DATA STORAGE APPARATUS BACKGROUND OF THE | NVENTI ON This invention relates j -
to portable, small and thin magnetic data storage hard di sks, and

particularly to portable data storage apparatus suitable for PCMCIA 5
standard.. The conventional data storage apparatus using hard di sk nmedi a has

a storage unit forned of magnetic heads,;nagnetic disks, spindle and

actuator, and a controller unit fornmed -of a controller for controlling 10

the storage unit, an LSI for encoding and decoding a servo signal, a

si gnal - processi ng LSI. (%gﬁg%, ﬁgnals for interface and circuit boards.
These storagémﬂﬁﬁtséﬁﬁﬁ & unit are built up within the same

structure or conbined into a single unit, so that they 15 cannot be
separated when used. An exanple of the conventional storage apparatus has
a card-type package including control circuits and a head di sk assenbly
package conmbiBrRIKGROUNER: QRrEHE VINVENEIRMe to be inseparable as disclosed in
JP- A-5-181565. The 20 conventional magnetic di sk data storage apparatus of

"this type has the fo||&ng;inwgnﬁmgg;relates to portable, small and
thin magnetic data storage hard disks, and particularly
to portable data storage apparatus suitable for PCMCIA

5 standard.

The conventional data storage apparatus using
hard disk media has a storage unit formed of magnetic
heads, magnetic disks, spindle and actuator, and a
controller unit formed of a controller for controlling

10 the storage unit, an LSI for enéoding and decoding a
servo signal, a signal-processing LéI, cache, terminals
for interface and circuit boards. These storage unit
and controller unit are built up within the same
structure or combined intoc a single unit, so that they"

15 cannot be separated when used. An example of the
conventional storage apparatus has a card-type package
including control circuits and a head disk assembly
package combined to the card-type package to be
inseparéble as disclosed in JP-A-5-181565. The

20 conventional magnetic disk data storage apparatus of
this type has the following drawbacks.

(1) Since the circuit system and the mechanical
system cannot be'sgbq;g;ed} it is not possible to

change the construction of the circuit system according




(1) ~  Since the circuit system and t he nechani cal system cannot be
separated, it is not possible to change the construction of the circuit
syst em accor di ng -2- to the purpose and use and select an arbitrary
storage capacity if necessary. (2) - A though the storage apparatus is
reduced in its thickness by decreasing the nunber of disks, the 5

thi ckness of e cheaghusbiodes sadsle hE Gl ot GiCsRBiNahey Bd:agind e

notor, reduction in thi ckness of the LSIs constituting the circuit

systen1|s | i mMchpdcang iilf aakeekake.extrenmely reduced unless bear-chip
packaging is introduced or |ike neans are used. For 10 exanple, the

comercially g23i | abl e adtHoughethbosdoeagppappbvatat PEMEedutygfeid has the
di mrensions 10.8 mm X 54 mmin footprint area which is the sane as the
credit card odtshéhliickaessubyi tekreasingr ghet hupbessofoldiskss mimeand a
consi der abl e wei ght of about 60 g which are 15 wunsuitable for portable
equi pnent . 5 thickness of the head slider and the height of the
actuator and spindle motor, reduction in the thickness
of the LSIs constituting the circuit system is limited
and it cannot be extremely reduced unless bear-chip
packaging is introduced or like means are used. For
10 example, the commercially available card-type storage
apparatus of PCMCIA type-3 has the dimensions 10.8 mm X
54 mm in footprint area which is the same as the credit
card or the like, but it has a large-thickness of 10.5
mm and a considerable weight of about 60 g which are
15 unsuitable for portable equipment.
(3) Since the head/medium system and the circuit
system are combined, the apparatus is difficult to be
reduced in its cost.
In recent years, the SYQUEST Co., Ltd. has
20 marketed the data storage apparatus from which only the
magnetic.hard disk media can.be separated or
- detachable. This apparatus,'however, has the problem
that headcrash is highly in danger of occurring because
dust is often attached on the surfaces of media when
25 the media are replaced by new ones. Therefore, it is

fundamentally difficult to achieve high-density

recording by reducing the head-media spacing.



(3)

the apparatus is difficult to be reduced in its cost. In recent years,
Ltd. has 20 marketed the data storage apparatus from which
only the magnetic hard di sk nedia can be3separated or detachabl e.

SYQUEST Co. ,

Since the head/ medi um system and the circuit system are conbi.ned,

appar at us,
occurring because dust %ﬁo?ﬂéﬁ”eﬂ&ﬁﬁ?ﬁe§soﬁréﬁésé&riﬁcﬁﬁléﬁ fBdi a when 25
y

the nedia are repl aced
difficult to geBraye {hak- %Bﬁléayoﬁeﬁeadl nfielYal, edYw Ng &he bhed- medi a

spaci ng.

however,

new ones erefore is fundanmentally

-3- Another exanple is proposed in which the storage unit
formed of heagonkedilaerRiWitCagedinhlepeadentlicusedi asar €orndspmpdent | y
for exanple, disclosed in JP-A-5-210962. In this conventional

It cannot be repl aced,

used as,
exanpl e,
body,
5
10
15
20
25

example, however, since the controller unit is
incorporated in a computer body, it cannot be replaced,
and its functions cannot be changed or added with other

functions.

SUMMARY OF THE INVENTION

It is an object of the invention to provide

‘an ultra-thin, portable data storage apparatus which is

easy to handle and has a good extendability and which
is extremely highly reliable and inexpensive.

The problems previously mentioned are solved
by constructing, within respective separate structures,
a sﬁorage unit formed of at least one head/medium,
spindle and actuator, and a controller unit formed of
at least one terminal for interface, controller for
controlling the head positioning and the read/write
operation in the storage unit, an LSI for encoding and
decoding a servo signal, signal-processing LSI and
circuit.board, and by  combining a desired controller
unit and a desired mechanical unit in accordance with
purpose and use in order to make a data storage
apparatus.

The first feature (1) of the invention is

that the data storage apparatus of the invention

_ Thi s
has the problemthat headcrash is highly in danger of

t he

5
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and its functions cannot be changed or added with other functions. SUMVARY
OF THE | NVENTI ON 10 It is an object of the invention to provide
an ultra-thin, portable data storage apparatus which is easy to handl e and
has a good extendability and which is exﬁrénely highly reliable and
i nexpensi ve. The problems previously nentioned are solved 15 by
constructing, incllidesr aspeoiraye S6p8r Abeidyr det least & mhohagecuhehdf or med
of at |east one head/ medium spindle and actuator, and a controller unit
formed of at Keasmakiagt eeaddatriter opetreatfiene, acmagneklier disk €omtrol | ing
the head positioning and the read/wite 20 operation in the storage unit,
an LSl for ensteraggansdfgsmedinyg,aasspivddegmatorsifgraropasdngskthg LSl and
circuit board, and by conmbining a desired controller unit and a desired
nmechani cal unPeoRgticceigknaadnpnrhapgtupses ey dséviindokher MEgnRERE a data
storage 25_apparatus. The first feature (1) .of the ipvention is that the
dat a storage 5&63r§?u§°8? FﬁeaiﬂﬁéﬁFﬁgnpgSltlon on the magnetic dlSk
along the radius, and a controller unit having at least
one of a controller for positioning the head in the
storage unit and for controlling information to be
written and read, an LSI for encoding and decoding a
10 servo signal, an LSI for signal processing and a
circuit board, the storage unit and the controller unit
' being constructed within respective different
structures so as to be carried independently.
Preferably, the following modifications (2)
15 to (11) should be made in the first feature (1) of the
invention.
(2) The storage unit and the controller unit are
connected by connectors which are mounted on the
outside of the data storage apparatus.
20  (3) The storage unit and the controller unit are
connected by a connector which is mounted on the
storage unit or the controller unit.
(4) The structure of the controller unit drives
at least one structure of the storage unit.
25 (5) The structure of the storage unit is driven
by at least one structure of the controller unit.

(6) A cache memory is incorporated in the

structure of the storage unit.



I ncludes a storage unit having at |east a magnetic head for making

read/ wite operation, a nmagnetic disk for storing information, a spindle
nmotor for rotating the magnetic disk and_an actuator for driving the
magnetic 5 head to nove to a desired'pbs?tTon on the magnetic disk al ong
the radius, and a controller unit having at |east one of a controller for
positioning t{iH) head i A tdertsd ameagaryunid iarbripwrated riod |they i nfornmation to
be witten and read, an LSI for encoding and decoding a 10 servo signal, an
LSl for signatmucoessiof el contrelier byakt, the storage unit and the
controller unit being constructed within respective different structures so
as to be carr{®&4d i ndepdfteraghe mefapamay e G MEIRFhodi fi cati ons (2)

15 to (11) should be made in the first feature (1) of the invention. (2)
The storage ult and t e GRMGTE e R b hes Ghidt St By %tg'f‘ﬁﬁectt whi ch
are nounted on the outsjde of the data storage apparatus. 20 (3) The
storage umt &g T?%n%%‘fr%tf?%?g%ng?na‘?]eon‘ :

(10) The controller unit has a communication

function in addition to the modification (9).
(11) The controller unit has a function of
,compressing and expanding the stored information in
10 addition to.the modification (9).

The second feature (12) of the invention is
that in items (1) tb (11) the size of each structure of
the storage unit and the controller unit is 5 mm or
below in thickness, 54 mm or below in width and 85.6 mm

15 or below in length.

The third feature (13) of the invention is
that in items (1) to (12) the storage unit constituting
the data storage apparatus has at least one magnetic
disk, at least one actuator, at least one magnetic head

20 and at least one R/W IC.

The fourth feature (14) of the invention is
that in items (1) to (12) thé storage unit constituting
the data storage apparatus has at least two spindles,
at least two magnetic disks, and at least two actuators

25 so that data can be transferred in parallel by'at least
two magnetic disks.

The fifth feature (15) of the invention is



connected by a connector which is nounted on the storage unit or the
controller unit. (4) The structure of the controller unit drives at
| east one structure of the storage unit. 25 (5) The structure of the
storage unit is driven by at |east one spructure of t-he controller unit.

(6) A cache nenory is incorporated in the structure of the storage
unit. (7) that Bnciatemsnmghdrioi $12hcanpooneedfi théheostratlere of the
controller unit. (8) The cache nenory nmay be an |1 C nenory. (9)

The control | euniuni anflashe Storagenuniheconhbiht8tingethegdatacssovaage
function. (10) The controller unit has a comunication function in
addition to tAEPABAFREchRFoA POMCIRl1interfagge controller unit has a

function of conpressing and expandi ng the stored information in, 10 addition
to the modification (9)T Qh%l§€%o%%a¥%%?uf%6{19§ BRe  HEVERLERR i bR i s

5 that in items (1) tp (12) the storage unit and the
controller unit constituting the data storage apparatus
do not cause troubles to read/write operation even
under a shock of 200 G or above.

The seventh feature (17) of the invention is

10 that in items (1) to (16) the connector of the
controller unit cannot be commonly used as the
connector for the storage unit, and the storage unit
and the controller unit are different at least in
construction so that the connector of the controller

15 unit can be prevented from being connected by mistake
to the connector for the storage unit.

The eighth feature (18) of the invention is
that in items (1) to (16) the connector of the
controller unit can also be inserted in the connector

20 for the storage unit, and the connector of the storage
unit has the same construction as the connector of the
controller unit.

The nine feature (19) of the invention is
that in items (1) to (16) the stofage unit as well as

25 the controller unit has the same 68-pin conneétor of a
size equal to that of the connector for PCMCIA, and the
pins not used in the controller unit are used to

connect the storage unit, or mechanical unit.



that initems (1) to (11) the size of each structure of the storage unit
and the controller unit is 5 nmor belowin thickness, 54 mmor below in
width and 85.6 nm 15 or belowin length. The third feature (13) of the
invention is that initens (1) to (12)‘t%e‘storage unit constituting the
data storage apparatus has at ‘| east one magnetic disk, at |east one

actuator, at |east oneriRgRehich FRaduie (200 f keestineeatrRoW i€ The
fourth feature (14) of the invention is that initenms (1) to (12) the

storage unit waRstid Uldars 1(19 dal A 18)ordge spataines dfashe dteastge wo
spindl es, at |least two magnetic disks, and at |east two actuators 25 so
that data carurbie tirsardifffferseht rirpariadd dirdy tdtat exfstthensamgmdiar di sks.
The fifth feature (15) of the invention is -6- that initems (1) to (12)

any one of thmidontroller unit and the storage unit constituting the data
st or age
The eleventh feature (21) of the invention is

that in items (1) to (16) a flexible LSI is used for at
least one of the LSIs provided within the structure of
the storage unit or the controller unit.
Thé magnetic disk storage apparatus is now
10 used over an extremely wide range of applications, not
only for the external storage unit of the computer but
also for other uses.
It is assumed that the storage unit of a
head/medium system can have a storage capacity of 650
15 MB. This storage unit can be used as an external
storage unit for work-station or the like if it is
connected to the cbntroller unit having a cache memory
of 256 kB and a PCMCIA interface. In addition, if the
storage unit of 650 MB is combined with the controller
20 unit having an MPEGl-standard circuit system, it can be
used as a memory for handling motion picture files of
about 70 minutes. Moreover, if the cache capacity is
desired to be 120 kB while the storage capacity of 80
MB is satisfactory, a circuit system having a large
25 cache capacity is combined with a mechanical system of
80 MB which is constructed by a low-recording density

and inexpensive head/medium system. Conversely, if the



apparatus has a PCMCI A interface. The sixth feature (16) of the invention
is 5 that initenms (1) to (12) the storage unit and the controller unit
constituting the data storage apparatus go not cause troubles to read/wite
operation even under a shock of 200 G or®above. The seventh feature (17) of
the invention is 10 that initenms (1) to (16) the connector of the

control | er urstoreye@ageicymicn|desiset] a0 thee 6dhME twiri feorthiehe st orage
unit, and the storage unit and the controller unit are different at |east

i n construct icachs qapacithe abedbrinfsatiefianhonl| arbiEnanyt can be
prevented from being connected by m stake to the connector for the storage
uRit. The ei gharagatunidc @ esmunellew dnitorpye qamRingd itenms (1) to (16)
t he connector qf the controller uniit can also be inserted in the connector
20 for the SYHFE dihe ,‘{%ﬁfcfei-he e ortrs (I FFEUni t has the

sane construction as the connector of t.he c.rlﬁa}ler unit. The nine feature
|

Ay
(19) of tre FRRHG § FRC T e B (TS *the storage unit as wel |l

as In addition, if the storage unit and the

controller unit are formed within sepérate structures,
they are separated and for example, only the storage
unit in which secret information is previously stored

10 can be carried with the controller unit being left
plugged in the slot. In such case, since the
structures of the stofage unit and the controller unit
are each made thiﬁ, it is very convenient to carry.
Particularly in a éub—note personal computer with slots

15 for PCMCIA type-2 (5.0 mm in thickness), both the
storage unit of PCMCIA type-1 (3.3 mm in thickness) and
the controller unit with FAX modem function can be very
conveniently inserted into the slots. Moreover, since
the head/ﬁedium system is always kept in the sealed

20 space, high reliability can be assured irrespective of
the environment in which the apparatus is used.
Furthermore, since the storage unit formed by heads and
media is held within a separate structure from the
controller unit, the temperature of the atmosphere

25 surrounding the heads and media can be suppressed from
rising due to the heat generated from the LSIs. As a
result, it is possibie to construct a magnetically and

mechanically stable data storage apparatus.



25 the controller unit has the sanme 68-pin connector of a size equal to
that of the connector for PCMCIA, and the pins not used in the controller
unit are used to connect the storage unift, or mechanical unit. -7- The
tenth feature (20) of the invention is .that initens (1) to (16) the
structure of the storage unit is different in size fromthat of the
controller unit. 5 In additllom edeewdw Ififreat woe el2ijenth tHeatumesntion is
that initems (1) to (16) a flexible LSI is used for at |east one of the
LSI's provi dednenttivined baste udthe @unssarite igrvendgeontias dthe he control | er
unit. The magnetic di sk storage apparatus is now 10 used over an extrenely
wi de range off@lpwisw i isatunes. onIy for the external storage unit of the
conput er but also for other_ uses. is assuned that the storage unit of a

head/ medi um syst em can %@aé:astsﬁ%@ecmrﬁ}m@f f5¢he invention

5 has a first card-type structure in which a storage
medium is housed, and a second card-type structure
having control means for controlling a plurality of
first card-type structures which are different in
specification, so that those structures can be manually

10 combined into a single unit and separated freely by a
connecting mechanism without any tool.

Specifically, the connecting mechanism is,
for example, a latch mechanism which is operaﬁed by
hand. By this latch mechanism, it is possible to

15 separate and replace, for-example, an HDA package
having a head disk assémbly (HDA) housed therein and a
control-card package without any tool such as a screw
driver. The latch mechanism can serve to mount and fix
the HDA package or release it by use of the slide

20 switch incorporated on the control-card package side.
The slide switch also enables the connector on a
printed circuit board to engage with the connector
incorporated in the HDA package, making electrical
connection.

25 Moreover, the HDA package has ID information
pfovided for HDA type, and this ID information is

transmitted through the connector to the control-card



15 MB. This storage unit can be used as an external storage unit for

wor k-station or the like if it is connected to the controller unit having a
cache nmenory of 256 kB and a PCMCI A intei@ace. In addition, if the storage
unit of 650 MB is conbined with the conttdlTer 20 unit having an
MPEGL- st andard circuit system it can be used as a nenory for handling

noti on pi ct ur patkbge.of Thkootiré0insnwiehinMbheocentroll ~-thedcpekbageapacity
is desired to be 120 kB while the storage capacity of 80 MBis

sati sfact ory, rea@i tbei IDsyoformasiongwhenatlie PowescBuprpapasdst fursedonbi ned
wi th a nechanical systemof 80 MB which i s constructed by a | owrecarding
density and i RBxP&En&ftyENBebdMee@furespstang  C8RVERSE| Fhej fetRangs of.

st orage capacitg.is desired to be,600 MB while thg cache cagacity of 32 kB
i s satisfact of $ILEEEEEr &Py SELEAPETIRSt TRRJCOBHTEPSI PRET &HPRaPESConbi ned to

achi eve thg dgglyterol is,.thi,s,data _storage 5 apparatus has excell ent
extensibiligty%%lde to' BatchS enb"hba gvbes

Also, the IC memory package as the first
card-type structure having a printed circuit board with
a semiconductor memory (IC memory) mounted thereon can
be connected to the control-card package by the same

10 mechanism as mentioned above, and can be used as an ATA
(AT Attachment) which meets JEIDA (Japan Electronic
Industry Development Association)/PCMCIA (Personal
Computer Memory Card International Association). 1In
this case, too, the IC memory package has ID

15 information incorporated therein and this ID
information is read through the connector by the
control-card package when the power supply is turhed on
or at the time of resetting, for instance, so that the
memory package can be used as the ATA card.

20 : According to the card-type storage apparatus
of the invention, the control means of the second card-
type structufe can be used for a plurality of first
card-type stfuctures of different specifications, thus
making it possible to reduce the cost per bit of a

25 memory device, widen the application field and increase

the productivity. In addition, the first type

structure can be used as the ATA card.



In addition, if the storage unit and the controller unit are formed within
separate structures, they are separated and for exanple, only the storage
unit in which secret information is previously stored 10 can be carried
with the controller unit being |left prq&&ed in the slot. In such case,
since the structures of the storage unit and the controller unit are each

made thin, | tgrEEY BYsSCOMENNEHF IBHE adRAMWINGsticularly in a sub-note
personal conputer with slots 15 for PCMCIA type-2 (5.0 mmin thickness),

both the storage unit &idMIAM dndpetE dxe Fevpeativelokressgrmaid t he
~controller unit with FAX nodem function can be very conveniently inserted
into the sloteiewdrebviere storage heieandecinrrelbermnit adhaile kept in
the seal ed 20 space, high reliability can_ be assured irrespective of the
envi ronnment | dawhistorage sapparatiss | of U cBirslremeedirent sphcehehe storage
unit formed by heads and nedia is held within a separate structure fromthe
control | er? untBVeRREOR eper at ure of the at nosphere 25 surrounding the heads

-and nedi a can be suppressed fromrising due to, the heat generated fromthe
LSIs. As a result, it iE%o i’nﬁearfoe’ﬁ'g?ﬁtf%uc‘fleawr%gr%t?‘%ﬁqtf fand

body, and the storage unit and controller unit of the
data storage apparatus of the embodiment of the
invention,

10 Figs. 3A and 3B are cross-sectional diagrams
of the storage unit and the controller unit of the
embodiment, respectively,

Fig. 4 is a circuit diagram of the data
storage apparatus of the embodiment of the invention,

15 Figs. 5A and 5B are respectively cross-
sectional diagrams of the storage unit and controller
unit of the data storage apparatus of a second
embodiment having the storage unit with a magnetic disk
of 1.3 inch in outer diameter, |

20 Figs. 6A and 6B are respectively cross-
‘sectional diagrams of the storage unit and controller
unit of the data storage apparatus of a third
embodiment having the storage unit with two magnetic
disks of 1.3 inch in outer diameter,

25 Figs. 7A and 7B are respectively cross-
sectional diagramé of the data storage apparatus of a

fourth embodiment using three PCMCIA type slots,



mechani cal ly stabl e data storage appar at us. -9- In addition to the first
to el eventh features nentioned above, the present invention has the

foll owi ng features. The data storage apparatus of the invention 5 has a
first card-type structure in which a st ge nedium-is housed, and a second
card-type structure having control neans for controlling a plurality of

first card-type structurdg. Wi £ auieexibId@ednperspepevéiviewonf g0 that
those structures can be manually 10 conbined into a single unit and
separ at ed freeaydbyypeceohoragengpperhtmssaswat ibGithaembodbmenspetifical ly,
the connecting nmechanismis, for exanple, a latch mechani smwhich is
oper at ed by hbh&. iByenfienjatch mechanism it is possible to 15 separate

and repl ace, for exanple, an HDA package having a head di sk assegbly (HDA)
housed therein and a coﬁ%Q%P-%%rdg ac gg%n '?ﬂoﬁ?eaﬁ?q?%BFl§ﬁcﬁl§§ a screw

5 wviews of the card type storage apparatus being
assembled as the fifth embodiment of the invention;
Figs. 10A, 10B and 10C are sequential
conceptional diagrams of the card.type storage
apparétus being assembled as the fifth embodiment of
10 the invention,
Fig. 11 is a plan view of the construction of
a part of the card type storage apparatus és.the fifth
embodiment of the invention,
Fig. 12 is a perspective view of the
15 construction of a part of the card type storage
apparatus as the fifth embodiment of the invention,
Fig. 13 is a block diagram of one example of
the construction of the card type storage épparatus as
the fifth embodiment of the invention, |
20 Fig. 14 is a perspective view of one example
of the card type storage apparatus as a sixth
embodiment of the invention,
Fig. 15 is a perspective view of the card
type storage apparatus as the sixth embodiment of the
25 invention showing one example of the action,
Fig. 16 is a perspective view of the card
- type storage apparatus as the sixth embodiment of the

invention showing another example of the action,



driver. The | atch nmechani smcan serve to nmount and fix the HDA package or
release it by use of the slide 20 switch incorporated on the control-card
package side. The slide switch al so enables the connector on a printed
circuit board to engage with the connect Tncorporated in the HDA package,
maki ng el ectrical connection. 25 Mor eover, the HDA package has

I D information provi dedrigr DAL & y@eperspetbiee | iewnfof natpant | of
transmtted through the connector to the control-card - 10 package. The
circuits w ththet heteonalobtractiupackiigeheeadrdhtyp® shbévageti on when t he
power supply is turned on or at the tinme of resetting, so that the settings
of registers éppagatueniai hhet AexeBnenbpdapentt PSntheelBVAREEORe mat ch t he

HDA type. Also, the I C nenory package as the firs{ card-type structure
having a printed circui¥1%oat8 #Wtd %?E%H?EB%H%CYB?Wn%gn?€g%m%Fn%ﬂBFy)

mount ed thgreg@ Eﬁg internal structure of the card type storage
apparatus as the sixth embodiment of the invention, and
Fig. 19 is a block diagram of one example of
the circuit construction of the card type storage

apparatus as a seventh embodiment of the invention.

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS
(First embodiment)

The first embodiment of the invention will be
described with reference to Figs. 1A, 1B, and Fig.2 and
Figs. 3A and 3B. The data storage apparatus of the

15 invention includes a storage unit and a controller unit
which are respectively constructed within separate
structures of 3.3 mm in thickness, 54 mm in width and
106.8 mm in length as shown in Figs. 1A and 1B. The
storage unit and the controller unit can be carried

20 separately, and each of them has a connector which
meets the PCMCIA specification. One connector of each
unit can be inserted into the PCMCIA type-1 slot, two
conneétors into the PCMCIA type-2 slots or three
connectors into the PCMCIA type-3 slots.

25 Fig. 2 is an external view of a computer

body, and the storage unit and controller unit of the



be connected to the control-card package by the sanme 10 mechani sm as

menti oned above,
JEI DA (Japan El ectronic Industry Develo

Comput er Menory Card I nternational Assqugtion). In this case, too,
nmenory package has ID 15 information incorporated therein and this
i nformati on i gateagdtbhagegapbaratasnett ohebynvért tont r showang hagkbge when

the power supply is turned on or at the time of resetting, for instance, so
t hat the menouyepth&ageoragebappardtus when/gAPBAr {Pepgonal Digital

According to the card-type storage apparatus of the invention, the c
neans of the Bessbatianh) distypedsasuthar coBARLBE Be@Y- f oPSasSBPWRalRty of

first card-tyEe structures of different specification
possible to r

applicatio
type struc
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into respective ones of the two PCMCAI type-1 slots
provided in the side of the PDA body , and used as an
external storage apparatus_of the PDA. In addition,
since two PCMCAI type-1 slots are arranged laterally as
shown in Fig. 2, the thickness of the computer body can
be greatly reduced to 5 mm or below.

The dross-sections of the storage unit and
controller unit are as shown in Figs. 3A and 3B,
respectively. The stérage unit structure has
incorporated therein a magnetic disk 1 of 1.89 inches
in outer diameter and two magnetic heads 2 by which
both sides of the magnetic medium can be accessed.

When one side of the disk is accessed, only one of the
heads is used. The thickness of the magnetic disk 1 is
about 0.386 mm, and that of the head sliders 2 is 0.3
mm. The thickness of a cover 6 is about 0.4 mm. The
storage unit structure has the head/medium, a spindle
3, an actuator 4 and an R/W IC 5. Since the R/W IC 5
is provided near the heads, noise can be reduced and
also the high frequéncy characteristic can be
maintained satisfactory. If the R/W IC 5 is

constructed by a flexible LSI and mounted on the

and can be used as an ATA (AT Attachnent) which neets
nt Association)/PCMCI A (Personal

the IC
| D

ontr ol
it

rst



BRI EF DESCRI PTI ON OF THE DRAW NGS Figs. 1A and 1B are respectively external
views of the storage unit and controller unit of the data storage apparatus
of a first enbodinment of the 5 inventioq%%Fig. 2 is an external view of a

conput er body, and the storage unit and “cbritroller unit of the data storage
apparatus of the enbodi nent of the invention, 10 Figs. 3A and 3B

are cross-secitonatosfi agrehe Righhfredeenge thatraepdriseicogandbéer unit of
t he enmbodi nent, respectively, Fig. 4 is a circuit diagramof the data

st orage apparfinshet ihprevédd nEmtadditien| neecdtnoectdd 7 for Figs.
5A and 5B are respectively cross- sectional diagranms of the storage unit
and control | ePCMALIA b$ mbendedaont bhagendppfir thessbbrageeeniht enbodi ment
having the storage unit with a magnetic disk of 1.3 inch in outer dianeter,
20 SHrgstuba, an@ Beatrehe cSherage it eas-bgcePPRAGFed| agr ans of

the storage upt and confroljer unit of Lhe data storage gpparays of a
controller unit inserted in the computer. This
connector 7 has only the términals necessary for the
connection to the controller unit.

The cross section of the controller unit is
10 shown in Fig. 3B. The controller unit is constructed
within a structure of which the dimensions are the same
as the storage unit structure, or 3.3 mm in thickness,
54 mm in width and 106.8 mm in length. This controller
unit has thé same function for controlling the storage
15 uynit as the normal disk storage apparatus, and it is
formed of an LSI for encoding and decoding a servo
signal, an LSI for signal processing and a cache
memory. A printed circuit board 9 is about 0.4 mm
thick and has a dual layer wiring structure. On this
20 circuit board 9, there are mounted an LSI 10 for signal
processing, an LSI 11 for encoding and decoding a servo
signal, an LSI 12 for controlling head position, a
controller LSI 13 and a spindle/VCM driving LSI 14.
The thickness of a cover 15 of the controller unit
25 structure is the same as that of the storage unit, or
about 0.4 mm, and the thickness of a base 16 is also

‘about 0.4 mm. A connector 17 for PCMCIA is provided on



enbodi nent having the storage unit with two magnetic disks of 1.3 inch in

outer diameter, 25 Figs. 7A and 7B are respectively cross-
sectional diagrans of the data storage apparatus of a fourth enbodi ment
using three PCMCI A type slots, - 12 -1&iy. 8 is an expl oded perspective

view of a card type storage apparatus as a fifth enbodi ment of the

invention, Figge &4 OB cBE S0 SOL BEf eIt Cad Masi Eige Ssathews of the card
type storage apparatus being assenbled as the fifth enbodi ment of the

invention, Figsncdfdn (68 pifsl04s atlee Seateal | PEMCIR cepinemadr di agr ans of
the card type storage apparatus being assenbled as the fifth enbodi nent of
10 the invent$imce Ftihe ddntsohl et aunit eis aiecdesaoynsto uoe | conméctegart- of
the card type storage apparatus as the fifth enbodi nent of the invention,
to the stqrage unit through the slots 8, unnecessary
5 ones of the 68 pins are used for this connection. The
controller unit and the storage unit use common ground.
Although the controller unit and the storage unit are
inserted into the slots 8 of the computer body so as to
be used as a magnetic disk storage apparatus, the plugs
10 of the controller unit and storage unit are different
in shape as éhgwn in Figs. 1A and 1B. Therefore, it
can be prevented that the controller unit is inserted
"~ into the slot fof the storage unit by mistake. In
addition, if a servo function to follow the
15 eccentricity of the disk is added to the controller
unit so that the disk can be prevented from being
eccentric not to be written or read when the disk
storage épparatus is dropped by mistake, the resistance
to shock can be improved up to 200 G or above. -
20 The revolution rate of the disk 1 at the time
of write/read operation is 3200 rpm, and the frequency
is set to 16 MHz. The recording layer formed on the
magnetic disk 1 is made of CoCrPt, the coercivity is
2800 Oe, and the remanence-thickness product Bret is 75
25 Geum. . The magnetic heads 2 are dual element heads

having inductive elements for writing and magnéto-

resistive elements for reading. The combination of the



Fig. 12 is a perspective view of the 15 construction of a part of the card
type storage apparatus as the fifth enbodi mnent of the invention, Fig. 13 is
a bl ock diagram of one exanple of the construction of the card type storage
apparatus as the fifth enbodi ment of thel? nvention, 20 Fig. 14
I's a perspective view of one exanple of the card type storage apparatus as

a sixth enbodh&gds Shdatheaiaveshi &Ehi&vE. addarEa® PEESPETHhY V@eNs ey Of the
card type storage apparatus as the sixth enbodi nent of the 25 invention

showi ng one exanpl @bpin?heandt this €he. sdbrageacapaspegtofetéew of the
card type storage apparatus as the sixth enbodi nent of the invention
showi ng anot hetoragepuribf ishéSacMBon, - 13 - Fig. 17 is a perspective
view of a part of the internal structure of the card type storage apparatus
“as the sixth enbodi mentAbthoughiphencagpe capacity of the controller

5 unit used in this embodiment is set to be 256 kB, it
may be arbitrary depending on a balance between
performance and cost of apparatus. Also, in this
embodiment, although the data storage apparatus is
assumed to be used as the external storage apparatus

10 for the computer, the storage unit (of which the
storage capacity is 650 MB) is combined with the
controller unit having, for example, a data compressing
and expanding function which meets MPEGl specification,
thereby making it possible to be used as an image data

15 files capable of handling motion pictures of about 70
minutes. |

Fig. 4 is a block diagram of the circuit
arrangement of the data storage apparatus of the
invention. 1In this invention, since the storage unit

20 and the controller unit are connected through the
connectors for PCMCIA, the signal to be transmitted
therebetween is converted into a digital signal.
Moreover, in this embodiment, 15 pins of 68 pins for
PCMCIA are used to connect the storage unit and the

25 controller unit. The PCMCIA slots No. 1 and No. 2 can
be used for magneﬁic disks by making the device ID in

Hi-state so that the unused pins of the slots No. 1 and



Fig. 18 is a perspective view of another part 5 of the internal structure
of the card type storage apparatus as the.sixth enbodi nent of the
invention, and Fig. 19 is a block diagr of one exanple of the circuit
construction of the card type storage agggratus as a-‘seventh enbodi nent of
the invention. 10 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS ( Fir st

embodi ment) The. {2 r&te esbptléstsd. of 1£ hthe ndeniconrdiids he Desecsides, with

reference to Figs. 1A, 1B, and Fig.2 and Figs. 3A and 3B. The data storage
appar atus of the Udusedepinsnof nchedsebotas SNor aheandiNo andl areoppew| | er unit
whi ch are respectively constructed within separate structures of 3.3 mMmin
t hi ckness, 54semthat wilie "PE@MAIAOBlGtsmean bengsed afosmagnetici gs. 1A and

1B. The storage unit and the controller unit can be carrjed 20 separately,
and each of t®b#rhas BheohiBcard AR cPOmBERFSioncl PAVY RLWREF(i cation. One

connector of each t b ted into t
connectorsgln?%g?ﬁggkﬁmggﬂptsﬂ nzgé? ?%|%+8?ﬂ e%a€§%%At¥%$§m+5€%8the PCMCI A
type-3 slots. éween the stor ge unlé gﬂdeéﬂgrQg£t¥5fT69fu§1€OHDUter

(Second embodiment)
The second embodiment of the invention will

be described with reference to Figs. 5A and 5B. The

10 dimensions of the storage unit and controller unit of
this embodiment are the same as in the first
embodiment, or 3.3 mm in thickness, 54 mm in width and
106.8 mm in length. The storage unit structure
includes a single magnetic disk 18 of 1.3 inches in

15 outer diameter, and two magnetic heads 19 by which both
sides of the magnetic medium can be accessed. Of
course, only one side can be accessed by any one of.the
heads. The magnetic disk 18 is 0.386 mm thick, and the
head slider 19 is 0.3 mm thick. The thickness of a

20 cover 20 and a base 21 is 0.4 mm. The storage unit
structure includes the head/medium, an actuator 22 and
an R/W IC 23. 1In addition; a shock absorption cover 24
is mounted around this storage unit. This cover 24 is
elastically deformed by an external shock to buffer the

25 shock to the storage unit including the heads and

medium. As a result, this storage unit is designed to



body, and the storage unit and controller unit of the - 14 - data

st orage apparatus of the invention, show ng how to use the storage
apparatus when a PDA (Personal Digital Assistant) is used as the conputer
body. As shown in Fig. 2, the storage-udi% =and the controller unit of the 5
data storage apparatus of the invention can be inserted into respective

ones of the LyoBOLAY 4 Yiedy Sb! S0 1 dofhd fediersi e AfnthendDA body |

and used as an external storage apparatus the PDA. In addition, since

two PCMCAI type lsshdtSePfSrmdnidd o {mtenal fyras dfbsdient N Frige 2, the
t hi ckness of the conputer body can be greatly reduced to 5 nmor below. The

cross-secti onsomfrébest@ibgei sinvtigihwaTontdesigiednid withstsarsdasn in
Figs. 3A and 3B, respectively. The storage unit structure has 15
i ncor por at ed shecleiof al0@@Yn&@sic disk 1 of 1.89 inches in outer dianmeter and
two magnetic heads 2 by which both sides of the magnetic medi um can be
accessed. 3 The revolution rate of the disk in the write/
read operation is 3200 rpm, and the recording frequency
is 8 MHz. The recording layer on the magnetic disk 18
is made of the same material of CoCrPt as in the first
embodiment, the coercivity is 2800 Oe, and the
10 remanence-thickness product Bret is 75 Geum. The
magnetic heads 19 are the same type as in the first
embodiment, or dual element heads which have inductive
elements for writing and magnetoresistive elements for
reading. By the combination of the heads and the
15 medium, it is possible to achieve an areal recording

density of 2 Gb/in2. The storage capacity of the

storage unit, or mechanical unit is 325 MB.

(Third embodiment)
In this embodiment, two 1l.3-inch magnetic

20 disks are provided in the storage unit and data is
transferred in parallel between the disks. Figs. 6A
‘and 6B show the third embodiment of the invention. The
dimensions of the storage unit are 3.3 mm in thickness,
54 mm in width and 106.8 mm in length. This storage

25 unit structure includes two magnetic disks of 1.3

inches in outer diameter, and four magnetic heads by



When one side of the disk is accessed, only one of the heads is used. The

t hi ckness of the nagnetic disk 1 is 20 about 0.386 mm and that of the
head sliders 2 is 0.3 mm The thickness of a cover 6 is about 0.4 mm The
storage unit structure has the head/ meédi““hm™ a spindle 3, an actuator 4 and
an RRWIC V5. Since the RWIC V5 is provided near the heads, noise can be
reduced and Zfhidis bdtie dides fofgerityofhthadeadstéan de aecesded ai ned
satisfactory. If the RR'WIC5 is constructed by a flexible LSI and nounted
on the - Bach af ushemagnetic Migks rigbryt chal @ ten | hick cande
further inproved. In_addition, a connector 7 for PCMCIA is npunted on the
end of the sthadeeadislidenciar®;3 dontHaickne ThereREetnts Goh e

connected 5 through a slot 8 proyvided in_the_conputer body t.o the
control l er unf®i¢hserths $'ﬂﬂtf% %Wﬁqe‘ghﬁ%rc RRERO% HA® only the

termnals NeceSSALY Tfife IS SPINESE Slkd Gk Nn& BT Ll B HL tirite/

read operation is 3200 rpm, and the recording frequency
is 8 MHz. The magnetic recording layers on the
magnetic disks are made of a material CoCrPt, the
coercivity is 2800 Oe, and the remanence-thickness

10 product Bret is 75 Geum. The magnetic heads are dual
element heads which have inductive elements for writing
and magnetoresistive elements for reading. An areal
recording density of 2 Gb/in2 can be achieved by the
combination of the heads and media. The storage

15 capacity is 325 MB. The data transfer rate is 5 MB/s
which is twice as high as that in the second
embodiment. This data storage apparatus, instead of
the parallel transfer of data, may be used as a storage
apparatus of 650 MB storage capacity and 2.5 MB/s

20 transfer rate by the combination of the storage unit
and the controller unit. In addition, the storage unit
in this embodiment can be combined with a low power
consumption controller unit for a -low revoiution rate
of 1600 rpm and for writing data at 4 MHz. 1In this

25 case, the cqnsumption power can be reduced to about 1/4
as low as that at a revolution rate of 3200 rpm.

(Fourth embodiment)



The cross section of the controller unit is 10 shown in Fig. 3B. The
controller unit is constructed within a structure of which the di nensions
are the sane as the storage unit structyye, or 3.3 mmin thickness, 54 nm
in width and 106.8 mmin length. This cdhtroller unit has the sane function
for controlling the storage 15 unit as the normal di sk storage apparatus,
and it is fornmed of an Efjs{ 07TA eenvdbdiBigsleowd tiee ofbunckla embsodimergnal , an LS
for signal processing and a cache nmenory. A printed circuit board 9 is
about 0.4 nmF¥igek7Angheows theuadséeayrerwhiechngneteortnebleunht sigo

circuit board 9, there are nounted an LSl 10 for_signal processing, an LS
11 for encodi H3SeREedetBdPRY af skl oPCHGRA| tyRa-3 SplabsfardceW®rol | i ng head

position, a controller |SI 13 apd a spindle/VCM driving LSl 14. The
t hi ckness of 3tRHI%F YB1HF e t%ﬁ??%g etR ke %gh§¥r% ?HFe i PtHRiSanme as

o 2l S0 abbur oA i CASRRBYCH moobef TRl T bt et
storage capacity or the transfef rate can be increased
to twice as large as that when one storage unit is
used. Fig. 7B shows the case in which one storage unit
is inserted in one of the PCMCIA type-3 slots and two

10 controller units are inserted in the other slots. In
this case, the cache capacity can be increased to
improve the performance; Although the dimensions of
the storage units and the controller units in this
embodiment are 3.3 mm in thickness, 54 mm in width and

15 106.8 mm in length, the dimensions of the storage units
are not necessary to be the same as those of the

controller units.

(Fifth embodiment)
Fig. 8 is an exploded perspective view of the

20 card type storage apparatus of the fifth embodiment of

the invention. Figs. 9A to 9D are sequential side

views of the apparatus being assembled. Figs. 10A to

10C are sequential conceptional diagrams of the

apparatus being assembled. Fig. 1l is a plan view of
25 the construction of part of the apparatus. Fig. 12 is

a perspective view of a part of the apparatus. Fig. 13



- 16 - the end of the controller unit and has the sane function (68 pins)
as the normal PCMCI A connector. Since the controller unit is necessary to
be connected to the storage unit through the slots 8, unnecessary 5 ones of
the 68 pins are used for this connecti®r2 The controller unit and the
storage unit use common ground. Although the controller unit and the
storage unit fgeai Btockediagramt € ahoégafiplé dbethenphternaddy so as to be
used as a magnetic di sk storage apparatus, the plugs 10 of the controller
unit and st orageangementeofli ther apparatshape as shown in Figs. 1A and 1B.
Therefore, it can be prevented that the controller unit is inserted into
the slot for the storagéhimi embgdimentkes & ncaxdityps, nagnetierddbskunction
to follow the 15 eccentricity of the disk is added to the controller unit
so that the dfi@kac&RoBaIBr BPRAYBHUF Bf BEENEXaRRLAt PECERBt CRBApEYRRI tten or

read when the _di sk stora aratus is . dro d by m stake, the resistance
to shock can Betfnfrevad uﬁpggrQBBSG o?hﬁbﬁggg Eﬁge magnetic aﬁﬁﬂrevolution

rate of he L5k 38! LS ALIE Phi L eLhSad: RRRE 21105853208 TPm and the

portions of head disk assembly (HDA) package 111 and
control-card package 114. These two portions are
electrically connected by a connector 112 (male)

10 provided on HDA package-111 side and a connector 117
(female) provided on the control-card package-114 side.
A plurality of latches 115 provided on bbth side edges
-of the control-card package 114 are inserted or engaged
in the corresponding ditches, 113 for latch, of the HDA

15 package 111, thereby mechanically combining both
packages.

The connector 112 on the HDA paékage—lll side
has a concave portion 112a provided to face the
connector 117 and a plurality of electrode pins 112b

20 perpendicularly projected within this concave portion
112a. The connector 117 on the control—card package-
114 side has a cohvex portion 117b projected from the
surface of the control-card package 114 and a plurality
of electrodes 1ll17a which are provided within the convex

25 portion 117b and in which the plurality of electrode
pins 112b.of the connector 112 are inserted under

pressure.



Is set to 16 MHz. The recording |layer formed on the magnetic disk 1 is nade
of CoCrPt, the coercivity is 2800 Qe, and the remanence-thi ckness product
Br.t is 75 25 GJ[err]m The magnetic heads 2 are dual el enent heads
havi ng i nductive elements for witing-amB magneto- resistive elenments for
readi ng. The conbi nation of the - 17 - heads and nedi a can achi eve an

areal recording densityrgl PalBlédZ)sn NSV 15y C5POR caPRCiRYS Of L e
storage unit is 650 MB. Although the cache capacity of the controller 5

unit used in 1D6SegBROHAVEAG aSnéethtD1be WhickBisi dperytéd frbmtthey

dependi ng on a bal ance between performance and cost of apparatus. Al so, in
t hi s enbodi neekteshébobghthbeudeta sherage apmmaeatimgierassuned to be used
as the external storage apparatus 10 for-the conputer, the storage unit (of
whi ch the stodageonneating tbe6BDANBAcksgeohbl nendwihe contrehtearder unit

havi ng, for exanple, a data conpressing
_ 5 package 114

The connector 118 provided at one end of the
control-card package 114_of the éombined control-card
package 114 and HDA package 111 is inserted in a slot
which is provided in a portable information processor

10 not shown, for example, a type III PC card slot which
meets PCMCIA specification.

The size of each part of this embodiment will
be given below. The HDA package 111 has a width W1l of
54.0 mm, a depth D1 of 70.0 mm and.a thickness Hl1 of

15 7.5 mm. The control-card package 114 has a width W2 of
54.0 mm, a depth D2 of 85.6 mm and a thickness H2 of
3.0 mm. When both packages are combined into a unitary
body, the single body has a width W (= W1 = W2) of 54.0
mm, a deptﬁ D (= D2) of 85.6 mm and a thickness H (= Hl

20 + H2) of 10.5 mm, which meet the size of the type III
PC card of PCMCIA specification.

The slide switch 116 and two latches 115
provided on each side are fixed on a common shaft 119
which is built in each side of the control-card package

25 . 114 as shown in Fig. 11. The shaft 119 is always urged
to be pushed to the right in Fig. 11 by a spring 120.

" when no external force is exerted, the latches 115



and expandi ng function which neets MPEGL specification, thereby making it
possible to be used as an image data 15 fil es capable of handling notion
pi ctures of about 70 mnutes. Fig. 4 is a block diagramof the circuit
arrangenent of the data storage apparat # of the invention. In this

i nvention, since the storage unit 20 and the controller unit are connected

e e PR R O, FRFde S oo ety

t her ebet ween 1's conver sl gna

enbodi ment, 1o, i St fbn 68F PERS SPFiAEMB P 28 CaeS@Fihéy CRANeE! tigerst Or age
unit and the 25 controller unit.” The PCMCl A slots No. 1 and. No. 2 can be

used for magnghé CsTig&SswitdRking iHemélead ceo | the Méft simteigo 1hat the
unused pins of the slots No. 1 and. - 18 - No. 2 are connected. |If the
device ID is againststiaeforde ofiusike goningfl2te shetkatdched caml ®. 2 are
open so that the PCMCI A slots can be used for nagnetic
released from the fixed state.
One example of the internal construction of
each of the HDA package 111 and the control-card
package 114 will be described with reference to Figs.
12 and 13.
10 The HDA package 111 has a head disk assembly
121 and an ID information storing area 122 (see Fig.
13). The head disk assembly 121 includes, as for
example shown in Fig. 12, a certain number of magnetic
disks 32 driven to rotate by a spindle motor 31, a
15 magnetic head 34 which is supported by one end of a
head arm 33 and which makes write/read operation on the
magnetic disks 32 and an actuator 35 which moves and
locates the magnetic head 34 of the head arm 33.
The ID information storing area 122 is formed
20 of, for example, a read only memory which has already
stored therein information of the recording density and
number (storage capacity) of the magnetic disks 32 in
the head disk assembly 121. This information is
supplied as an ID signa1_124 to the control-card
25 package 14 through the connectors 112 and 117. The ID

information storing area 22 is not limited to a memory,

but may be formed of a circuit element by which the



di sks. The A/D and D A conversion is not always 5 necessary, but only
anal og signal can be transmtted between the storage unit and the .
-controller unit. (Second enbodi ment) The,second enbodi ment of the invention
will be described with reference to Figs””5A and 5B. The 10 di nensi ons of
the storage unit and controller unit of this enbodinment are the sane as in
the first enbsdomadt 1ioes3 f&rmirhien IDhisikmeds 1284 immthe worhlecaods106. 8 mm
in length. The storage unit structure includes _a single nmagnetic disk 18 of
1.3 inches inli% gnledldi awe: madeadn ewpamtdeulpr Rogds sgabe wii ch both
sides of the magnetic nedi um can be accessed. O course, only one side can
be accessed bySEIRYPEEEFLELE -heads. The magnetic disk 18 is 0.386 mm

hi ck, d the head sli 19 | .3 thick. The thi f.a 20
%0 and a base 2115 0. 4THR c«mt%g?apaga‘l aa'pf«agf—r aiﬁggleéiﬁ%%%d%ﬁ the o
i . naddi tlon .Sho
ggggig??gg%Lo%%PigﬁﬂﬁéghgééﬁgggaﬁgﬁﬁéYﬁﬁ%;%gngaggruﬁPP.r?ﬁ?§n90§§F 24 is
el astically dghgnged Pyn @m%égggggﬁd%ﬁ%ﬁEnEg BUL! Gk RG ¢Br3Bgek to the

storage unit including the
different control operations on the head disk assembly

121 under the control of the central processing unit
ll4a, or a read/write control circuit 114b, a servo

10 control circuit 11l4c, a spindle motor control circuit
114d and an HDC interface control circuit 114e for
controlling that information is received from or
transmitted to the host side connected through the
connector 118. The read/write control circuit 114b

15 makes transfer contrél of read/write data through an
HDA interface 123. The servo control circuit 11l4c
controls the actuator 35 through the HDA interface 123
to move and position the magnetic head 34 on the
magnetic disks 32 in a seek direction 32a. The spindle

20 motor control circuit 114d controls the magnetic disks
32 to rotate through the HDA interface 123.

In this case, the control-card package 114
also includes a buffer register 1i4f to which reference
is made by the central processing unit l1l4a and the

25 various control circuits under the control of the CPU.
Thé ID signal 124 read as control information from the
ID information storing area 122 provided on the HDA

package-111 side is set in this buffer register 114f.



medium As a result, this storage unit is designed to -.19 - withstand a
shock of 1000 G The controller unit has the sane performance as in the
first enbodi ment. The controller unit L%ﬁfriginally designed to withstand a
shock of 1000 Gs. 5 The revol4tion rate of the disk in the
witel/ read operation is 3200 rpm and the recording frequency is 8 Miz.
The recordi ngTheyerthhe ¢oretnebreard phckadd 154 neaie mdké herepee material of
CoCrPt as in the first enbodi nent, the coercivity is 2800 Ce, and the 10

r emanence- t hi GRMeEe]l prerrtien ac¢erding ferthen spatif heamion coficthis 19 are
the sane type as_in the first_enbodi ment, or dual el enent heads which have

i nducti ve el heR gk apsembply okl refricherieh wackags ehbhis for reading.
athi ove an areal recor 1R SIS O GHITET e SRR 1y of the
storage urgt’mgéngi?fga@ié‘l? ! st%]ri'atlgei Sa§§a5ral.\4:8us of this embodiment will

be described below.

First, as shown in Fig. 9A, the HDA package
111 with the connector 112 and a plurality of latch
ditches 113 down is faced to the control-card package

10 114 with the connector 117 and a plurality of latches
115 up so that the connector 112 and the ditches can be
opposed to the-connector 117 and the latches,
respectively.

Then, as shown in Fig. 9B, the slide switch

15 116 is moved by the operator to the left in Fig.-9B
against the force of the spring 120, so that a
plurality of latches 115 interlocked with the slide
switch 116 through the shaft 119 come just under the
openings, 113a of the corresponding ditches 113 and are

20 kept in that state.

Thereafter, as shown in Fig. 9C, the control-
card package 114 ahd the HDA package 111 are combined
under the condition that they are maintained in this
state so that the connector 117 can be engaged in the

25 connector 112 and that the latches 115 can be inserted
into the openings 113a of the corresponding ditches
113, respectively. The engaged state of the latches

115 and ditches 113 is as shown in Fig. 10B.



(Third enbodinent) In this enbodi ment, two 1.3-inch nmagnetic 20 disks are
provided in the storage .unit and data is transferred in parallel between
the disks. Figs. 6A and 6B show the third enbodi nent of the invention. The
di mensi ons of the storage unit are 3.3_%% i thickness, 54 mmin width and
106.8 mmin length. This storage 25 unit structure includes two nagnetic

di sks of 1.3 inches inwWhdrerthl apiratomntlaasesadieetsld deeana dah - 20 -
whi ch both sides of each of the heads can be accessed. Each of the magnetic
di sks i s aboutl®.388n irhe Hf okinambs el dread-lsd i ksrches 0L15 mwe maked The
cover is 0.4 mmthick., The RRWIC is provided for on each of the 5 disks.
‘The revol uti die rile wBighthelnliBig. i$ hehe i fayce il Bpersntiong i 28200 rpm
and the recording frequency is 8 MHz. The magnetic recording |ayers on the
magneti c di s@%%‘WQﬂe@%t@ﬂaﬁ' dGFtof thhe dardhes 1145 AB00 Oe,

and the r%naneerpgfa?g_etéﬂvgl ¥She convex portions 113b of the ditches.
The engaged state of the latches 115 and the ditches
113 is as shown in Fig. 10C.
Thus, the HDA package 111 and the control-
card package 114 can be combined and stably fixed into
10 the card type magnetic disk storage apparatus by a |
sequence of operations without any tool. The packages
caﬁ be separated by the reverse operations of the
sequence, Figs. 9A to 9D. The card type magnetic disk
storage apparatus formed of the HDA package 111 and the
15 control-card package 114 can be loaded in an arbitrary
information processor by inserting the connector 118 of
the control-card package 114 into its PCMCIA type III
slot. |
Thus, according to the card type storage
20 apparatus of this embodiment, sincé the control-card
package 114 can be used together with the HDA package
111 of different type, the cost per bit of the card
type storage apparatus including the control-card
package 114 can be reduced. In addition, even if the
25 HDA package 111 is replaced by a larger-capacity one,
the same control-card package 114 can be used tdgether

with it, and hence the performance of the apparatus can



iO_product Br.t is 75 G[err]m The magnetic heads are dual el enment heads
whi ch have inductive elements for witing and magnetoresistive el ements for
reading. An areal recording density of 2 Gb/in2 can be achieved by the
conbi nation of the heads and nedia. The2%torage 15 capacity is 325 MB. The
data transfer rate is 5 MB/s which is twice as high as that in. the second

enbodi ment. ghi smPabaeqt WigHELtAEPRORESE, co88t Badreplabingathisel transfer
of data, may be used as a storage apparatus of 650 MB storage capacity and
2.5 MB/s 20 tempshentrate by the conbination of the storage unit and the
controller unit. In addition, the storage unit in this embodi ment can be
conbined with a | ow power consunption controller unit for a |l ow revol ution
rate of 1600 rpmand for witing data at 4 M. In this 25 case, the
consunpti on péwsthcambpdimettited to about 1/4 as low as that at a

revolution rate of 3200, rpm (Fourth enbodinent%. 2% -
Fig. 14 'is a perspective view of one example

5 of the card type magnetic disk storage apparatus as
another embodiment of the invention.
In this sixth embodiment, the structure for
the mechanical coupling of a HDA package 111A and a
control-card package 114A and the construction of the
10 connectors for electrically connecting both are
different from those in the fifth embodiment.
A latch mechanism 50 as illustrated in Fig.
17 is built in each of both side edges of the control-
card package 114A. Each of the.latch mechanisms 50 has
15 a slide switch 51 with a notch 5la for manual
operation, a shaft 52 which is linearly driven in the
axial directibn by this slide switch 51, screw portions
53'formed.on the shaft 52, a pair of latches 54 and 55
which screw in engagement with the screw portions 53 to
20 rotate around ﬁhe shaft 52 as the shaft 52 is moved
straight, and a spring 56 by which the shaft 52 can be
always urged to be pulled to the right in Fig. 17.
Each of the screw portions 53 is formed of, for
example, a large number of threads so that the latches
25 54, 55 can be rotated by a greét amount when the shaft
52 is slightly displaced in the axial direction. The

screw portions 53 of the latch mechanisms 50 built in



Figs. 7A and 7B show the fourth enbodi ment. Fig. 7A shows the case in which
one controller unit is inserted in one of the PCMCI A type-3 slots and two
storage units are inserted in the other slots. In this 5 case, by selecting
a proper controller unit, the storage'béﬁ%d?ty or the transfer rate can be
increased to twice as large as that when one storage unit is used. Fig. 7B
shows the casthe rsidesodnchetantgeolvtdrd padkafd el 40 HE PFodiedCVC A
type-3 slots and two 10 controller units are inserted in the other slots.
In this case,t@ Hee cectentedain tyhe avphms i tne réssct 1an | tpreach tdither
performance. Although the dimensions of the storage units and }he _ _
control | er ur§Q sthat twien dhwdhiele switches ][ﬁﬁ ihare M iswilesed Sit nohe n }[M dt h
and 15 106.8 nmip |length, the dinensions of the storage units are no
necessary to $N% L EEMELR tHRR lficheR 2ntTDI3®ra PARI% caFibe h

enbodi mentg Fig. 8 is, an.exploded. perspective view of the 20 card type
st or age apgparré t%‘# hehe f???%?ﬁﬁ%‘di CtHOR HeP i SRANIELT Figs. 9A to 9D

are sequential side vi g0k RS ARRAP S LY ST o lds- 10A to
slide switch 51, the latch 54, 55 is pulled into the
inside of a hole 57 bored in the surface of the
control-card package 114A by the force of the spring 56

10 exerted on fhe shaft 52 as shown in Fig. 14. When the
slide switch 51 is pushed, the latch is projected
through the hole from the surface of the control-card
package 114A as shown in Fig. 15. 1In addition, the
latch 54, 55 is rotated until it comes to a position

15 (as indicated by the broken lines in Fig. 17) that is
outside the perpendicular position (as indicated by the
solid lines in Fig. 17) relative to the surface of the
control-card package 114A, or so that it can be tilted
by an angle of, for example, 30 degrees or above.

20 Moreover, as shown in Fig. 18, a female
connector 60 is mounted on one end of the control-card
package 114A so that an array of a plurality of
electrodes 60a for electrical connection can be raised
perpendicularly from the surface of the control-card

25 package 114A by the manual operation. In other words,
rotating pivots 61 provided on both sides are engaged

in the shaft-holes 6la provided on the control-card



- 10C are sequential conceptional diagrans of the apparatus being assenbl ed.
Fig. 11 is a plan view of 25 the construction of part of the apparatus.
Fig. 12 is a perspective view of a part %f the apparatus. Fig. 13 - 22 -
Is a block diagram of an exanpl e of tﬁe3inférnal arrangenment of the
apparatus. This enbodinent is a card type magnetic di sk data storage

appar at us as patkayail4n arhérebye atlie togrmectotat 8606 tcaradse appaitaddicon The
card type nmagnetic di sk storage apparatus of this enbodi nent includes two
portions of Hiwl abintkrelsseand \odiage pddddadge bid imivegxailt rapid car d package
114. These two portions are electrically connected by a connector 112

(mal e) 10 prestafabls. HOR prodigeon,] 1f st arpieccmnatol ame (f enal e)
provi ded on the control-card package-114 side. A plurality of latches 115
provi ded on DRIPGHeRRrOfided ARG -2iieF Ric ke OGS nserted or

engaged | r}’ t hbeO ?Orfﬁésspé’ry}é‘ggeggféﬂ's?sez 1a£LJ.§e feOI{galéaeté hin Ogiéiq'?g |_1!1[()) es
62a which are formed in the control-card package-~114A
side so that the connector 60 can be mounted to be
flush with the surface of the control-card package 114A
as shown in Fig. 14. The engagement force between the
10 fixing projections 62 and the fixing holes 62a is so
adjusted that they can be easily disengaged by the
manual operation but never disengaged without external
force.
The connector 60 is electrically connected to
15 a printed circuit board 64 on the control-card package
114A through conhection terminals 63a of a flexible
printed circuit 63 (FPC) in such é manner that the
tilting operation of the connector 60 relative to the
control-card package 114A can be.prevented from being
20 restricted.
In addition, the connector 118 is provided on
the opposite end of the control-card package 114A to
the connector 60.
The HDA package 111A has ditches 55a, 55a for
25 latch provided on both sides at the positions
corresponding to the latches 54, 55 of the latch

mechanism 50. Thus, the latches 54, 55 projected from



15 package 111, thereby nechanically conbi ni ng both packages. The connect or
112 on the HDA package-111 side has a concave portion 112a provided to face
t he connector 117 and a plurality of electrode pins 112b 20

per pendi cularly projected within this‘qéﬁcéve portion 112a. The connect or
117 on the control -card package- 114 side has a convex portion 117b

proj ected fraAd urfddact adhd omrBI-daredghdatenaa drldbwnd a plurality
of electrodes 117a which are provided within the convex 25 portion 117b

and i n whi ch drgmgedirial ithosd dGltmtesndergipectiikiyaf the connector 112 are
i nserted under pressure. - 23 - The latches 115 are driven by slide
switches 116 each havi g s®,.n& oialel e@npiectier] J0opdT &hed slmem t he ext er nal
by the user, thereby connecting or disconneqtin%lthq HDA package 111 and
the control - cirNCtuRs A& el wonnector 112 in the fifth embodiment

5 is provided on the surface of the HDA package 111A to
face ﬁhe control-card package 114A in order to engage
in the connector 60 on the control-card package-114A
side.

A description will be made of an example of
10 the procedure for assembling the card type magnetic
disk storage apparatus of this embodiment. When the
HDA package 111A and the control-card paékage 114A are
separated, no projeétions appear on the HDA package
111A. In addition, on the control-card package 114A, a
15 plurality of latches 54 and 55 are pulled within the
inside of the holes 57, and the connector 60 is fallen
to be flush with the surface of the control-card
package 114A, or there are no projections.
For the assembly, first, the connector 60 of
20 the control-card package 114A is manually tilted, or
raised to be perpendicular to the surface of the
control-card package 114A which is to be opposea to the
HDA package 111A.
Then, the slide switches 51 are manually
25 moved against the forces of the springs 56 in the
longitudinal direction of the control-card package 114A

(away from the connector 60) so that a plurality of



fhe éonnector 118 provided at one end of the control-card package 114 of
the conbi ned control -card package 114 and HDA package 111 is inserted in a
slot which is provided in a portable %ﬂggrgation processor 10 not shown,
for exanple, a type Il PC card slot whith neets PCMCI A specification. The
size of each part of this enbodinent will be given bel ow The HDA package
111 has a wi Hiahckiésob454n8 B amedppohebiedf tEDoGghmthadhalehi Bknees H1 of
15 7.5 mm The control -card package 114 has a wdth W2 of 54.0 nm a depth
D2 of 85.6 nEhaengubsifpcrpdsyntploftheyoanm tilhed evtwapdckugesthee
conbined into a unitarﬁébody,,the single,bodﬁ has a wi dth VV%: W = W2) of
54.0 mm a dEﬁFﬁeEﬁ%EU ¥ BPsgblennkraRbl¥et PCRH§s§quF§ekE 2bhe H2) of
10.5 mm which et the.,size of t ype L1 .PC card, of. |
specificatioﬁ9n$%8&§FFHg-QﬁFFEﬁe1£§4énga§mbnﬁé9658§ QXStE?ogFakanon each
side are fix compyon af 1 ' IS LIl Ln.ea S| of the
control-cérd?%gggagg-gg&gliigé éﬁémﬁ?éﬂggggg f?&k?hsgsﬁgfggflggsg al ways
urged 1o be BUsPRPL! BoLOEibhaNpil. FhE- showlYcRigPELARe120- Vien no
external force Is exerted, the Tatches
Thereafter, the HDA package 111A is made in
intimate contact with the control-card package 114A so
that the connectors 60 and 70 are engaged with each
10 .other. In addition, when the slide switches 51 are
released from the holding state, the shafts 52 are
moved by the forces of the springs 56 in the opposite
direction to when the manual operation is made, or to
become close to the connector 60. At this time, the
15 latches 54 and 55 are tilted to be perpendicular to the
surface of the control-card package 114A (namely, to
become close to the sides of the HDA package 111a), and
stopped at the positions where they can be engaged in
the corresponding ditches 54a and 55a on the sides of
20 the HDA package 111A. Thus, the latches and the
ditches are maintained in the engaged state by the
forces of the springs 56. Therefore, as illustrated in
Fig. 16, the HDA package 111A and the control-card
package 114A can be mechanically and electrically
25 connected and fixed to be integral.

The integrally combined HDA package 111A and

control-card package 114A are loaded together in, for



4é4- &slide switch 116) are fixed at certain positions by the action of the
spring 120 as described later. Wien the slide switch 116 is noved to the
left in Fig. 11 against the force of the spring 120, the |atches can be 5

rel eased fromthe fixed state. One exan %a?ﬁ the internal construction of

each of the HDA package 111 and the control -card package 114 wl| be

descri bed wi texampbe engepovtébls. inPormat i8n pHocessor by iddertidgpackage
111 has a head di sk assenbly 121 and an.ID information storing area 122
(see Fig. 13)thaheluggommektessbhdlgf 1he | oo ted; casd fpackagepl B4shown in
Fig. 12, a certain, nunber of nmagnetic disks 32 driven to rotate by a

spi ndl e not or*R40 ht8sPeeEREd i eYPREIB4SIPE ch i s suppﬁrted bytpnedgng o;za
head arm 33 and which nmpakes wite/read operation on the magnetic disks

and an actuator 35 whi iﬁ" Yo ﬁ?%é‘ﬂ%%ﬂé’ RRATAS % Flisle t he head

arm33. 5 gyitches 51 of the latch mechanisms 50, it is possible
to integrally combine the HDA package 111A and the
control-card package 114A with ease without any tool.
Moreover, since the connector 60 on the control-card
package 114A Can be folded down not to be projected
10 from the surface of the control-card package 1144, a
large number of control-card packages 114A can be

collectively handled with ease and orderly placed in a

small space.

(Seventh embodiment)

15 Although in the fifth and sixth embodiments
the control-card packages 114 and 114A are respectively
integrally connected to and control the HDA packages
111 and 111A with the head disk assembly 121 built in,
they may be_connected to and control an IC memory card

20 package 111B including an IC memory which is a storage
medium of a semiconductor memory as described below.
The IC memory card package 111B will hereinafter be
described with reference to the HDA package 111 of Fig.
8 because its external appearance and shape and

25 mechanical and electrical connectidn methods are the

same as those of the HDA package 111.



The I'D i nformation storing area 122 is fornmed 20 of, for exanple, a read
only menory which has already stored therein information of the recording
density and nunber (storage capacity) of_ the nagnetic disks 32 in the head
di sk assenbly 121. This information is plied as an ID signal 124 to the
control -card 25 package 14 through the connectors 112 and 117. The ID
informati on storing ar ekl tZibugh nthe |ditdeikd oM therohtiol-dexd be f or med
of a circuit elenent by which the - 25 - signal lines for the ID signaks. . -
124 in the copmekage s1l4 2camdbd 13rcargedideo i e cexalus e afot ogiie B ate or
termnated state. The controt=tard package 114 TTmctudes a 5 central
processi ng urMemanyiacapy) it grax dee rédesigeed htonndre funchieredf AT

el enents for making various, different control _operations on the head di sk
assenbly 121 CRHRrPYPROSMt +B| IBFPANRCHCRR 1 al I BRES SFRILURR 114a, or a

read/ wite_ control _circuit 4 rvo . .
5 {hterface signéf’fﬁng'gféléglve for ATA card is added

to the circuits of the control-card package 114 for the
head disk assembly 121 mentioned in the fifth
embodiment. Thus, the control-card package 114 can be
used to control both the HDA package 111 including the
10 head disk assembly 121 and the IC memory card package
111B including the IC memory.
Fig. 19 is a block diagram of one example of
the circuit arrangement of the control-card package 114
and IC memory card package 111B in this embodiment.
15 The IC memory card package 11B includes an IC
| memory 81 as a storage medium. This IC memory 81 is
formed of, for example, DRAM, or EEPROM capable of
simultaneous erasing. In addition, an ID information
storing area 82 has stored therein information
20 concerning the specifications of the kinds of the
storage medium and control methods in the IC memory
card package 111B..
The IC memory card package 111B and the
control-card package 114 are combined by the engagement
25 of the connectors 112 and 117, and transmit and receive
an address control signal and read/write signal 83 for

the access to the IC memory 8l.



10 control circuit 114c, a spindle notor control circuit 114d and an HDC

I nterface control circuit 114e for controlling that information is received
fromor transmtted to the host side c ected through the connector 118.
The read/wite control circuit 114b IBeﬂgKbs transfer control of read/wite
data through an HDA interface 123. The servo control circuit 114c controls
t he actuator 35 throughn ttice Hime nvay fas eirl 28hée of nftle emicbgioeént on t he
magneti ¢ head 34 on the nagnetic disks 32 in a seek direction 32a. The
spindl e 20 nboorexampiel whenuthelpaderosupply idectwigedtPr, ddBKED32 to
rotate .through the HDA interface 123. In this case, the control-card
package 114 8igpaindfufies Bheukyee 7RQi 8PePn1281the IHi BAMPEY eBtnce i s nade

by the central processing,unit 114a and the 25 varjous rol circuits
under the com®f FP8¥aFﬁa PG EC| PREPRY oY 4p?€gﬂgﬁs£££%t?ﬁl i nf or mati on

[rom the 4 LOLoLIELLed, BhobLoN PhecdAzeRl 8L UPH b 1B, PERR0E: 111
control card package 114.

The control circuits of read/write control
circuit 114b, servo control circuit 1ll4c and sﬁindle
motor control circuit 1144 in the control-card package

10 114 are not.used when the control-card package 114 is
arranged so as to be used in common as the HDA package
111.

Thus, in the seventh embodiment, since the

control-card package 114 can be connected to various
15 different storage media to be controlled such as

magnetic disk storage unit and IC memory, it is

possible to further decrease the cost per bit of.the

control-card package 114, the card type magnetic disk

storage apparatus using the control-card package 114,
20 and the card type IC memory.

Moreover, since the single control-card
package 114 can be used for both the HDA package 111
and the IC memory card package 111B, it will not be
necessary to purchase another type of the control-card

25 package 114 if the HDA package 111 or IC memory card
package 111B is additionally burchased. Thus, a
higher-performance storage unit can be purchased at low

cost.



- 26 - Thus, the control -card package 114 can nmake proper control operation
according to the specification of the head di sk assenbly 121 of the HDA
package 111. One exanple of the action $§ the card type 5 magnetic disk
storage apparatus of this enbodi nent w be described below. First, as
shown in Fig. 9A the HDA package_111 with the connector 112 and a
plurality of |atch ditThes, 1accewding st aklst bnyeettem: r ¥ -+8r d package 10
114 with the conpector 117 and a plurality of latches 115 up so that the
connect or 11PC8R#PLRetRi PERGECEARTHACKPFB8EJAR UL hEACERABCPBFEa®¥€and t he

| at ches, respectively [

.. 1hen,_ as shown_in_Fig. 98g the slide swit T 15 116
s moved by PAEAShAFAPoPR: SEPREOPCRPORRAEN] WBECAAF nERSY hEOr BPRELS! ¢ he
i 120, t Lt 1 i pterl d with th lid
i toh 176t ARALARE, BBCHi Bnt) LePlopfheleRy ARa DRRE REGRS TN ITS o The

correspongingegg55§2§t§13 and are 20 kept in that state. Thereafter, as
shown in Fig. 9C, the control - :




card“ﬁackage 114 and the HDA package 111 are conbi ned under the condition
that they are naintained in this state so that the-eennector_ 117 can be

—_—

engaged in the 25 connector 112 and that_the |atch 115 can be inserted
into the openings 113a of the correspo’ncﬁ ng di tchegi Hﬂﬂl’ﬂiﬂﬂeﬂml y. The
engaged state of the latches 115 and ditches 113 is" 3% a i #m 10B.
- 27 - \Wen tCERATM®r ator rel eases the slide switch 116 fromfhe® fi*ing
position, the latches 115 are noved to the right in Fig. 9 by the force of
the spring 12D, and theA dlafsaysstortagrmidrnardiss ofondr diaigches 115 are 5
engaged with the convex portions 113b of the ditches. The engaged state of
the |atches 115 and t hed ddterRae MrBlY singludiown ath Jeagt Bo@adnaisic t he HDA
package 111 and the control - card package 114 can be, conbi ned and stably

fixed into 10ne2%el@B FLAGHE He R RH QK. 7 drAGREEDA3lsEPY a sequence

f rations w thout. a t ool . The packages . .
of Ope at5 stor{hg 1n£g}mation, a pfﬁéﬁ% motor for said magnetic

disk, and an actuator for moving said magnetic head to
a desired position on said magnetic disk along the
radius direction; and
a controller unit including at least one of a
10 control circuit for head positioning in said storage
unit, a controller for read/write control operation, an
LSI.for encoding and decoding a servo signal, an LSI
" for signal processing, and a printed circuit board;
said storage unit and said controller unit being
15 respectively constructed within separate structures in
order to be independently carried.
2. A data storage apparatus according to claim
1, wherein said storage unit and said controller unit
are connected by connectors mounted on the outside of
20 said data storage apparatus.
3. A data storége apparatus according to claim
1, wherein said storage unit and said controller unit
are connected by a connector mounted on said storage
unit or said controller unit.
25 4. | A data storage apparatus according to claim
1, wherein the structure of said controller unit drives

at least one structure of said storage unit.



can be separated by the reverse operations of the sequence, Figs. 9A to 9D.
The card type magnetic disk storage apparatus forned ou“lmlwmlu)mmﬁm 111
and the 15 control-card package 114 c_arbéze_l oaded in’ e

i nformati on processor by inserting the conhnector 118,fothé cont" ol*- card
package 114 into its PCMCIA type I1l slot. Thus, according to the card type
storage 20 apParatus ofAt@#ata epperige mpParates taeceohing teactajmckage 114
can be used tggether with the HDA package 111 of different type, the cost

per bit of théscWRrEreyBetheoshrectpparaf usaidcstaraget weitodrives card

package 114 Cfn be reduced. In additiop, even if_the 25 HDA package 111 is
repl aced by alPaPhePPeaPhLErELUBReOL fR1daRRNEBALIBY - ¥REH- package 114 can be

25 be i mpr ofed with thahetiotate TRPTHITIR AEeH e o
5 1, wherein a cache memory is provided in the structure
of said storage unit. |
7. A data storage apparatus according to claim
1, wherein a cache memory is provided in the structure
of said controller unit.

10 8. _ A data storage apparatus according to claim
1, wherein an IC memory is used as a cache memory.

9. A data storage apparatus according to claim
1, wherein said controller unit has a function other
than the magnetic storage function.

15 10. A data storage apparatus according to claim
9, wherein said controller unit has a communication
function.
11. A data storage apparatus according to claim
9, wherein said controller unit has a function of

20 compressing and expanding stored information.
12. A data storage apparatus comprising:

a storage unit including at least a magnetic
head for read/write operation, a magnetic disk for
storing information, a spindle motor for said magnetic

25 disk, and an actuator for moving said magnetic head to
a desired position on said magnetic disk along the

radius direction; and



———
(Sixth embodi nent) Fig. 14 is a perspective view of one éxanple 5 of e
card type magnetic di sk storage apparatus as another e mml h \
invention. In this sixth enbodinent, the structure for \' \ *
coupling of a HDA package 111A and a codfrol -card package 114A and the
construction of the 10 connectors for electrically connecting both are

different fromthose ig thatkbitbreined Todhusdnbakeh 1§§%Eaeh§”b%0 ads

illustrated in Fig. 17 is built in each of both Side edges of the control-
card package cbidhAolEadradfitt for deald PodidiicnindAnanilb stdrilgede switch

51 with a notch 5la for manual operation, a shaft 52 which is linearly
driven in thermt,ala donerolderhyfdrhireasd/wid tenidotit rol, opeirew iper,t isens 53
formed on the shaft 52, a pair of latches 54 and 55 which screw in
engagenent wlST tier snooding Gindhdes®din® @ seravce sdiomald tame Ifaft 52 as
the shaft 52 is nmgved straight, and a spring 56 by which the shaft 52 can
be al ways>ur f&F tsdgpalpprios@ssdnohe anidgla orintieg cizcugscpogrdihe screw
portions 53 is forned of, faqr example, a | arge _nunber of threads so that
t he | at ches said storage unit and sailid controller unit being
respectively constructed within separate structures in
order to be independently carried, wherein the
structures of said storage unit and said controller
10 wunit have the dimensions of 5 mm or below in thickness,
54 mm or below in Width, and 85.6 mm or below in
length.
13. A data storage apparatus comprising:
a storage unit including at least a magnetic
15 head for read/write operation, a magnetic disk for
storing information, a spindle motor for said magnetic
disk, and an actuator for moving said magnetic head to
a desired position on said magnetic disk along the
radius direction; and
20 a controller.unit including at least one of a
control circuit for head positioning in said storage
unit, a controller for read/write control operation, an
LSI for encoding and decoding a servo signal, an LSI
for signal processing, and a printed circuit board;
25 - said storage unit and said controller unit being

respectively constructed within separate structures in

order to be independently carried, wherein said storage



25 '54, 55 can be rotated by a great anount when the shaft 52 is inEhtlml

displaced in the axial direction. The screw portions 53 o“!ll mnﬂll Msll ﬁuA

mechani sms 50 built in - 29 - the sidgs of the control
are provided to be oriented in the opposite direction to each other so that
when the slide switches 51 are displaced in the sane direction, the | atches
54, 55 as a pi#t¥t cah said datatstbrage happaoaisis eintihedds Gt teastch ot her .

Wien no external force js exerted on the slide switch 51, the latch 54, 55
i s pull ed i ntPe HRIRREHe sk 1} deEthomel astudtonurdtckeast tdne

control -card package 114A by the force of the spring 56 10 exerted on the
shaft 52 as s“s)ﬁ%ﬁ'ﬁﬁg]rf’ I&F?fbafléﬂné]\ﬁ%r;“i% IYRMit&h 51 i s pushed, Ithe |

| atch is projggcted thrqu the hole fromthe surface .of, the control-car
package 114A gés: shown ?Sh%%\t@ SHOTHGE ARRANAGNS NTEEIRIS4, 55 is rotated

oy 8 102 Pogl Wkalt At MHUIREY Bt WG UHAAE TN P O
head for read/write operation, a magnetic disk for
storing information, a spindle motor for said magnetic
disk, and_an actuator for moving said magnetic head to
a desired position on said magnetic disk along the

10 radius direction; and
a controller unit including at least one of a
control circuit for head positioning in said storage
unit, a controller for read/write control operation, an
LSI for encoding and decoding a servo signal, an LSI
15 for signal processing, and a printed circuit board;
said storage unit and said controller unit being
respectively constructed within separate structures in
order to be independently carried, wherein said storage
unit of said data storage apparatus includes at least
20 two Spindles, at least two magnetic disks, and at least
two actuators, and parallel_transfer of data can be
made by at least said two magnetic disks.
15. A data storage apparatus comprisingi
a storage unit'inclﬁding at least a magnetic
25 head for read/write operation, a magnetic disk for
storing information, a spindle motor for said magnetic

disk, and an actuator for moving said magnetic head to



\
out si de the perpendicul ar position (as indicated by the Ld lines in Fig.
17) relative to the surface of the control-card package ﬁgby\u r' cﬂ"l"erm It
can be tilted by an angle of, for exanp}f,_30 degrees or L "
Moreover, as shown in Fig. 18, a femal e connector 60 i $ nounted on one “end
of the control-card package 114A so that an array of a plurality of

el ectrodes 68adesirefleppeitipnconnsaifonagnatbe Aaskedlengptheicul arly from

the surface of the control-card 25 package 114A by the manual operation. In
ot her wor ds, TRELYE AGTBFESPR: 6808 ovi ded on both sides are engaged in the

shaft-hol es 6la provided on the. contropl-car ., - 30 - package 114A whereby
t he connect or 60pcan b2 ﬁ%ﬁﬁ?@ﬁlﬁﬁ ?ﬂﬁtcbﬂ?fﬂﬁlﬁ%rﬂtp%%£%5e° ﬁ49£t% be

el ndebRkebatherel 280 hala L8 DSCASRESES) QUSCg: BEgheoRect Vel
engaged i? fuxi89 BobsarBaR1uRI EBrar8ah Pl iEtel BohPotOBhERLEEBRY an
package- 114A
LSI for encoding and decoding a servo signal, an LSI
for signal processing, and a printed circuit board;
said storage uniﬁ and said controller unit being
respectively constructed within separate structures in
10 order to be-independently carried, wherein any one of
said controller unit and said storage unit of said data
storage apparatus has a PCMCIA interface.
16. A data storage apparatus comprising:
a storage unit including at least a magnetic
15 head for read/write opération, a magnetic disk for
storing information, a spindle motor for said magnetic
disk, and an actuator for moving said magnetic head to
a desired position on said magnetic disk along the
radius direction; and
20 a controller unit including at least one of a
control circuit for head positioning in said storage
unit, a controller for read/write control operation, an
LSI for encoding and decoding a servo signal, an LSI
for signal processing, and a printed circuit board;
25 said storage unit and said controller unit being
respectively constructed within separate structures in

order to be independently carried, wherein said storage



side so that the connector 60 can be nmounted to be flush mﬁth_fhe surface
of the control-card package 114A as shown in Fig. 14. Trﬂ!’mmm;mm" ce
between the 10 fixing projections 62 and the fixing ho "m _

£

adjusted that they can be easily diseﬁgééed by the mahual’ ober'ati®on sbut
never di sengaged w thout external force. The connector 60 is electrically
connect ed touhit anfr satiddconteollefoandt6éfosaticdaeat s@braged package
114A through connection termnals 63a of a flexible printed circuit 63
(FPC) in suchppamatner dohabtt keusel trpogbdpsr durangotrebligwraneect or 60
relative to the control -card package 114A can be prevented from being 20
restricted. PRexadiicRogvephundennéacsbeckl1gfi 208r 6videdborMethe opposite end
of the controgl-card package 114A to the connector 60, The HDA package 111A
has ditches 38a, 55a f8rd9852| HECRaBROIPRRHAEHSHEPHEPELE28TAt the positions

corresponding to the | atches 54, 55, of tTe | at ch nfchagisn150. Thus, the
| at ches 5 55 projectads Psﬁge unit including at Ieast a magnetic

head for read/write operation, a magnetic disk for
storing information, a spindle motor for said magnetic .
disk, and an actuator for moving said magnetic head to
a desired position on said magnetic disk along the
10 radius direction; and
a controller unit including at least one of a
control circuit for head positioning in said storage
unit, a controller for réad/write control operation, an
LSI for encoding and decoding a servo signal, an LSI
15 for signal processing, and a printed circuit board;
said storage unit and said cdntroller unit being
respectively constructed within separate structures in
order to be independently carried, wherein a connector
of said controller unit and a connector of said storage
20 unit are separately and independently provided and said
storage unit and said controller unit are different at
least in construction so that the connector of said
~controller ﬁnit is prevented from being plugged in the
connector of the storage unit by mistake.
25 18. A data s#orage apparatus comprising:
a storage unit including at least a magnetic
head for read/write 6peration,_a magnetic disk for

storing information, a spindle motor for said magnetic



- 31 -"the surface of the control-card package 114A are engaged in those

ditches, respectively. Also, a male connector 70 of the mﬂ F

the connector 112 in the fifth enbodinent. 5 is provided ﬁ“l“” um qum*ms
the HDA package 111Ato face the control4tard package 4148 i drdér to
engage in the connector 60 on the control-card package-114A side. A

description vdisk peariddgn Gdctllatxapbe Mdvilhly t k8 Preail £c figa@ssgml i ng
the card type nmagnetic di sk storage apparatus of this enbodi ment. Wen the
HDA package 14 Idesinded hsoshinioml o asat dankpget 1d 40N £k eaEeigethed, no

proj ections appear on the HDA package 111A. In addition, on the
control - card ¥R@Kegdinaiendspiural ity of |atches 54 and 55 are pull ed
within the inside of the holes 57, and the connector 60 is fallen to be
flush with the surface fCAHETIRT didaringfarskiae atl Measir arfeercef & e no

' [ : r assenpl first, the connector 60 of
prOJECtIO@§ éghtéo cf%c&?kyfor head positloning in said storage

.unit, a controller for read/write control operation, an
LSI for encoding and decoding a servo signal, an LSI
for signal processing, and a printed circuit board;
said storage unit and said controller unit béing
10 respectively constructed within separate structures in
order to be independently carried, wherein the
connector of said controller unit is used in common as
the connector of said storage unit, and the connector
of said controllér and the connector of said storage
15 unit are identical in construction.
19. A data storage apparatus comprising:

a storage unit including at least a magnetic
head for read/Write operation, a magnetic disk for
storing information, a spindle motor for said magnetic

20 disk, and an actuator for moving said magnetic head to
a desired position on said magnetic disk along the
radius direction; and

| a controller unit including at least one of a
control circuit for head positioning in said storage

* 25 unit, a controller for read/write chtrol operation, an
LSI for encoding and decoding a servo signal, an LSI

for signal processing, and a printed circuit board;



20 the control -card package 114A is nmanually tilted, of raised to be

perpendi cular to the surface of the control-card wch is to
be opposed to the HDA package 111A. Then, the sl |lWﬂﬂW"ﬁ$mm“Fe

manual |y 25 noved agai nst the forces Df44he spri-ngs %6 tn thes [ ongi tudi na
direction of the control-card package 114A (away fromthe connector 60) so

that a plurakki@ @torage 83it kaBcBasdSédoaldoddedr AnRpEOpethgd t hrough the
hol es 57 to the outside and until they are tilted outward fromthe

per pendi cul areppectioelyekahsteuteetheishihasepatratkeseenttakresadd package
114A (as indicated by the broken 5 lines in Fig. 17), and the slide

swi tches 51 erdekepp be tindeppodentdw. cBrgieds wheweinhibest ate.

Thereafter, the HDA package 111A is made in intimte contact with the

contr ol - car dcpaBrsger1 24Asaddt sorage voiheandr $hepocannertonr efengaged with

each 10 other. ,I.n addition, when the slide,switches 51 are
5 said controller unit have 68 pins of the same

dimensions as a connector for PCMCIA connector, and the
unused ones of said pins of the connector of said
controller unit are used for the connection to said
storage unit.

10 20. A data storage apparatus comprising:

a storage unit including at least a magnetic
head for read/write opération,_a magnetic disk for
storing information, a spindle motor for said magnetic
diék, and an actuator for moving said magnetic head to

15 a desired position on said magnetic disk along the
radius direction; and

a controller unit including at least one of a
control circuit for head positioning in said storage
unit, a controller for read/write control operation, aﬁ

20 LSI for encoding and decoding a servo signal, an LSI
for signal processing, and a printed circuit board;
said storage unit and said controller unit being
respectively constructed within separate structures in
order to be indépendently-carried, wherein the

25 structure of said storage unit and the.structure of
said controller unit have different sizes,

respectively.



rel eased fromthe hol ding state, the shafts 52 are noved by th aldf
the springs 56 in the opposite direction to when the naT i"ﬂu I “ﬂiﬁuﬂ
made, or to beconme close to the connect 60. At this titiEN% es

54 and 55 are tilted to be perpendiché?gtB t he surf.ace of the control-card
package 114A (nanely, to becone close to the sides of the HDA package
111A), and sRbpped at Ahdapasstovagewpparatiey compbesiEmgaged in the
correspondi ng ditches 54a and 55a on the_ sides of 20 the HDA package 111A
Thus, the latches and &heteragacanik elnglwdingicat i heasle anbagretitate by
the forces of the_springs 56, Therefore, as illustrated,in Fig. 16, the HDA
package 111ARGAE fAE EEAE/WritqraPpREkAGR. 134P2gRRtEE AeehafiPEal |y and
electrically 25 connected apd fixed to ageintegral The,i,ntegral ly conbi ned

HDA package TEPRIBAALESRTROFIEHr dapSRkRGLe1TRROE  EOF ofait POGBEREF in, for
- 33 - exampgyia RG! gkl g LRhOLIRELL B ORES 8R! aPHab RS L Alag o

a desired position on said magnetic disk along the
radius direction; and
a controller unit including at least one of a
control circuit for head positioning in said storage
10 unit, a controller for read/write control operation, an
LSI for encoding and decoding a servo signal, an LSI
for signal processing, and a printed circuit board;
said storage unit and said controller unit being
respectively constructed within.separate structures in
15 order to be independently carried, wherein at least one
of LSIs provided in the structure of said storage unit

or the structure of said controller unit is a flexible

LSI.
22. A data storage apparatus comprising:
20 a first card type unit including a storage

medium;
a secqnd card type unit including cpntrol
means for controlling said storage medium; and
a connection mechanism for manually
. 25 connecting said first and second card type units to be
.detachable without any tool.
23. A data storage apparatus according to claim

22, wherein said first card type unit is formed by a



t he plug connector 118 of the control-card package 114A into its PC card

type I'l'l slot. In this way, by manually operating the sl -

of the latch mechanisns 50, it is possible to integrall ymmﬁ“mtlummm
package 111A and the control -card packad® T14A with ease Without dhy 5t odl .
Mor eover, since the connector 60 on the control -card package 114A can be
fol ded down nleead dbsk presemblyl Including t honagnétibe @fsk has cemidol -card
package 114A, a |arge nupber of control-card packages 114A can be

col l ectivel y PePtRed TPdtuBas? BNt Herisad sredread AWEH® | space.

(Sevent h enbodi rrenti 15 . s Althogg%ﬁl n the fifth and Ei xth
enbodi ment s t FRETJNTOB| OB SALD AAGRRELG 1318 ARG 220 At vakde EPXel y

hoad di sk’ as SR YL AR 1 BT+ TROTRELS SR O B RORDE LA LR 0l an 1 C
et of <o Borbunenryharsdl feRiy TRl oSy hahoRITr

package 111B yél&ah@reidpddermdeigigscribed with reference to the HDA
package 111 of Fig. _

24. A data storage apparatus according to claim
22, wherein said first card type unit has information
to discriminate the specification of said first card

10 type unit , and said control meané of said second card
type unit reads said discriminating information,
discriminates the kind of said first card type unit on
the basis of said information, and switches the control

operations.

; ._i,,.?



8 because its external appearance and shape and 25 nechani cal and

el ectrical connection nethods-are the sane as those of the HDA package 111.
- 34 - Although the circuits of the control-card package 114 can be
arranged to be exclusive for the IC nenory card, it may be designed for the
function of ATA card proposed in JEIDAMRPOMZT A In this case, an 5 interface
signal line exclusive for ATA card is added to the circuits of the

control -card package 114 for the head disk assenbly 121 mentioned in the
fifth enbodiment. Thus, the control-card package 114 can be used to control
both the HDA package 111 including the 10 head di sk assenbly 121 and the IC
‘menory card package 111B including the IC nenory. Fig. 19 is a bl ock

di agram of one exanple of the circuit arrangenment of the control-card
package 114 and 1 C nenory card package 111B in this enbodi nent. 15

The 1 C nmenory card package 11B includes an IC

FIG. IA

. CONNECTOR

CONNECTOR PLUG



menory 81 as a storage medium This IC nmenory 81 is formed of, for exanple,
DRAM or EEPROM capabl e of simultaneous erasing. In-addition, an-1D :
information storing area 82 has stored therein information 20 concerning

t he specifications of the kinds of the storage nedi um and control nethods
in the I'C menory card package 111B. Th%/i €Thenory card package 111B and the
control -card package 114 are conbi ned by the engagenent 25 of the
connectors 112 and 117, and transnit and receive an address control signal
and read/wite signal 83 for the access to the I C nenory 81. - 35 - 1In
the same way as in the fifth enbodi nent, for exanple, when the power supply
is turned on, an ID signal 84 for the type and so on of the IC nenory 81
incorporated in the IC nenory card package 111B is 5 transmtted through
the connectors 112 and 117 to the control card package 114.

FIG.2
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The control circuits of read/wite control circuit 114b, servo contro
circuit 114c and spindle notor control circuit 114d in the control -card
package 10 114 are not used when the control-card package 114 is arranged
so as to be used in common; as the HDA package 111. Thus, in the seventh
enbodi nent, since the control-card pa 29?7&14 can be connected to various
15 different storage nedia to be contYdll'ed such as magnetic di sk storage
unit and IC menory, it is possible to further decrease the cost per bit of
the control -card package 114, the card type magneti c di sk storage apparatus
using the control -card package 114, 20 and the card type |IC nenory.

Mor eover, since the single control-card package 114 can be used for both

t he. HDA package 111 and the IC nenory card package 111B, it will not be
necessary to purchase another type of the control-card 25 package 114 if

t he HDA package 111 or I1C nenory card package 111B is additionally
purchased. Thus, a higher-performance storage unit can be purchased at | ow
cost. -

© storaee | 6 2 4 1 8
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- 36°- Thus, according to this invention, it is possible to produce at |ow
cost an uItra thin portable magnetic dISk st orage apparatus which is easy
to handl e and has excellent extensibility and very high 5 reliability.

37 CLAIMS: 1. A data storage apparatus conprising: a storage unit

I ncluding at |east a magnetic head forz¥¢qd7mm|te operation, a magnetic
disk for 5 storing informati.on, a spindle notor for said magnetic disk, and
an actuator for noving said magnetic head to a desired position on sai d
nagnetlc di sk al ong the radi us dlrectlon and a controller unit including

| east one of a
FIG.4
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10 eontrol circuit for head positioning in said storage unit, a controller
for read/wite control operation, an LSI for encodi ng and decoding a servo
signal, an LSI for signal processing, and a printed circuit board; said’
storage unit and said controller unit being 15 respectively constructed

W thin separate structures in order to$ { pdependently carried. 2. _

A data storage apparatus according to claiml, wherein said storage unit
and said controller unit are connected by connectors nounted on the outside
of 20 said data storage apparatus. 3. A data storage apparatus
according to claim1l1, wherein said storage unit and said controller unit
are -connected ‘by a connector nmounted on said storage unit or said
controller unit. 25 4. A data storage apparatus according to claim
1, wherein the structure of said controller unit drives at |east one

structure of said storage unit. F:|(§? ESI\
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5. . . A data storage apparatus according to claim1l, wherein the
structure of said storage unit drives at |east one structure of said

controller unit. 6. A data storage apparatus according to claim5 1
wherein a cache nenory is provided in the structure of said storage unit.
7. A data storage apparatus accgding to claim1, wherein a cache

menory is provided in the structure of sald controller unit. 10 8.
A dat a storage apparatus according taoa claim1, wherein an I C nenory is used

as a cache nenory. 9. A data storage apparatus according to claim1,
wherein said controller unit has a function other than the nagnetic storage .
function. 15 10. A data storage apparatus according to claim9,
wherein said controller unit has a comuni cation function. 11. A data
storage apparatus according to claim9, wherein said controller unit has a
function of 20 conpressing and expganding_stored information. 12. A
dat a storage apparat us conprising?? d;: dajilﬂﬂt I ncluding at | east a

magneti c

SLOTS
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. CONTROLLER UNIT
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head for read/wite operation, a magnetic disk for storing information, a
spindl e notor for said nagnetic 25 disk, and an actuator for noving said
magnetic head to a desired position on said magnetic disk along the radius
direction; and -39 - acontroller unit including at | east one of a
control circuit for head -positioning h?(s§Wd storage unit, a controller for
read/ wite control- operation, an LSI for encoding and decoding a servo
signal, an LSl 5 for signal processing, and a printed circuit board; said
storage unit and said controller unit being respectively constructed within
separate structures in order to be independently carried, wherein the
structures of said storage unit and said controller 10 unit have the ,
di mensi ons of 5 mmor .below in thickness, 54 mmor belowin width, and 85.6
mm or below in length. 13. A data storage apparatus conpri sing:

FIG.8

11,1118




a storage unit including at |east a. nmagnetic 15 head for read/wite -
operation, a magnetic disk for storing information, a spindle notor for:
sai d magnetic disk, and an actuator for noving said magnetic head to a .
desired position on said magnetic disk along the radius direction; and 20
a controller unit including at |east ogg/qf a control circuit for head
positioning in said storage unit, a controller for read/wite control
operation; an LSI for encoding and decoding a servo signal, an LSI for

si gnal processing, and a printed circuit board; 25 said storage unit and
said controller unit being respectively constructed wthin separate
structures in order to be independently carried, wherein said storage -
40 - unit of said data storage apparatus includes at |east one magnetic
di sk, at | east one actuator, at |east one magnetic head, and at |east one

RWIC 14. - A data storage apparatus conprising:
FIG.9A
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5 . : a storage unit including at |east a nmagnetic head for

read/ w.ite operation, a nmagnetic disk for storing information, a spindle
notor for said nmagnetic disk, and an actuator for noving said magnetic head
to a desired position on said nagnetic disk along the 10 radius direction;
and a controller unit including at |eagt/qrp of a control circuit for head
positioning in said storage unit, a controller for read/wite control,
operation, an LSI for encoding and decoding a servo signal, an LSI 15 for
signal processing, and a printed circuit board; said storage unit and said
controller unit being respectively constructed within separate structures
in order to be independently carried, wherein said storage unit of said
data storage apparatus includes at |east 20 two spindles, at |least two
magnetic disks, and at |east two actuators, and parallel transfer of data
can be made by at |east said two magnetic di sks. 15. - A data storage
appar atus conpri si ng: a nat including at |east a magnetic 25 head
for read/wite operatiaFfiégqaﬁes disk for storing information, a
spindle notor for said nagnetic '

13

n3




di sk, and an actuator for noving said nmagnetic head to 41 a desired
position on said nagnetic disk along the radius direction; and a controller
unit including at |east -one of a control circuit for head positioning in
said storage 5 unit, a controller. for read/wite control operation, an LS
for encoding and decoding a servo sigpng@ /@ LSl for signal processing, and
a printed cifcuit board; said storage unit and said controller unit being:
respectively constructed within separate structures in 10 order to be

i ndependently carried, wherein any one of said controller unit and said
storage unit of said data storage apparatus has a PCMCIA interface. 16.

A data storage apparatus conprising: a storage unit including at least a
magnetic 15 head for read/wite operation, a nmagnetic disk for storing
information, a spindle notor for said nmagnetic di sk, and an actuator for.
nmovi ng sai d magnetic -head to ‘

FIG. Il
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a desired position on said nmagnetic disk along the radius direction; and 20
a controller unit including at | east one of .a control circuit for head
positioning in said storage unit, a controller for read/wite control
operation, an LSI for encoding and decoding a servo signal, an LSI for ,
signal processing, and a printed circyiy bpgrd; 25 said storage unit and
said controller unit being respectively constructed within separate
structures in order to be independently carrired, wherein said storage 42
unit and said controller unit of said data storage apparatus do not cause
troubl es during read/wite operation even under a shock of 200 G or above.
17. . A data storage apparatus conprising: 5 a storage unit

i ncluding at |east a nmagnetic head for read/wite operation, a magnetic

di sk.for storing information, a spindle notor for said magnetic di sk, and

an actuator for noving sdro—magnetrc nead To,,
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a desired position on said nagnetic disk along the 10 radius direction; and
a controller unit including at |east one of a control circuit for head
positioning in said storage unit, a controller for read/wite control
operation, an LSl for encoding and decoding a-servo signal, an LSI 15 for
signal processing, and a printed cir % t*)rd said storage unit and said
controller unit being respectively co ructed Wi thin separate structures
in order to be independently carried, wherein a connector of said
controller unit and a connector of said storage 20 unit are separately and
i ndependent |y prOV|ded and said storage unit and said controller unit are
different at least in construction so that the connector of said controller
unit is prevented from being plugged in the connector of the storage unit
by m stake. 25 18. A data storage apparatus conprising: a storage
unit including at |east a magnetic head for read/wite operation, a
magnetic disk for storing information, a spindle notor for said nmagnetic

FIG.14

A




43 di sk; and an actuator for noving said nagnetic head to a desired
position on said magnetic disk along the radius direction; and a controller
unit including at least one of a 5 control circuit for head positioning in
said storage unit, a controller for read/wite control operation, an LS

for encodi ng and decodi ng a servo sigpa/ p7 LSI for signal processing, and
a printed circuit board; said storage unit and said controller unit being
10 respectively constructed within separate structures in order to be

i ndependently carried, wherein the connector of said controller unit is
used in comon as the connector -of said storage unit, and the connector of
said controller and the connector of said storage 15 wunit are identical in
construction. 19. A data storage apparatus conprising: a storage unit
including at |east a magnetic head for read/wite operation, a nagnetic
disk for .-storing information, a spindle notor for said magnetic 20 = di sk,
and an actuator for noving said nagnetic head to .

FIG.I5




a desired position on said magnetic disk along the radius direction; and a
controller unit including at | east one of a control circuit for head
positioning in said storage 25 wunit, a controller for read/wite control -
operation, an LSI for encoding and decoding a servo signal, an LSl for
signal processing, and a printed circrit/QO7rd; said storage unit and
said controller unit being respective é’constructed W thin separate
structures in order to be independently carried, wherein the connector of
said storage unit and the connector of 5 said controller unit have 68 pins
of the sanme di mensions as a connector for PCMCI A connector, and the unused
ones of said pins of the connector of said . controller unit are used for the
‘connection to said storage unit. 10 20. A dat a storage apparat us
conprising: a storage unit including at | east a magnetic head for-

read/ wite operation, a magnetic disk for

FIG.16




storing:information, a spindle notor for said nmagnetic di sk, and an
actuator for noving said magnetic head to 15 a desired position on said
magneti c di sk along the radius direction; and a controller unit including
at | east one of a control circuit for head positioning in said storage
unit, a controller for read/wite con{r®y pfferation, an 20 LSI for
encodi ng and decoding a servo signal, an LSI for signal processing, and a
printed circuit board; said storage unit and said controller unit being
respectively constructed within separate structures in order to be

i ndependently carried, wherein the 25 structure of said storage unit and
the structure of said controller unit have different sizes, respectively.
-45 - 21. A dat a- storage apparatus conprising: a storage unit
including at .| east a magnetic head for read/wite operation, a nagnetic
di sk for C) '

4 A




storing.information, a spindle notor for said magnetic 5 disk, and an
actuator for noving said magnetic head to a desired position on said
magnetic disk-along the radius direction; and a controller unit including
at | east one of a control circuit for head positioning in said storage 10
unit, a controller for read/wite cont gy joperation, an LSl for encoding
and decoding a servo signal, an LSl for signal processing, and a printed
circuit board; said storage unit ‘and said controller unit being
respecti-vely constructed within separate structures in 15 order to be

i ndependently carried, wherein at |east one of LSIs provided in the _
structure of said storage unit or the structure of said controller unit is
a flexible LSI. 22. A data storage apparatus conprising: 20

a first card type unit including a storage medium a second card type unit
i ncl udi ng control means for controlling said storage nedium and a
connection mechanismfor manual Iy 25 connecting said first and second card
type units to be ' N '




det achabl e wi t hout any tool. 23. A data storage apparatus accordi ng
to claim?22, wherein said first card type unit is forned by a - 46 -
-head di sk assenbly including a magnetic disk as said storage nedium a
magnetic head for read/wite operation on said nmagnetic disk and an
actuator for positioning said nagnetlﬁzh qd7on said magnetic disk, 5 or by’
a nenory package including a sem cond nmenory as said storage nedi um
24. A data storage apparatus accordlng to claim 22, wherein said
first card type unit has information to discrininate the specification of
said first card 10 type unit , and said control neans of said second card
type unit reads said discrimnating information, discrimnates the kind of

said first card type unw-ﬁmvﬂﬁﬂrﬁnun1r1ﬁ-1wnthvpfornat|on and swi tches
the control operations.
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ABSTRACT OF THE DISCLOSURE

DATA STORAGE APPARATUS

A data storage apparatus made up of a
storage unit including at least a magnetic heéd, a
storage medium, a spindle and an actuator, and a
contfoller unit including a terminal for interface, a
controller for controlling the positioning of the
magnetic head and the read/Write operation in the
storage unit, an LSI for encoding and decoding a servo
signal, an LSI for signal processing and a circuit
board, the étorége unit and the controller unit being
assembled within separate structures, respectively.
Thus, any type of such storage unit can be combined’
with an arbitrary type of such controller unit in
accordance with the use and purpose. Since the storage
unit and the controller unit are constructed within
separate structures, respectively, the data storage
apparatus can be separated into the storage unit and
the controller unit. Then, for example, only the
storage unit having secret information previously
stored can be carried, while the controller unit éan be
left plugged in a slot. 1In this case, since the
structures of the storage unit and the controller unit

are made thiﬁ%ﬁiﬁﬁiS-very convenient to carry them.

-_.(Please note that Flgures 1A and 1B should accompany the abstract
when published) N
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ABSTRACT OF THE DISCLOSURE (Replacement Sheet)
2 April 1996

DATA STORAGE APPARATUS

A data storage apparatus having a storage umit including at least a magnetic
head, a storage medium, a spindle and an actuator, and a controller unit including
a terminal for interface, a controller for controlling the positioning of the magnetic
head and read/write operation in the storage unit, an LSI for encoding and
decoding a servo signal, an LSI for signal processing and a circuit board, the
storage unit and controller unit being assembled within separate structures. Thus,
any type of storage unit can be combined with an arbitrary type of controller unit
in accordance with use and purpose. Since the storage unit and controller unit are
constructed within thin separate structures, the data storage apparatus can be

separated into the storage unit and the controller unit, which are convenient to

carry.

(Please note that Figures 1A and 1B should accompany the abstract when
published)
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