conponent 16 sized disk drive 74 ger—tgeatr—""
storage and resides in a card enclosure such as a PCMCIA type Il or type
1l format, although it will be understood that the circuit apparatus of
t he present i nvention nmay al so be enclosed in other card formats, or may
conprise the electronic circuit of an eleakronlc devi ce aha‘résrde—mr%h+n___‘

t he device encl osure
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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rat her thén within a card enclosure (e.g. a canmera). The disk drive
assenbly 74 preferably neasures no nore than 2 inches in length 72 X 1.6
inches in wdth 73 X5 min height. For exanple, a 1.3" nagnetic disk is

nounted to a small, flat nmotor such as that inplenented in Maxtor's
Mobi | eMax Lite. (At present there are no flat notors under 5 mm
comercially available for inplenentation in a type Il design. However,

availability is anticipated in the near future and prototypes are currently
being tested.) The actuator assenbly is a conventional dual -suspension

desi gn such as that used in the Hew e Packard Kl TTYHAWK 1.3" dri ve,

nodi fied to have a single suspension with a nmagnetoresistive head. -

Mbdi fi cati jred f abi |ty include' | of. the | :
Suspensi on_ and any "BEt BAEGT TSI L ARRRRATS i s P Ly T RLn

height 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 appa;atus 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 *



of the direct-nounted disk. It may al so be desirable to nake additi onal
nodi fi cations, e.g. reducing the height of the actuator assenbly. The
manner of making such 17 nmodifications will be readily apparent to a
person of ordinary skill in the operation of disk drive assenblies in view
of this specification and the state of the art. The disk drive assenbly 74
preferably occupies |ess than 50% of the available card area and has an
orientation such as that shown. Alternatively, the drive is oriented such
that its length 72 is parallel to the |lgngth 64 of the card. The remaining
card area is populated by a plurality o*° el ectronic conponents 71
conprising an application

10. The electronic circuit apparatus of claim 1} whe:ein
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 elecfronic 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.electromagne;ically transmitting said
messages. |
i

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

circuit further comprises a disk drive controller.

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

a disk having oﬁe récdrding surface;

means for rotating said disk; '

means for writing inférmation to said one recording
surface; and

'means for selectively retrieving a portion of said

information from said recording surface.

\
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subcircuit. The control functions required to control operation of the
drive preferably reside on one or nore of the integrated circuit (1CQ
conponents 71 within the card enclosure. As those skilled in the art wll
appreciate, the control electronics include functions such as servo
control, an interface, data, address and command buffers, drive notor
controls, and a read/wite channel. Since the conponent disk drive is
smal |, the control electronics will be in close proximty to the drive
itself. It may therefore also be desirablf to include the armel ectronics
17 within the control electronics rather han within the di sk drive

encl osure. The circuit conponents enbodying the control electronics may be
dedi cated to_storage control, or may additionally include non-storage

functions. Fof-ci FEGi RIEREFOPE G FIFHIRCNDDR XBHUF 1 rfedaimi 13 puyhggein
desirable to__. . . . .
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 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

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.



18 Iocate .the storage control conponents external to the card,

the el ecttonic devi ce imto—whi-ehthe card is pl ugged. F@ferrln'f
cn{mnvc”gLL

cednoccupi ed by
" e or other connec oupl es the
nts 71. The conductlve means 75

76 occupying the port| devi §&*
Conductive neans 75,

Fig. 5, subcircuit coppogent s 71 are nounted to an elj
gWM th
drive assenbly to the

e. gh.MLthln

G-le}

i ncl ude, for exanple, control Ilnes a data bus, and an address bus. |If the
conponents controlling the operation of the drive,are external to the card
encl osure, the appropriate control lines ®gye routed to

19. The electronic circuit apparatus of claim 18, further

comprising a stationary structﬁre disposed in the center of
said motor, wherein a port;pn'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 electronic circuit appérgtus, comprising:

a component disk drive for storing and retrieving

information;

an electronic circuit coupled to said component disk
drive comprlslng a programmable logic unlt (PLU} and means

for programmlng said PLU, and

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

in programming said PLU.

AN



connect,or ,60 to provide external access to the assenbly 74, as shown. The
drive assenbly 74 is preferably enclosed in a separate housing (not shown)
within the card enclosure isolating it fromthe other conmponents for
protection against contam nants. Alternatively, the card nmay be subdi vi ded
into two or nore isolated sections, or card production may be carefully
controlled to mnimze the presence of contamnants in the entire card.
Nuner ous types of electronic devices currently include electronic circuits
that use solid state nenory for |ocal storage requirenents. Al of these
are viabl e candi dates for inplenmenting 8iconponent disk drive in lieu of
menory . '

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 apparatué'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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19 agcording to the electronic circuit apparatus of the present invention,
I ncl udi-ng, for exanple, fax machi nes, cellular phones, printers, caneras,

appl i ances,

and portable conmputing devices. Fig. 6 is a functional diagram

of an electronic circui't apparatus according to the present invention
wherein the conponent disk drive 74 is used for storing m crocode. The
circuit includes a programmable logic unit (PLU 127 for perform ng one or
nore desired functions which are defined by one or nore mcrocode sets.

The PLU may,

for exanple, be programmable array logic (PAL), a progranmabl e

| ogi ¢ device (PLD), or a mcroprocessor3aMth programmabl e functions. Each

m crocode set corresponds to a unique PLU function. The PLU 127 typically
is linked to one or nore non-storage related circuit conponents 128 and may
function, fork9. The electronic circuit apparatus of claim 21, wherein

said component disk drive stores a plurality of microcode
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 of 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.

S
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exanpl e,. as a disk interface between the conponents 128 and the disk drive
74, as a mcroprocessor, or as an arithnmetic device. The m crocode sets are
stored locally, i.e. in the conponent disk drive 74, and then programed
into the unit 127 via a logic programer 125. Since information on a disk
drive is easily updated, additions, deletions, and other nodifications may
readily be made to the m crocode sets. The conponent drive 74 is linked to
drive control electronics 123. In the interest of conserving space, the
drive control electronics are nerged with | ogic progranmer 20 125 into a
controller device 122 such as a solid st&@Be conponent, die, multi-chip
nodul e, or el ectronic assenbly.

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.

N
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The contiroller 122 optionally includes other funciiens-124-unrelated to
drive control and PLU progranmi ng that may requir Tfus cherTlisskscd [one or
nore additi onal CIrCUI[ conponents 126. Fig. 7 shipws ann%hﬂvﬁﬂpe0|f|c '
enbodi nent of th |n eptlon wherein the —Hsk=drve 74
stores basic ass code and tables. As described earlier,
BAT code typlcall ROM or flash nenory, and runs di agnostic

t ests agai nst co circuit to verify their operability.
Verification testlng |s a desirable feature for card-based applications and
el ectronic devices in general to assure34heir reliability. Referring to
Fig. 7, a conponent disk drive 74 and its associated drive electronics 123
are linked to a mcroprocessor 91 which initiates execution of the BATs.
The microprd8essdn ied ddbmcetia ccinghi s pepaxa s c campY SRV -

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 petterns.

* [ L M s *



92, whi,ch, in turn, is linked to test circuitry 95. The test circuitry is
part of a circuit loop including the circuit conponents 104-106 to be
tested. When the processor 91 is in test node, it receives test mcrocode-
from conponent drive 74, including a table of test patterns that are | oaded
into SRAM 92. The table includes a plurality of binary input test patterns
93 and their 21 corresponding results 94 expected froma
properly-working circuit. The next test pattern to be executed and its
‘correspondi ng expected result are provided to the test circuit, e.g. by

| oadi ng theminto input buffers 96, 99. 3Phe t-est pattern is then formarded
to the conponents under

40. The electronic circuit apparatus of claim 39, wherein
said testing means further comprises: h

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 said,

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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test,, e.g., via an output buffer 98, unless an error signal has been
detected by control neans 97. Buffers 96 and 98 may actually conprise a
series of n |atches, where n is the nunber of bits in the test pattern, and
the control nmeans 97 may conprise an inverted error signal coupled to the
clock inputs of these |latches. Assuming no error, the next sequential test
pattern.is | oaded into input buffer 96 and the current test pattern is
passed t hrough the circuit conponents 104-106. Each conponent. under test
'receives the pattern and perforns its particular function upon it. The
final result is then returned to the tes36circuitry 95, e.g. into input
buf fer 102. Conparing neans 101 such as a conparator then conpares the
result in buffer 102 with the_ expected result in buffer 99. If a m smatch
occurs, an &for HYyridecsroeher 6L EguaRdapPapaafedtt 618d4M A8 MY to
halt execution of, the next _, )
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 II.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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pattern inithe test sequence. It is also provided to error handling
functions (not shown), such as retry circuitry, error indicator neans or
shutdown neans. If a m smatch has not occurred, the next test pattern is
passed to the circuit 22 conponents and the preceding steps are repeated
until an error is detected or the test sequence is conpleted. The functions
of test circuit 95 nmay alternatively be perfornmed by a conputer program
stored in the conponent drive 74 and executed by the processor 91. Another
use: for a conponent disk drive is for storing user information. A conponent
drive may be used, for instance, to storeskel ephone nunbers; nessages, and
simlar : )
49. The electronic circuit apparatus of claim 38, 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 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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inforpatiqn in any type of portable wrel ess nessagi ng device. State-of-the
art portable nessage devices that rely on-solid state nenories are limted
i-n the amount of information they can store, nmaking theminpractical for
receiving large docunents, electronic mail, pictures and video inages. This
limtation . is overcone by replacing the nenory with a conponent disk drive.
Fig. 8 shows a functional diagramof an electronic circuit apparatus 131
according to the present invention that operates as an el ectroni c pager,
wheérein a conponent disk drive 74 provides resident storage for tel ephone
nunbers, nessages, and ot her user inforgﬁiion. The device is packaged as a
peri pheral device, e.g. in a PCMCI A card format, or in an independent

devi ce packaged conveniently for handheld mani pul ati on. | .
4. 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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23 The .pager apparatus 131 of Fig. 8 includes an el ectro
of .a conventional digital pager. A processor 132
the device

: Therg&ggg§§9L_l32,Ls_£9upIed to a f eﬁ&%ﬁﬁ
receiver circui 1 conprising, far exanple, a

Lc._circuit typica

'dl,rlggdepﬁrption of

¥eRPEDOr | ngjjwi r el ess
A—grve—Fe

scei ver
el ectronics 133. gﬁﬁﬁukhl b@dlncludes sone type of readout display
138, e.g. an LCD pager I s packaged as a peripheral device,
it further conprls nnunicating with a conputing device 139,

e.g. ' PCMCIA interf

nlcs 136 di sposed between the processor 132

and the card connector 137. I n operati3®n, the wireless receiver circuit 141

58. An electronic circuit appéra;us, 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



"listensy on a predeterm ned frequency for a particular code or signal
indicating a nessage is to be transmtted. In |listening node, the conponent
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
t he conponent drive 74. The receiver circuit 141 then receives the nessage
in the formof electromagnetic radiation and converts it to digital

el ectric inmpul ses. These, in turn, are transmtted via the processor 132 to
the drive electronics 123 and are stored nagnetically on the conponent
drive 74. Once the nessage is received, ulpe display 138 may display the
nmessage or post a notice that a 24

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.
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nmessgge has been received. Then the drive 74 is again powered down, and the
circuit returns to a listening node. The pager circuLL_L!§L§Q§§%;;E;SULS
capabl e of storing | engthy nessages. For independent devices, ' d
necessitates a reasonably | arge display neans. Alterz uuﬂ ' '7 evi ce
is inplemented as a peripheral, nmessages can be stor lm m”miyﬂld
access. The user then displays his nessages by pluggi ng fhe' deVi ce 1linto
a computing device 139, e.g. a |laptop conmputer. The conputing device
.accesses the information on the conmponent drive 74 and displays it on a

nonitor (not shown). Since the conponeﬁ@ drive of the pager inplenentation
of Fig. 8 is powered down nuch of the tine, energy Consunption of the unit

| ndependent . Soer TESuraEUEt L altt kPR Rt S B g vEngTedp i
addi tion, 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.



it mgy.rgly on a power supply (not shown) in conputing device 139. A
peri pheral pager can be carried nmuch like a digital pager, using it's
.batteries to power up the conponent drive when necessary.—Si ges
are inmedi ately received and avail abl e for access,%ﬂni and | onger
required to place a phone call- to obtain the infor 'Mm”’"ﬂﬂﬂm
encryption techni ques are preferably enployed for s€cufity tw t he
security of the information. In addition, the 25 device preferably
further conprises a wireless transmtter_ (not shown) for return :
communi cation. Information to be transf?ted i s entered into the conputing
devi ce 139 and B

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.



downl,oaded into the conponent drive. It nmay then be transmtted :

I mredi ately, or at a later tinme. Although the electronic circuit apparatus
of the present invention has been described in terns of specific

enbodi nents, it is to be understood that &Qis-disclosure is not to be
interpreted as limted to those enbodi mrentS shown. Various further
alterations and nodifications will no doubt becone apparent to those
skilled in the art after having read the above discl osure. .Mdreover, the
exanpl es provided are not intended to be exhaustive, and the scope of the
present inventian defined by the following clains is intended to extend to

all Tunctlongy SOYRGRIE Eikdrt BipEERIERTING SMPONENE Y EVEL DISK DRIVE

ABSTRACT

An electronic circuit apparatus is provided comprising a component disk drive (74),
and an electronic circuit (76) implementing the component drive (74) for local storage as an
alternative to costlier solid state memory. The electronic circuit (76) has at least one function
not related to the operation of the component disk drive (74) and the electroni: circuit (76)
uses information stored on the component disk drive (74) to perform the non-storage related
function. The preferred electronic circuit apparatus is enclosed in a PCMCIA type I or Il
card in which the drive (74) occupies no more than 50% of the card area, and the remaining
card area is populated by electronic components including nonstorage functions.
Fig. 5.



26 CTAIMS 1. An electronic circuit apparatus, conprising: . an electronic
circuit, conprising a plurality of electronic conponents; and a conponent

di sk drive coupled to said electronic circuit for providing |ocal storage
to said circuit, wherein information stored on said conponent disk drive is
used by said electronic circuit to perfoagkﬁt | east - one function unrel ated
to the operation of said conponent disk drfi*ve, said operation including
interfacing and control functions. 2.. The electronic circuit apparatus of
claim 1, wherein said electronic circuit apparatus resides in a card

encl osure adapted for plugging.into a conmputer slot. 3, The el ectronic
circuit apparatus of claim2, wherein said card further conprises a PCMCl A
type Il card. 4. The electronic circuit apparatus of claim2, wherein said
card further conprises a PCMCI A type 111 card.




27 5. The electronic circuit apparatus of claim?2, wherein said disk
drive occupies not nore than 50% of said card encl osure. 6. The
el’ectronic circuit apparatus of cllaim1l, wherein said information used by
said electronic circuit further conprises a basic assurance test program
for testing said - plurality of electroni cz'ggrrpo'nents. 7. The el ectronic
circuit apparatus of claim1, wherein saii"electronic circuit further:
conprises a programmable logic unit (PLU) and a |ogic progranmer for
programm ng said. PLU 8.  The el.ectronic circuit apparatus of claim?7,
wherein said informati on used by said electronic circuit further conprises
a mcrocode set for progranm ng s1azid PLU. :
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9. The electronic circuit apparatus of claim8, wherein said conponent

di sk drive stores a plurality of mcrocode sets for progranm ng said PLU,
each corresponding to a unique PLU function. 28 10. The electronic
circuit apparatus of claim1l, wherein said electronic circuit further
conprises neans for receiving el ectromagpgtically transmtted nessages and
means for storing said received nessages -on said conponent disk drive. 11.
The electronic circuit apparatus of claim1, wherein said conponent disk
drive stores a plurality of nmessages, and wherein said plurality of

el ectroni c conponents further 45 ,
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conprises neans for electromagnetically transmtting said nessages. 12. The
el ectronic circuit apparatus of claim 1, wherein said neans for providing
said information to said electronic circuit further conprises a disk drive
controller. 13. The electronic circuit apparatus of claim1, wherein said
conponent disk drive further conprises: 9 di sk havi ng one recording .
surface; neans for rotating said disk; - ﬁeans for witing information to
sai d one recording surface; and neans for selectively retrieving a portion
of said information from said recording surface.
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29 14. The electronic circuit apparatus of claim 13, wherein said conponent
di sk drive further conprises a substantially-planar region at the center of
said recording surface, a transducer for-witing to and retrieving

i nformati on fromsaid recording surface, and neans for parking said
transducer on said substantially.planar_fggion. 15. The electronic circuit
apparatus of claim13, mh§¢ein the dia r of said disk is not great-er
than 1.3 inches. 16. The ectroni c circuidt< apparatus of claim 13, wherein
said disk further conprises\ nagqﬁliglﬂ'§:. 7. The electronic circuit
apparatus of claim 13, mherei“\%gfa Fans_fer~M™NQtating said disk further
conprises a round, -fl at Ro™QSS¥MNd whertin said Wisk is nounted on said
notor. 18. The el get [ L appaEateeat-o-anNQ 13, wherein said neans
for rotating said W% conptTses an
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annul ar not or. 30 19. The electronic circuit apparatus of claim 18,
further conprising a stationary structure disposed In the center of said
notor, wherein a portion of said stationary structure passes through said
.disk and is flush with said recording surface to provide a substantially
pl anar region at the center of said recgrging surface. 20. The electronic
circuit apparatus of claim 13, wherein A% d nmeans for rotating said disk.
further conprises a notor ingludingjfa hub passing throughfsald dijsk and
flush with said recording suffage tq provide a substantially.pl anar region
at the center of said record{ng&urflacg, 21. An el ect rRmT c& cuijt
apparatus, conprising: an eIpctE@nic’ti&cuit conprising al prpgranmabl e
logic unit (PLU) and neans fpr BEogrlanmi ng said PLU; and =
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a conponent disk drive coupled to said electronic circuit for providing

| ocal storage to said circuit, wherein informati.on stored on said conponent
disk drive is used by said electronic circuit to perform at .| east one
function unrelated to the operation of said conponent disk drive, said
operation including interfacing and control functions, nanmely, wherein said
programm ng nmeans uses information stor®B on said conponent disk drive to
program said PLU. 31 22. The electronic circuit apparatus of claim21,
wherein said nmeans for providing said information to said PLU progranm ng

means further conprg £S a di sk drive contrgld er. 23. The electroq % circuit
apparatus of claim % wheitimai d PLU pr amigigordeans: and sai le sk

drive contr the sare—eteet+ohi-e—eqnponent
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24. The electronic circuit apparatus of claim 22, wherein said disk drive
controller resides within said conponent disk drive. 25. The electronic
circuit apparatus of claim?2l, wherein said electronic circuit apparatus
resides in a card enclosure adapted for plugging into a conputer slot. 26.
The el ectronic circuit apparatus of clq; 25, wherein said card further
conprises a PCMCIA type |l card. 27. Thé& electronic circuit apparatus of
claim 25, wherein said card further conprises a PCMCI A type 11l card. 28.
The el ectroni cret ' ' - et ' ' ent  di sk
drive occupi es{not nore than 50% of said card encl osure.
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32 29" The electronic circuit apparatus of claim 21, “h%ﬁ%*ﬂgﬁﬁl A0, gg@ﬂ
disk drive stores a plurality of mcrocode sets for prEZLenn1n8 3@ E%

and wherein each m crocode set corresponds to a differ ELUZ N
The electronic circuit apparatus of claim 21, wherein _Méﬂjlfj:ﬁéﬁigép
drive further conprises: a disk having one recording surface; means for
rotating said disk; means for witing infornmati on to said one recording
surface; and nmeans for selectively retrieving a portion of said information
fromsaid recording surface.. 31. The electronic circuit apparatus of claim :
30, wherein said conmpomentoflt gksdr itwe sbafiihek a¢RIdn®AS & S Wsdret i@l dysk
pl anar region at the center of said recording surface, a

drives in general are becoming smaller, and their cost per

megabyte is decreasing. It is therefore advantageous to
provide a magnetic disk drive small enough to.replace solid
state memory in electronic devices, such as printers, and in
card-based electronic eireuits, e.g. PCMCIA formats.
Furthermore, magnetic disk drives are ideal for many of the
applications'discussed-above because_they provide

modifiable,_high density, nonvolatile storage.

'Untii recently, however, magpetic storage devices have
been'ux{large'to incorporate difectly into an application
circuit such as those implemented.in-PCMCIA'type card
"enclosures. Rather, drives have traditionally'Leen
peripheral deviees.communicatihg-with the application
through a peripheral interface. ,Md:eover, removable, card-
based electronic circuits and many ‘electronic devices in
geheral must remain operatioﬁelfafter_being dropped or
otherwise exposed to exﬁerhei:eﬁdck. Previous disk drives
were unable to w1thstand large amounts of external shock
w1thout suffering damage, because the shock caused the
read/write heads and suspensions to slam into the_magnetic
recording surfaces.

Recently, a number of small disk drives have become
available en the market approaching a compoﬁent-sized

storage device. For example, Hewlett Packard offers a 20-40
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surface, and sreans for parking sa,ld trarzsglugﬁm i d L’l
region. 32. The el ectronic ci rcwt Cdpparat-us - of- c}aj

di ameter of said disk is not greater thanm I.3 Tnches SPLARED I,'
electronic circuit apparatus of claim 30, wferein said disk further- "
conprises a nagnetic disk. 34. The electronic circuit appar atus of claim

Trat ot or . aiBaar i Bk 3 1 adfiin cpnoneire advarre B0t DS,
el ectronic C'nplfag%rg ﬁ%%gﬁ%g?%ﬁfapﬂe% E?;p%{%aué!ﬁ‘ﬁés‘? '65—2%6&)@,'&%059{ aﬂcpjaﬁaﬁé%g

said disk co
publication no. 01112586. However, none of these references discusses an architecture

for implementing a disk drive as local storage within an electronic circuit, wherein the
circuit performs ﬁmctions unrelated to the operation of the disk drive itself, e.g. a
circuit wherein the disk drive stores microcode for use in the operation of the circuit, or
wherein messages received by the circuit are stored in the disk drive.
Summary of the Invention

It is an object of the present invention to ameliorate one or more of the
abovementioned disadvantages.

According to one aépect of the invention there is disclosed an electronic circuit
apparatus, comprising:

an electronic circuit, comprising a plurality of electronic components; and a
component disk drive coupled to said electronic circuit for providing local storage to
said circuit, wherein information stored on said component disk drive is used by said
electronic circuit to perform at least one function unrelated to the operation of said

component disk drive.
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notor'. 36. The el ectronic ci rcwt a’bpaf‘afus ofv"t:ﬁlhal n 35, further conprising
a stationary structure di sposed |#1 t he c@r@esft %ﬂg@?a d oo wherein a

portion of said stationary structj Upé‘ passes throu s{ |Ta”$jbgg: ﬁﬂd*m: ‘ﬁ*@:sh

with said recording surface to pr ovi de a substant a Iaﬁapmggborr'—é’t t he
center of said recording surface. 37. The el%ctroni c circ _pf
cl aim 30, wherein said neans for rotati ng said disk further conprises a

| udi h ' h t t f d disk and fl
W sald record: ng STRRARE 1 ahHPE FRee Pt B SHIORPSS 1 Aieired BhFIBPIaC ( ne
center of sai ¢t fGAPhAthsS ‘d&ﬁmﬁfi@ing. 34

an electronic circuit comprising a programmable logic unit (PLU) and means
for programming said PLU; and

a component disk drive coupled to said electronic circuit for providing local
storage to said circuit, wherein said programming means uses information stored on
said component disk drive to program said PLU.

According to yet another aspect of the invention there is disclosed an electronic
circuit apparatus, comprising:

an electronic circuit comprising a plurality of electronic cdmponents;

a component disk drive coupled to said electronic circuit for providing local
storage to said circuit, wherein information stored on said component disk drive
includes a basic assurance test (BAT) for use in testililg a component of said electronic
circuit; and wherein said electronic circuit performs at least one function unrelated to
the operation of said component disk drive; and

means for testing said electronic circuit using said BAT.

Sheet Has Been Re[ilaced
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38. ‘An electronic circuit ppFat-éSEMSBIMESing. an el ectronic circuit
conprising a plurality of e|eactronéd affpegeeni|ss=aconponent disk drive
coupled to said electronic ,i"_f’i@y’i-i-f-.or....pr..O...i'..d' norHigeal: st orage_toi said
circuit, wherein information Sto g, : féﬁé‘i(‘iﬁl&/% il s used by
said electronic circuit to performat |east ®ne=Farect =ea—uhrelat¢d to the

operation of said conmponent disk drive, said ope‘.r at iop i pl udi 'ng."

on sai d companent i MEoaeIo VLR Brobnol B EieiaR ere Bufidlisesini et

in testing a ¢ Ld..el ectronic circuit; and neans for testing
&fﬂﬁﬂr‘h??haﬁ.{s 8 rish

said electronic cCIr using*sald BAT. 39. The electronic circuit

apparatus of clai m 3§ eedhid Birdit o ﬁé&:&krigf'?@cetv?@ @Fx%ﬁ%%éﬁﬁgp%g&rﬁ%{eg)

of input bit patterns and corresponding expected res
40. The el ect r@iélectfdmaptetic sighals at us of claim 39, wherein

5

a component disk drive for providing local storage to said electronic circuit for
the storage of said messages; and

means for providing said received messages to said component disk drive for
storing.

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
embodiments 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 2(b) show a known disk drive including two recording surfaces
and two suspensions;

Figs. 3(a) - 3(d) show side and top views of the comf)onent disk drive for use
in the preferred embodiment of the pfesent invention;

Fig. 4 is a perspective view of a general card-type electronic circuit enclosure;

.——/
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said'testing neans further conprises: neans f@r;g@gmmeggggggquf sai d
i nput bit patterns to said electronic circuitj nean LQCHA ithg an
output bit pattern generated by said eIectroniCD&&LZHUL“H%%§§§PthG to said
input bit pattern; means for conparing sai d olitput=bit—patt-ern-vi th said
expected.result bit pattern corresponding to said input bit pattern; and
nmeans for generating an error sitgnal in response to a m sconpare of said
output bit pattern and said expected resultipattern. 41. The electronic
circuit apparatus of claim40, wherein said testing nean further conprises
Means responsi veakPsSalgh e5E Phefl9PGhak0tohahbi AYsRakdrbaset ARFUALG1ider
test. 42. The electronic circuit apparatus of claim40, wherein

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 housing for added structural.support.

The actuator assembly 12 moves the slider back onto the
disk surface when necessary by applying a foréé tO'overcdmé
the stiction between slider 14 and surface 8. vStiction" is
a term bf art for the attractive and frictional forces
between slider 14land 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 center 41,
stiction is virtually nonexistent, and very little force is
required to overcome it.

The slider 14 is preferably also center parked during
periods when the drive is not operational. When the drive

~is powered on, the disk 11 spins without any.siénificant
stiction impedance. Reduced stiction translates to a
reduction in starting torqgue required from the motor 44.

Reduced starting torgue in turn leads to a reduction in the

electric power requirements of the drive.



_géyw%; ag1_r j1the el ectronic
3 WEYEG HEE ? ther conprises
L t S 36 44

sai d’testing means further conprises a col
circuit apparatus ,of claim40, wherein sajjd te
an el ectronic subC|rCU|t in said electron(bé%rc
The el ectronic circuit apparatus of clai m-4Q—furiHer

state nmenory conponent and neans for tenporarily Ioadlng said table into

said solid state nenmory conponént for accep by said testing neans. 45. The
el ectronic circuit apparatus of claim 38, mierein said electronic circuit
apparatus resides in a card enclosure adapted for plugging into a conputer
slot.-46. The eleeerdhng tor chet edpparenis ofireuditmadPangiarei@f the present

Eb

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 one or.more microcode sets. The PLU may, for example[ be
programmablé 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 the components 128 and .
the disk drive 74, as a microprocessor, or as an arithmetic
device: The microcode sets are stored locally, 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, additions, deletions, and other
modifications may readily be made to the microcode sets.

The component drive 74 is linked to drive control
electronics 123. In tﬁe interest of conserving space, the

drive control electronics are merged with logic programmer
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said'card further conprises a PCMC A tywé ardw”"a:Hmé el ectronic
circuit apparatus ,of claim45, wherein ard card further g¢onprises a PCMCI A

type Il card. 48. The electronic C|rc +ﬁﬁb@r SNSJOGE.. clain145, wherein
sai d conmponent disk drive occupi es .not ﬁﬂ%@?%%amrﬁﬁﬁFcf id card
encl osure. 37 49. The electronic circuit apparatus of claim 38, wherein

sai d conponent disk drive further conprisgs: a disk having one recording
surface; nmeans for rotating said disk; nmeans for witing infornmation to
sai d one recording surface; and

corresponding results 94 expected from a properly-working

circuit. The next test pattern to be executed and its
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 the 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 comprise an inverted error signal coupled to the clock

inputs of these latches.

Assuming no error, the next sequential test pattern is
loa&ed 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 imeans 101 such as a comparator then compares
the result in buffer 102 with Ehe expected result in buffer
99. If a mismatch occurs, an error signal is generated and

- propagated to céntrol means 97 to halt execution of the next
patterh in the test sequence. It is also provided to error
handling functions (not shown), such as retry circuitry,

error indicator means or shutdown means. If a mismatch has

not occurred, the next test pattern is passed to the circuit



means for selectively retrieving g portionsafiisatd:si nf ormation from said
recording surface.. 50. The el ectrqnic ci QwiJAm@r atjus of claim 49,
wherein said conponent disk drive i dther.conpr.i'sés, ﬁ substantially planar
region at the center of said recording Strfacer~a=teansducer for-wetting to
and retrieving information from said recordi?fg surfacd, 'aRd redns: S BEy 1
par ki ng said transducer on said substantially planar LonEBACHDe I
el ectronic ci repi Mpar atus of claim49, wherein the.dianete i
I's not greater ﬁ&n (.3 inches. 52. The electronic circuit apparatus of

claim 49, wherein sajd di skyf . & Lol %@} | disk. 53. The _
electronic circuit ap'par at ugegc@ﬁ%i&n%% ,a é\ﬁgtrug’l n aﬁfl 1 ans for rotating
sai d disk further cogpéestsniéciraiitoniprdingPplBfalitP ORI Sordiirdndl Hd hS
nmount ed on said notor. '

component disk drive coupled to said electronic circuit for providing local storage to

said circuit, wherein information stored on said component disk drive is used by said
electronic circuit to perform at least one function unrelated to the operation of said
component disk drive.

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. The electronic circuit apparatus of claim 2, wherein said card further

comprises a PCMCIA type III card.

\ace
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38 54. The electronic circuit apparatius mr ”@Ia*i THHEEEY \jherein sai d neans for
rotating saididi sk conprises an annul ar qu J et e et O E=EF FEES
apparatus of claimb54, further corrp,‘llsa ﬂg sta @% stirliEct urtel m%p@s@d
in the center of said notor, wherei = —sai d tatlﬁﬁgiyvsﬁr uct ujje
passes through said disk and is flush with 8Qid recordimg surface to

provide a substantially planar region at the center of said recording :
surface. 56. The el egfroni CII’ at us  of erein said
means for rotating s%d di ‘Fclfﬁﬁ'é‘l; 8‘}3% RPataLs 0 %%q%%ﬁﬁ% ‘}?Efﬁ’rﬁé{%? ng
through the cegf r to
orovide a subst antmg ftﬁ?dtlﬂe%s'ﬂés&f'ﬂl the Hélﬁe%ftsjaldsﬁbgr, fhged J‘goﬁ*dh o?s&id
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.

iO. The electronic circuit apparatus of claim 13, wherein said means for
rotating said disk further comprises a motor including a hub passing through said disk
and flush with said recording surface to provide a substantially planar region at the
center of said recording surface. -

21. An eléctronic circuit apparatus, comprising:

an electronic circuit comprising a programmable logic unit (PLU) and means
for programming said PLU; and

a component disk drive coupled to said electronic circuit for providing local
storage to said circuit, wherein said programming means uses information stored on

said component disk drive to program said PLU.

Sheet Has Been Replaced
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pl anar region at the center of said recordl ng \Lface .57 The el ectronic
circuit apparatus ,of claim49, V\/nerel masAi .3 ih&&\ﬁ pr oviding said BAT to
said testing means further conprises.:a:eh: sk=grive=cont riol’l Bhis g é x l'
el ectronic circuit apparatus, conprising: an electronic i rcw;,;; o gglF‘Ff‘é
means for receiving nessages in the form of34n el ect ronmagnettc:- slgﬂ,___:__m
conmponent di sk drive for providing |ocal storage to said electronic CIrCUIt

wherein information 3 Ore%&&eé@rﬁc%ﬂﬁﬂ?@%}aﬂé %5%%181%&; s used by said-

el ectronic circuit to performat 1eas Unct Iated to the

operation of said Cm%&él%n(ﬂ’dnﬁﬁ hr%adcg‘rr%gﬁéaﬂlg& StthSiRntsnt er f ace

and control functions, nanely where nt dis dr|v I s used by
the neans for recei i dnpReaatiss diité coupfedSioGhRIdectonfcadifbuiteos gﬁﬂﬁdmgli&al

storage to said circuit, wherein information stored on said component disk drive
includes a basic assurance test (BAT) for use in testing a component of said electronic
circuit; and wherein said electronic circuit performs at least one function unrelated to
the operation of said component disk drive; and

means for testing said electronic circuit using said BAT.

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 pattens. | WO 0 D R
. * c L M S *
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means for -providing said recei ved n@s@&@é@ﬁmw&mﬁc#monent di sk drive for

storing. 59 mm rcuslt appar atgs im 58, ~wherein s sal d

el ectronic \mm“m‘mm\ onpr i E_atﬁaanqu JMI%Zt rfonagnfst,;;@zal\\[y \\”
transmtting+a fressade Stored on SEFGCOFPORERT—GRSKdr i vc.? andg an‘i ?&E:N
providing said rressage to said transmitti ng ans. 60. The:ahe:ci_f; ni_ﬁi'

circuit apparatus of claimb58, wherein said receiving neans furt he? \““““'

conprises means for ggnver tAd@eddmc EREAPLPArMARS BbYPHsibgom an
el ectromagnetic signal to a digital signal. 61. The eleCtronic circuit

apparatus of cl ai m 5%n eldtaoaicrittittohipiiRimg rhdans forfeediving idsbdes 40 fHe! fofifi of
means for converting said nessage provided to said transmtting nmeans into

an el ect r omagnahietectiograghetic sigebld; 62. The el ectronic circuit apparatus of
cl aim 58, wherein

a component disk drive for providing local storage to said electror}ic circuit for
the storage of said meésages; and

means for providing said received messages to said component disk drive for
storing.

. 59. The electronic circuit apparatus of claim 58, wherein said electronic
circuit further comprises means for electromagnetically transmitting a message stored
on said component disk drive, and means for providing 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.

I
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said electronic circuit apparatus resides in a card encl osure adapted for
plugging into a conputer slot 63. The electronic circuit apparatus of._.._._cl aim
62, wherein said card further conprises a PCMCIA type || card .6 ) e
el ectronic circuit apparatus of claim®62, wherein said ca,l*d ¥ Ut gr .\9 "
conprises a PCMCI A type Il card. 65. The el ectronic ci rcuH at M{fs §¥
claim62, wherein said conponent disk drive occupies not ior.e-t-han-50% of -
said card enclosure. 66. The el ectronic cifcuit appar atus of claim58,
further conprising neans for downl oadi ng said received nessages stored on
sai d conponent fls"okmy RaWR dfivé. TR dliion, Scompbhéy HRCAARS afe Bistied'in US.
apparatus of claimb58 urther conprising means for |oading infornation
from a conput ePatemtt No.s8,261,895plapaete apphitationinog. 62-270089, 04-291079, and Japanese

publication no. (1112586. However, none of these references discusses an architecture

for implementing; a disk drive as local storage within an electronic circuit, wherein the
circuit performs fuinctions unrelated to the operation of the disk drive itself, e.g. a circuit
wherein the disic drive stores microcode for use in the operation of the circuit, or

- wherein messages received by the circuit are stored in the disk drive.
SUMMARY OF THE INVENTION

‘It is an object of the present invention to ameliorate one or more of the above
mentioned disadvantages.

According 'to one aspect of the invention there is disclosed an electronic circuit
apparatus, comprising: |

an electronic circuit, comprising a plurality of electronic components; and

a componc it digk drive coﬁpled to said electronic circuit for providing local storaﬁe
to said circuit, wherein information stored on said component disk drive is used by said
electronic circuit to perform at least one function unrelated to the operatidn of said
component disk drive, said operation including interfacing and control functions.

According to another aspect of the invention there is disclosed an electronic cireuit
apparatus, comprising:

an electrouic circuit comprising a programmable logic unit (PLU) and ‘means for
programming said PLU; and

a componcnt disk drive coupled to said electronic circuit for providing local storage
to said circuit, wherein information stored on said component digk drive is used by said
electronic circuit to perform at least one function unrelated to the operation of said
component disk drive, said operation including intetfacing and control functions,

-t ke 6 ans % o o —



141 '68. The electronic circuit apparatus of claim58, whereifi said, canpongntgsgi
di sk drive further conprises: a disk having one recording surface ggans |
for rotating said disk; neans for witing information to saNdDgQ

surface; and neans for selectively retrieving a portion of 3§ “ﬁiﬁihﬁiﬂbﬁggﬁ
fromsaid recording surface. 69. The electronic circuit apparatus of claim

68, wherein said conponent disk drive further conprises a substantially

pl anar region at the center of said recor® ng surface, a transducer for
witing to and retrieving information fromsaid recording surface, and

means for par iy Sthéfein said programining means uses information stored on said component
disk drive to prog ram said PLU.

According Lo yet another aspect of the invention there js disclosed an electronic
circuit apparatus, comprising: '

an electronic: circuit comprising a plurality of electronic compom:hts;

a componen; disk drive coupled to said electronic circuit for providing local storage
to said circuit, wherein information stored on said component disk drive is used by said
electronic circuit to perform at least one function unrelated to the operation of said
compotent disk drive, said operation including interfacing and control functions,
namely, wherein said information stored on said component disk drive includes a basic
assurance test (BAT) for use in testing 2 component of said electronic circuit; and

means for testing said electronic circuit using said BAT.

-According t yet another aspéct of the invention there is disclosed an electronic
circuit apparatus,. compriging:

an electronjc circvit comprising means for receiving messages in the form of an '
electromagnetic signal;

a component disk drive for providing local storage to said electronic circuit,
wherein information stored on said component disk drive is vsed by said electronic
circuit to perform at least one function unrelated to the operation of said componeut disk
drive, said operation including interface and control functions, namely, wherein the
component disk drive is used by the means for receiving messages for the storage of said
messages; and

means Rw;nnﬂdhgsﬁdrmmhuinm”ﬂgstosﬁdcmnmommtdnkthhm for
storing.



transducer on said substantially planar region. 70. The el ect roni c ci rcuit

than 1.3 inches. 71. The electronic circuit appar at us of clal rﬁ68 Wnere,f*ﬁ
said disk further conprises a magnetic disk. 72. The el ectr«pnl c C|{§LM& i
apparatus of claim 68, wherein said means for rotating saididi"sk-fuPtifer 1997..
conprises a round, flat notor, and whegein said disk is nounted o sai d-

not or . 42 73. The el ectronic circui apparatus of claim68, wherein said
means for rotating said disk conprises an annular notor. 74. The electronic
circuit apparatus of clBRMFBESORIPTION OF THE DRAWING

The foregoing and other objects, features and advantages of the present invention
. will be apparent from th: following detailed description of the preferred embodiments of

the invention, and frorix the acconipanying figures of the drawings:

Fig. 1 is a circuit board including a discrete compopent sized disk drive for local
storége requitemcnts according to the present invention; |

Figs. 2(a) and 2(t) show a known disk drive including two recording surfaces and
two suspensions; |

Pigs. 3(a) - 3(d) show side and top views of the component disk drive for use in.
the preferred embodiment of the present invention;

Fig. 4 is a perspective view of a general card-type electronic circuit enclosdre;




, conprising a stationary structure disposed in the cent er ’;t;ﬂ
wherein a portion of said stationary structure passes thr 'utjﬁ‘ ‘s%‘f'rgodl L@z@q

is flush w tm surface to provide a substantyjally pbaf*lér‘
regi on at the cer“jmF d recordi ng surface. 75. The el.e@tl’r“om_c - Cl-E- Gt

appar at us e| n said neans for rotating sai'ddi sk further
conpri ses Sa Hub passi ng through, the center of said disk and
flush wt h Sai recordl ng surface to provide a substantially planar
region.at the center of said recording surface. 76. The electronic circuit
apparatus of claim 68, wherein said neansCLAIMSr ovi di ng sai d received
messages to said conponent disk drive further conprises a disk drive
controller. 1. An elecitonic circuit apparatus, corprising:
an electionic circuit, comprising a plurality of electronic components; and
a component disk drive coupled to said electronic circuit for providing local storage
to said circuii, wherein information stored on said component disk drive i used by said
electronic circuit to perform at least one function unrelated to the operation of said
component dixk drive, said operation including interfacing and control functions.
2. The elestronic circnit apparatus of claim 1, wherein said electronic circuit
apparatus resices in a card enclosute adapted for pluggiag into a computer slot.
3,  The elecironic circuit apparatus of claim 2, wherein said card further comprises a
PCMCIA type 1I card,
4. The elecivonic circuit apparatus of claim 2, wherein said card further comprises a

PCMCIA type I card.
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19. The electronic circuit apparatus of clim 18, forther comprising a statiopary
structure disposeil in the center of said motor, wherein a portion of said stationary

structure passes iirough said disk and is flush with said recording surface to provide a

substantially plan.r region at the center of said recording surface.

20. The electrouic circunit apparatus of claim 13, wherein said means for rotating said

disk further comyj rises a motor including a hub passing through said disk and flugh with

said rect.)rdiug surface to provide a substantially planar region at the center of said

recording surface. '

21. An electronic circuit apparatus, comprising:

an electronic circuit comprising a programmable logic unit (PLU) and means for
- programming sai! PLU; and _

a component disk drive coupled to said electronic circuit for providing locall storage
to said circuit, wherein information stored on said component disk drive is used by said
electronic circuit to perform at least one function unrelated to the operation of said
component disk drive, said operation including interfacing and control functions,
namely, wherein 'said'programming means uses information stored on said component
disk drive to progiam said PLU,
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38. An electronic circuit apparatus, comprising:

an electronic crenit comprising a plurality of electronic components;

a component disk drive coupled to said electronic circuit for providing local storage
to said circuit, whe:::in information stored on said component disk drive is used by said
elecu'_bnic circuit 1 perform at least one function unrelated to the operation of said
composent disk diive, said operation including interfacing and control functions,
namely, wherein said information stored on said component digk drive includes a basic
assurance test (BAT) for use in testing a component of said electronic circuit; and

means for testing said electronic circuit using said BAT. '

39. The electronic circuit apparatus of claim 38, wherein said basic assurance test

includes a table of iiput bit patterns and corresponding expected resuit bit parterns.
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58, An electronic circuit apparatus, comprising:

an electronic circuit comprising means for receiving messages in the form of an
electromagnetic signa; |

a component «isk drive for providing local storage to said electromic circuit,
wherein information stored on said component disk drive is used by said electronic
circuit to perform at east one function unrelated to the operatioﬁ of said component disk
drive, said operation including interface and control functions, namely wherein the
component disk. driv: is used by the means for receiving messages for the storage of said
messages; and

means for providing said received messages to said component disk drive for
storing. | ' |
59. 'The electronic circuit apparatus of claim 58, wherein said electronic circuit further
cbmptises means for electromagnetically transmitting a message stored on said
component disk drive, and means for .providing said message to said transmitting means.
60. The electronii: circuit apparatus of cjaim 58, wherein said receiving means further
comprises means for converting said messages received from an electromaguetic signal to
a digital sigual. -
61. The electronic circuit apparatus of claim 59, wherein said transmitting means
further compriseé 1neans for converting said message provided to said transmitting means
into an electromagetic signal. |




