WD 01/ 31641 PCT/ US00/ 41444 DATA STORAGE DEVI CE, APPARATUS AND METHOD FOR -
USI NG SAME BACKGROUND OF THE INVENTION 1. Field of the Invention This
invention relates generally to data storage devices and icularly
to a portaBP& 318t age device or a portable card incorpof &%&Bg&%ata
storage device which is capable of having information recorded into and
read fromthe data storage device.' The portable storage device or
portable card may be in the formof an encodeable card having a magnetic
or optical data storage device adapted to be used as a credit card,
medi cal identification CRATA STERAIH DEVEEEORPEARHTYF the |ike. The data
storage device utilizes a recording nediumor a data storage nedi um fornmed
on a substrate capabl e of rAFD MHTHOD BAR, USANSrAMY and, reproduction in an
anbi ent natural atnospheric operating environnment. Traditional hard disks
requi re a profoundly protecBASKEROWPr O 1R INYENTEIN abl e data recording and
‘reproduction. ‘In the preferred enbodinent, the data storage device is in
t he form of Bielsdwét tealInyephtorieable .:credit. card, . having' a data storage
capability in the order of about 1 negabyte to about 500 negabytes or
more. 2. Descriipisi énverdtidnerfiates Agepefdldyptpodats istergaetdealidef encodeabl e
card, illustrated as 100 in Fig. 1 through 4, have primary application as
financi al andrechre peatisulariyetoraportable \stonage cdiicecarda mertahlebver se
WO 01131641 PCT/[JSOQ 41444 -2

card incorporating a data storage device which is capable of

having information recorded into and read from the data storage
"device.’ The portable storage device or portable card m;y be in
the form of an encodeable card having a magnetic or optical data
storage deyice adapted to be used as a credit card, medical
identification card, identification card or the like.

The data storage device utilizes a recording medium or a
data storage medium formed on a substrate capable of reliable
data recording and reproduction in an ambient natural
atmospheric operating environment. Traditional hard disks
require a profoundly protected environment for reliable data
recording and reproduction. In the preferred embodiment, the
data storage deyice ia in the form of a mggnetically encode;?lg

| _'.-"c'x-e;dit;_ card having a data storage capability in the order of
about 1 megabyte to about 500 megabytes or more.
2. Description of the Prior Art

ihe prior art magnetically encodeable card, illustrated as

100 in Fig. 1 through 4, have priwary application as financial

credit cards. The magnetically encodeable caxrd has an obverse



surface or side 102 containing indicia, e.g. typically user and/or bank

“informati on and a converse surface or side 104 containing an encoding
section sf g ferally as 106. To insure that magnetimaiispoeragoded cards

can be rea by standard card readi ng devices, the prior art cards are

fabricated in accordance wth standafds pronulgated by the Anmerican

Nati onal Standards Institute, Inc. ("Anerican National Standard" or

"ANSI"). This is discussed in greater detail hereinbel ow. The encodi ng

section HyGrhse totPisgab! YoR WhELiABShaLoiSt ki, ﬁ/}ﬁ@ai ugegwn on Fig. 2
and this format is generally .used by the AVER CA SS(r) or AMEX(r)

credit cand/oA Bfiahk¥fhation Sad 'O WoHREGAR! istr8idd RS sdde SIHAWN by dashed
line 112 shown in Fig. 2 defining a narrow magnetic stripe area 114,

i s-used R¥nVhsdg aANEnBBingOLEEEidh 8Hbim %@§a1i§ymscibby To he substrate
for both the VISA(r) credlt card and the AMEX(r) ~credit card is fornmed of

pol yvi nylinglterdwia &ﬁal@?déﬁodeﬁoéﬂfddﬂélancﬂé Ydadey ?C@éa%t&igré" PVCA")
VI SA(r), AMERI CAN EXP ESS(r) and other financial institutions nmake w de

use of NRGRE! FEMing aBPEAUIL] (AT SIS IORyE | G Ble FARIBGEIPL NS Anot her
known card used for credit or banking transaction is a Smart Card 120

i1 ustratedobfaddedSrith S4HARA498s promﬁgaéé/cp'b%ahhé i CRE Oy aé:%gngfs an

integrated circuit shown as 122 | ocafied on’the verse side 126 thereof.

The int egfgh88rdd Mok § rudel? 1HBY Ea%%g@sa@ wiedbadd %%@h&{@%:ﬂeﬁber The

converse side 128 of the ‘Smart 120 may be blank or alternatively may

VIO 01/ 316A%sPAT! 191304 4 14ddbusnda | HF GudS & HRYRE | o i hbRRnAr € similar to

magnet Ic stri pe areas
_The encoding section 106 is typically a wide magnetic

stripe area 110 shown on Fig. 2 and this_format is generally
used by the AMERICAN EXPRESS® or AMEX® credit card.

Alternatively, a narrow magnetic stripe, as shown by dashed
line 112 shown in Fig. 2 defining a narrow magnetic stripe afea
114, is used by Visa® and most other credit cards. Typically,
the substrate for both the VISA® credit card and the AMEX®
credit card is formed of polyvinyl chloride ("PVCY} and/or
polyvinyl chloride acetate ("PVCA"). VISA®, AMERICAN EXPRESS®
and other financial institutions make wide use of magnetically
encoded cards for financial transactions.

Another known card used for credit or banking transaction
is a Smart Card 120 illustrated in Figs. 5 through 7. The
.typical Smart Card 120 has an integrated circuit shown as 122
located on the obverse side 126 thereof. The integrated circuit
122 may include a dedicated storage member. The converse side

128 of the Smart Card 120 may be blank or alternatively may



110 and 114 as illustrated in Fig. 2. Background The term"data card" is
used in the art to define both financial cards and cards that contain
non-fi nancwmﬁﬁ_ga. The ternms "financial card" or "finaosfusho/asedit cards”
generally ‘include credit cards, debitgcards, A T.M cards and other cards
that contain financial data. Exanples of financial cards include general
purpose financial credit cards e.g. VISA(r), AMERI CAN EXPRESS(r),
MASTERCARD(r), and specific or special purpose credit, cards such as oil

d t . t 5. hot el ds,
comPany SRl PARGIRAL SLAR SE6umIal (E0aheER S bt Bl 0s
di scl ose 15)5%:?«9'112@% Qfﬁh-gpgfe%r%ﬂfé@ngl.al cards or transaction cards
having a Single magnetic s?r|pe. e orage densities of single stripe

magnetic cards are defined by the ANBlL St andard Specifications. Prior art
magnetically encoded cards may haVFs’\E%'paﬁ%three (3) data tracks as

Dosi gned for AR FREM UESHS' ST e ol ah o ST Eo MRS o 37500
Roaa) i 1 5 EanRl b fad3Ba, ERA] XER: S SRLE e AR BRI AT 514
PCT/ UsCd %%#84 "f-iﬁancial card" or "financial credit cards ’ generally '
include credit cards, debit cards, A.T.M. cards and other cards
that contain financial data. Examples of financial cards
include general purpose financial credit cards e.g. VISA®,
AMERICAN EXPRESS®, MASTERCARD®, and specific or special purpose
credit cards such as o0il company cards, department store cards,
car rental cards, hotel cards, airline cards and the like. |
United States Patents 5,396,545 and 4,791,283 disclose
typical state-of-the-art financial cards or transaction cards
having a single magnetic stripe. The starage densities of
single stripe magnetic cards are defined by the ANSI Standard

Specifications. Prior art magnetically encoded cards may have

up to three (3) data tracks as described in Table 1 below:

Track Density arge licati
1 553 bytes Designed for Airline Use
2 200 bytes Designed for Credit Card Use
3 535 bytes Not for General use. reserved for

Special Applications, Has
Read/Write Capability

Total Storage 1,288 hytes

Table 1



A general trend presently exists to devel op special purpose data cards for
non-financial data applications such as for driver's |icenses, building
security, insurance identification, nedical insurance gcdaioddiagation,
personal WO&HBI%#1 cation, inventory identification, baggage tags and the
like. Since the use of data cards incfuding financial cards and other
cards used for non-financial data purposes has proliferated significantly
over the past several years, such f data cards are being fabricated to be
machi ne readable by a wide variety of readi ng devices and apparatus. As

di scussed above, typically a financial card has a single nmagnetic stripe
havi ng t hr ee® (FPnegad atxensk pEesaplyaprigie thederlPPngreeialc puraeee used for
"read-only" applications while other of the reading devices are used for
"read andiasp gprdseforppin-dinpankal dang wrdigathent sugh ahdorhree (3) data
tracks. Qther known prior art nagnetically encodeabl e cards have at | east
two magneinivests PesnseacPudlding Aecuaithaiaserenes igerelfigatdonyacks, for
recording and witing data. United States Patents disclosing cards having
one or ndedicahginaurenge ridestifityaliose wesivnadt dentdfbestianol ude United
States Patents 5,883,377; 5,844,230; 5,59,885 and 5, 714, 747. Certain of

t hese caridwentery islesbihficatidnctngongaotagshapd tha ddkge densities as high
as 8 kilobytes. K WD 01/31641 PCT/ US00/ 41444 -5- in order to facilitate
reliabl e readBireerheuese fadhbry cards including financial cards and

other cards used for non-financial data purposes has
proliferated significantly over the past several years, such
data caé&s are being fabricated to be machine readable by a wide
variety of reading devices and apparatus. As discussed above,
typically a financial card has a single magnetic stripe having
three (3) data tracks. Certain of the reading devices are used
for "read-only" applications while other of the reading devices
are used for "read and/or write" applications using one or more
of the three (3) data tracks.

Other known prior art magnetically encodeable cards have at
least two magnetic stripes, each of whicg may have one or more
data tracks, for recording and writing data.

United States Patents disclosing cards having one or more
magnetic strips and/or semiconductor memory include United

- States Patents 5,883,377; 5,844,230; 5,59,885 and 5,714,747.
Certain of these cards using a semi-conductor memory have

storage densities as high as 8 kilcbytes.



devices, financial cards are fabricated in accordance with standards
promul gated by ANSI. For exanple, the American National Standard for

| dentifi caﬁi q‘?, %{ ds - Physical Characteristics is coveoadishysiade

ANSI /1 SO | 8 § -1995 Standard (the ANSI/I SO I EC 7810- 1995 St andard").
The ANSI/ISO | EC 7810-1995 St andard S'B'eci fies the physical

characteristics of identifications including card materials, construction,
characteristics and di nensions for various sizes of financial cards. In

addition, finangial .credit._c S ,.nmust. .c I .th 1the Anerican National
Standard for | élnf’lr??%gﬁ 5ﬁcg’ﬁ_5§e-rﬁe1€g’ggi%egavgi?§c% i Y repHng 4 Location
of Read- Onl,y Magnetic Tracks -.Tracks .l and 2 which is covered by the

ANSI /1 SO | Eé”fé%l- %&%ﬁsfaﬁ%ﬂaraae( FFLeq /H“SéFF%’&faf’gfl‘f'ht-*iggs

St andard") . _Th NSI/1 SO LEC 7811-4-1995 St d i fi, t he | ti

of ag a;rag)ngf?%‘fasrtd?i peott tﬁﬁi%%gfl n ?raeﬁﬁ‘&ig'i E}S‘ ?Ag{‘?ﬁllfe:%r‘ rgad?cgn: Sn
ti di t 1 . identificati d . Th '

Aol 1 sor | Bl e R el el ent B lea R eR b oYL (e 1 ocat i on of

encoded da tracks,. and .t he beqginpning and end ,of encoding. Further, and
dependi ng a’fﬁfé:eﬁbﬁ”r“caat’isoﬁ°‘6‘?‘%ﬁlsg¥ %enﬁﬁﬂ}a]ﬁso/épgdﬁmc'é?g% nust conply

Techni aue. Tepfals Bhe Res 7t A0HRE 0o b Wiaphofdt) 7 afRe*° 70 hekc s unton
Standar o (PREPARGIF: it dSds Fraaasgsreat fing.Pne) SRS ShNSI /SO I EC
7811-5- 199gha8£aaért]:%%§.gtf se%iff ij.gesnt}it}?.cations including card materials,
construction, characteristics and dimensions for various sizes
of financial cards.
In addition, financial credit cards wmust comply with the
Ame;ican National Standard for Identification Cards - Recording
Technique - Part 4: Location of Read-Only Magnetic Tracks -~
Tracks 1 and 2 which is covered by the ANSI/ISO/IEC 7811-4-1995
Standard (the "ANSI/ISO/IEC 7811-4-1995 Standard"). The
ANSI/ISO/IEC 7811-4-1995 Standard specifies the 1ocatioﬁ of a
magnetic stripe area which defines a magnetic track for read-
only magnetic recording, tracks 1 and 2 on identification cards.
The ANSI/ISO/IEC 7811-4-1995 Standard specifically identifies
the location of encoded data tracks, and the beginning and end
of encoding.
Further, and depending on the application or use, financial
credit cards must comply with the American National Standard for

Identification Cards - Recording Technique - Part 5: Location

of Read-Write Magnetic Tracks - Track 3 which is covered by the

il



| ocation of a magnetic stripe area which defines a magnetic track for
. read-write magnetic recording, track 3 on identification cards. The
ANSI /| SO"&F(‘;, 21%11 5-1995 Standard |ikew se specifical lpcThusenid1edd es t he
| ocation ¥%8hed data tracks, and_ .the begi nning and end of encodi ng.
Financial credit cards include a magnétic stripe area which conplies wth
all of the ANSI Standards. Adherence to the ANSI Standards ensures that
financial credit cards can accurately pass magnetic signals between the

card 1 eadgisrys g0t 9hy AL 1608 SUIBAACK! Fuind bhRET ARt Midie sDIboE ATt

known credit cards having a nmagnetic stripe area, verse side of the

card genegiabhy-£0Nt Aihs an itngﬁxw%lip%iﬂ%at ki ndtathrg p'iv,éi%ahtaéeo whom

the credit card is issued, e 1ssuing bank and o propria

| 0f or B | ka3 L1 IRRLOLL:S. SLORO 000 LA SPGOELIGS 3! RLfRALCA (N

"Si phase” mark coding nique 1 n "nmagneti c domal ns ned by a | eading

and an ag&xggk%gp debalhi N qggﬁggj{ccéggb%{n@{?;:?ﬁéek aThg spacing between the

magneti c mai ns defines the areal density o magneti c storage

material ;4 HE%fiéJﬁoh”f:Qf&Eat | gﬂe bins% /£ 66 e 9911-35-%%%&?%&% Ipe area is

represente y a sequence of bi'nary “ones-and zeros as defined above. The
o ancer  ARESLRS Sl AT Sl i f AL 1 GG IOV GOdR OB S 2L
of TP R i 8 A Sha g e g ahove wre 1 the orde
for track 2 apgnéricjiia).l l:Peciin:e 09&8@ rin%flugé'oa Ii?FlEaiIgnei::i.c atripe area which

complies with all of the ANSI Standards. Adherence to the ANSI

Standards ensures that financial credit cards can accurately

pass magnetic signals between the card reader transducer and the

magnetic stripe area.

In the prior art known credit cards having a m;énetic

stripe arsa, the obverse side of the card generally contains

indicia used to identify the individual to whom the credit card

is issued, the issuing bank and other appropriaté:information.

Information is stored on the magnetic stripe area in a "Biphase"

mark coding technique in "magnetic domains" defined by a leading

and an associated trailing magnetic flux revexrsal. The spacing

between the magnetic domains defines the areal density of the

magnetic storage material. Thus, the information bits (data) on

a magnetic stripe area is represented by a sequence of binary

ones and zeros as defined above.

The standard densities for financial or credit cards having

magnetic stripe areas having three (3) data tracks which.are in



for track 3. The transducers used in card reader are responsive to one or,

nore tracks; e.g., any one or nore of track 1, track 2 or track 3. As the
demand forwbﬂqgﬂm al or credit cards or data cards for PeorUsii/4igddci al uses
increase, incertain applications it ig desirable that the data card
include the ability to record information fromon-line card readi ng and
data processing systens with enhanced security as well. As a result
thereof, a category of data cards generally known as "Smart Cards",
ot her w secqgidratbé ywithovhe ANSI| StLatagtels, ad aleactilvee] apetde atee iGnahé Card is
often defined as an Internatiopal Standards Organization ("1SO') standard
card wit hoederepifedtiad 21onbegrsaped iahc UBPIX Hop. tifdwk hE Cai)d impyhencl ude a
m croprocessor and a dedi cated storage chip thereby resulting in such an
| C Card betderx ofiens iBRIeflonrtracke? rad t(didks im Shardrdsar df 214 Swart Card
generally is in the formof a standard financial or «credit card, but
I ncl udes fommteackrHeeThengraisdpcene sey Andardyre®itenaractasdenaivagnet i c
stripe area which can be read by a standard card reader for financial or
credit catalneOne weheamicagies;0k.q. Sramyt ofidralr meré hefi tichek dpt aratkrzd
therein is usually nore secure than data stored on a nmagnetic stripe, and
such dat aoxamaek e easily read fromthe Smart Card FlI11 WO 01/ 31641
PCT/ USOQ' 41444 -8 due to incorporation of encryption technol ogy. Further,
the Smart Camd tims def@ndbidd £ynimcisflooe czreldatgeairauaﬁtdat;a ehrdat a
conpared to a magnetic stripe and can be used in a variety of

for non-financial uses increase, in certain applications it is

desirable that the data card include the ability to record
information from on-line card reading and data processing
systems with enhanced security as well. As a result thereof, a
category of data cards generally known as "Smart Cards”,
otherwise generally known as "IC Cards", have developed.

The Smart Card is often defined as an International
Standards Organization ("ISO") standard card with an embedded
integrated circuit chip. The IC Card may include a
microproceséor and a dedicated storage chip thereby resulting in
such an IC Card being identified or referred to as a Smart Card.
A Smart Card generally is in the form of a standard financial or
credit card, but includes a microprocessing chip, memory and may
even include a magnetic stripe area which can be read by a
standard card reader for financial or credit cards.

One advantage of a Smart Card is that the data stored
therein is usually more secure than data stored on a magnetic

stripe, and such data cannot be easily read from the Smart Card

iI1



applications in cooperation with a card readi ng apparatus and data
processi ng system United States Patent 5,901, 303 discloses an exanple of a
Smart Card. Ot her known storage devices used in non-carngrampddiesat i ons,

such as' f¥POU¥%4Hbl e, data storage nedjuns in hard di sk, have storage
densities greater than the storage de¥rsities of the known credit cards
havi ng one or nore magnetic stripes including three (3) data tracks. A
data storage nediumin a hard disc drive typically has an 130mm 95mm
65mm or 25mm outer dianmeter wth a hole in the mddle for nmounting the
medi um ordug &@i intozrporatin offlaentryips kol riechnobokiym Fartiest,grehd and

manuf actured for wuse as a rotating nenory device with circunferenti al

di'scr et e Smaat aCdardaties. tHdhiabiddtyimo etork skdarggpigiahkytgpmdataa high rate
of speed with the data tracks accessed by one or nore a radially novable
read/ wi teempased .td b naghetdunstiigen@ndrdan Geusgeddn aowdnietiyeeor di ng nedi a
for recording nagnetic signals. For horizontal recording, the easy axis of
magnet i zaippliicatsigna ahl ébogerat hen stthas ecarld bEedinp@ppatrardsaynad. It is al so
known in the art to use vertical recording nedia for recording nagnetic

si gnal s. dataepdgsaial aystvd.i cal WO 01/ 31641 PCTI USO0/ 41444 -9 nagnetic
recording nmediumis disclosed in United States Patent 4,687,712. Through a

pl ati ng and/ otnixeipBthtdés [HaReRE S5, 202, B3N ilkyDeSes amdekawmslies o@f amagneti c or
non- magneti ¢ materials are deposited
Smart Card.

Other known storage devices used in non-card applications,
such as‘for example, data storage mediums in hard disk, have
storage den5ities greater than the storage densities of the
known credit cards having one or more magnetic stripes including
three (3) data tracks. A data storage medium in a hard disc
drive typically has an 130mm, 95mm, 65mm or 25mm outer diameter
with a hole in the middle for mounting the wedium on a spindle
motor. Hard disk drive medium is designed and manufactured for
use as a rotating memory device with circumferenﬁial discrete
data tracks. The medium, or disks, typically spin at a high
rate of speed with the data tracks acceased by one or more a
radially movable read/write heads.

It is known in the art to use horizontal recording media
for recording magnetic signals. For horizontal recording, the
easy axis of magnetization is parallel to the surface of the
magnetic layer.

It is also known in the art to use vertical recording media

for recording magnetic signals. 2an example of a vertical



on a.round substrate which, when used in conjunction with a data recording

head, can read and wite data to the disk. The layer which provides fhe °

dat a menor ywh ey dgsmed of a high coercive force magneti cpgBiSiolsddas Thi s

hi gh coercive Tjor ce magnetic layer is'designed for maxinmm signal-to-noise

ratio. This is attained by ci rcunfereirial texturi ng, which is a

mechani cal process of scratching or buffering the disk substrate surface

to provide circunferential anisotropy of the nmagnetic donains.

Thereafter, the nmagnetic material is deposited on the circunferentially

treat ed stnednericigiesgriimgvmeghian iisgdisclamed spurtiecedngtdteshpatagy. Past and

present data storage nedi a have® been, manufactured in an ultra clean

envi ronnerdt: 6p@¢gliia-i ng Cl ass 100, or better, clean roons. Wirkers are

required to be garnented wearing gloves, masks, hoods, snocks, and

booti es. Hard Hirsuaghr aplatingi and/ort asdmdttborpeicess| i calioper Eygsgmnce and

nunber of errors (defects) before |l eaving the clean room The nedia is

pl aced i nand baydrsdof omgrietde om nohemagreddcrwaterial s sdweg @epbsited he drive

manuf acturer. The disk drive manufacturer nust exercise simlar clean room

condi t i onsni &. onuidr stiostaratiedwhliniggiwhen arsedoixh asdnjahct{brd ketA 4 |d&Ea

PCT/ USO0/ 41444 WO 01/31(41 -10- nedium Contam nation or danage to the

medi um wi recerlisw heaad urnmncepidibing eriter dasiecd ahet Ats)eli skthdriajer To

further insure data integrity, the drive manufacturer nounts the heads and
which provides the data memory is formed of a high coercive

force magnetic material. This high coercive force magnetic
layer is‘designed for maximum signal-to-noise ratio. This is
attained by circumferential texturing, which is a mechanical
process of scratching or buffering the disk substrate surface to
provide circumferential anisotropy of the magnetic domains.
Thereafter, the magnetic material is deposited on the
circumferentially treated surface using known plating and/or
sputtering technology.

Past and present data storage media have been manufactured
in an ultra clean environment requiring Class 100, or better,
clean rooms. Workers are required to be garmented wearing
gloves, masks, hoodsa, smocks, and booties. Hard disk drive
media is tested for electrical performance and number of errors
(defects) before leaving the clean room. The media is placed in
a sealed container in the clean room for shipment to the drive
manufacturer.

The disk drive manufacturer must exercise similar clean

room conditions in order to avoid damaging or contaminating the

T



medi um commonly called a head/ di sk assenbly, inside a sealed disk drive
cavity. As the nediumrotates, it generates airflow over the head/di sk
assenbly. Parti (il es or contam nation inside the driverar@SWitsdred by
filters MRUHH \ithin the air fl ow. joCapillary tubes and/or breather
filters located in the Iid of disk érive are used to equalize pressure and
prevent noisture fromentering the head/di sk assenbly. The nmagnetic
head(s) that performthe read/wite operations can indent, mark or danage
t he medi um.t hrough shqck, . vi braé;on or inproper head/ nmedi um design. The
nedi um | ‘ar CCRRENPERIR ©%n ‘fargffgitf’e',:g%ﬂ‘efih\émdf’&ér ©8¥S% Few m croi nches
thick, and can _be easily destroyed b chani cal damage i npposed by the
head. | NORRSSSEF b1 E2ERG! FRHRTERT Ao AR FOATE: oTR RS AR UGN al [y 1 ound

out si de clean roomor_outside a djsk drive, can al so easil render the
medi um uTRIEABPESIG e 5PetHEYE TR CEBREE MRARA; TIF %Eaeﬁr%"@/y af f ect

medi um qual,ity and usabiljty. are: . i sture, i ch can cause the Cobalt
in the %Peg%?““%oﬁ?'&"l‘ ¥5 67 dr’rﬁgh%?‘*’?llsgg%?“t“ﬁﬁgo\rl\ﬁﬁdg%i 8¢pteises the

medi um s,urf ce to flake off gge it, and corg)ror,ri se nmedi um performance; (b)
Cheni cal YRSV r A & M gobitasht &F FAneTRESA/ il Hssenbl v
conponents such as uncured epoxy and plasticizers fromgaskets, and such
}1 » 3 [ [} .
cheni cal & AR Read/siskipaambeY s 3 Beatipkes 90aPataMERatiqn 8ige t he head
to stick to the nedia surface resulting in sto g_in the drive from
spi nni ngtRf KAVE; #Kp LAREVEFH Y EEILene lpeatad P’Hg T thgpaiEuntion: | oss of
dat a; (c% Particles insi d? the drive which can cause a_head
apillary tubes and/or breather filters located in the lid of
disk drive are used to equalize pressure and prevent moisture
from entering the head/disk assembly.
The magnetic head(s) that perform the read/write operations
-can indent, mark or damage the medium through shock, vibration
or improper head/medium design. The medium layers are very thin
and fragile, on the order of a few microinches thick, and can be
easily destroyed by mechanical damage imposed by the head. Non-
operating environmental conditions, such as those normally found
outside a clean room or outside a disk drive, can also easily
render the medium unusable. Some of these major concerns which
adversely affect medium quality and usability are:
{a) Moisture, which can cause the Cobalt in the high
coercive force magnetic layer to corrode which causes the medium
surface to flake off or ﬁit and compromise medium performance;
(b) Chemical contamination Erom out gassing of internal

head/disk assembly components such as uncured epoxy and

plasticizers from gaskets, and such chemical contamination can



crash that can damage the nedi um beyond use; (d) Handling danmage by the
di sk or drive manufacturer including finger prints, scratches, and

i ndent at i ORgoW)sGdy can cause nonreversible |oss of datapcteseatasck and
vibration frominproper drive design op,use can cause a head crash t hat
damages the nedi um beyond use; and (Ff Poorly designed drives can fai
during drive power up cycles due to high stiction, friction,

tenperature/ humdity conditions or inproper |ubricant conditions. A hard

di sk driv [ no direct ns to prevent denmagnetization by stray
magnet i c %ag‘légs&g%gl%%g ??lestaﬂ%vw"% iﬂ?ﬁ?ldgguﬁgﬁ?‘sgas‘c‘{)t’é‘%tlflay field having
suf ficient .6 fi.eld sStrength.to erase the recorded data. Further, no
sur f ace ofStgﬁg?%(#‘sekdﬁH ﬁﬁ'&dﬁf PrBALRT yEBETM tashﬁ?‘%;jeﬂﬁsllfgf:r%ﬁfﬁ there are
no known | al, hard di sk drives that provide a neans to clean the
medi um Fc%(r%g{er?(%ﬂ en ‘lltr’lsgtgrn%rl?ntls?sgaﬂ%o%téési ly be rempved fromthe

sk dri ve maghgti EahiEiA T BURR GB° P hies WhH e R CRIEad BHRE pr of oct od
G scussed ZBeh At FancRBES orim Hed SRR a rier - 12 RS CHigREnd for
crodit calaiede By, FRRHAP: i et AT UTET OCARS daasthe |ike
i ncreasespr&ﬁ%@f“&c%Lpghes, and indentations which can cause
nonrevergible loss of data; :
(e) » Shock and vibration from improper drive design or use
can cause a head crash that damages the medium beyond use; and
(£) Poorly designed drivea can fail during drive power up
cyclgs due to high stiction, friction, temperature/humidity
conditions or improper lubricang conditions.
A hard disk drive medium has no direct means to prevent
demagnetization by stray magnetic fields should the drive medium
be exposed to a stray field having sufficient magnetic field
strength to erase the recorded data: Further, no surface of
hard disﬁ drive medium readily permits cleaning, and there are
no known commercial hard disk drives that provide a means to
clean the medium. For example, fingerprints cannot easily be
removed from the surface of a hard disk drive medium.
Further, any attempts to use a hard disk drive magnetic
medium outside of its intended clean and protected environment

has been unsuccessful for a number of reasons, such as those

discussed above.

-
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factor as to the likely success or failure of an inproved card is directly
related to: (a) the storage densities available in such a card for storing
and retrieving data; (b) the integrity of the magneti ¢atfpsooene@ded data in
such a cAYQOVHFI (c) its ability to_resist mechanical, chenical and
magneti c degradation in an unprotecﬂ%d envi ronment; such as in an anbi ent
natural atnosphere operating environnent in which financial and non-
financial cards are used. The nagnetic disk nmedia in known rigid disk
drives are not designed to withstand even the nost m nor surface damage or
degr adat i on. ¥h&nagdrernd fersivprated portabpde ¢aedeidavies imcsksaed| y cl ean
di sk drive has a very hard but thin overcoat or protective |layer. That
over coat "SMOBY ot RIEEGeCIRBRALY ) seuahy pp careditdrandmhd nonkBinandied on t he order
of 50 Angstronms to 300 Angstronms_ thick and is primarily used to control
cor r osi orfa¥8f t HENFAGEL Py i9Rgde ol thpakiee Angheassenckhetdrivipgr. The
under | ying magnetic high coercivity filmis also very thin, in the order
of 150 t Fasber Ayder 6he. likedyesugnesgr ox dadiluee | of an impranedscard| east one
| ayer of a _highly magnetic perneable material, the added thickness of this
hi ghl y negnéirectdyr wedpted fer efdlalthgostonnge depmidriesoavaidiabdeeimD 01/ 31641
PCT/ US00/ 41444 -13 the magnetic separation |oss during read back as
report ed SUEh {rfarsd for storipgtant Metriewiay d2ba; T hbstingegvitent type of
medi a construction for use in hard disk drives is an alum num substrate
wi th a tfRfckbe Fasmesicalik learodeh sighar itplsachda orpndieasdr f@cdtsor pol i shing.
This is an

ability to resist mechanical, chemical and magnetic degradation

in an unprotected environment; such as in an ambient matural
atmosphere operating environment in which financial and non-
financial cards are used.

The magnetic disk media in known rigid disk drives are not
designed to withstand even the most minor s;rface damage or
degradation. The magnetic disk media for use inside the
profoundly clean disk drive has a very hard but thin overcoat or
protective layer. That overcoat or protective layer is
typically diamond-like carbon on the orxrder of 50 Angstroms to
300 Angstroms thick and ig primarily used to control corrosion
of the underlying cobalt based high coercivity layer. The
underlying magnetic high coercivity film is also very thin, in
the order of 150 to S00 Angstroms.

Since the protective layer includes at least one layer of a
highly magnetic.permeable material, the added thickness of this

highly magnetic permeable material does not appear to increase



under|l ayer to the high coercivity magnetics. The N ckel Phosphor [layer is,
typically 10 to 12 mcrons thick and is used to provide a nmaterial that
can be subg&&Hgﬂh y polished to a_snoother finish than trorMsbudiaum
surface. Har I'sk drive media substrahe range in thickness from .020

i nches to .050 inches. Thinner substrates are desirable in order to be
abl e to package nore disks in the disk drive but have the probl em of
mechani cal flutter, especially at high RPM None of these substrates are

beridabl e. A, |,?Jgg§t98rﬁl?%§%i:% 9bss %fiﬂﬁhféﬁd’\’ibgl:krgss lﬂfgo;:{'e Ypmanent

def ormati on of "t he di sk. ‘bend radius”o ess t han Inches will result

in per nangﬁite&:l%@_%@tﬂaggn@sﬂ&eI5I’ O?f, dohacturing of the thick N ckel

Phosphor ayer. I's fracturing of the N ckel Phosphor will propagate

t hrough the high ﬁﬁ%{ ?ﬁl\éjgéyﬁgg%gﬁgl(ﬁ%b%ﬁg% ‘{fﬁ‘%gﬁ‘é%"t ke "Egl 3, useless as

a stoL?ge devi ce. _ Ph aye¥ I's used on tBF
Bosooi at ey Tk O %?ii%ﬁ'l%ﬁ%@%ﬂk%?ba?%%g%?%@& #%%*B%‘e{%b%%{?
hi cknes™ A nepePay ghacaf i PRE Db eblls fPr) R ERERE L A pure 1T
Subst r al €, £ XM GneCRi AN S BXELANE ALEndIEN FAl 3 cREY IMidaBhos DSt r at e

formed of Zirco uch ¢ S are . e and can”bé bendabl e

to a radi i'%%élf iapwglgég&geiy 0 1L leons AKEha 1P a0 £8FENEES @

pl astic substrate. ards are
a material that can be subsequently polished to a_.smoother

finish than the aluminum surface.

Hard disk drive media substrate range in thickness from
.020 inches to .050 inches. Thinner substrates are desirable in
order to be able to package more disks in the disk drive but
have the problem of mechanical flutter, especially at high RPM.
None of these substrates are bendable. A large bend radius of
20 inches will result in permaneht deformation of the disk. A
bend radius of less than 20 inches will result in permanent
deformation as well as Fracturing of the thick Nickel Phosphor
layer. This fracturing of the Nickel Phosphor will propagate
through the high coercivity magnetic layer rendering the media
usele;s as a storage device.

No thick Nickel Phosphor underlayer is used on the portable
card of the present invention. Therefore, fracturing problems
associated with a thick Nickel Phosphor are avoided.

The portable card structure allows a card to be bendable to

a degree depending upon the thickness and material of the



.030 inches thick and are bendable to a radius of approximately 4 inches.
A thin card, such as a card having a substrate, formed of stainless steel
which is_in the_ order of .005 inches thick and are berdWESWAI44a radi us in
excess oﬂwﬁmﬁﬂ§ﬂes wi t hout fracturiF or becom ng -per manent |y def or med.
The protective coating of the present’invention can be used wth such
cards in all fornms of data storage devices, data storage sections, data
storage nedi um and recordi ng nmedi uns. The known prior art nedia used for

di sk dr| udi nabr.a thin protective .coatings are not
capabl e \c{)‘g %%lcér?g ﬁ%é x%mp%'%,c% pgr?aﬁ ge'é‘ﬁra(i‘p gém RVENTI ON The

t
Tagnot | SaH 5 it aachef S EE A IEER Sanla r%éﬁ%& ek naving at
L R -‘*81?% 3, %§§§°t%‘“5ﬁ iy é%%#%%c"e“' s

mat eri al | sSposed on t signals. in the
o ent é%“?ﬁﬁ?%%%ﬁﬁ‘rﬁia& chiFat Bhhfiel o PR BT  one surf ace
of the s t I n netl CT/U 00/41444 01/ 31641
-15- mat grplé {&lth%sd%boksggg %re[ %gngﬁ & FR 2 ’f UHePt ARG CEN" Y ENange  break
| ayer. ectl e atln udi n neti cal | er neabl e,

magnet i ca?{ugﬁ Sat u)rga io §f"5 ggélchﬁ?%rqggﬁrgsﬁv&?gdao?#&sﬁ@ t®ubstrate and is

r65p0n5|f\égmé ro%ugga}n ees%XgQgquewgzt akisl(i1 e\-[he;[ oxder of .005 inches
. thick and are bendable to a radius in excess of 4 inches without
fracturing or becoming permanently deformed. )

The protective coating of the present invention can be used
with such cards in ail forms of data Btorage devices, data
storage sections, data storage medium and recording mediums.

The known prior art media used for disk drive including the
unabradable, thin protective coatings are not capable of being
used in such portable cards.

SUMMARY OF THE INVENTION

The present invention discloses and teaches a new, novel
and unigue magnetically encodeable card comprising a non-
magnetic substrate having at least one surface. A Lhin £ilm,
high density magnetically coercive material is disposed on the
substrate for storing magnetic signals. In the preferred
embodiment, the coercive material axis of magnetization are

ocriented in a predetermined direction relative to the at least

one surface of the subatrate. Preferably, a non-magnetic



the coercive material axis of nmagnetization to produce a nagnetic i.mage
field in a direction opposite to the predeterm ned direction. The
protective co Efjng is formed on the magnetic material RCHESERH s a
relativel W%‘Q% f‘" abradeabl e protecti Y€ coating. The protective coating is
sel ected to have a thickness betweena maxi mumthi ckness which woul d
materially attenuate nagnetic signals passing between the nagnetic
material |ayer and a transducer and a mni mumthi ckness enabling the

protect | VeataaianQe! a105d 8 AthebubddliR ol BoPMeREh i lan BRDLEN. quant t y

at nosphere operating environnment for renoving therefroma

of the prajgaki ¥§&0ating. The  protective coating is forned of a materi al
which resists at” | east one of chemi cal, magnetic and controlled

mechani cal degiadaliion dlatilg Hahdashe’AuREoHEM 81y NG meRbPLECt i Ve coati ng
may be formed of at |east oné | ayer, wherein the Yeast one {ayer includes

the magnetysgaktycaingr BRablab1e SRAIGE ffldriatAilB0LE of Rhgoe material. In

the alternative, thé protective coating may have at east two | ayers
wherein o s Ja | [

magnet i cal ;l?g;%g%ér%a Pe'l}g?rz?gsﬁé}téglc‘}a I\('g{‘éua(‘{mu?gg?%%hfﬁée %%%%E‘J%%%?thz?M WO
01731641 -4 gL 0l;30en B850 al, ANt NG %‘t'i%f,tPJn E{%e Alaugagt two layers

i ncl udes a non-nagnetic abraslon resi sqrfng ayer oFmed on"the one of the

two layer g, h0eid $nB509663Y RPeHireblifod BYEOLIAN b E8ldes 10 a data
predetermined direction. The protective coating is fofmed on
the maggetic material layer and is a relatively h;rd, abradeable
protective coating. The protective coating is selected to have
a thickness between a maximum thickness which would materially
atteﬁuate magnetic signals passing between the magnetic material
layer and a transducer and a minimum thickness enabling the
protectivg coating to be abraded by usage in an natural, ambient
atmosphere operating.environment for removing therefrom a known
quantity of the protective coating.

The protective coating is formed of a material which
resists at least one of chemical, magnetic and controlled
mechanical degradation of the data storage device._ The
protective coating may be formed of at least one layer, wherein
the least one layer includes the magnetically permeable,
magnetically saturable storage material.

In the alternative, the protective coating may have at

least two layers wherein one of the at least two layers includes

or comprises a magnetically permeable, magnetically saturable



storage device conprising a substrate having at |east one surface with at
| east one high density magnetically coercive material disposed on the
substrate for storing magnetic signals. The nagneti c poatusni/4iddmay be
| sotr opiwooi/3ewl sotropic. Such materials are well known in the art. At
| east one layer fornmed of non-magndfic material, which functions as a
decoupl er or quantumeffect insulator, may be di sposed on the substrate
for defining an exchange break layer. A protective coating. is fornmed on
the substrate and is selected to have a depth in a direction substantially
normal t Gterrgee y@haniRl Andakhe préertef thacat ikemst pesSayersf nagnetic
signals, in_an anbient natural atnospheric operating environnment, through
the prot decivdes @yepn-nagnelaccaknesioe nestieting layerntpumed exishef
magneti zation in the predetermned direction. in addition, new and novel
magnet i c o3egPklther sweskaveys.appar at us and net hods are di scl osed herein
utilizing the novel the nmagnetic recordi ng nmedium having a high density
magneti cal | y Irddémscbveadmitenspdctf, othstiovengiomgestides sirgrafistavi t h t he
coercive material axes of magnetization oriented in a predeterm ned
di r ect i omtanagehaleiviige acqurotietdy \ac stbaitratg bationt etl leadtaveea thickness to
facilitate passage of magnetic signals in an PCT/US00/ 41444 WD 01/31641
-17- anbisenfacmtwithl atithesphene highedatsing waptietdnakbly doeroingh t he
protective coating to the high density magnetic material and which resists
at | east maheridl clieposad onmabeaiubstame foenstotingbhagmedikkanigedledegr adat i on
of the data storage device.

The magnetic material may be isotropic or anisotropic. Such

materials are well known in the art. At least one layer formed
of non-magnetic material, which function; as a dé;oupler or
gquantum effect insulator, may be disposed on the substrate for
defining an exchange break layer. A protective coating is
formed on the substrate and ie selected to have a depth in a
direction substantially normal to the exchange break layer to
facilitate passage of magnetic signals, in an ambient natural
atmospheric operating environment, through the protective layer
to the coercive material having the axis of magnetization in the
predetermined direction. '

In addition, new and novel magnetic signal processing .
apparatus and methods are disclosed herein utilizi;g the novel
the magnetic recording wmedium having a high density magnetically
coercive material for storing magnetic signals with the coercive
material axes of magnetization oriented in a predetermined
direction and having a prqtective coating selected to have a

thickness to facilitate passage of magnetic signals in an



The prior art which utilizes magnetic strips in a portable cards including
portable data storage card having relatively low storage |limtations.
These relatively |low density storage limtations of tRCTHY$44t nagnetic
stripes ig"‘b‘\}@?{‘bms by use of a datgtorage device having the new, novel
and uni que recording nmedi um based use of standard hard di sk drive nedium
technology with a high coercive force |ayer, but wherein such wuse of this
technology is in a new and novel manner, nanely outside the disk drive

prot ect | Ven3Uek ORa3Ndu R HHEFLE boeBREIA LA0s SINL BN e Of Lhe

known prior art anticipa | scl €S Or suggests portable cards

i ncl udi t d ' di di based

<t andar d PERaarey AcTnd TS, SR Rend Sy Ml SRR A Ve Tor ce

I ' | I ' l. t hi ck d
whor oin Shah D8HFce BEAER: Ko Ehaf B DndatEAEAEY, Lo enclosure and in

nat ural aéém%?féﬁea%cﬁ%”é (inH‘e r5;[a'|:1aghci>r§ oifn\l{sgtcia%l% isis.o CaI ea&!a icen.ew’ novel
and unobvious To persons SKi | BN R ar't “Foroar T dthe® Y ¥3sons set
forth herein. _l:flT PCT/US 4144.4_1L WO 01/ 31641 -18- Therefo ekj one

V 1(fevi ceis

advant age of Fﬁ% RESCF 8F5MIgsh 14 4T FAREES (HE 58t i d SPagE
canabl ¢ Sl LBE GRS 1, RBHR BRPLJBNRS, REAEE e on
s that sl 1 [RdhRabo ™ hASLO RaGRNAG RER'd ] edttfe! N SUCh 2

limitations of the prior art magnetic stripes is overcome by use

of a datad storage device having the new, novel and unigue

recording medium based use of standard hard disk drive medium

technology with a high coercive force layer, but wherein such

use of this technology is in a new and novel manner, namely

outside the disk drive protective enclosuxre and protected

operating environment. | |

None of the known prior art anticipates, discloses, teaches

or suggests portable cards including portable data storage cards

using a recording medium based standard hard disk drive medium

technology with a high coercive force 1ayef using a novel

protective layer having a selected thickness and wherein such

use occurs outside the disk drive protective enclosure and in

natural atmosphere and environment. This invention is clearly

new, novel and unobvious to persons skilled-in-the-art for all

of the reasons set forth herein.



card including a magnetically encodeable card of a standard credit card
size which is capable of nultiple read and wite operatlons Anot her
advant age of the present invention is that other por PEHUEN B34 si zes and
conf i guwen M6 such as rectangul ar square or circular shaped, may
utilitize the teachings of the pre%%n I nvention. Another advantage of the
present invention is that a portable card using such a data storage device
can be provided with a nenory capacity substantially greater than that of

the convent '%@Lf&é‘a%ﬁéaﬁad&%‘&ggn‘& 'Eﬂﬁada{@aggﬁbi-ggétdew& i(?l;%h £’

advant age of the present inventl I's that a data “stora Vi Cé can be

provi ded, HQ'JA}I M1 P8 TSl lelef ag%aanlaewgegg i%ﬁ:)ﬂlﬁaradt 8.8 whgdard

f-i nanci al t car not resent Tnvention is that a

data stgrage jdeyi G G2z &11 goxadf% gmséa&a@m Sa Xe%iggn 4 ough

handling Th a nanner simlar to a credit car'd her age of the

present i ventlanel Sadvidt ade Oreéﬁé?ér%s%ﬁf.laérk{;eﬁakééﬁ g, Lhg: Leaghinos of the

present invention can reer andl ed

w t hout ggﬂap?% \%ﬁé{ rsV\Qa %Q de]a9£° on er g;s&cq{ cgg%%lrg natlon and

wi t hout regar ervi ou $Cr at ches stray

magneti c | ds nge s d oth h woul d cause
a prior ];1” né’rla’d%“%% H‘ggﬁu cf" Yaeimfco ﬂﬁ%%/ cargd‘\’/g anX"h he pr esent
lnventlon Iéﬁé'%%&d 8 ze hlch is capable of multiple read and write

operations. i

Aanher advantage of the bresent invention is that other
portable card sizes and configurations, such as rectangular,
square or circular shaped, may utilitize the teachings of the
present invention.

Another advantage of the present invention.is that a
portable card using such a data storage device can be provided
with a memory capacity substantially greater than that of the
conventional financial cards using a magnetic stripe.

Another advantage of the present invention is that a data
storage device can be provided which can be procesged in a
manner similar to a standard financial credit card.

Another advantage of the present invention is that a data
storage device can be provided which can be exposed to rough
handling in a manner similar to a credit card.

Another advantage of the present invention is that a

portable card utilizing the teachings of the present invention

can be stored in a wallet and can be freely handled without



storage device including its use as a portable card or magnetically.
encodeabl e card may include a high perneability protection coating in
conbination with a protective coating to prevent strayPO®RES00ME4edi um
strength MOHAI byt the strongest) magnetic fields from demagnetizing
and/ or erasing the recorded data. Another advantage of the present

i nvention is that a data storage device is provided that is capabl e of
reading and witing in a longitudinal, linear, arcuate, radial or
circunferential pattern. Another advantage of the present invention is that
t he dat a caRcerRgciAeFrataninatiopand withmdi nggansdtanvirbhiergon patot ecti ve
coating forned on the uppernost surface thereby permitting cleaning of a
magnet i catey capd obe diPerekag to cruratphes ratyourmagnetids, fiaddasi ve material s
and chem cals without damage to the recording nediumincluding the
magnet i ¢ Singieapsintspmad etherckypesawst Aanagedvhichgoudd cavsepaaseivr i nventi on
Is that the data storage device can be utilized in a nagnetic signal
processi mrt hppdrdiaks mediym FoPETIIISOT 41444 WD 01131641 -20- Anot her

advant age of the present invention is that the data storage device may be
used in a net hoethsr pivansgengf ndgnpresentsiigventsionsinghatntbeeatdta r ecor di ng
medi um having a high density nagnetically coercive material for storing

magnet i ¢ sfiogage sdevitck indimdiogritis/esevae@ gbrtakde ohrdregneti zation oriented

in a .
magnetically encodeable card may include a high permeability

protection coating in combination with a protective coating to
prevent stray weak to medium strength (e.g. all but the
strongest) magnetic fields from demagnetizing and/or erasing the
recorded data.

Another advantage of the present invention i; that a data
storage device is provided'that is capable of reading and
writing in a longitudinal, linear, arcuate, radial or
circumferential pattern.'

Another advantage of the present invention is that the data
storage.device utilizes a recording medium having a protective
coating formed on the uppermost surface thereby permitting
cleaning of a magnetically encodeable credit card by pressure
pads, abrasive materials and chemicals without damage to the
recording medium including the magnetic signals stored therein.

Another advantage of the present invention is that the data

storage device can be utilized in a magnetic signal processing

apparatus.
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predeterm ned direction and a protective coating as described herein.

Anot her advantage of the present invention is that a mnagnetiv recording
medi um havi ng a high density nmagnetically coercive necEaseld14dr storing
magnet i oygogsEsts with the coercive material axes of magnetization oriented
in a predetermined direction utili2fng the teachings of the present

I nvention, including a protective coating as disclosed herein, my be used
in a system having a magnetic transducer, a drive nenber and a nagnetic
control device having a bias field that interacts with a magnetically

per meabl e, nagoebexcaddvansagelcfbtbe Jiresage invaheisoralid ayer tigedetal |y known
in the art as a "keeper" layer, which is used as the protective coating to

enabl e matewdec degignalay be ysessibeat weehod e brodedddmg hygmeadretical |y
coercive material, through the protective coating and the exchange break

| ayer andigndlrsansthnger magpetciad gcdbodiagetlediumahdaimy @ ddghsdangitgt at i on.
BRI EF DESCRI PTI ON OF THE DRAW NGS The foregoi ng and ot her advant ages of
this i nvaaimerically cdeecipparaariridl ort beofiakl nadmyr idestihgils edenf t he
preferred WO 01/ 31641 PCT/ US00/ 41444 -21 enbodi ment of the invention when
consi der eHe é¢dercliti€ mdtlelrisl radels0bs mudtle8LLyipaANyrghtdaanhngs, whi ch i ncl ude
the followng Figures; Fig. 1 is a pictorial representation of a prior art
AVEX(r) peédstiermined dizbet ot eedf & gRdeebyivetbatidasd@eberited i ndi ci a
provi di ng bank/user information on the front or obverse side

herein.

Another advantage of the present invention is that a

magnetiofrecording medium having a high density magnetically

coercive material for storing magnetic signals with the coercive

material axes of magnetization oriented in a predetermined

direction utilizing the teachings of the present invention,

including a protective coating as disclosed herein, may be used

in a system having a magnetic transducer, a drive member and a

magnetic control device having a bias field that ipteracts with

a magnetically permeable, magnetically saturable storage

material layer, gensrally known in the art as a “keeber" layerc

which is used as the protective coating to enable magnetic

signale to pass between the high denaity magnetically coercive

material, through the protective coating and the exchange break

layer and a tranaducer typically located in a data processing

station,

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other advantages of this invention will

be apparent from the following description of the pyeferred



thereof; Fig. 2 is a pictorial representation of the prior art AVEX(r)
credit lard of Fig. 1'showi ng the converse side thereof having either a
standard r‘ggg-apiy magnetic stripe area defining one or PCHBINAHdYnetic
tracks or Vitdard read-wite magngii_c stripe, area defining two or nore
magnetic tracks; Fig. 3 is a right and el evational view of the prior art
AMEX(r) credit card of Fig. 2 showi ng by dashed |lines the standard
magnetic-stripe areas; Fig. 4 is a left end elevational view of the prior

art  AVEX(r redit card of Fig. *2 showi ng.by dashed.lines the standard
magneti c %1“%’? ’é"eé’l’:eﬁg;”ﬁ d.“"%n'?’fnamb?rbtct?F‘Pg‘Fe%gp?’é% %t ion of .a prior art
Smart car,d,havi a_conputer chi nor.y and_i,ndi gi rovi di ng bank/user
i nf or mat i ﬁlPﬁﬁﬁQg&nﬁnaqrggécf?'&?ﬁnﬁhg%ﬁ'fxﬁ'g.‘"hécﬁsl qﬁ%@h?heend el evat i onal
vi ew of t@%‘&gripr gr.t Smart card of Fi‘g. 5-showi ng by dashed lines the

st andar d REL “3BYYPY area; 111 pCT1USO0/ 41444 WD 01/31641 -22- Fig.

7is aleft end, elevational view of the prior art Smart card of Fig. 5
Shovi ng by dachisy B Ree Bnecerialiapereamabnk on 36 o att S & s o

pictorial representation of a portable card .utilizing the tegchings ofthe
present i IfF& %Fcﬁ?rfln%?k?%"laﬁte% “‘H°]riﬁ’dﬁ¥?*i‘éhalﬂr§'d%ﬁw%é'ﬁbi‘ ¥&dit card

fabricated from pol \évi n\}/l . .
providing bank/user information on the front or obverse side

th'.ereof ;

Fig. 2 is a pictorial represeptation of the prior art AMEX®
credit dard of Fig. 1 showing the converse side thereof having
either a standard read-only magnetic stripe area defining one or
more magnetic tracks or a standard read-write magnetic stripe
érea defining two or more magnetic tracks;

Fig. 3 is a right end elevational view of the prior art
AMEX® credit card of Fig. 2 showing by dashed lines the standard
magnetic -stripe areas;

Fig. 4 is a left end elevational view of the prior art
AMEX® credit card of Fig, 2 showing by dashed lines the standard
magnetic stripe areas;

Fig. 5 is a pictorial representation of a prior art Smart
card having a computer chip, memory and indicia providing
bank/user information located on the front thereof;

Fig. 6 is a right end elevational view of the prior art
Smart card of Fig. 5 showing by dashed lines the standard

magnetic stripe area;



chloride or polyvinyl chloride acetate and having on, the converse side

t hereof two spaced parallel nagnetic stripe areas, each maietic stripe
area incl udi ng the capability of having a plurality oPCTESMEI4¢E tracks for
provi di nYFA3¥ist five negabytes fprmatted of nagnetic storage or,
alternatively, for being used as a standard nagnetic stripe area on a
financial <credit card; Fig. 9 is a right end-el evational view of the
credit card of Fig. 8 showing by dashed |lines the nagnetic stripe areas;
Fig. 10 is a J.eft_end eleyatignal view of the credit card of Fig. 8 show ng
by dashed I i ég'tﬂelﬁrfgr]r&h ce’_’_gt F#ﬁ‘@%r"&ﬁi;“% gt whe pTigr &x%tjonal view

t aken al gng ,section_lj.nes 11-11 of the credit card of Fig, 8 show ng by
dashed | PREEE Rgd ?rﬁg‘%fé’ri ¢ howipd ¥ é%g,he‘?—’i ]gl.nefza‘% sé;aﬁiié’(g%ri al

repr esen;natiq:rlcoftthe obverse side of the credit card having indicia which
may provide bankPuE®H® &fGfor mati on shown thereon and which may incl ude

an'integratedq, cigcuit as shog by dashed rectangl e and._the converse side
PCT/ 1 JS00/ 41448~ DO'H B ﬁ%&‘in\-ggsl‘g‘frrﬁ*éreé‘lift#ﬁv °%agep°ft§gﬁ’§l @ndagnetic stripe
area of t el,fqrm denpi ctsd in Fi g 8; Fig. 13 is,a partjal_right end

el evat i o5t 4itd9s ERE | WiRerings &F -bhe Bresefefinverkior dn ERG. for3 Ofiowi ng by
dashed lines the net i gEstri pe area using the teachings, of this

i nvent i oft %metilﬁ? AREQagiey Frediy Q’.ar'i4f? igaped tfFPpaPotBim¥dent at i on of
anot her gﬂ$§¥¥dleg; polyvinyl chloride acetate and having on the

converse gide thereof two spaced parallel magnetic stripe areas,
each madnetic stripe area iﬁcluding the capability of having a
plurality of magnetic tracks for providing at least five
megabytes formatted of magnetic storage or, alternatively, for
being used as a standard magnetic gtripe area on a financial
credit card; ’ -

Fig. 9 is a right end élevational view of the credit card
of Fig. 8 showing by dashed lines the magnetic stripe areas;

Fig. 10 is a left end elevational view of the credit card
of Fig. 8 showing by dashed lines the magnetic stripe areas;

Fig. 11 is a sectional view taken along section lines 11-11
of the credit card of Fig. 8 showing by dash;d lines the
magnetic stripe areas;

Fig. 12 is a pictorial representation of the obverse side
of the credit card having indicia which may prévide bank/user
information shown thereon and which may include an integrated

circuit as shown by dashed rectangle and the converse side



of a portable card utilizing the teachings of the present invention in the
formof a magnetically encodeable credit-card fabricated from pol yvi nyl

chl oride or. palyvinyl chloride acetate and having on ﬁﬁ@“@ﬂﬁﬂﬁase si de

t her eof a“mﬁﬁﬁE?Tc stripe area hav[gg a plurality of magnetic tracks for
providing at least five nmegabytes of-formatted of magnetic storage; Fig.
15 is aright end elevational view of the credit card of Fig. 14 show ng
by cross-hatching lines the magnetic stripe area; Fig. 16 is a pictorial

representat i o] t..another . portable card utilizing the teachings of the
pr esent i%{i/ég%{alfoﬁalyﬁ)r?v?h% ?121 r%eo'?a%'egéﬁnsettrilgﬁl PR REoHREIFE™cr edi t card
fabri cat egly; £ Qqhay & i.a{ahe obverse side thereof a data storage device

whi ch covers substan [y all of the obverse side area and wherein the
data storage i S rality, of netj ¢ tracks for ., providing at

| east five negg%yf%sq?o??&%tgaﬁo’fl%ﬁgﬁ% iegeg?%}"éba& a %f?ﬁﬁé?&?% t he
converse SJ h Q t ai tandard 1{1{ WD .01/31641 PCT/ US00/ 41444
-24 mgneﬁegpgkr%e: Jarﬁggea%rl%ggg E(S)i 'agfﬁ?@%?’?% XY £ap e% %8 by dashed
i nes; Fi LS _.a.ight end,el evationgl, view aof ,t he portable _card of
Fo 16 SRkt sfiiRenated (1n4s (B8 herPioPs, o raay FeEntiOR ARl on
substantifﬂgeﬁra | ;of, _the obverse side and the AVEX(r) standard nagnetic
stripe ardx PEAEIeFERY e converse side; Fig. 18 is a pictorial
representatioP of the porta%le,card of Fig, 16 wherein the converse side
t her eof cont a ?’I% t]ﬁle 15\@)311’0) orial representation of another embodiment

of a portable card utilizing the teachings of the present
inventiof in the form of a magnetically encodeable credit- card
fabricated from polyvinyl chloride or polyvinyl chloride acetate
and having on the converse side thereof a magnetic stripe area
having a plurality of magnetic tracks for providing at least
five megabytes of formatted of magnetic storage;

Fig. 15 is a right end elevationai view of the credit card
of Fig. 14 showing by cross-hatching lines the magnetic stripe
area;

Fig. 16 is a pictorial representation of yet another
portable card utilizing the teachings of the present invention
in the form of a magnetically encodeable credit card fabricated-
to have on the obverse side thereof a data storage device which
covers subséantially all of the obverse side area and wherein
the data storage device has a plurality of magnetic tracks for
providing at least five megabytes formatted of magnetic storage

and wherein the converse side thereof contains a standard



standard' magnetic stripe area-and having on the obverse side thereof a

dat a. storage device which covers substantially all of the obverse side
area; Fig. 19 is a pictorial representation of yet anopteuSedstabl e card
utilizi ngVQ‘Hé"‘f"éachi ngs of the present invention in the formof a
magnetical |y encodeabl e credit card-34abricated to have-on the obverse side
thereof a data storage device which covers substantially all of the
obverse side area and wherein the data storage device has a plurality of
magnetic tracks for providing at |east five negabytes formatted of

magnet i CREGEAGetHIRE ARRs it UPeR WoANCAMRX® icgedith eraadf sbown dims a st andard
magnetic stripe area as used on a VISA(r) credit card shown by dashed

| i nes; Pigphegoligesy; ri ght end el evational view of the portable card of

Fig. 19 showi ng by dashed |ines the-data storage device pCI/ QSOQ 41444 WO
01/ 31641 - 25FipecHl d& snrimissendtélaiveyiondl slew hef cbheepeecadilde and t he
VISA(r) standard nagnetic stripe area |ocated on the converse side; Fig.
21 is a paxd @fi Bigr &fr ebewitngt bpndapfhetihbinpor thbl datmasdorade Kegicd8 wherein

t he converse side thereof contains the VISA(r) standard magnetic stripe

ar ea andldwatiedgonnsubseanbiallyeasi @F thbasiRRlksd sidleaaflofiRgamer® ce which
covers substantially all of the obverse side area; Fig. 22 is a pictorial

repr esendgdridaRdohadietil ¥etipRNREAET 0csPRP UnTBRE hnvdr D réi?ﬂl;e card
e

utilizing the teachings of the present invention in't ormof a
magneti cal | y pggcotealll 8 pictorial representation of the portable card

of Fig. 16 wherein the converse side thereof contains the AMEX®
standard;magnetic stripe area - and having on the obverse side
thereof a data storage device which covers subgtantially all of
the obverse side area; -

Fig. 19 is a piétorial representation of yet another
portable card utilizing the teachings of the present invention
in the form of a magnetically encodeable credit card fabricated
to have on the cbverse side thereof a data storage device which
covers substantially all of the obverse side area and wherein
the data storage device has a plurality of magnetic tracks for
providing at least fiv; megabytes formatted of magnetic storage
and wherein the converse side thereof contains a standard
magnetic stripe area as used on a VISA® credit card shown by
dashed lines;

Fig. 20 is a right end elevational view of the portable

card of Fig. 19 showing by dashed lines the ‘data storage device



credit card fabricated to. have on the obverse side adjacent the top edge-
of the credit card a standard nmagnetic stripe area as used on an AVEX(r)
credit card shown by dashed |ines and located bel ow t RETABIHBMAC stripe
area a da™®@B¥hge” devi ce which coi?[s in excess of one-half of the
obverse side area and wherein the dafa storage device has a plurality of
magnetic tracks for providing at |east five negabytes formatted of
magneti c storage and wherein the converse side thereof nay contain

indicia; Fig. 23 i i_ght d ti | i f th t abl d of
Fig. 22 SOUFER ) BRARAHC1RFSG A AMER Pyveranakit SPRcbHeVoea® | pe ar ca

and the data storage device, both of which are |ocated on the obverse side
and t he cFEﬁ?‘ia’i‘gF'g?nﬁié’. sbuine; axeq; 1acstrd| o hrcSUWETLROPASS stil |l yet
anot her enbodi,nment_of a portable card utilizing the teachings of the II1 |
PCT/ [ JS00/ 414449 -\ 011513*‘1821‘1‘:‘2%1 preRkementakiom: PEthen PeREks 9pB5d a

magnetical |y encodeable credit card fabricated to have on the obverse side
adj acent PReFig.op8evpradn the converse @didd theyegfideontadngnhis FIS2®I pe area
as used on an VISA(r) credit card shown by dashed lines and | ocated bel ow
t he magnestandand pegretdz atrlijien aséarage hdeing enwbhe bbvepaersiden excess of
one-half of the obverse side area and wherein the data storage device has
a pl ural i thexdofmagdata etorage ldeviocs whieki coversabubsantisdlle amagabyt es
formatted of magnetic storage and wherein the converse side thereof may
cont ai n | nbe ®hverse side area; ]
Fig. 22 is a pictorial representation of still yet another

embodimént of a portable card utilizing the teachings of the

present invention in the form of a magnetically encodeable

credit card fabricated to have on the obverse aside adjacent the

top edge of the credit card a standard magnetic stripe area as
used on an AMEX® credit card shown by dashed lines and located
below the magnetic stripe area a data storage device which
covers in excess of one-half of the obverse side £}ea and
wherein the data storage device has a plurality of magnetic
tracks for providing at least five megabytes formatted of
magnetic storage and wherein the converse side thereof may
contain indicia;

Fig. 23 is a right end elevational view of the portable
card of Fig. 22 ghowing by dashed lines the AMEX® standard
magnetic stripe area and the data storage device, both of which
are located on the obverse side and the credit card;

Fig. 24 is a pictorial representation of still yet another

embodiment of a portable card utilizing the teachings of the



UV U
e s

Fig. 25 is a right end elevational view of the portable card of Fig. 24
showi ng by dashed lines the VISA(r) standard nagnetic stripe area and the
data storage device, both of which are |ocated on tRET 184 side and the
credit,&amq@mEig. 26 is a pictorial_ representation of still yet another
enbodi nent of a portable card utilﬂffng t he teachings of the present

I nventi.on in the formof a magnetically encodeable «credit card fabricated
to have on the obverse side.a data storage device which covers in excess

of one- hg.]rr%el f nger&q‘é%r §§_ }§e| ggr ro@aam%’%ﬁrgg%gy ;e[t})%f’egglfal st orage devi ce

has a pl y magne i T FREKS T O 35t Tive megabyt es

formatte f et i.C. [ erein,the converse.sid er eof has,
adj acent gf?lée)itt g%ggd%aeb r(%fs: g?%gq%r gg‘?? Vg(%larl{:gJa %{wse aRdr r?agﬂaﬁce%%c&ngt ri pe area
dashed PCT/.US00Q/ 41444 WD

as used (f). credit card sho b

0115164100 FdenEE de, SR L 2000 PAIRIRROH ATEREELS | ERABS AR €Pe o the
conver se si‘ge mat\; contii n i.ndici a; F‘%’\‘%ﬁ 27 .1s a ri,ght end_el evational view
of the pBFEAKITe 3 TRt anrds AUt FYhIatpachddties (A0d LaeAt®d a storage
device |ocated on the obverse side of the credit card and the AVER(r)

st andar dPARJhEPRcmgNEEie abePY a¥ed ad daka tateragnvdaieesyicbf  the credit
card; Fig. 28 is a pictorial representation of still yet another

enbodi meRPVEHIS dnpexeaan efcensrhadf| 9&ithg ebnenseaehdeiyeaf anhe present
invention in the formof a magnetically encodeable credit card fabricated

to have Whexsi® shecdata steage davice dmoragelugelity athimeanetsifers in excess

of one-half of the obverse
tracks for providing at least five megabytes formatted of

magnetig Btorage and wherein the converse side tﬂéreof may
contain indicia;

Fig. 25 is a right end elevational view of the portable
card of Fig. 24 showing by dashed lines the VISA® standaraqd
magnetic étripe area and the data storage device, both of which
are located on the cbverse side and the credit card;

Fig. 26 is a pictorial representation of still yet another
embodiment of a portable card utilizing the teachings of the
present invention in the form of a magnetically encodeable
credit card fabricated to have on the cbverse side. a data
storage device which covers in excess of one-half éf the obverse
side area and wherein the data storage device has a plurality of
magnetic tracks for providing at least five megabytes formatted

of magnetic storage and wherein the converse side thereof has,

adjacent the top edge of the credit card, a standard magnetic

stripe area as used on an AMEX® credit card shown by dashed



side area and wherein the data storage device has a plurality of nmagnetic
tracks for providing at |east five negabytes formatted of nagnetic storage
and wherein the converse side thereof has, adjacent tWST’t‘Ié?i" ‘b‘ée of the
credit caWV@"3lédt andar d nmagnetic stphpe area as'used on a VISA(r) credit
card shown by dashed lines and wheréin optionally either the observe side
or the converse side may contain indicia; Fig. 29 is a right end

el evational view of the portable card of Fig. 25 show ng by dashed |ines

t he data ghaga 4 I Ihe obverse side of the credit card and
the VI SA(T s?'gdngg’r ggﬁrﬁgoﬁgglgéggjty??ﬁeh%ﬁ ggﬂ%%"ﬁré’a %é)et RE glb?\verse si de of
the credidontabfe digel | ;- WO 01131641 -28 Fig. 30 is a

pi ctori al ornepreser%t attlno coﬁyggéﬁ%%ééfa'anot her enbodi nent of a portable
card utilizing;thegqt egchi 0 t_d nvention in the formof a
magneti cal | y e]r'é:o ea ?eg ‘l(}%g‘&i%“%gﬁavﬁigig?n‘”ﬁ%’e%b%%er FETERR® ( hereof is

shown_and. e oih Dok hul i AYPTAE,Sh S B0k coner se Side Lhreol each

. a
include a data stoérage devic covers subsfa 7951 940F® the area

of the applicable side and wherein_each data storage. device has a
ol ur al 1 ¢ PEPERR e EhE DIVATRE e fFUIiTROL PEdetad (heANEBby L os

formatted of nmagnetic storage; Fig. 31 is a right end el evational view of
the port &5Pedazd magpetis gtripe axem hecarpdderiide Femrvarsensidmeaf st or age
devices | ocated on both the obverse side and converse side; Fig. 32 is a
pi ct ori al*BeepFedidncardon of the portable card

Fig. 28 is a pictorial representation of still yet anothex

embodiment of a portable card utilizing the teachings of the
present inventi&n in the form of a magnetically encodeable
credit card fabricated to have on the obverse side a data
storage device which covers in excess of one-half of the obversge
side area and wherein the data storage device has ; plurality of
magnetic tracks for providing at least five megabytes formatted

of magnetic storage and wherein the converse gide thereof has,

adjacent the top edge of the credit card, a sténdard'magnetic
stripe area aa'ﬁsed on a VISA® credit card shown by dashed lines
and wherein optionally either the observe gide or the converse
side may contain indicia;

Fig. 29 is a right end elevational view of the portable
card of Fig. 25 showing by dashed lines the data storage device
locatea on the obverse side of the credit card and the VISA®
standard magnetic stripe area located on the converse side of

the credit card;



of Fig. 30 wherein the converse side thereof is shown and wherein both the
obverse side and converse side thereof each include a dang1§Lprage devi ce
whirch covers substantially all of the area of the aﬂﬁﬁﬂ§3 11&%si de and

wher ei nypa¢bisdnt a storage device has a plurality of magnetic tracks for
providing at |east five negabytes“formatted of magnetic-storage; Fig. 33
Is a pictorial representation of a credit card having a groove forned
therein for receiving a data storage device wherein a data storage nenber

i | ted in.th d.t dat t b, d

encl osed by &% 30 et A B EERRPA TS SRERETFAHE RAi TH MeyobeRiSIReS: nror e

| f t ial . PCT/US0OO/ 41444 01/ 31641 -29- Fi 4

i abPATIEEE PE 3 GHEBIOLE SAEH tCIIarans i FEA R REBo0E S med t her i n

f i Vi .dat tor, . i Si, dat 1 m d
or ot ect | PECRET RYSAEROR, B crhe, FOXR 75, & RATPH ALK SIOPRHR Sonber wherei n

both the _data stQqQrage nber and protective cqating are | pcated within

t he groosgfﬁ% é‘.ar§5"?}?e§eg%pﬂ‘ﬁ V&F‘g‘? eﬁ}%&s%?%ﬁq%o%so‘%%nc?% it card having
a groove forned therein for receiving a data stQrage device wherein the
data st oMaGEITeRBER The oRerRe @18y 3% CoRYeAh §ife oteeerte®adating of
material || ocated...-directly therean and wherein a | am nating |ayer

mat er i al 1PEIYYs Fedatd aforagy sleyise which FAeLs Srbetattdastvidtt idfe coati ng;

Fig. 36 is a pictaorial regresentation of a credit card
the area of the applicable side and wherein each data storage

device has a plurality of magnetic tracks for providing at least
five me?abytes formatted of magnetic storage;

Fig. 31 is a right end elevational view of the.portable
card of Fig. 30 showing by dashed lines the data storage deviées
located on both the obverse side and converse side;

Fig. 32 is a pictorial representation of the portable card

.of Fig. 30 wherein the converse side thereof is shown and
wvherein both the obverse side and converse sgide thereof each
include a data storage device which covers aubstan;ially all of
the area of the applicable side and wherein each data storage
device has a plurality of magnetic tracks for providing at least
five megabytes formatted of magnetic-storage;

Fig. 33 is a pictorial representation of a credit card
having a groove formed therei# for receiving a data storage
device wherein a data storage member is located in the groove
and the data storage member and groove are enclosed by a
protective coating of material which may be one or more layers

of material;



having a data storage device fornmed on the surface thereof wherein both a
data storage nenber and a protective coating of material enclosing the
data storage nenber are both protruding above the surRGIASWI44e credit
card andwaharé4h a | aminating |layer. material is formed to be coplanar with
the protruding data storage menber “28nd protrudi ng protective coating; Fig.
37 is a pictorial representation of a prior art recordi ng nedium having a
hi gh density nagnetic material having its axis of .-magnetization extendi ng
in a substantiallgﬁﬂorizontal direction relative to at |east one surface

of the substrit®, 3thite P PAEEOF R gemeRfeRtrEioROF # 7¥edilafardt or age device
operatin%gin a protective environnment, and, to which a @rotective coati ng
as WO 0173Y899 PEFPOERT U RS 4thershn (Ve FESELvIRG: 8 Rt BEA%RIded to use the
sane in dat a storage device of the present invention, Fig. 38 is a
pi ct or i alf®VepT KVREAPIUH abh STRBIRUIMERET AN 2 PERIGHLKY FRAYLDM of t he
present invention_having a high _ density magnetic material having its axis
of magnetfzBtrialeshelrfing the 4oty iicrsgrarePeRorhexsinaboth &t i on
relative to at |east one surface of the substrate and a plurality of layers
of the FEERrFLAX@IENEPERATENA RFOEeRE Y, oabirg Agentrdatgdavitidanet i cal |y
pernmeabl e, low coarcivity |layer of magnetic material separated by a | ayer
of non- mM&k§AReFFWVRt eri al defining an.exchange break |ayer which enables a
magnetic image field to be stored in the magnetically perneable, |ow
coercivity | afft 35whf ch PAEEFdlngerrafenhntton o€da f@rEdat deax st or age
device; Fig. 39 is a pictorial representation of another enbodi nent

having a groove formed therein for receiving a data storage

device wherein the data storage member is enclosed by a

protruding protective coating of material located.directly

thereon and wherein a laminating layer material is formed to be

coplanar with the protruding protective coating;

Fig. 36 is a pictorial representation of a credit card

having a data storage device formed on the surface thereof

wherein both a data storage member and a protective coating of

material enclosing the data storage member are both protruding

above the surfacé of the credit card and wherein a laminating

layer material is formed to be coplanar with the protruding data

storage member and protruding protective coating; Fig. 37~

is a pictorial representation of a prior art recording medium

having a high density magnetic material having its axis of

magnetization extending in a substantially horizontal direction

relative to at least one surface of the substrate, which

recording media is used for a data storage device operating in a

protective environment, and to which a protective coating as



of a recording nediumof the present invention having an underl ayer

- deposited on at | east one surface of a substrate deposited, a high density
magnetic materjial |ayer deposited on the underlayer wWhg¥haisdodiag hi gh
density mEGA¥tI4! material has its axis of magnetization extending in a
substantially horizontal direction P& ative to at |east one surface of the
substrate, a |layer of non-nmgnetic material defining an exchange break

| ayer, and a protective coating including a nagnetically perneable, |ow
coercivity lLayer of magnetic material separated which is separated from

t he hi glikfsiepes hargdat ¢an et added Yoapae they sphe ik ehdakR B&aRS| ayer which
enabl es a magnetic image field WO 01/ 31641 PCT/11S00/ 41444 -31 to be
stored itFVHFE Rbgrhe PEeeeRE FOVABEMINE, | ow coercivity layer, which
recording nediumis used for a data storage device, Fig. 40(A) is a
pi ctorial refi8sett dfi Brpiatoydel Jrrpnsepn i A rRneoemhod Pfig medi um of
the present invention having a high density magnetic nmaterial |ayer
deposi t ¥ KRFoFAenGredinmiof She prpTentelpyentiensigigingadebi®erein the high
density magnetic material has its axis of magnetization extending in a
subst antdefaifyhBranaficarataniadt havwindeLhe  axdist of gragnefdeabinn surface of the
substrate, a layer of non-magnetic material defining an exchange break
| ayer, oAntendingtit@ substsmtiadly dwriepratexl disestinn rehating g .at
magnetically perneable, low coercivity |layer of magnetic materi al
separ at etPaftt ORei Wriaspphittde Fubshuate argir ednsiirvne§ntayersnaterial | ayer
by the exchange break |ayer which enables a magnetic inmage field to be
stored ifhe matabe idoglrdingepnpEpfiactiveFasdngi Ravwipd ayer,

magnetically permeable, low coercivity layer of magnetic

material separated by a layer of non-magnetic material defining

an exchange break layer which enables a magnetic image field to

be stored in the magneticaiiy permeable, low coercivity layer,

which recording medium is used for a data storage device;

Fig. 39 is a pictorial representation of another embodiment

of a recording medium of the present invention having an

underlayer deposited on at least one surface of a substrate

deposited, a high density magnetic material layer deposited on

the underlayer wherein the high density magnetic material has

its axis of magnetization extending in a substantially

horizontal direction relative to at least one surface of the

substrate, a layer of non—magnetic material defining an exchange

break layer, and a protective coating including a magnetically

permeable, low coercivity layer of magnetic material separated

which is separated from the high density magnetic material layer

by the exchange break layer which enables a magnetic image field



which recording nediumis used for a data storage device;, Fig. 40(B) is a
pictorial representation of still yet another enbodi nent of a recording
medi um of tykgepseHeENt 1 nvention having a high density negmesioaisaat eri al

| ayer deposited on the at |east one syjface of the substrate wherein the
hi gh density magnetic material has its axis of magnetization extending in
a substantially horizontal direction relative to at |east one surface of
the. substrate, a layer of non-magnetic material defining an exchange break
| ayer, and a pr Letfiaredchhthagiasgnptsaddy RegBerdrer Jownicortsivisue [ ayer
conprises a 111T WO 01/,.31641 PCT/ USOQ 41444 -32 magnetical |y perneabl e,

| ow coercivity 13¢8r BRChatfiforitnd patbm iF wefafolt 8J93%R ShoTagesdpwriasied
fromthe high densif) etic-mgterial |ayer by the exchange break | ayer
which enables a nalt"g%/?e't g@%n&ﬂeafqlggﬁnta& b r§f§’?‘é§if’ﬁ thEehedvEtetal | v
perneabl e, | ow relvity |l ayer d. the.oth ayer is disposed _on the one
|l ayer is for rredsq'%g d%h%é:r éf Qi gﬁ%]:ra]d&nﬁi'kegdlﬁ%“at‘)g Fléf ,Pre\ﬁ/ﬁ'lntcﬂn g’&ﬁ"&i PRy 4PEdi um

is used for a d@tgﬁ%}gt LR9Ey %%&hgﬁc E“Sﬁﬁépﬁ%%?%f’“gﬁetedo%kaéher epr esagsnt ation

of yet anot her | ment” of "a recordi ng medi resent -i hventi on

having a high cqﬁnsﬁgsécma%gcsm&@&é@wé@aiﬁr5&@@.9?& ta%@ksm{ tGnésd east
ensiTy nmagnetic

one surface of the substrate wherein the high materi al

has its axis ofma¥BENAl hEalit@Nafld BRChdifetiation UkRehaiHd @h!y hori zontal
direction relative to at | east one surface of the substrate, a |ayer of

non- magnet i ¢ nNedubbtadtialBf iHdirDgoritial ARV REBAK vbWEat BeddtObREL i Ve

coati ng _
surface of the substrate, a layer of non-magnetic material
defining an exchange break layer, and a protective coating
compriges one layer including a magnetically permeable, low
coercivity layer of magnetic material separated which is
separated from the high density magnetic material layer by the
exchange break layer which enables a magnetic image field to be
stored in the magnetically permeable, low coercivity layer,
which recording medium is used for a data storage device;

Fig. 40(B) is a pictorial representation of still yet
another embodiment of a recording medium of the present
invention having a high density magnetic matexial layer
depoaited on the at least one surface of the substrate wherein
the high density magnetic material has its axis of magnetization
extending in a substantially horizontal direction relative to at
least one surface of'the substrate, a layer of non-magnetic
material defining an exchange break layer, and a protective

coating comprises two layers wherein one layer comprises a



conprising two |ayers wherein one | ayer conprises a magnetically

- perneabl e, |ow coercivity layer of magnetic material separated which is
separ at edw{)roaﬁlﬁgﬂe hi gh density nmagnetic material | ayerpcIgsooima4exchange

break | ayer | enabl es a magnetic_é'zr_mge field to be stored in the

magnetically perneable, |ow coercivity layer And the other layer is

di sposed on the one layer is forned of a hard, dianond |ike material and a

| ayer defining a bond | ubricant _forned on.the other | ayer, of the

protective cogﬁgﬁﬁflca\iﬁ?’&erﬁ"&% Hi A FRAFTHAtY RS f’%rmagxaéjtca st or age

device; WD 01/ 31641 .PCT/ USQ0/,41444 . -3 i 4 | i r.. al

representati or?‘a(q)EFnsaf]i Islep?%afc&da"ﬁlho’t e%s eS% gﬂ%r?gn%% tlggr}gi or %‘%%glt di um of

the present VSR OBaPaYid1018d)l 8D GRNEkINFBONGNCIIRL hh AL, | Ver

deposited on t east one surface of the Substrate wherein the high

density magnetd;euiBd &f hadbndid idde¥idid0to BRELI&AGhOhe REGAMIRGIFN 2
substantially horizontal "direction relative to at |east one surface of the

substrate, a |Qygeavie,N2bs NEERELIV Gy BeRY Sha A8k G Bay&XEHANGRREEAK
| ayer, and a protective coating conprises one l|layer including a

magneti cal |y p&i fBadf 1abépvicOfirelli d8/ ol By, @laiBi@Neiks mABEAENA
separated which is separated fromthe high density magnetic material |ayer
by the exchangachresdoriisye medinrg iscusdd €sr an EAGH aitorager@igeide el d t o be
stored in the nmagnetically perneable, |ow coercivity layer, and a
protection coati ngfigmr m@dClorist Aepistheialsireprepent fci cpubs tyekt anotdpposite to
the surface having the high density magnetic material |ayer deposited
t hereon, whi chembedémefitngf rediegardingumediunf of thedpresent oinygat iy haeing

a high density magnetic material layer deposited on the at least

one surface of the substrate wherein the high density wmagnetic

material has its axis of magnetization extending in a

substantially horizontal direction relative Eo at least one

surface of the substrate, a layer of non-magnetic material

defining an exchange break layer, a protective coating

comprising two layers wherein one layer comprises a magnetically

permeable, low coercivity layer of magnetic material separated

which is separated from the high density magnetic material layer

by the exchange break layer which enables a magnetic image field

to be stored in the magnetically permeable, low coerxrcivity layer

.and the other layer is disposed on the one layer is formed of a

hard, diamoﬁd like material and a layer defining a bonded

lubricant formed on the other layer of the protective coating,

which recording medium is used for a data storage device;



Fig. 41(A) is the pictorial representation of a recording mediumof the
present invention illustrating that the surface thereof is textured during

the fabri c%bg&,gﬂocess of the recording mediumto proviferisei[d

anti sotrophy of the magnetic donai ns;_gg_i g. 41(3) is a pictorial
representation of the recording nediunof Fig. 41(A) having a plurality of
magnetic tracks and 111! WO 01/31641 PCT/[TS00/ 41444 -34 illustrating that

specific domain areas u for recordin magneti ¢, signal s therein; Fig.
48(A) is a pictori g"lalgr’ e%of@geﬁ?aat F’bﬁt°51"agrfeé’ﬁg%ed‘§éb?“§‘ %ér‘éﬂiltl ¥eh d whergi n

e e " S pahbals Shobfflel S 80IGAIEE, nolinf HBARR podemgOr I 0O

materi al and having a protective coatlng erear oun

storage devi Ceynbdt1of A finkSa hibhdbley J{?sgéﬁ%em;@eugggyﬁf an encodeabl e

credit card wherein the intérior of t Strate or YPhereof is

formed of a hi gbpélansiatyn rtﬁﬁoélgil'agsm}tgré@fab@}gfn.ghé‘_suggga%gt sYeggat i ng
formed thereon for formng a data storage device; Fig. 43(A) 1s a

pictorial represeniahi @ndtyandgnetid mae&talhRdd 185 %8E08F fabREdBALEr ei n
which is adapted to have a data storage device conprising a recording
medi um havi ng axpsmtiagtive senshhtialierimd zbencdiiedtion ¥3aB)vd $odat
pictorial representation of a credit card having a groove fornmed therein
whi ch encl osesleastabae ssunfage ofdehe @absheite| m tlageraifansi-aagge-idevi ce may
conprise a recording

material defining an exchange break layer, and a protective

coating comprises one layer including a magnetically permeable,

low coercivity layer of magnetic material separated which is

sebarated from the high density magnetic material layer by the

exchange break layer which enables a magnetic image field to be

stored in the magnetically permeable, low coerxcivity layer, and

a protection coating formed on the other side of the substrate

opposite to the surface having the high density magnetic

material layer deposited thereon, which recording medium is used

for a data storage device;

Fig. 41(A) is the pictorial representation of a recording

medium of the present invention illustrating that the surfaée

thereof ig textured during the fabrication process of the

recording medium to provide lineal antisotrophy of the magnetic

domains;

Fig. 41(B) is a pictorial representation of the recording

medium of Fig. 41(A) having a plurality of magnetic tracks and

T



medi umillustrated in Figs. 38, 39, 40(A), 40(B), 40(C) and 40(D); Fig. 44

is a-pictorial representation of still yet another portable card utilizing
t he teach{,vagﬁlsg% the present invention in the form of wmesywetsscal |y
encodeabl e credit card wherein the verse side.thereof may contain

i ndi cia providing banker/user information or, alternatively, a standard
magnetic stripe area WO 01/ 31641 PCT/ USQ0/ 41444 -35 as shown in Figs. 19,

20, 21, 26, 27i.’llﬁ§txaar&9ng%h%@dsﬁ&ﬁfggorl%é%%gxr? arihfiGusklCigobogAliabNC] ude a data

storage device having a plurality spaced magneti1 C tracks for

storing at lL@gsbedd ¥&giBGPNdRInt Ormatted of a magnetic data; ‘Fig. 45 is a
pl-ot depicting the magnitude of magnetic signals transduced by a nagnetic

transducer being gianspEnt ¢8 4 igleestial BffesantBUBRIALC ah! @fdodRhpid ed as a
function of track length; Fig. 46 is a sinplified schematic di agram of a

card reader dreait aghngheddn apr esltitiengubstirat &airi bodyd iBofdratlat&dr d
utilizing the teachings of the present invention; Figs. 47 and 48,
t oget her, ar efaadeigmekbel reecbedimg natthrdgl cand hevimgcargkoteatidre icBatitlj ng dat a
verification for reading and reproducing information froma portable
credit card uthekreatamgd fdrmmibegacldabgstolragdidlepiasent i nvention;, Fig. 49 is a
sinplified schematic diagram of a card cleaner for cleaning debris,
fingerprints and Fise #2(& fipompdcporiadbrepresanthtion| ¢fziapgendpdenbbehi ngs of
the present invention wherein the cleanin Er ocess is prefornmed prior to
processi ng byrgdéhraprdcpaein gher éﬁ"eﬁrﬁgraﬁ%t eprwhgtrategor fastynat i on from
t he
thexeof is formed of a high density recording material having a
protective coating formed thereon for forming a data storage
device;
Fig. 43(A) is a pictorial representation of a credit card
having a groove formed therein which is adapted to have a data
storage device compriging a recording medium having a protective
coating formed therein;
Fig. 43(B) is a pictorial representation of a credit card
having a groove formed therein which encloses a data storage
device wherein the data storage device may comprisé a recording
medium illustrated in Figse. 38, 39, 40(3d), 40(B), 40(C) and
40(D);
Fig. 44 is a pictorial representation of still yet another
portable card utilizing the teachings of the present invention
in the form of a magnetically encodeable credit card wherein the

obverse side thereof may contain indicia providing banker/user

information or, alternatively, a standard magnetic stripe area



portable card; Fig. 50 is a pictorial representation of a front
I ew of a card cleaner having a card feeder for carrying out

el evati onal v

the card chggpifigprocess; Fig. 51 is a pictorial represeotesoansof a |eft
onal view of a card cleangg illustrated in Fig. 50; Illi WO

si de

01/ 31641 PCTIUSOQO 41444 -36 Fig. 52 i

el evati

alternate st
illustrate in_Fig. 50, Fi.g. is.a.pictorial_rse entation of still yet
anot her enbodi o wno?naﬂi 8??1}6I 202 3, 20T 44 ag%ﬁ% 83 N GRS B he

present inven
in the formo

entire substraggrdneludt Rd-LR1dbsdcedaSm 5@@&@%\5@ FoleVEe ding JEBONEL

transducer shown by dashed lines;  Fig. 54 is a right _.end el evati onal

of the portabhgas€&ide Hegabites 28rmdtewl ek bhRadetkc fdaxgdl y | ocated within
e by dashed lines; Fig. 55 is a pictorial representation of

t he

still yet anotwhgl asegbogiprBataephiceinOeh@liagnitiad o iabgétid bhgndi@achi ngs of

t he

in the form otrangiuekdrst at addngt b® Wihasducerobe imgpEEHnsperted Linddiaysubstrate
and wherein the disk is rotated within the substrate relative to a nagnetic

substrat

pr esent

ructure of a card feeder for use with the card cl eaner

nen € card uti'l'fzing

biap cLst %a%??"‘f‘%?#l&@taeﬁa@ap%ltg§§g% bwdlahayglopage device is

wherein the

rgl I xed to the substrate

i nvention wherein a substrate encl oses a data Storage

transducer. showar by mdgedtde ttackeplotked as a function of track length;

Fig. 46 is a simplified schematic diagram of a card reader
for reading and reproducing information a portable card
utilizing the teachings of the present invention;

Figsg. 47 and 48, together, are a detailed schematic diagram
of a card reader including data verification for reading and
reproducing information from a portable credit card utilizing
the teachings of the present invention; -

Fig. 49 is a simplified schematic diagram of a card cleaner
for cleaning debris, fingerprints and the like from a portable
card utilizing the teachings of the present invention wherein
the cleaning process is preformed prior to processing by a card

reader for reading and reproducing information from the
portable card;

Fig. 50 is a pictorial representation of a front
elevational view of a card cleaner having a card feeder for
carrying out the card cleaning process;

Fig. 51 is a pictorial representation of a left side

elevational view of a card cleaner illustrated in Fig. 50;

S a pictorial representation of an

iC
Vi ew

devi ce



Fig. 56 is a right end elevational view of the portable card of Fig. 55
- showi-rng the disk rotatably located within the substrate by dashed I|i nes.
DESCRI PTl‘Qf\)IcS'?E E PREFERRED EMBODI MENT I n this regard,ediingsse4tidd hr ough 7,

| abel ed p pictorially illusfrate the presently used financial or
credit WD 01131641 PCT/LTSOQO 41444 - cards. Figs. 1 through 4 illustrate
a credit card 100 where the obverse side 102 bears indicia describing
certain bank/user _infaornation while the converse side 104, is illustrated

in Fig. 2, includBta53ats as?b?%ﬂféa%e"cePFB?F“fGBl%PéhaWtB’é“?q‘? the form

of wide nmagnetic stri area 1 his t C h netic stripe
area used |gn asﬁl\‘}ﬁﬁﬁ%%ér%o‘fatr g‘?ec?ervxgcfr Hs%d%tté ﬂéﬁ C&r "gﬁa ain P

conpliance w th.uus ANSI, and?éds as described above. Alternatively, the

magnetic stripé are’élatr"?’al bey magnetic strip area as depicted by

dashed |ine 112 Wn%,fg fgr%%gg &%q%%%éﬁgéf{tg €sddd el &R Pétt%%'tﬁ |1y used

in a VISA(r) credi card fUstrate a ypi cal Shart

Card 120 havi oﬁgﬂérﬂ{[ 88" #lkGeLhiL Uhta %taseml%g é?@tggs@ﬁ g4 on Cgh'ae obverse

side 126 thereo e Integrated circuit I nclude a dedicated

storage rrenber,]aremﬁc Cﬁﬂ?éﬁ!’:% Shefeik28 afbsw&e%rraﬁélosgar@ilelagtmobsgé)' ank
or alternativ y may i ncl ude a nagnetlc strlpe area simlar to nagnetlc

stripe areas 1d&,i3adid k4 8fe fiokhUsd halfk kilgfd1g afeixkd & Ghe Surdidade the
integrated circuit 122 is illustrated

and wherein the entire substrate including the disk is rotated
relative to a magnetic transducer shown by dashed lines;

Fig. 54 is a right end elevational view of the portable
card of Fig. 53 showing the disk fixedly located within the
subgstrate by dashed lines;

Fig. 55 is a pictorial representation of still yet another
embodiment of a portable card utilizing the teachings of the
present invention wherein a substrate encloges a data storage
device in the form of a disk rotatably mounted to or supported
with the substrate and wherein the disk is rotated within the

substrate relative to a magnetic transducer shown by dashed
lines; and

Fig. 56 is a right end elevational view of the portable
card of Fig. 55 showing the disk rotatably located within the
substrate by dashed lines.

DESCRIPTION OF THE PREFERRED EMBODIMENT
In this regard, Figs. 1 through 7, labeled prior art,

pictorially illustrate the presently used financial or credit



by dashed lines. If a magnetic stripe area is used on the Smart Card 120
the magnetic stripe area is typically |ocated on the converse side 128.
The pi ctor iyad ofrABf1€SENt At i on of a portable card 140, as peimosw4idas Figs. 8,
9 10 and 11, utilize the teachings of Lhe [l WD 01/31641 PCT/ USO0/ 41444
-38 present invention in the formof a“fmagnetically encodeable <credit card
fabricated from pol yvinyl chloride or polyvinyl chloride acetate. The

portable card l4fiNasreyLbyHBeugh d€ 11\t r20 AcEQRCLSE SbfSunkdd: crlhe

converse side 144 has two spaced parallel nagnetic stripe areas shown as

magneti c stri pepar@assidet BoanstatbOindkatd @BENRIhE lrkhPS ARRAILES and 150
are  capable of having a plurality of magnetic tracks for providing at

| east five negatniinasidowhild afieOforivagfeist e SIoq) ape i1MidtiaRad kY. one of
the magnetic stripe areas 148 or 150, may be formatted for use as a
standard nagneti cirglndqe aadatsa ehotade sendoal 106 eklidh meprkk ifftHeoBESEE, the
| ower density application may not efficiently use the storage capability
of the appli cabf evidgemgemelic sttripe axpaallol rwhilch potyabtal ofirchel 58 '
illustrated in Figs. 12 and 13, the obverse side 160 of the card 158 may
cont ai n i ndi ci magrisitih stydpe mmeai weedodnle ANEX® jarkditratairdn wiidheontiafed ude an
integrated circuit as shown by the dashed rectangle 162 and the converse
side thereof 18/nedyddtay éncuplihreraitiethe 28151 $mndapds be6dadcribée f or m
depicted in Fig. 8 1In the portable card of Figs. 14 and 15, the portable
card above. i
Alternatively, the magnetic stripe area may be a thin

magnetic strip area as depicted by daéhed line 112 which forming

a narrow.stripe 114 which is typically used in a VISA® credit
card. a

Figs. 5 through 7 illustrate a typical Smart Card 120
having an integrated circuit shown as 122 located on the obverse
side 126 thereof. The integrated circuit 122 may include a
dedicated storage member. The converse side 128 of the Smart
Card 120 may be blank or alternatively may include a magnetic
stripe area similar to magnetic stripe areas 110 and 114 as
illustrated in Fig. 2.

In Figs. 6 and 7, the integrated circuit 122 isg illustrated
by dashed lines. If a magnetic stripe area is used on the Smart
Card 120 the magnetic stripe area is typically located on the
converge side 128.

The pictorial representation of a portable card 140, as

shown in Pigs. 8, 9 10 and 11, utilize the teachings of the

THT



has an obverse side 172 and a converse side 174. The portable <card 170 is
in the formof a magnetically encodeable credit card fabricated from

pol yvi nyl Illg{fipe, or other equival ent operable materpggalusosaay as for
exanpl e Ae converse side 174 h a magnetid stripe area 178 having
a plurality of magnetic tracks WO 01/°316x41 PCT/ USOQ 41444 -39 for
providing at |east five negabytes of fornmatted of magnetic storage. The
obverse side 172 may be used for providing indicia or for other uses as
descri bed her imsert doventgoniim £he fFgmjepx magnefiicpdiy sncedgatdsent ati on of
yet anot her enbodi nent of a portable card 180 utilizing the teachings of
t he present i rfreftt FRrdTiAPrisrteh FEOR FedYBhaklordde A5 P isvde 182 and a
converse side 184. The obverse side 182 has, formed thereon a data storage
devi ce shown WPIEFIRVAEBBAES -unTRENPRERAE SIS EANLTRS P\ AEFeD eidRe1 42

b .aid f b ' 2. The data, st devi 188 h
ol ural i1y of MGRCTIITIaciEe LN pr U APGPAE FAUOLT P8 REABPTEs |

et e lseri TRtRRLer pabRlaR® IR SOMNPLRSS Al hablide FPUALID Fead! SNCEM

magneti c strir?e area as-used o credit Caf

lines 190, Thi 185, :
i nes 'ﬁsegf’i‘&’ 9. rh%gﬂorﬁéd?}%g?\:m%?%ﬁp%g}ea 43 Bfia 159 a@éé’%}’é‘%%f usi ng

magneti cal |y encodeabl e credit car cap bein

an AVEX(r) cregd b6l flaf fAHGRI O o2t .hfgneiﬁameﬁsfmapfé\g'mﬁwﬁ §eggy d

readers or standard financial ‘nagnetically encoded card processing
apparatus. Al tghRahddyYes FoeRhttiCafl Haghbt IRGREEdde . S| ANANP 196.FSI NY

apparatus, adapted to read and/or wite on the data storage device 188,
may be used t o 8f e hbgndtagneidigaldneasnraried 150, may be formatted
for use as a standard magnet;c stripe area on a financial credit
card. Of course, the lower density application may not
efficiently use the storage capabllity of the applicablé
magnetic stripe area.

In the portable card 158 illustrated in Figs. 12 and 13,
the obverse side 160 of the card 158 may contain indicia which
may provide bank/user information and may incfude an integrated
circuit as shown by the dashed rectangle 162 and the converse
side thereof 164 may have a single magnetic stripe area 166 of
the form depicted in Fig. 8.

In the portable card of Figs. 14 and 15, thé portable card
has an obverse side 172 and a converse side 174. The portable
card 170 is in the form of a magnetically encodeable credit card
fabricated from polyvinyl cﬁloride, or other equivalent operable

material, such as for example PVCA., The converse gide 174 has a

magnetic¢ stripe area 178 having a plurality of magnetic tracks

-



data. Figs. 19, 20 and 21 depict a pictorial representation of still yet
anot her enbodi nent of a portable card 196 utilizing the teachings of the
present i n\w(;lﬁli,ggm The portable card 196 1171 PCT1USO00/ 4icrdsooMiaqsd | 31(41
-40- has an obverse side 198 and a con &rse si de 200. The obverse side 198
has forned thereon a data storage deviTeé shown by arrow 204, which covers
substantially all of the obverse side area of obverse side 198. The data

storage device 204 has.a plurality.. of magnetic tracks for providing at
| east five rreg5%§/tpergn?l()nngorrﬁgtleeasf)ffir‘r’ﬁg'ﬁe& PEERY SfatfEmatted o§nirgneEisi de 200

' ' | » d Al \ dit d
chown by dashedTiss 210 Cfer2chB, 27 Bl e Hhle Mo Cihr Hhey oitla cou

shown by dashe nes 210. I'S enabl es abl'e

as a magnet i cabi VeczNGOsERAkEs GlidorBld ok ) i s capable of being read
using a VISA(r) credit card reader or other standard financial credit card

readers or standar ¢ifinarGi g anﬁﬁmagﬁﬁﬁl LYp£262580 8:‘%&&9&&%5%99
e n

apparatus. Alternatively, a card reader or nmagnetic i1 gnal processing

appar at us adapy@s aneth&AdmBE At WE b GodiRable cdaéaie_%t%ﬁ%inéjg;‘ﬁlfce 204 may
be used to process the magnetically encoded data. Figs. 22 an 3 depict a

pictorial representings®t ehe Prebént YR¥erdnohNerrmehadhbRNad ®oPRLS ab! €
card 214 utilizing the teachings of the present invention in the formof a

magnetical |y smebsterdd eide adizt awnrdcémierse adiad io3.a P sbisddedblde

rectangul ar shape and havi ng substantially planar sides including an

obver se 182 has formed thereon a data storage device shown by arrow 188,
which covers substantially all of the obverse pide area of
obverse side 182. The data storage device 188 has a plurality
of magnetic tracks for providing at least five megabytes
formatted of magnetic storage. The converse side 184 contains a
standard magnetic stripe area as used on an AMEX® credit card
shown by dashed lines 190.  This enables the portable card 180,
to be used as a magnetically encodeable credit card which is
capable of being read using an AMEX® credit card reader or other
standard financial credit card readers or standard financial
magnetically encoded card processing apparatus.

Alternatively, a card reader or magnetic signal processing
apparatus, adapted to read and/or write on the data storage
device 188, may be used to process the magnetically encoded
data.

Figs. 19, 20 and 21 depict a pictorial representation of
still yet another embodiment of a portable card 196 utilizing

the teachings of the present invention. The portable card 196

THT



side 218 and converse side 220. The obverse side 218, adjacent the top
edge of the credit card 214, has a standard magnetic stripe area as used
on an AI\/EX%VH creijit card shown by dashed |ines 220. Loscwessoiaiow the
magnetic s “[5’8"'5 ea 220 is a data storage device shown by arrow 224 which
covers in excess of one WD 01/31641 PEA-LTSOO 41444 -41 half of the
obverse side area of obverse side 218. The data storage device 224 has a
plurality of magnetic tracks for providing at |east five negabytes
formatted of nhefheni ebuerse Rjde 15h&ndoh\ROPERras déd??@"nafh@o%?‘éﬁ}; ® ndicia"
or be utilized for other uses as descriped herein., Fi algld 25 depi ct
f

,0S. .24
a pictorial reptiesdft dtaohcBtedsFRFTeony Rt a&ﬂo?%éfgirﬂ?gla?%eﬁhowﬁ %2 255 abl e
d 230 utili zi h t hi f .t | ' .n_the-f f
core 250 1175400, 15, LSachians, o A0, Cooen LAvaLRD dn g e o

magnetical |y pf%be rrca In a substantially

rectangul ar shggger%ggsp Vipg substant 9“2%5913 J e SiflCHas WPYELSH 181, dE 232

and converse s €~ obverse side acent the top edge of the

credit card 230, o ac@gafsﬂ f@gglgagiiairg LiPRRECRi vl fedsiRile@N an VI SA(T)

credit card shown ashe | nes Locat ed bel ow the magnetic stripe

area 238 is a Qﬂﬁ&k&r@ﬁﬁagﬁé\ﬂ&@céﬁgﬂm ¥ e 2P g iR £0) BN Elihsl A
excess of one-half of the Obverse side area of obverse side 232. The data

storage devicg, 24 BaRadhelldldtlriby ftba"ROUBLE Con! bAGHEXE®S OfediitO¥AFH NG at
| east five rregalriyt es formatted of nmagnetic storage. The converse side 234

may contain indhGld p9f adifhe tii:{eléfﬂlé.or Thil efbbfes 2Re GRAtaK1LCRES N5,

pictorial representation of sti yet anot her enbodi nent of a portable

card 246 utili %En£b1hggd as a magnetically encodeable credit card which is
;apable of being read using a VISA® credit card reader or other
gstandard- financial credit card readers or standard financial
magnetically encoded card processing apparatus.

Alternatively, a card reader or magnetic 8ignal processing
apparatus adapted to read and/or write on the data storage
device 204 may be used to process the magnetically encoded data.

Figs. 22 and 23 depict a pictorial representation of still
yet another embodimgnt of a portable card 214 utilizing the
teachings of the present invention in the form of a magnet}cally
encodeable credit card fabricated in a substantially rectangular
shape and having substantially planar sides including an obverse
side 218 and converse side 220. The cbverse side 218, adjacent
the top edge of the credit card 214, has a standard wmagnetic
stripe area as used on an AMEX® credit card shown by dashed
lines 220. Located below the magnetic stripe area 220 is a data

storage device shown by arrow 224 which covers in excess of one-



teachings of the present invention in the formof a nmagnetically _
encodeabl e credit card fabricated in a substantially rectangular shape and
havi ng subst %al | y planar sides including an obver sepcwusiendfasd and
conversevg(?ﬁ'zﬂ 2. The obverse side 250 has fornmed is WO 01/ 31641

PCT/ US00/ 41444 -42 on.the | ower port”’l on thereof a data storage device
shown by arrow 258 which covers in excess of one-half of the obverse side

area of obversg,gi de BR0.pigedfiad SEOS RECIRYLE §:A8813S e BLELAlT LY Of

magnetic tracks for providing at |east five rregal;yt es formatted of

magnetic st or agrabeCivebe P24t Afs QOPURIT EL P ictemamet 80t AdkaCRRAt the top
efdlge of the credit card 246 is a standard nmagnetic stripe area as used on

an ANIEX(r) crgsividomy desheis bivedashagtbs Ren2fi2d dhanaghefie ct8radede 252
may contain indicia or be utilized for other wuses as described herein.
Figs. 28 and 2fhealepnedrsa pide 020 alayr epitase nindt &1 oof bes tuthilizedeFonnot her
enbodi nent of a portable card 266 utilizing the teachings of the present

i nvention'in térhekonsmsohs adewpyilestd batrdein. encodeabl e credit card fabricated
in a substantially rectangul ar shape and havi ng substantially planar sides
i ncl udi ng an obver E&g8.sR#candl7 85 egpicod piatwordplicrepyosenthbiohwér 8eildi de 270
has formed on the |ower portion thereof,a data storage device shown by
arrow 278 whi c¥etcaperher| pmkodiment of pmerkahle eprd RA0 ojdizingsitie area of
obverse side 270. The data storage device 258 has a plurality of magnetic

tracks for protAPIRESLOE Bl Pressnt insghion 42 s fare &f srragmghiealdy

st or age. .
9 encodeable credit card fabricated in a substantially rectangular

shape and having substantially planar sides, obverse side 232
and converse side 234. The obverse side 232 adjacent the top
edge of the credit card 230 has a standard magnetic stripe area
as used on an VISA® credit card shown by dashed lines 238.
Located below the magnetic stripe area 238 is a data storage
device shown by arrow 240 which covers in excess of one-half of
the obverse side area of obverse side 232. The data storage
device 240 has a plurality of magnetic tracks-for providing at
least five megabytes formatted of magnetic storage. The
converge side 234 may contain indicia or be utilized for the
Figs. 26 and 27 depict a pictorial representation of still
yet another embodiment of a portable qard 246 utilizing the
teachings of thé present invention in the form of a magnetically
encodeable credit card fabricated in a substantially rectangular
shape and having substantially planar sides including an obverse

gide 250 and converse side 252. The obverse side 250 has formed




Located on the converse side 272 and adjacent the top edge of the card 266
-1s a-standard magnetic stripe area as used on an VISA(r) credit card shown
by dasheqwh%9§§¢g82. The converse side WO 01/ 31641 PCT/pdamfsheidddet -43 272

may conta indicia or be utilized fozvother uses as described herein.
Figs. 30, 31 and 32 depict a pictorial“representation of still yet another
enbodi nent of a portable card 290 utilizing ‘the teachings of the present

i nvention. The Egrtable card quﬁ hgf aﬁgobverse shde_292hand a converse
side 294. ThebbPe ST FHLFI98 FIRZECT & HRY ShEF & 9875 PSMbPEge devi ce
shown by arrow Zgﬁﬁhng h covers suq§%gnggall I ohver se, si de

| f .th
srrgh 40P CRETS. AR, SrER ot s PR SHeCEVREEE Piitred

area of obverse si

thereon a Seﬂ%ga{sfyo%rg#s%gﬁgﬁ%% BO'30E ABYLIE RDPUN BY gyd QW 300, uhi ch

covers substanti a e converse sSide area of converse side 294.

Fach of the a8y Agendanieesaafs 38d 300 4p%; ae plitiakity of magnetic

tracks for providing at |east five negabytes formatted of nagnetic

storage. It igedaB¥isd 2Bedaddedl oPRRgRitilcherslalse. st orage devices 298 and 300
may be formatted for use in a manner simlar to a standard magnetic

stripe area on a ifodakel gh 1R forivlerbé HARET M2 6h&@Hdab&Htd tnéftopfedyse, the
| ower density application may not efficiently use the storage capability

of the data sédragecstditCesd?IPs anda HHanddhe magiétd castipesrsy aget hods
available to fabricate a portable card at a nmagnetically encodeabl e credit

card utilizingsed on an AMEX® credit card shown by dashed lines 262. The
converse slide 252 may contain indicia or be utilized for other
uses as described herein. .

Figs. 28 and 29 depict a pictorial repre;entation of still
yet another embodiment of a portable card 266 utilizing the
teachings of the present invention in_the form of a magneti;aliy
enccdeable credit card fabricated in a substantially rectangular
shape and having substantially planar sides including an obverse
side 270 and converse side 272. The obverse side 270 has.formed
on the lower portion thereof a data storage device shown by
arrow 278 which covers in excesas of one-half of the obverse side
area of obverse side 270. The data storage device 258 has a
plurality of magnetic tracks for providing at least five
megabytes formatted of magnetic storage. i

Located on the converse side 272 and adjacent the top edge

of the card 266 is a standard magnetic stripe area as used on an

VISA® credit card shown by dashed lines 282. The converse side



t he teaching of the present invention. Figs. 33, 34, 35 and 36 are ,
exenpl ary of several nethods and structures- for the Il i W 111/31641
-44- PCTI %/34%‘{1‘44 teachi ngs of the present inventi onPCVHSNS144dict ur e,
conposi tion "and thi ckness of the recggding nedi um and protective coating
may dictate which structure is the best enbodi nent for using the

teachi ngs of the present invention. The nethods and structures set forth

bel ow are not iptended .tq bg J.imting and. ar ein rovi ded as exanpl es
only. It is ehﬁ I e o T s T g“— Rﬁéwegl ?8? r?g:PFF/e“BFBCTﬁoI ogi es or
after devel Opege$&§5398|h°e%ie?§ whi ch are equivalent to the known

t echnol ogi es, nmay be used in practicing the invention set forth herein. In

Figs. 33 through 36 ! | oL .
i gs rough 36,4600 £1.6080 Se3{& hgﬁ%ﬁ;ifﬂ gﬁgiééﬂén‘:g‘@io%ag?m .

nunerals. Fig. 33 is a pictorial represent 0 structure

portable card foiie¢efflardeabP Hnbaifhert of WHERaBRY ASa2¥b wKWILgRE eri al

for use as substraté for a recording nedium including glass, ceramc or

the like or otpgs vaaBhifREN6Eithe PRdRhE AnvedPRonSUDBLL dbfrabi2 hias 2041 OOVe
314 formed therein. Certain of the materials defining the remnaining

structure of thes ahabbBverser alie deyiand a ohvcksegside 2040t abki s¥reggat i Ng are
shown generally by arrow 316. The materials disposed in the groove 314,
excepting the ptdd eoRihes comtedghexoe alejatatsurhge Jo%ies dhoshe fHynarrowlat a
storage section or recording medium 'The nmaterials 322,. the surface of
substrate 312 asel whéchyrcoyers Fubstamtéallychbbad bipe tdbwepreosdde iareacafat i ng
324 which may be one or nore layers of material as disclosed herein.
obverse side 292, :
The converse gide 294, likewise, has formed thereon a
separate or second data storage device shown by arrow 300, which
covers substantially all of the converse side area of converse
side 294.
Each of the data storage devices 298 and 300 has a’
plurality of magnetic tracks for providing at.leaat five
megabytes formatted of magnetic storage. It is envisioned
that one of the data storage devices 298 and 300 may be
formatted for use in a manner similar to a standard magnetic
ptripe area on a financial card of fimancial credit card. Of
course, the lower density application may not efficiently use
the storage capability of the data storage devices 298 and 300.
There are a number of methods available to fabricate a
portable card at a magnetically encodeable credit card utilizing

the teaching of the present invention. Figs. 33, 34, 35 and 36

are exemplary of several methods and structures for the



WO 01/ 31641 PCTI USOQO 41444 -45 Fig. 34 is a pictorial representation of
anot her structure for a portable card fornmed of a substrate 312. The
substrate 312 has a groove 314 formed therein. Certai pe@fusbdraadaat eri al s
def i ni ng WO H64kai ni ng structure of thie data storage device including the
protective coating are shown general Ty by arrow 316. The materials, except
for the protective coating, are depicted by 322 and the materials 322 are
di sposed in the groove 314 together with the protective coating 324. An
over coat Iayetreacg?'n%ﬁﬁe"d‘el BER ANt nYeRrrn- d@bgﬁtéacwedag?fﬂﬁﬂ’sllgh%“ 326, may

b lied t rface of _the substra eenc Qsi n rotect' e
coati ng 324, THeCFLGIEPE® G FAS Gecaraipsonshiom 18 Gaebrorive, fordng Mphe

substrate 312, ct ori r ese t|o el an t her
structure for 1§Epgertwg% Sté'ugé roer?r% h EQ£ EQ? "ienp:%%f. Xﬁfé‘g gubstrate 312
has a groove 314.f0 H?g %ﬁeégé&nt%ﬁ\;&lt@o f the materials defining the

€0

remai ni ng structur afa storage device including the protective

coating are shownpQeRRiRbde/ ahY sthEOWed1Ber Ebﬁtmw,aéz%_ n&XGEREnddY the
protective coating, are depicted by 322 and the materials 322 are d| sposed

in the groovg 3t4rimiRendrRlaesid Veikd ProbPied?ds ickamp L bl NGt Psotective
coating of material located directly on and enclosing the |ayers of

mat eri al 322. erfyikdbidithit) prayé&it 170k vwnah1 tdaRt Diccdebbholaghasl Jri ne 328 is
formed to be coplanar with the' protruding protective coating 324. | I1i
PCT/ USO0/ 41444fter developed technologies which are equivalent to the known

technologies, may be used in practicing the invention set forth

herein. In Figs. 33 through 36, common elements are identified

with the same numerals.

Fig. 33 is a pictorial representation of one structure for

'a portable card formed of a substrate 312, which may be any

known material for use as substrate for a recording medium

including glass, ceramic or the like or other non-magnetic

material. The substrate 312 has a groove 314 formed therein,

Certain of'the materials defining the remaining structure of the

data storage device including the protective coating are shown

generxally by arrow 316. The materials disposeé in the groove

314, excepting the protective coating, are depicted by 322 and

define a data storage section or recording medium. ‘The

materials 322,  the surface of substrate 312 and the groove 316

are enclosed by the protective coating 324 which may be one or

more layers of material as disclosed herein,



WO 01/31641 -46- Fig. 36 is a pictorial representation of still yet another
structure for a portable card forned of a substrate 312. The substrate 312
receives c @% 5R¢Pf the materials defining the renaini RgTaASNAG44dr e of t he
dat a storé§ evice, and those certaigg materials including the protective
coating are shown generally by arrow 316. These materials, except for the
protective. coating, are depicted by 322 and are di sposed on and * protrude

above the surface bstJs 312 Legtd t] IS
| ocated directly o%:ighgjlleﬁgl?)tsﬁl%&{%é f%%?gg%# rrac{f\e/??%'?g%ﬁ{%rﬁa?ﬁe

protective coakhpt 3dtdifiel biiVestnad oBPlatibbiRGel fET Be BFBLA JRE A
| am nating | ayer material depicted by dashed |ine 332, which optionally

may be the samgiz Mdsehi glooes FeLPFRideehdAe@nCOoalelrBgin b8 fHY WREbAIQIRE
coplanar with the protruding |layers of material 322 and the protective
coating 324. Fagfiriagi tha rehirihgadtruepias et thid aatDfstardde aevidd
recordi ng nmedi um 400 havi ng substrate 402, a Ti Seed Layer 404 (having a
t hi ckness of appedingt ey ptdcAligstcoetidg aae|shpen gkdéraldly by Rudrawi ng
formed around a | ayer 408 of Cr, a high density magnetic material |ayer
412 having its33&i s Toé mergmiéaliszaexenpt Eoat dhdi prptectivesobmitiagt iadd y

hori zontal direction relative to at |east one surface of the substrate
402, and wher edepidied| by S22 apd) the masarialsop2z @k cdiapeeed dngtlss groeve C
coating 414. The' recording medium 400 is exenplarg of the type of
recordi ng WO 0318 TgetmaTWitis(hegupbgctivey coating 324. 2An overcoat layer

or bonded lubricant. layer, depicted by dashed line 326, may be
applied to the outer surface of the substrate enclosing the
protective caning 324, the layers of material 322 and the outer
surface of the substrate 312. -

Fig. 35 is a pictorial representation of yet another
structure for a portable card formed of a substrate 312. The
substrate 312 has a groove 314 formed therein. Certain of the
materials defining the remaining structure of the data storage
device including the protective coating are shown generally by
arrow 316. The materials, except for the protective coating,
are depicted by 322 and the materials 322 are disposed in the
groove 314. The protective coating 324 is a protruding
protective coating of material located directly on and enclosing
the layers of material 322. A laminating layer material

depicted by dashed line 328 is formed to be coplanar with the"

protruding protective coating 324.



medi um used for a data storage device operating in a protective
environnent. Typically in a data storage device such as a disk drive
operating in a Prot ective environment, particles get i perasoniteis drives
from poo™@P¥BF4c| eani ng, surface abrgsion created from the head |anding
on the nedia | anding zone, and peaks of carbon extending above the
head. fl yi ng hei ght that are severed or broken off by the flying head. The
typical sizes of pagtisgl ¢s 4 RabedMitlCAPRBARLESE bedbslar Jbt Vaedle | arger
that the flying height which'is typically I mcroingh to 10 m crol nches.

These particl gerfzir&avr! ¥ fReaPR chod RenbEres Nedieriieadand fhae di sk.
The particles |ift the head up and away fromthe disk. The particles plow

through or pensitiate Fiherevanvesaderiiploft £6d miCelialer déidihgnaet on the
hi gh coercivity recording layer, resulting in conplete destruction of the
recorded dat arénad@ling HtrfictuwreC ofiniel gatanetor:ae deviveadamd anbse The
particles' generated by the "head crash” can rapidly spread throughout the
di sk drive causftagnamteaialmrickhiuding” HHeagrotashes 'copnitdaret Slewndi sks, if a
multidisk drive. On the other hand, the recording nmedium of the present

i nventi on hasgtregnalintnaromalPig. ddbeemeadteniale, eoopepbdfaothad to tolerate
mechani cal degradation of the surface w thout any degradation of the
under | yi ng hi Bretessive \wopryingcareidegictadeby 32phandexg disnosadsuueed

operating as the read/wite device on | 11i WO 01/31641 PCT/ US00/ 41444 - 48
protrude above the surface 330 of substrate 312. The protective

coating 324 is located directly on and enclosing the layera of
material 322 and the protective coating 324 is likewise a
protrudin layer of material. A laminating layer material
depicted by dashed line 332, which optionally may be the same
ma;erial aB the protective éoating, is formed to be coplanar
with the protruding layers of material 322 and the protective
coating 324.

_Fig. 37 is a pictorial representation of a prior art
recording medium 400 having substrate 402, a Ti Seed Layer 404
{having a thickness of approximately 100 Angstroms), a layer 406
of NiP having formed around a layer 408 of Cr, a high density
magnetic material layer 412 having its axis of magnetization
extending in a substantially horizontal direction relative to at
least one surface of the substrate 402,.and wherein the layer
412 is coated or sealed with a glass or PLC coating 414. The

recording medium 400 is exemplary of the type of recording



medi um or data storage device of this invention can either operate in
absolute contact with the outer surface of the protective coating or’ can
“fly" in "GlH@sisiedontact to 10 microinches above the ouberwuswaisace of the
protective coating. The selected thickmgss and rel ative hardness of the
protective coating permts substantial abrasion due t-o particulate
contami nation during read/wite operation in a nornal anmbient atnmpsphere
operating envi raiRRtused M b &a JLéiRE Qi3SI Rt BANA% pMBEL& slhe outer
surface of the protective coating nmay be abraded. The protective coating
has been desi gegrdfmeablr ade away upon inmpact with particulate matter
i ncluding particles occurring between the head and nmedia and during
cl eani ng and handl imgicery Ag 4 Ratungeirhye @vhid Buck oy ai #idky ageeor di ng
material intact. In the present invention, a relatively hard, abradeable
protective coatdpegatingf dn negrovedtiee nythedtnmentntrerrt idldsayet .iandde tdiek
sel ected thickness of the protective layer is an inportant «criteria for
rendering this dmvestfiron paver ablar. claningi cumtacs abrasiohecresdedofdym bet ween
a maxi mum t hi ckness which would materially attenuate magnetic signals
passi ng bet weerFhehkeadrdgpimgcondiher pedial }anding aeng. t 3nsh sl ofagrrbenni ni num
thickness enabling the protective coating to be abraded by usage in an
ambi ent nat ur ale*keRPiaFhareophe depAgEleAng rsigahitbabrarec#BVRYERG O her ef rom a
known quantity of the protective coating. WO 01/31641 PCT/ USO0/ 41444 -49
As such, ‘the pr5ekeriofE Bodbenbyingt#@dpreferred enbodinent is a bendabl e,
di anond-| i ke hardness, iot,ecti vfe coa}_i ng aving a . .

The typical sizes of particles that are common to hard disk

drives are larger that the flying height which is typically 1

microingh to 10 microinches. These particles can easily become

lodged between the head and the disk. The particles 1lift the

head up and away from the disk. The particles plow through or

penetrate the overcoat or protective layer and impact on the

high coercivity recording layer, resulting in complete

destruction of the recorded data track. This is commonly know

as a "head crash". The particles generated by the "head crash"

can rapidly spread throughout the disk drive causing an

avalanche of "head crashes" on the other disks, if a multidisk
drive. N
On the other hand, the recording medium of the present
invention has been intentionally designed to be exposed to and
to tolerate mechanical degradation of the surface without any

degradation of the underlying high coercivity recording layer.

The head or transducer operating as the read/write device on



sel ected thickness which allows passage of magnetic signals in an anbient
nat ural atnospheric operating environnment through the protective |ayer and

bet ween sawd milsidsgast one high density nagnetically coegsin&oaBLEr i al
| ayer and a transducer and is forned a material which resists at |east

one of chem cal, magnetic and controll'ed nmechani cal degradation of the
data storage device. Fig. 38 is a pictorial representation of one

enbodi ment of a recordi ng nmedi um shown generally as 430 which is forned of
a plurality WPEyer 360 FRaFeTs Seviee Sfothif ipnntieatcangedtherecor di ng

medi um possi ble for pragticing this invention. The recording nedium 430
has a subst ra?péarﬂgﬁ %f@ﬂ"*‘ﬁﬁc?‘?%ﬁ? a"?tgh%he SUFeaVELRes @fststrate. A base

| ayer 434 is | fed on the subsfrate,432. A seed |ayer 436, which may
be optional , éig,l%g Eelﬁ%sfgaét n°t hceanbaélé' | 55 erIU3%h a°°f'“é§fe">r/ t23% f or med of

chromi um 1 5 deposiind Botf1ensestel ek 230 Pl BUSL. 442 0L iigh densi ty

magnetic material having its axis of magnetiza xtendrng 1 9a

substantial | y horigzonfedbotld ehidiRsk &l ¥ Eatl Ng,e SUrface of the
substrate 432 is deposi tce:d on the ghr one %gi/ttelrgea%a;gs@% I°gyg]?e 446 of

non- magnet i c prfceetfle cvbifily beRkEORbaREnBial REAMIchAUR o E€XChange break
| ayer!' or a "decoupling layer", 1is deposited on the nagnetic |ayer 442. A

protective Cogdritigulaeovbntitmibiticheaurdsd sadmpliedpbradiBe {ayer 446. The
i1l WD 01/31641 PCT/ US00/ 41444 -50 protective coating 454 is fornmed of two

| ayers, nanelnyormal negrient cenbyplpaenspdriating Gives@inehy i 48/ wbay &z 460, whi ch
'S during abrasive cleaning, where the outer surface of the

protective coating may be abraded. The protective coaging has

been designed to abrade away upon impact with particulate matter

including particles occurring between the head and media and

during cleaning and handling lgaving the underlying high

coercivity recording material intact. o

In the present invention, a relatively hard, abradeable

protective coating is formed on the magnetic material layer .and
the selected thickness of the protective layer is an important
criteria for rendering this invention operable. The thickness
is selected to be between a maximum thickness which would
materially attenuate magnetic signals passing between the
magnetic material layer and a transducer and a minimum thickness
enabling the protective coating to be abraded by usage in an

ambient natural atmosphere operating environment for removing

therefrom a known quantity of the protective coating.



deposited on the layer 446 to forma "keeper"” layer, and a second |ayer
458 which preferably is a hard, dianond like material. The structure,
function arg, gﬁtion of a "keeper" layer and other Kknpgfyusinisfoas art
relating to a "keeper" layer is descrl4 ed in PCT Application US92/ 10485
filed Decenber 7, 1992 and published onh July 8, 1993. The protective
coating 454 may have forned thereon a bonded | ubri catJ on | ayer 460 whi ch'

f ti I [t f deb
i nger printe and dEheR ghgzﬁef BrertiiobeRing 1 s ttetretmnbdent
recordi ng rrEdl lénL }éh%gagfé gdi ndsl%%eohgi'&}resgl péq"t@&@sq}%”hé‘éé Ve];]\{ia%gt her

enbodi nment a recording med| practicrng thrs il Thi s

structure reprs%i@&!e% 2ni8GREE i cHEAIL WIS NAKLAG dsShéltetica %LXls gss number
of layers of material conpared to the embodi nent an strucfure escrl bed

above in connegt hmkk ekt Hadurgl a?c&osﬁleiubsapre&aeug; énvibnfbnd ThYSEsh *Ret he
portable card, has a chrom um underl ayer 476 deposited on at |east one

surface of therocehiSivealdyet7and Pebigh ot atylamgneid aigRi®abaty | ayer 480
is deposited on the underlayer 476 wherein the high density magnetic
mat eri al | ayemadBérihasly tvetrive ahtermghcldyaat amoha exdnafadéal]and i
substantially horizontal direction relative to at WD 01/ 31641
PCT/ LTSO00/ 414 4&4xrmed E| aasitevial vhitmoesiditst At abstommt of 4ch2midal,ayer of
non-magneti ¢ material 482 defining an exchange break#layer is deposited on
t he magneti c [mageeti4gend Aoprreldetli nechgnigalndegt@@ativn of the data
storage device.
Fig. 38 is a pictorial representation of one embodiment of
a recording medium shown generally as 430 which is formed of a
plurality of layers of material to provide the most ideal
recording medium possible for practicing this invention. The
recording medium 430 has a substrate 432 which functions as the
portable card substrate. A base layer 434 is deposited on the
subétrate 432. A seed layer 436, which may be optional, is
deposited on the base layer 434 a layer 438 formed of chromium
is deposited on the seed layer 436. A layer 442 of high density
‘'magnetic material having its axis of magnetization extending in
a substantially horizontal direction relative to at least one
surface of the substrate 432 is deposited on the chrome layer
438. A layer 446 of non-magnetic material, which functions as a
"break layer", "exchange break layer® oxr a "decoupling layer",

is deposited on the magnetic layer 442. A protective coating

shown by bracket 454 is applied to the layer 446. The

B



the formof a single |ayer, includes a nmagnetically perneable, |ow
-coercivity magnetic material which is separated fromthe high density
magnetic material |ayer 480 by the exchange break | ayescdsdodisgh enabl es
a magnet i WO%3Y& i el d to be stored irbr the magnetical I'y perneable, |ow
coercivity magnetic material form ngS he protective coating 488. Fig.
40(A) is a pictorial representation of yet another enbodi nent of a
recordi ng medium 492 for practicing this invention. In this enbodinent,
the protecti WECBRHEVACIS LRI 4Sidnd? EMBGR CLaRP ila¥rIRIeRaBe Wagnet i cal | y
pernmeable, low coercivity magnetic material which also functions as the
"keeper" | ay&ponetigally pegm ARG IVAEY Jgwer L&lupehich 8 496 which is
pref erabl e forned, of a non- netic material . A high density magnetic
material | ayé’tepﬂ'?éeflsmbletﬁ‘ﬁsgi‘%& 8 (R TH™ 3 RFPeEN S WEF 1 Bf- the
substrate 496 wherein the high. .densit magnet.i ¢ .materi al S its axis of
nmagnet i zat i oﬁeg%?%ﬁ‘a?ﬁﬁ ﬁ%ﬁ 5‘91%\185?%3%?5 |‘3 ﬁo}ﬁrﬁlC)néJﬁmﬁ?r% ion relative
to at | east q“r;%en.?atirface of the substrate 496. A |l ayer 502 of non-magnetic
materi al, definrng an exchange break |layer, is deposited on the nmgnetic

| ayer 498. The pr'ﬁ{eeQEhYéi‘:u‘EQ?téuﬁggﬁﬂﬁaﬁ?We&&@&fnoﬂﬁ a I"@¥&fedmnghpiding a

magnetically perneable, |ow coercivity layer of magnetic material which is

separ at ed 1 Gl bkl @bieRELAY MO L1ABIRY LPCMILISID 41444 15 52 MRONEt i

material layer 498 by the exchange break |ayer 502. The exchange break
| ayer 502 enajdsgsitkdbgneir Applriegeidn @b 10489 6E13b@MkelBed g IB@NEti cal |y

pernmeabl e, low coercivity material.
and published on July 8, 1993.

The protective coating 454 wmay have formed thereon a bonded
lubrication layer 460 which functions as a clegning material
layer permitting the cleaning of debris, fingerprints and other
particulate material from the surface of the recording medium
430.

Fig. 39 is a pictorial representation of another embodiment
of a recording medium 470 for practicing this invention. This
structure represents a recording medium having a significantly
less number of layers of material compared to the embodiment and
structure described above in connection with Fig. 38.

A substrate 472, which is used as the portable card, has a
chromium underlayer 476 deposited on at least one_surface of the
substrate 472. A high density magnetic material layer 480 is
deposited on the underlayer 476 wherein the high density

magnetic material layer 480 has its axis of magnetization

extending in a substantially horizontal direction relative to at



In an unsaturated state, the magnetic perneable, nagnetically saturable
material, which my be use alone as protective coating, provides a shunt
path that Gpowpdes substantially all of the magnetic fl perAsmmddne
recorded data in the high coercivity lgyer. The effectiveness .if the
protecting coating becones degraded at”'a thickness where the materl al
commences to emt a detectable quantity of rragnetlc flux |eakage. Also,
the- protective |ayer mninmumthickness due to known quantity of

magnetical |y péfdtaspe, S%@?Fepﬁcalm yubshratantie- nﬁtléwawﬁoé%gﬂaﬁéﬁb%d by

usage is that m ni rrumthl t her eof wh ch is ca abl of , supporting
magnétic flux BRHERy H¥ P’r’éﬁﬂl Yy SEFYNGE. ﬁak ia rp e(?é’gf‘ieé’ggﬁ tlhat t he

magnetic fl ux omth dat a edln e hi I‘CI t n.etlclayer
i s substanti al F{’e magf’%ﬁlr?e aYerf %‘gse mag i3 CQCt"ée?q%gg%I f‘)%t )é'g%l ve™ Fer. Upon

appl i cat i on of Q. 144l 17 g0 AANUT ) IAmdeétscmaaat@%}ﬂ; 38rhdghd, an

el ectrical apert ure Is cre he magnetic pernea magnet i cal |y

saturabl e | ayefq, HerfisXyl lhﬂ_ﬁét{é QA 8riddl Imedl his OfepddhGedE8om Ale
unconstrained, e.g., a state of high reluctance, and can extend outside

the magnetic pﬁigi?_@%&%@éﬂ&lé%:@gi’w&i@%ﬂ144;64by +hé ichhAgs ibtRakayer and
into interaction wwth a transducer for detection and subsequent data

processing. Fl uxyds @v2 allichferdabtes G hegndtiit MelgesficAdnts beubssred tal | y

contained in the non- saturated nmagnetic perneability, magnetically

saturabl e protbeetnageetticalingerveghlea Idvakeerdivityy maghefcicamaterilddl ati ve
forming the protective coating 488.

Fig. 40(a) is a pictorial representation of yet another

embodiment of a recording medium 492 for practicing this
invention. 1In this embodimeht, the protective coating is a
single layer and includes a magnetically permeable, low
coercivity magnetic material which also functions as the
"keeper" layer. The re;ording medium 492 inclgges a substrate
496 which is preferable formed of a non—magnetic material. A
high density magnetic material layer 498 is deposited on the at
least one surface of the substrate 496 wherein the high denéity
magnetic material has its axis of magnetization extending in a
substantially horizontal direction relative to at least one
gurface of the substrate 496. A layer 502 of non—magﬁetic
material, defining an exchange break layer, is deposited on the
magnetic layer 498. The protective coating 504 comprises one

layer including a magnetically permeable, low coercivity layer

of magnetic material which is separated from the high density

-t

THT



noti on between the nedium and the transducer will "nove" the |ocalized
-saturated aperture in the magnetic perneable, magnetically saturable

| ayer, formn Iile protective coating, to permt additporasnaeidis of data
to be acc&%?'%l‘g by the read transduggr. In the preferred enbodi nent where
the protective coating is a magnetic perneability, magnetically saturable
material, substantial anounts of the magnetic perneable protection |ayer

can be abr adegl, fe YO ohe3¥eN1 taﬁ?_éll I db NG, tha"Sdinaghe GREkRCIayePYs@) abrasive

cl eaning, by renoving or slighting abrading as required fto renove debris,

fingerprints and okbRaddek 8rdfI0Thidle 568 chaBlied ) mb chafylel B tBOUL
affecting the integrity of the data stored in the high coercivity data

menory | ayer. bé stbobea il ehe MR eitandy Hahealts DHgnRAkLEipeyNEAD] €
protection |layer may be fornmed froma w de variety of |ow coercivity, high
perneabi lity matearibals, materials typically used as core nmaterial in
magnetic read/ wite transducers. Such materials include Permalloy (N Fe),
Sendust (Al FeSi 1) 1ansh 1suspeuraSeddsisite, (tNeFe&ribhiy perEallle,31641 - 54-

PCT/ USO0/ 41444 The thickness of the nagnetic perneable protection |ayer
shoul d be suf hagretAtally seterablael matgfriahe whicix mayope tuge dliogle agoercivity
menory |layer with sone additional material to permt substanti al

mechani cal weBFotgistive sroaking,opreyitengs tshunt (Redtdr FRathgontainsti c 1 ux.
However, even if nearly all_ of the magnetic perneable protection |ayer is
worn avay to Fhestaphizldyeail ffcfbe Magpetiet LW FFP™diher Fesondedidat@ éBcurs,

sone retention of the underlying flux will still occur. .
the high coer01vit§ylayer. The effectiveness of the protecting

coating becomes degraded at a thickness where the material
commences to emit a detectable quantity of magnetic flux
leakage.

Also, the protective layer minimum thicknesa due to known
quantity of magnetically permeable, magnetically saturable
material being removed by usage is that minimum thickness
thereof which is capable of supporting magnetic flux density of
a reading signal.

It is highly desirable that the magnetic flux from the data
stored in the high coercivity magnetic layer is'substantially
retained in the magnetic permeable protective iayer.

Upon application of a localized saturating flux, such as DC
bias field, an electrical aperture is created in the magnetic
permeable, magnetically saturable layer. The flux lines from a
bit cell of data are now unconstrained, e.g., a state of high

reluctance, and can extend outside the magnetic permeable



Mechani cal danage to the high coercivity layer will not occur as |long as
sonme nmaterial in the protective layer remains intact. Because of the
protecti vegpQdsids® of the present invention being so rebwasonsiabendabl e,
a very severe grinding action would kg required to renove all of the
protection |ayer, exposing the underlying break |ayer and high coercivity
data recording layer. Wien a magnetically encodeabl e card having a

protective coglage: Wl 1L BRESERD LANCRLLAR LAPIPRRELabo,SELEY magneti C

field, such’as adjacent” credits car or exanp e nmagne _ _
per meabi | i ty, qdEREAES CaahIAﬁb@a&wn%bé&an?wéés%kn Aupes [f6m JBIBELLG filed to
a

be captured with the saturablé nmateri t hereby provi ding nmagnetic

protection toodHae PR @eldd reheirA@8bstaRYeL11y Choviinga tiechelhlvel y hard
protective coating , if imersed in a chem cal solution or other fluid,

whi ch may conitaracedh eabsalis, pdlteapi Gite¢ thaghe€ DR RO4thodee S the materi al
WO 01/ 31641 PCTI USOQO 41444 -55 storage |ayer from bei ng degraded by such
cheni cal s whimtoteotive icndttingond .act a vétiahe tdie ldatelatamge d@lateve The
relatively hard, abradeable protective coating of the present invention is
fornmed on t hematdgnetstweamitde nédimyand the Heanpdusteacwille "wwai bige and i s

sel ected to have a thickness between a maxi numthickness which woul d

mat eri al |y atlasadazed sagweated areghuyes ipaths mgonrtiecesrmedleleragneti c mat eri al
| ayer and a transducer and a mni mum t-hi ckness enabling the protective
coating to besBehirallyysaiaxgels Aa¥er afipreng tha @Fﬁ#e%#ﬁ%még r to

permit additional cells of data to be accessible by the read
transducer.

In the preferred embodiment where the protective coating is
a magnetic permeability, magnetically saturable material,
substantial amounts of the magnetic permeable ﬁ;otection layer
can be abraded or worn away by sliding transducer contact, by an
abrasive cleaning, by removing or slighting abrading as required
to remove debris, fingerprints and the like from the card or by
rough handling without affecting the integrity of the daté
stored in the high coercivity data memory layer. In the
preferred embodiment, the magnetic permeable protection layer
may be formed from a wide va¥iety of low coercivity, high
permeability materials, materials typically used as core
material in magnetic read/write transducers. Such materials
include Permalloy (NiFe), Sendust (AlFeS8il) and.-super Sendust

(AlFesSilNi).

il



operating environnment for renoving therefroma known quantity of the

. prot ?ctive coating. The maxi num thi ckness' and m ni mum thickness can be
enpiri cal*é gﬁtﬁﬁrm' ned and are generally a function ofrCriSowtd4s. st or age
devi ce matefl Al S, the protective coajj.ng materials, the transducer and the
| i ke. The protective coating may be a single |layer which includes a
magneti cal |y perneabl e, nmagnetically saturable material or at |east two

| ayer s wher el ongOLnl dfsebd¥sy Sk eloHdEs 2 oo TRAASL! AL YRG! TROL o

0
magnetical l'y sa_turaeb e materi er of t ayers
non- magnet i ¢ b, 64 1N <A AAUELAI o ?%/&Fd’inf QR Ak Ry ¥I2mOfnd 'il.@ai, ayers. The

term "di anond-11 ke hardness” Is we known in the art and is described in

detail at pa%égﬂrﬁpdm&.wshﬁ,%% P UeRe GBitidhal RhAEPLY ANPeMEEHANI CS OF
MAGNETI C STORAGE DEVI CES by Bharat Bhushan published by Springer-Verlag of

New Yor k. Gengbatintihllemedhahidli agRndnlit& eridl dipsaisehetse t 0 an anor phous
or dianmond 11l WD 01/31641 -56- FCT/US00/ 41444 |ike carbon (DLC

deposi t ed by wRdiiEngNgadgietpt oKl erHwwacer], celemifcAtarIyPaLl dEpeReti on

t echni ques that has been devel oped for applications, such as the nagnetic
thin-film di siegnewdd phrmeadjai padtextienidhyed dw worncawan toavite wear at a_range
of environnental conditions [inside the protected environnment of the disk
drive]. Fig. witBjesssvwhers et olight ampnssehtfduk oreakhge lpgopesomdimag nedi um
540 of Pig. 41(A) having a plurality of substantially parallel magnetic
tracks 546 arketeptien phtthegundenlyipe dilpkcvildonwild ar@ns 548 are used for

recordi ng magnetic signals
_ Mechanical damage to the high coercivity layer will not

occur as long as some material in the protective layer remains
intact. Because of the protective coating of the present
invention being so robust and bendable, a very severe grinding
action would be required to remove all of the protection layer,
expésing the underlying break layer and high coercivity data
recording layer.
When a magnetically encodeable card having a protective coating
of ;he present invention is exposed to stray méénetic field,
such as adjacent credits cards for example, the magnetic
permeability, wmagnetically saturable material causes the
magnetic filed to be captured with the saturable material
thereby providing magnetic protection to the material storage
layer.

Likewise the relatively.ﬁard protective cocating , if
immersed in a chemical solution or other fluid, which may

contain chemicals, the protective coating protects the material



therein., In Pig. 40(A), the recording mediumis illustrated to interact
with a magnetic control device shown by dashed rectangle 491 having a bias
field showgydwyaksow 493 which is adapted to increase tpcDugimsidae
protective coating 504 and the and thgs.exchange break |ayer 502 the

rel uctance of the magnetic saturable, magnetically perneable material in
the protective coating 504 to enable the magnetic signals to pass between

the high denskédragBgngierCeidny beORY G'leyﬁh_déﬁtl?isal:h tdheptah & ffs G eBange
break |l ayer 502 and the protective coating 504 to a magnetic transducer

495. The magneists tcoatudueeth ithe taqtiaCatdrugé tleWBepart of or is located in a
data processing station and is adapted to interact wth the portable card
cont ai ni ng t he dat ahstwenagivelgvhasi,492radLabll 16EbtRed/dda0dhgt bE4dhe - 57 wWhen
the portable card and data processing station are noved relative to each
ot her to posi tpPxesenpheinyanbicst ¢pafyemed\orc ghe pragretniat @atdrcadal #yedf. OGS NQ
station to enable data flow between the magnetic |layer in the data storage
devi ce and t hePrateghitfucertinphand)iigss¢iasted 493hava)acthimkndes \kegswedre a
magnetic saturable, nmagnetically perneable material in the protective
coating 504 iTAXG™sBthigkrens whih vAwld Fetemiglly iattshyatal magnetdasi |y pass
fromthe magnetjc |ayer 498, through the exchange break |ayer 502 and the
protective coatiFglsdReeiry I]PétY’?%{thﬁd@tgnﬂw matpriagolavesnagsd at he
protective coati ngflt hat gges have the, hias filed 493 applied thereto

femmins in an Eﬁﬁ? visk 8 ébﬁﬁ?%WﬂTht ness enabling the protective

coating to be abraded by usage in an ambient natural atmosphere
operating environment for removing therefrom a known quantity of
the protective coating. The maximum thickness” and minimum
thickness can be empirically determined and are generally a
function of the data storage device materialas, the protective
coating materials, the transducer and the like.

The protective coating may be a single layer which includes
a magnetically permeable, magnetically saturable material or at
least two layers wherein one of the layers include a
magnetically permeable, magnetically saturable material and the
other of the layers may be a non-magnetic friction reducing
layer formed on the one of the layers.

The term "diamond-like hardness" is well known in the art

and is described in detail at page 599 and pages 629 through 638

in TRIBOLOGY AND MECHANICS OF MAGNETIC STORAGE DEVICES by Bharat

Bhushan published by Springer-Verlag of New York. Generally the

term diamond-like hardness refers to an amorphous or diamond-



retains or keeps the magnetic signals encoded in the nmagnetic |ayer 498. A
drive nenber, depicted by rectangle 497, is operatively coupled to at

| east one of the transducer 495 and the portable cardpcomsaiaidaag the
recordind”ﬂ%ﬁ?ﬁﬂ1492 to provide the relative novenent therebetween. The
drive nmenber is used to performone of the followng: (i) position the
portable card proximate the data processing station to enable data fl ow

t herebetween;_ (ii) nove the portable card relative to the data_processing

station;. (ii il)ig‘ﬁo‘e%"bf’ﬂe (DLt deppsdted v gPutsring orePlag™daetaneRE port abl e
card; and (iv th ortabl e card and.the data processi ng station_are noved
oot aot s chenlEth SRR Hepotly Gn R udty R FA G JUR PP GESE
transducer 495 be: (i) an .inductive head;_(ii).a thin filmmgnetic
head; (iii) aaPng%%ei&“éyés‘h Vs ﬁéﬁd“;‘agf’ﬁv}‘: ra]f%lﬁi'%ﬁtm 2r’r%f’ga;“r?ét W& stive (oW

head, and (V). 3 TRQNGLOLASTS 1LY $r:06R0, | 6 WAL Gl aOilloeSLET PO

magnet or esi st'i ve enent tion, the nmagnetoresistive head nmay

incl ude a MaADRYGnddntX1 SHHAYE: HAOMhdlYie IR BHotddi8a 4R ik Bnddr@ of0(A) for
conducting magnetic flux fromthe data storage device of the portable card

read by such g,cmagnetssesj stive head. In Fig. 40(A), a programmable contro
devi ce depicted by dashed box 501 is operatively connected to the nagnetic

control device 4p{g!t@1¢ause kheckbamlf reprbadfBadionber appl tasbriagng he

recordi ng nmedi um 492 when a sel ected nmagnetic imge is |ocated

substanti al | ymedpnaceru of eid.r an@JUBe¥ing95 . pIliral ir3e obf sutisthntially
parallel magnetic tracks 546 and illustrating that specific

domain areas 548 are used for recording magnetic signals

therein. ,

In Fig. 40(4), the recording medium is illustrated to
interact with a magnetic control device shown by dashed
rectangle 491 baving a bias field shown by arr;w 493 which is
adapted to increase through the protective coating 504 and the
and the exchange break layer 502 the reluctance of the magnétic
saturable, magnetically permeable material in the protective
coating 504 to enable the magnetic signals to pass between the
high density magnetically coercive material through the exchange
break layer 502 and the protective coating 504 to a magnetic
transducer 495.

The magnetic transducer is typically forms part of or is
located in a data processing station and is adapted to interact

with the portable card containing the data storage device 492



programmabl e control device is known in the magnetic recording and
reproducing art. Figs. 40(B), 40(C) and 40(D) are variations of the
structure &fobi/fl64140(A) and the sane nunbers are used i npepusii4fdgure to
identify simlar elenments for purposesspf the follow ng descriptions. In
Fig. 40(B), the structure of the recording nmedium 510 is substantially the
sane as that of the recording nmedium 492 of Fig. 40(A) except that the
protective co%rhi ngch%. ng ia 11;or d o two | ayers, one |layer of which is a
"keeper" | ayer 516 SnB I HE ot HEr 2t R AFOFESsing YAt ign greopeNsd pref er abl y
of a hard, di | | t erg al /31641 / USOQ 41444  -59 In Fig.
40(C), the st rrg%?rg E e%ag %ﬂggra?%ggs%&%u%%f;gséaﬁﬁ?l D that of the

recor ding mediu G eOfnddlea 406BobG R e bR, ATl 0R3L, | aver 528 of

a bonded lubricant material 1s deposited on the Tayer e bonded

| ubri cant mat eetdenTBie nt&%néﬂ:’)’c %}ér KROMR EM%@OL&H@’ 'dgg{%egrgnﬂth%rl al

applicable for coating onto a recordi ng nedium such as exanpl e
per fl our oet herrofisqdeesphozene. In Fig. 40(D), the structure of the
recording medium532 is simlar to that of Fig. 40(A) except that the
protective coati ngheSBthd Fiapplibecdueed dirhdt iR s ERO mAghér 1FESatdRabos red on
the substrate, which coats one aide of the substrate 496, and to the
opposi te si demegnetigatlib pere¢ablsItatefddl de he Prodediidle ocmeling Goh bel ow
provi de exanples of the various materials that can be used for various
| ayers of into saturation enabling the magnetic signals to easily pass

from the magnetic layer 498, through the exchange break layer

502 and the protective coating 504 to the transducer 495. The

portion of the protective coating that does have the bias filed

493 applied thereto remains in an unsaturated condition and

retains or keeps the magnetic signals encoded in the magnetic

layer 498. .

A drive member, depicted by rectangle 497, is operatively

coupled to at least one of the transducer 495 and the portable

card containing the recording medium 492 to provide the relative

movement therebetween. .

The drive member is used to perform one of the following:

(i) position the portable card proximate the data processing

station to enable data flow therebetween; (ii) move the portable

card relative to the data processing station;.({iii) move the

data processing station relative to the portable card; and (iv)

the portable card and the data processing station are moved

relative to each other.



materials as described in the enbodi nents of Figs. 38, 39, 40(A), 40(B),
- 40 (€ and 40(D), the thickness thereof and other i nportant
characteristics thereof. The exanples set forth herei pcafgodmliasi Nt ended to
be IimtiWMg®#M%Hat ure or teachings, _Sgyt rat her are exanples of materials
that can be used in practicing thisinvention. it is envisioned that other
materi als not disclosed herein, but which are known to persons
skilled-in-the art, can also be used in practicing the present invention,
and such mat eri alTheabrapsfincern 428 nywaybe die:déilklagptrfuciveeafl; t Hidd) are
substantially equivalent to the materials I'fl PCI/US00141444 WO 01/31641
-60- di scl os&EBimdiérmagaebi¢idendd Hdiher RoRrYPrepigtdvashend it h&v) teachi ngs
of the present invention. Table 2 sets forth nmaterials which can be used

for the profetth PESRTAPALT I VReEPEY P%l%f’gr snd v ok “lag'f'}%'imsfﬁélsh’a‘@‘net ic
FER R R AT AR AT N e
%’"; Egﬂi g‘ ge(i %g&%)”%!ng&eg%é%b&%orﬁ%%%ﬁt head h$P 18150 ANRa Rl 201 YO Ta

guide shown by dashed line 499 in Fig. 40(A) for conducting

magnetic flux from the data storage device of the portable carxrd

reaq by such a magnetoresistive head.

In Fig. 40(a), a programmable control device depicted by
dashed box 501 is operatively connected to the magnetic control
device 491 to cause the bias field 493 to be applied to the
r;cording medium 492 when a selected magnetic image is located
subgstantially adjacent the tranaducer 495. The use of such a
programmable control device is known in the magnetic recording
and reproducing art.

Figs.‘40(B), 40(C) and 40(D) are variations of the
structure of Fig. 40{A) and the same numbers are used in each
figure to identify similar elementa for purposes of the
following descriptions.

In Fig. 40(B), the structure of the recording medium 510 is
substantially the same as that of the recording wedium 4392 of
Fig. 40(A) except that the protective coating 504 is formed of
two layers, one layer of which is a "keeper® layer 516 and the
other of which is a layer 518 formed preferably of a hard,

diamond like materxrial.



CoNiCrPt Table 2 Table 3 sets forth materials which can be used for.an

Under | ayer, optional seed |ayer, Optional base |ayer and card subst

Opt i onal C@bio‘?/?&{l Under | ayer Seed Layer Base Layer Car dpBuiisew4is4d
ysS a'l

Typical ly

ine &Nl NP dass gghromum Ta Zirconia Al uminum Nitride

Plastic CrTiQ2 Isotropic Plastic Ceramc/Alumna dass Ceramc 4

Car bon Fi ber

3 WD 01/31641 PCTYE@%Q/4%&&6)

Stainless Steel Titanium Al um num Phosphor Bronze
-8 Tabl €u

4 sets forth the r ein .
Angstroms, for the overcoat  tHickness, ’f%é’(%K'é epé?cﬁﬁlﬂﬁﬂ%%g,gmﬁ?@ BP

| ayer thi cknegiagiul IBGNRIbE Y ELoddlh bl NRERwm 330 U5E F4T1 N3p) Nefhedh! eCTI ON

subbstantial ly norma o0 the surtace

substrate: rtec vexc
that an additional layer 528 of a bonded lubricant material is

deposited on the layer 518. The bonded lubricant material may
be any well known bonded lubricating material_;pplicable for
coating onto a recording medium, such as for example
perflourcether or phosphozene.

In Fig. 40(D), the structure of the recording medium 532 is
similar to that of Fig. 40(A) except that the protective coating
504 is applied to both the recording medium formed on the
substrate, which coats one side of the substrate 496, and to the
opposite side of the substrate 536.

Tables 2, 3, 4 and 5 set forth below provide examples of
the various materials that can be used for various layers of

materials as described in the embodiments of Figs. 38, 39,

40(A), 40(B), 40(C) and 40(D), the thickness thereof and other

important characteristics thereof. The examples set forth
herein are not intended to be limiting in nature or teaéhings,
but rather are examples of materials that can be used in
practicing this invention. It is envisioned that other
materials not disclosed herein, but which are known to persons
skilled-in-the art, can also be used in practicing the present
invention, and such materials as wéll, as any aféer Aeveloped

material that are substantially equivalent to the materials

rate:

ass
Tabl e

eak

ating

£



Pt

(Overl aver) Keeper |ayer Break Layer Magnetic Layer Thickness Thi ckness
Thi ckness Thi ckness 50 to 500 150 Angstrons to Angstronms 10 Angstrons 250
Angstroms 500 Angstrons to 150 Angstronsto 1000 Angst reamusodéldie 4 Table 5
sets forWw@®BW4tange in Angstrons, fgor the underlayer thickness, the seed
| ayer thickness, the base layer thickness and card substrate, as
determned in a direction substantially normal to the surface of the

bstrate: Unpder.l Seed La B L d_Substrat Thi ck
Thi ckness THRCRTIGERS TFERheaES AToArgS CF OO RGBS pi cal |y 005

inches to to 2000 An ons 1 Angstrons 10 Mcro-neters .050 i nches
Table 5 The gﬁ cg‘tlflg? e%h%?fgggg%%/qggerftrlggf ed by texturing to enhance

orientation of agi pi i : i r dures that
can b used | not ger® (F Ped FERLh eler il (RRHIPAE S b08 rB B 10a° o2
texturing; (hfaterc%%@!cogexﬁé{r inREepeld 1dyerGNopiaaf! 14,24t Uhd Magnadk (iVv) |aser
texturing. The pictorial representation in Fig. 41(A) depicts a recording
medi um of thegaqpesent invention illustrating that the surface 542 thereof
is textured, as represented by the substantial linear, parallel texture
mar ki ngs 544, during the fabrication process to provide |ineal

ant i sot r ophy ppdtddigve

Coating

(overlayer) "Keeper Layexr": Brea ayer Magnet Layexr
Carbon AlreSil (Sendust) Silicon CoCrPtTa
Diamond Like

Carbon NiFe (Permalloy) Carbon - CoCxrPt
Zirconia CoZxrNb . Chromium CoCxTa
Zirconia Oxide CoNiCxr

Glass CoNiPt

CoNiCrPt

Table 2
Table 3 sets forth materials which can be used for an

Underlayer, Optional seed layer, Opticnal base layer and card

substrate:
Optional Optional
Und r Seed Layer Base Iavex Card Substrate
Typically Crystalline CrNi NiPp Glass
Chromium Ta Zirconia
Aluminum Nitride ’ Plastic
CxTi02 Igotropic Plastic

- Ceramic/Alumina
Glags Ceramic
Glass Carbon
Fiber
Stainless Steel
Titanium ’
Aluminum
Phosphor Bronze

Table 3



magnetic domains. In Fig. 42(A). the pictorial representation of an .
encodeabl e credit card 550 is shown wherein the entire substrate or body
5,62 is f iog,ra,.}&p of a magnetic recording material in ®RCTUSMSHr i at e

bi nder material”and having an approprigte protective coating 564 to forma
data storage device using the teachings of the present invention; Fig.
42(B) is a pictorial representation of an encodeable credit card 564
wherein the substrate or body 568 forns the high density magnetic

recordi ng materi al TANE 4 6t Eexth Ehe FapPR Girs kpgstirems o fesdthehOverrrato form

a data storage device for practici r,lgk this invention. Fig. 43(A) is a
pi ctorial reprdd&hPeis ofPoiResPer &lithnesrd Chs7orealy taren thieairessaa f or ned
t herein wh

ich is adapted to R data st device havi t
Substrate and HIBFOLLCCVEE WORTING-| HoSPEEFrRErEl A SHeGEAS(D) 15 a

pictorial representat. of a the edit . _car 72 of Fig.- 43(A) having
wherein the gr%uo%fga%?fq?&nr?e alﬁb(hff’/ Eé%@uﬂ?ﬁﬁogm%‘%ff rgz‘-i'gel 63- therein
encl oses a data storage device 576 wherein the data storage device nay

conprise a recording mediumillustrated in Figs. 38, 39, 40(A), 40(B),
40(C) and 40(D). In addition, prior art recording nmediumhaving a

protective coagdRec@sedescribed in connection with Fig. 37 may al so be
used in pract i%aégng EI s invention. Fig. 44 is a pictorial representation
exr

of still yet agnk Keeper layer Break Layer Magnetic lLayer
Thickness Thickness Thickness Ihickness
50 to 500
150 Angstroms to Angstroms 10 Angstroms 250 Angstroms
500 Angstromg to 150 Angstromsto 1000 Angstroms
Table 4

Table 5 sets forth the range in Angstroms, for the
underlayer thickness, the seed layer thickness, the base layer
thickness and card substrate, as determined in a direction

gsubstantially normal to the surface of the substrate:

Underlayer Seed Layer Base Layer Card Substrate
Thickness Thickness Thickness Thickness
200 Angstroms 100 Angstroms Typically .005 inches to
to 2000 .
aAngstroms to 1000 Angstroms 10 Micro-meters .050 inches
Table 5

The substrate surface may be treated by texturing to
enhance orientation of anistropic materials. The known texturing

procedures that can be used include: (i) circuﬁfe;ential

Tl



portable card 580 utilizing the teachings of the present invention in the
formof a magnetically encodeable credit card wherein the obverse side
depicted by arrow 582 thereof may contain indicia provctusigyMiddmker/ user
infornatﬁﬂ%“%y?" alternatively, a syagdard magnetic stripe area as shown in
Figs. 19; 20, 21, 26,27, 26 and 29. The converse side thereof 584.

i ncludes a data storage device 586 |ocated substantially <centrally thereon
and the data storage device has a plurality of parallel spaced magnetic
tracks for sE®Ffurdiat (idistadipdctextagingit dsiflochapiced Bxtarimgnapdc dat a.
The data storggF device 586 covers a predeterm ned area of the converse
side 586 so 48" (B°HEfIFEYEWir cunferential edge 588 around the periphery

f th se,side 584.t i de_a t ] t bl
i near |y tr anspol PR G COPTIRRai Sartih B) CUaGhRAEEi Ros 500, to he

stepped ont 0r8& lr%.%ﬁft‘l%@%tqeégf %h%r;parceggng fintvgr?tildgll \'J;.I\I:L’?I.lettr E%Ig gg%-g%i%c tracks

for readi ng and/or g o gneti ¢ ‘st gha In or age

devi ce 580." bikiaoOLDU 1041 BTSN I el Al Vs Tonber depi cted

by box 578 is operatively cou to ortable card as illustrated by

lead line 57Z,00dnt9al NG nels 2 5&191:1'%& BSxtivdch Uslhahgd Y, 'cﬁ&qﬁ&iﬁf‘e 579.

The..drive nenber provides the relative novenent™ between the portable card

and the trapgehicRtib® diestdd @8 plR 18! BnshP A EpEE J¥ @i MBte the
transducer 590 to enable the interaction therebetween. Fig. 45 is a plot

depi cting t hpagmgict asaiak. magnetic signals, e.g. signal anplitude,
transduced by a magnetic .

In Fig. 42(A). the pictorial representation of an
encodeable credit card 550 is shown wherein the entire substrate
or body 562 is fabricated of a magnetic recording material in an
appropriate binder material ‘and having an appropriate protective
coating 564 to form a data storage device using the teachings of
the present inventioq;

Fig. 42(B) is a pictorial representation of an encodeable
credit card 564 wherein the substrate or body 568 forms the high
density magnetic recording material and a protéétive coating 570
is formed thereon to form a data storage device for practicing
this invention.

Fig. 43(aA) is a pictorial representation of 5 credit card
‘572 having a groove 574 formed therein which is adapted to have
a data storage device having a separate substrate and a
protective coating inserted therein.

Pig. 43(B) is a pictorial representation of a the credit

card 572 of Fig. 43 (A) having wherein the groove 574 formed



transduder. e.g. transducer 590 in Fig. 44, being transported linearly
over a magnetic track plotted as a function of track Ilength. The resulting
tracking data is depicted by line 592 and has a ranp- upPCTHBWHHA4 504
correspond’?’?n&"?g“t he circunferential (gdge 588 around the periphery of the
converse side 584 as the transducer I's transported.towards the data
storage device 586. \When the transducer interacts wth the data storage
device the |evel of the nagnetic signals are at nmaxi mum anplitude at the
poi nt wherei}the nar?neti c transducer passes fromthe circunferential edge

588 ar ound-14TE PeTTPITERY DHIiAtRSTLHAREr devicy §26 oHergdpi thrgasat ransiti on
area | ocated arou%g the periphery of the converse side 584 of the portable
card 580. SHYEFHBGIEHCE ™Y FIPAPELFR farRoa¥dingx et Aplustrasedninl the
magnetic tr ansglucer pas?es fromthe data storage device 586 back onto the
ci rcunf er &d%al 38?588 R0 dREBY nEOSEL i ML AP (BE- t HB adfitdoBe PEiQR 584 and
the signal_ranps down as_is depicted by that potion of the |ine shown as
596. WD 00¥1839°rERS pediuis by ing 4 PrItRetdVRpreFting as mansribediiyr am of
Fig. 46 discloses a card reader for reading and reproducing information a
portabl e CENETHIN WitRgFithe 37 BNiatge B used it egasticineefbisn. The
simplified card reader schematic that illustrates that the portable card
i s insert @dVeRE¥Rhe card reader as depicted by box 600. The card reader
is progranmed to be in a standby condition as depicted by box 602. Wen
the portabl e cBt¥ i%¢ 1P dickariak Fepresaipfirr ffeptilharetapaob@ier is
activated as depicted by box 606. The card reader then-perfornms a self-
cal i br at i RPr§pREe fardepft tidd1hzing khg1brachisge £ the prssanten

inventien in the form of a magnetically encodeable credit card

wherein the obverse side depicted by arrow 582 thereof may

contain indicia providing hankef/user information or,

alternatively, a standard magnetic stripe area as shown in Figs.

19, 20, 21, 26,27, 28 and 29. The converse side thereof 584

includes a data storage device 586 located substantially

centrally thereon and the data storage device has a plurality of

parallel spaced magnetic tracks for storing at least five

megabytes formatted of a magnetic data. The data storage device

586 covefs a predetermined area of the converse gide 586 so as

to define a circumferential edge 588 around the periphery of the

converse side 584 to provide a transition area to enable a

linearly transported magnetic transducer, shown by dashed-lines

590, to be stepped onto selected magnetic tracks of the

plurality of magnetic tracks for reading and/or writing of

magnetic signals within the data storage device 580.



determines if the format of the portable card is acceptable and this step
I s depicted by box 612. The portable card and the data processing station
| ocated within and form ng part of the <card reader arecTrwseiisdl ative to
each ot hé’?’of"és'géuse the passage of gnetic signals between the data
storage device and a transducer |ocdted within the data processing
station.. The relative novenent between the portable card and the data
processing station perforns the required data transactions as depicted by
box 614. To the extent that in the data corrections, recording of data,
witing of dddve nemberhdegiicdted by ok 65perid icpasatdivelpeeduplveld tdutherg such
relati ve novenent as describéd above and this step is depicted by box 616.
Upon ceeopkeblercanfl adeildasarsteahdyclead 1604 30 achdt 8o tdex recti on or ot her
simlar operations 616, a decision is made as to how the portable card is
to be funirhesdpeacassetllustaratbe Byt lead. 1RETSUS00/Phkd 44ivé\eibed 1641 - 66-
extent that any additional transactions are required before the portable
card i s pabuides the trhPatiser movémerntabdtwaadehe qouytablescaxii@ndothe he
transactions as depicted by box 618. The portable card is then transported
to a rematahb@uiac abi positdonr en®\d@dtebytotdie deeiceapadokmstd Thdepi ct ed by
box 620. Upon conpletion of the other transactions as depicted by box 618,
t he card traagaticer $9pl 86 athablé Otle Shasdiot ivadehdéreetepanati on for the next
transaction. if a decision is nade that the data and/or card is danmaged
Fig. 45 is a plot depicting the magnitude of magnetic

signals, e.g. signal amplitude, transduced by a magnetic
transduéer. e.g. transducer 590 in Fig. 44, being transported
linearly over a magnetic track plotted as a function of track
length. The resulting tracking data is depicted by line 582 and
has a ramp-up portion 594 corresponding to the circumferential
edge 588 around the periphery of the converse gide 584 as the
transducer is transported towarda the data storage device 586.
When the transducer interacts with the data storage device the
level of the magnetic signals are at maximum amplitude at the
point where the magnetic transducer passes from the
circumferential edge 588 around the periphery of the converse
side 584 defining a transition area located around the periphery
of the converse side 584 of the portable card 580. The magnetic
signals remain at maximum amplitude until the magnetic
transducer passes from the data storage device 586 back onto the
circumferential edge 588 around the periphery of the converse
side 584 and the signal ramps down as is depicted by that potion

of the line shpwn as 596.



and the transaction should be rejected and/or the card is retained,  that
process step I s depicted by box 622. Upon conpletion of the step depicted
by box 62240 ? gard reader is placed into a standby nmBa®UBWAM4par ation
for the nex? "fransacti on. Figs. 47 agsl 48, together, are a detailed
schematic diagram of the operating steps or routine of a card reader for
interacting with a data storage device as disclosed herein. The description
commences wWith Firg. 47. The card reader is a read/mwite device which is

connect ed and pvekad {#:Q9 I SSI on device, and
this is depicted byﬁg & SECLQ el?e(g%ﬁtgp% | ce staandby node
hoX

|
until it icgeqafrddasdt 8o I%r;qlagaaﬁd §? "[H“%t"?? %&t Pg,nz 80 '%%t rol SI gnal

depicted by arrow 634 1s t ansm er

desi gnat e o bat,¢ih8 2§ dd{ee@ggghﬁ_%gugg tg_pjagg\g a2 g q_IT I USOQ 41444 V\D

01/ 31641 -67- renaln n the st nag ne y ‘encoded card is

inserted intofieg 3‘2‘1{’ { F18 gdgé%%?%tgg%g £§8§%£5§$dﬂ1“5% epler p bnto its

operatlng node, IS IS he rea Mﬁlte evi ce

verifies ttﬁgt cm:%b @ 1%” @%e%?? ﬁ% Qﬁéfé)ar rgaé?e]% I?gt 3%%:‘.(%%%] al i gnment

operatlon |cte step or verl s, the

card is F9j§[ﬁ£e%o asﬂg_egh lgea%%rci{ ﬁ’rﬁg%gﬂed fr.ot éa \éler?';’]f ca&bl on step is

successfu n the car eemed ve passe racess then

move i nt0ohhes iRAdANNddfl HEY 5P HRG! O nhﬂér?ltheegortable card is

inserted into the card reader, the card reader is activated as
depicted by box 606. The card reader then performs a self-
calibration step as depicted by box 610. The card reader then
determines if the format of the portable card is acceptable and
this step is depicted by box 612. The portable card and the
data processing station located within and forming part of the
card reader are moved relative to each other to cause the
passage of magnetic signals between the data storage device and
a transducer located within the data processing station. The
relative movement between the portable card and tlie data
processing station performs the required data transactions as
depicted by box 614. To the extent that in the data
corrections, recording of data, writing of data and thé like,
such operations are performed during such relative movement as
described above and this step is depicted by box 616.

Upon completion of the data transaction 614 and data
correction or other similar operations 616, a decision is made

as to how the portable card is to be further processed. To the



as eithe

r al ocal nobde, as depicted by |ead 644, or a renote node

as depicted by box 642. The card reader then determ nes the operating node

as

depi cted by | ead 646. The schematic di agram shown in Fpgrpdaisiadr ef erenced
for thewWmd¥idéding di scussion. As shown in Fig. 48, the l|ocal node
the renote node 646 perforn1identicaﬁ6processing operations. The card

reader au
applicati
and/or re

thentic the card and/or used as depicted by box 700. The
on to be perfornmed is selected as depicted by box 702. Th
ad transactions are initiated as depicted- by box 704. The

644 and

e wite

read/ wri t expsitf @hAE £t aduetidda0atiabars bl Al ¢bgdiina BR¥erOGhe | f a fail
determ nation is nade at the tommencenent of the processing, as de

by arrows
depi cted

Egﬂ&nblhheﬂrdi ideet e k8Nthe usBRJeHed cBikliNAdadi! dofifieeredr
y box 714, or to return the card, as depicted by box 716

pi ct ed
d, as
. fall

WO 01/ 3164dciPCE b0 O rhkiAdt 0 aP@sp @Rl B iKYk @hst herdeOpalrdlde or renote

seqguence,
verificat

determ nation is pass of

a Qeternjnation i; made that that transacti on and/ or dat
EQFA 1% ¥Akh chralab;foartéa TBON NS B Ed enraﬁlag@oz 1€ Redmdedh byan

a
d the

ail as shown in Fig. 48. If the determnation is

pass, thegna dgedi 6A4 114 $sPaSPIHEd B &bx 3, dabenCasmAkeibs @l id, as

depi cted
by box 72

where the .

by box 722, and the 'selected operationis perforned, as d

fne UPRr €PMNRLIOR: dd'8epfdtdd Syt Hgh s&'é@néxgééréa%d L& OC

use renoves the sane as depicted by box 7
is placed into a standby mode in preparation for the next

transaction.

If a decision is made that the &ata and/or card is damaged
and the transaction should be rejected and/or the card is
retained, that process step is depicted by box 622. Upon
completion of the step depicted by box 622, the card reader is
placed into a standby mode in preparation for the next
transaction,

Figs. 47 and 48, together, are a detailed schematic diagram

. of the operating steps or routine of a card reader for

interacting with a data storage device as disclosed herein.

The description commences with Fig. 47.. The card reader is
a read/write device which is connected and powered from a power
source and/or transmission device, and this is degicted by box
630. |

The read/write device is in a standby mode until it is
activated, and this is depicted by box 632. A control signal
depicted by arrow 634 is typically transmitted to the card

reader to designate that the card reader should change to or

epi ct ed
ation



If the determnation is fail, then another series of determ nations are
enabl ed. The fail determnation from718 is transmtted to a flag error
730. Flag error 730 is enabled by the fail deterninatiRCI/E08M448, t he
fail dete™RHAIn from 640 and the_(f)ﬁil determination from 720. The flag
error 730 either allows the card to be returned and renoved by the user,
as depicted by box 728, or withhold the card as depicted by box 734. In
addition, a flag error 736 is responsive to a hold card determ nation 714,
as described above, to withhold the card as depicted by box 734. Upon a
final det eFRPALR ii6hthe 3tamgbe taded, Amammgticadlyhgnc F2gd #% to wi t hhol d
the card, as depicted by box 734, the read/wite device then enabled to go
into the stBREPyEIdRECfhe gapd cieadepycanpingthe Tard weadsrntAit®my i s
transmtted to the WO 01/31641 PCT/1JS00/ 41444 -69 read/wite device '
st andby nodBtasitdePeraking meds. @3d thig ¢s depigbed| budax3434in the standby
mode, the card reader is again actuated by the insertion of a portable
card in the forTheoreadfiudtet deviqey verkiisge ghrtheasarr disctBdPIRFhox 636 as
described herei nbefore. Upon insertion of the portable card, the
pr ocessi ng2PRREXIGHRE N R8st efts @nfprbianment ererpbion o depireRA dveps
described herein in Figs. 47 and 48 for the card reader is. the preferred
enbodi ment Po¥t63&  Efvkhe afer afhyerifiqatiipnofailse pro®sd 48eps: can be
elimnates or nodified or that other process steps can be added, all of
rejected, as depicted by circle 640. If the verification step

is successful, then the card is deemed to have passed and the
procesa then move into the read/write device being initialized
as depicted by box 642. |

The card reader then determines the operating mode as
either a local mbde, as depicted by lead 644, or a remote mode

- a8 depicted by lead 646.

The schematic diagram shown in Pig. 48 is reéferenced for
the following discussion. As shown in Fig. 48, the local mode
644 and the remote mode 646 perform identical processing
operations. The card reader authentic the card and/or used as
depicted by box 700. The application to be performed is
selected as depicted by box 702. The write and/or read
transactions are initiated as depicted by box 704. The
read/write performs data verification as id depicted by box 706.
If a fail determination is made at the commencement of the
processing, as depictéd by arrows 710, then a determination is
made to either hold the card, as depicted by box 714, or to

return the card, as depicted by box 716.



which are within the teachings of the present invention. As discussed
hereinbefore, it is anticipated that the protective coating could be
subject to the collection of debris, finger prints or ptihaseodeesf rom nor mal
handl i ng W83 %ler in an anbient ang§nornal envi ronment, as

differentiated-forma protected envitonnment required for hard disk drive

devices. Therefore, the accuracy and reliability of reproducing (reading)
encoded data fromthe portable card by a card reading apparatus and/ or by
met hods for processing the portable card can be inproved or enhanced by
use of a car duphearomplatibpbficelss loeal mdRABENFgemotROBEQIdeGand prior to
the card reader processing the portable card. Fig. 49 is a sinplified
schemat | cleteafingeiein dsomde ehearndiat toinelc@abh endyelr dsta fi ngerprints and
the like froma portable 11 WO 01/31641 PCT/[JSOQ 41444 -70 card utilizing
t he teachiergsicatidie ipresEid. | ThviantiisoOBhow &y ¢keBdtiglgspyoEesd 73ogonmenced
when a card is inserted into the card reader s depicted by box 750. Upon
i nserti orandl thbedetarthinativh darphsss ofir eaiped aBowedincFeg. bys .box 752.
Thereafter, a mld, but effective, abrasive cleaning processing procedure

i s perforrmedhendéteniaat idil ascpdagh,t @heftf4d agidivat orr a80pLoelidd Shat
fingerprints and the |like therefromas depicted by box 754. A final w pe

pr ocedur e:Hes dpea f conpatte abe va2pa St depideea F90bod N22G| @adatheand W ped
portable card is then exited as depicted by box 760. The portable card is
then tranqgeteacopbiratibhyid PetfsrnednUas Sespicesd aly bag 924 d upeader as
completion, the card is then transported to a l;cation where the
ugse remdbves the same as depicted by box 728.

If the determination is fail, then another series of.
determinations are enabled. The fail determination from 718 is
transmitted to a flag error 730. Flag error 730 is enabled by
the fail deterxrmination from 718, the fail determination from 640
and the fail determination from 720. The flag error 730 eithex
allows the card to be returned and removed by the user, as
depicted by box 728, or withhold the card as depicted by box
734.

In addition, a flag error 736 is responsive to a hold card
determination 714, as described above, to withhold the card as
depicted by box 734.

Upon a final determination to remove card, as depicted by
box 728, or to withhold the card, as depicted by box 734, the

read/write device then enabled to go into the standby mode as

depicted by box 740. This determination is transmitted to the



an inserted card as shown by box 636 in Fig. 47. The schematic di agram of.
Fig. 49 is the preferred enbodi nent of a cleaning process that is

pr ef or med ‘ﬁBI %)16510 processing by a card reader for rea®cngserd4ddepr oduci ng
i nf or mati oNofrom t he portabl e card, ? t all variations thereof are

envisioned to be with the teachings of the present invention. ' Figs. 50

and 51 di scl ose one enbodi nent of a card cleaner 780 having a card feeder
782 for transporting a card 786 past an abrasive cleaning station 788 for
carryi ng out rrying out the _card cleanin rocess: In Fig. 50, the
abrasi ve app: %2%%“ %F?’E?"z&taé’flgi’ rT95iea P a%‘?ﬁ&eﬁ%tlﬁ# Per 3 nwiigh 4%

suppl i ed frbom1 sgp y reel 794, driven by drive nenber 796. The strip
abrasive naterral 0 is brought into cleaning engagenent with the card WO
01/ 31641 PCT/ US t_'1444 =71 786 by rollers 800 to mldly w pe_and abrade
the card protecthVé® 53 ™ ede‘é’t?r PBEY Hsarer nis ?ﬁél‘%)&fé:r\'&gﬂdd?l’ used
strip abrg_ii ve material _is past over a drive penber 804 and onto a take
up reel 806 CAlBTRAN B0 |HEREEEPH FRFal thReTP o€ 8 mmmetdgnllie |ifted

to cl ean the'rgl%er 00. Fig. 51 illustrate that drive notors 810 and 812
are used tBGPFYELRT a%l.fgerﬂg“ftfa‘ée*?y Po% S apheeqanibed phexaimbgfpre .

respectiveké. F'i:lge.f 52 is a‘_‘g%ctori al representation of an alternate
structure OP°8 tRESFRERARY, CARdPRTtabier et FBe|RsosegBtng iYheBstrated in Fig.

50. In Fig. 52, the card feeder 782 includes an endless belt 820 to
repl ace t h&OMBFPR® 8809¢9F1irgd herein. ,

The processing steps described herein in Figs. 47 and 48
for the card reader is. the preferred embodiment. It is
envigsioned that certain of the process steps. can be eliminates
or modified or that other process steps can be-gaded, all of
which are within the teachings of the present invention.

As discussed hereinbefore, it is anticipated that the
protective coating could be subject to the collection of debris,
finger prints or the like from normal handling by a user in an
ambient and normal environment, as differentiated form a
protected environment required for hard disk drive devices.

Therefore, the accuracy and reliability of reproducing
{(reading) encoded data from the portable card by a card reading
apparatus and/or by methods for processing the portable card can
be improved or enhanced by use of a card cleaneriand process for
cleaning a portable card prior to the card reader processing the
portable card.

Fig. 49 is a simplified schematic diagram of a card cleaner

for cleaning debris, fingerprints and the like from a portable



50. The cover 808 | ocated proximate the endl ess belt 808 can be lifted to
clean the endless belt 808. In Figs. 53 and 54, a portable card 820

i ncludes _a ﬁg?ﬁtrate 822 to enclosed a data storage decraso@dé4i n the form
of a di sk¥@86* W1 yidly affixed to the substrate 822. In this enbodinent,
the entire portable card 820 including the substrate and disk 830 is
rotated relative to a magnetic transducer shown by dashed lines 830 to
pass nagnetic signals therebetween. In the preferred enbodi nent, the data
st orage dggi aof the present

€.826 is fornmed .uytilizi t he teachin
ivent: onti getiel 6% Eenatlan 48 e’ Pregblcibuthedion. or el 71 yer
anot her eq gQGgpntquaa gortable cgnﬂb840 utili,zing the . teachings of the
present i AVEREIInPTHETodP r SAWBGS MG RTPEE 9 FIFEFLASBYA s WO
01/ 31641 672' %@ a _sto age qixicg §44J n {he f.orm of af%is 846 rotatably
mount ed W F<8 EU?);%’P EHENPhPR* t 1P s ubRTT dPESEYL™ Alethf 879846 i s
r ot at ed vv‘: Qicr;rtdhe subst.ra&e 8?]% gel aa\[/i ve to% magneti c transducer shown
by dashed“P'f ie&dgs® PEYIRE AF (RBIGHH &YdPLE1"5%0r e, .a card and card reader
systemis disgjosed The_card. and c%%%greader conpri ses an encodeabl e card
conprising a BOFEREATIgUPHE BRE STARSEI%en faQEégP‘é"ncF PBE"And end edges
and mhereip tQFibog¥ ingludgf on__at |east one of%%fe %g er and | ower
surfaces BFFHPEIBE FERFEER Y £T7EHIRL AR S RPEFRRY® KR §°data processing
i on wh N [ n h r i n ion ar v relativ

f E)at 0 eggecttlvgll(;arecljno%eddébreisc,jagfn er%%gggs a dsgﬁé loikeatﬁeggfreocrin elative

as depicted by box 754. A final wipe procedure is performed as

depicted by box 756. The cleaned and wipéd portable card is

then exited as depicted by box 760. The portable card is then

transported directly to the input section of the card reader as

an inserted card as shown by box 636 in Fig. 47. The schematic

diagram of Fig. 49 is the preferred embodiment of a cleaning

process that is preformed prior to processing by a card reader

for reading and reproducing information from the portable card,

but all variations therxreof

are envisioned to be with the teachings of the present

invention.

Figs. 50 and 51 disclose one embodiment of a card cleaner

780 having a card feeder 782 for transporting a card 786 past an

abrasgsive cleaning station 788 for carrying out carrying out the

card cleaning process. In Fig. 50, the abrasgsive apparatus

utilizes a strip abrasive material 790 which is supplied from

supply reel 794, driven by drive member 796. The strip abrasive

material 790 is brought into cleaning engagement with the card



each other to at |east one.of encode signals in he data storage section
and read encoded signals fromthe data storage section. The data storage
section i WGt | east one thin filmlayer of high cemgisolMistior age
material for storing data and a protegtive coating formed on the thin film
| ayer which is selected to have a thickness to facilitate passage of
encoded and encoding signals in an anbient natural atnospheric operating
envi ronment through the protective coating and the thin film layer and the
protective coating formed of a material which resists at |east one of
chem cal , #agrist FeliekP #O6htmimiddly deipeadad iahrade tire cdatiopsitecageedevi ce.
The card reader has a transducer for at |east one of encoding signals in
the data sEOAHEGY 38cieanrikrd hergdnng Theceupendesi gnateed sonip he data storage
section during relative nmovenent WO 111/31641 PCT/ USQQ 41444 -73 of the
card rel at PREARiye: HRtekind BF RABSsPYRE & drivh membenalflde andatnto how bet ween
the data storage section and the transducer. |In the preferred enbodi nent,

t he encodeb®fe Waree} $0£ - nedyrravier add8) logateik sybuinatiel thadreHerdadeo st or age
section has at least one thin filmlayer of high density, high coercivity
magnet i ¢ nédedealiftrd tg alepredbecralieadsdbgnetic field orientation for
storing data. The transducer may be a thin film head, a nmagnetoresistive
head or a gi anFigagietidiustrate; shatGdR)ive HeetwrsTHLO0 amdodtaHre vaed may
optionally be an optically encodeable card and wherein the data storage
section hake #irivecehe sypply hreelf 794nandythe dfakii gh xkerlsBo§, opti cal
recordi ng

respectively. -

Fig. 52 is a pictorial representation of an alternate
structure of a card feeder and cleaner for rollers 800
illustrated in Fig. 50. 1In Fig. 52, the card feeder 782
includes an endless belt 820 to replace the roller 800 in Fig.
50. The cover 808 located proximate the endless belt 808 can be
lifted to clean thg endless belt 808.

In Figs. S3 and 54, a portable card 820 includes a
substrate 822 to enclosed a data storage device 826 in the form
of a disk 830 rigidly affixed to the substrate 822. 1In this
embodiment, the entire portable card 820 including the substrate
and disk 830 is rotated relative to a magnetic transducer shown
by dashed lines 830 to pass maqnetic signals therebetween. In
the preferred embodiment, the data storage device 826 is formed
utilizing the teaching of the present invention.

Figs. 55 and 56 are pictorial representations of still yet
another embodiment of a portable card 840 utilizing the

teachings of the present invention. A substrate 842 enclosed a

il



material which is capable of reading and storing data in optical form The
transducer may be a | aser adapted to reading and record optical data on
said optical recording material. It is envisioned thatPQriEsotéét and card
reader sYWOMEAhy conprise, in the.preferred embodi ment, a magnetically
encodeabl e card conprising a body ving upper and | ower surfaces and side
and end edges wherein the body includes on at least one of the upper and

| oner surfaces a data storage section adapted to interact with a data
processi ng stati on when the card and the data processing station are noved
rel ative 33 SEAT T AeVienLL40dP NG SPEBeChehiddrk nRlfP FREFRARIYAt | east one
thin filmlayer of = high density, high coercivity magnetic material having
a  predet BOYALSEIWHERTe OF cBYRRATECE (Widhint P FubstEreR 843 - dathe dipk: wo

01/ 31641 PCT/[ TSOO 41444 -74 A protective coating is formed on the at

| east oneBtthild TeratRd Wpehinthei BRPFEASFt §42 HedRELHR O i P39Rtdfet i c
material and is selected to have a thickness to facilitate passage of
magnet i ¢ &¥ajifanser rshayahyi darhedatine® 8&8%ospheric operating environment
through the protective coating and the thin film layer. The protective
coating may b82fed R the abowe SipelosiEPe h? reisds PR fande881d99e of chenical ,
magneti c and mechani cal degradation of the data storage device. The

prot ect | va¥Ytea iagligalogadpt diet 6aythmedf gred wieaRenePTFEiped fhsi ve to-. a
data processing station when the substrate and data processing stations
are nmoved engogerble (prdacAmRIiRdngt d kedybhaving aPPeHVENd Aevehet ween.

surfaces and side and end edges and wherein the body includes on
at least one of the upper and lower surfaces a data storage
section adapted to interact with a data processing station when
the card and the data proﬁessing gstation are moved relative to
each other to at least one .of encode signals in the data storége
section and read encoded signais from the data storage section.
The data storage section includes at least one thin film layer
of high density storage material for storing data and a
protective coating férmed on the thin £ilm layer which is
selected to have a thickness to facilitate passage of encoded
and encoding signals in an ambient natural atmospheric operating
environment through the protective coating and the thin film
layer and the protective coating formed of a material which
resists at least one of chemical, magnetic and mechanical
degradation of the data storage device.

The card reader has a transducer for at least one of
encoding signals in the data storage section and reading encoded

signals from the data storage section during relative movement



The reader has a transducer for reading the magnetically encoded storage .
section during relative novenent of the card relative to the data
processingwagggkpm to enabl e data fl ow between the dat aPCEUSHHAIE4sect i on
and the transducer. The transducer is,gapable of at |east one of encoding
magnetic signals in said data storage section and readi ng encoded nmagnetic
signals fromsaid data storage section during relative novenent of the
card relative to the data processing station to enable data flow between
the data stgrage section and the_ transducer. The at |east one thin film

| ayer of hP htlg"er??FflyI,'e]tﬁtQHe Qo dhei datay DragRering atatddnakonenakie a
sputtered l.ayer or a platted |layer. The transducer nmay be a thin film -
magneti c h8atR Elov Betass, Ebe Jatpesherapeopeat ifmnand thensranediceri.ve ( GVR)
head. WO 01 /31641 PCT/USQOQ 41444 -75 The magnetoresistive head may

i ncl ude a dual S fPpePrafeyred scibeiinente &hergnnodeableygairdi dh.a t he

magnet oresi stive head may include a magnetic flux guide for conducting
magnetic PREBEFICLY IRAcgdeabla SRrEQanseEhp ofrtef storageamdct tend Hay awi d
reader to the magnetoresistive head. The data storage section may include
data trackdedviong Bhimpfddetavernedl high Hersityedhigh xosetbeitad surface of
the card and the predetermned wdth nmay be w der than said
magnet or esPagnardc Rakrrigl havimgaapprafieterminad maguktic fiieh@ range of about
"1" times to about "2" times wider than the magnetoresistive head. A

met hod f or Feitakdon %o gLoFing datar d Theabransdycerimyl bseal. tiime £ikmhod
conprises the steps of (a) formng on a substrate of a card a data storage
section ad9$ﬁ4ﬂjatBa$?ﬂq9r&EiStive head or a giant magnetoresistive (GMR)

head. -

The encodeable card may optionally be an optically
encodeable card and wherein the data storage section has at
least one thin film layer of high density, optical recording
material which is capable of reading and storing data in optical
form. The transducer may be a laser adapted to reading and
record optical data on said optical recording material.

It is envisioned that the card and card reaéer system may
comprise, in the preferred embodiment, a magnetically encodeablé
card comprising a body having upper and lower surfaces and side
and end edges wherein the body includes on at least one of the
upper and lower surfaces a.data gtorage section adapted-to
interact with a data processing station when the card and the
data processing station are moved relative to each other. The
data storage member may include at least one thin film layer of

high density, high coercivity magnetic material having a

predetermined magnetic field orientation for storing data.



with a data processing station when the card and the data processing
statton are noved relative to each other to at | east one of encode signals
in the data storage section and read encoded signal s fpr@risidMaasdat a st or age
section; W3 ning a relatively hard, abradeable protective coating on
said data storage-section having a tfi ckness between a maxi mumt hi ckness
which would materially attenuate encodi ng and encoded signals passing

bet ween said data storage section and a transducer and a m ni numthickness
enabling said protective coating to be abraded by usage.in an anbi ent

natural at noappestedfiveatodtdngnyé Ify1Heat on frtlle h€NEsRJohd i om a known
quantity of the protective <coating ; and (c) noving the card and data

processi fiples iaeprof Ihighadi8364i JACELLRON/ 144 M4gnetit netatiMe to each
other to interface the data storage section relative to a transducer to

enabl e daid ifsl selédsebot RN a cHivknREBPLOTEdcOl P4l FRYsAHE!dgde fornming a
data storage section having at | east one thin filmlayer of high density,

hi gh coefisgneciy SB@RA &nr@l Qhbdénth@4kt0gaP RnBIEAEFIE BEEratmgetic field
orientation for storing data. The step of noving may include using a

t r ansducerividonmbnt Shrdubhithd bkbtdrade SodEGCLAE AleSthYS AR or a giant
magnet oresi stive (GVR) head. The step of formng may include formng a data

st or age 15R6t.1 Ofhé PdoReceivd @88t iR halyNbd fdrmBul 8% & matefi Ah waigRai LY,
optical recording material which is capable of reading and storing data in
optical fédiBrsThe TR 6he B cHEmIMM ,| A4S c and mechanical

degradation of the data storage device. The protective coating

is adapted to interface with and be responsive to_a data

processing station when the substrate and data processing

stations are moved relative to each other to enable data flow

therebetween.

The reader has a transducer for reading the magnetically encoded

storage section during relative movement of the card relative to

the data processing station to enable data flow between the data

storage section and the transducer. The transducer is capable

of at least one of encoding magnetic signals in said data

storage section and reading encoded magnetic signals from said

data storage section during relative movement of the card

relative to the data processing station to enable data flow

between the data storage section and the transducer.

The at least one thin film layer of high density, high
coercivity magnetic material may be a sputtered layer or a

platted layer. The transducer may be a thin film magnetic head,

a magnetoresistive head or a giant magnetoresistive (GMR) head.



using a transducer which is a |laser adapted to reading and record opti cal
data on the optical recording material. In the preferred enbodi nent, a

met hod for we#died @ card with a card reader may conpri pertisvamsasueps of :

(a) formng-on a substrate of a card g.data storage section including a
thin film of magnetic material having a predeterm ned magnetic orientation
for storing data in a predetermned axis; (b) providing a protective
coating including a magnetically perneable, nmagnetically saturable

mat eri al \szuiach i s _disposed on an exchange break |ayer and responsive

t hrough t he e%ﬁa’ée%%&mww inqjadecerddialestmier i al axes of
magnetization to produce a nagnetic image field in a direction opposite to
the WO 01P3TREFPIEETFHf0LASHENE . - F7 ridigdon Mhecdagheteokiderivehe protection
coating bgig‘g forned of a material_ which resists at |east one of chemcal,
magnetic and. "eentPotYdpremaEiatdRi Elux guidedior oondifctting magreeticc recor di ng
medi um apg lécf) .moving the card and data processing station relative to
each ot hef ¥ FRPeriufBtaneterags Sedringeot ddiei oard meladt byesaid a transducer
to enabl erdaéa rov¥Pther ebetween. Also disclosed is a data storage device
conpri si ngT A ot iBst i MBIRS A TRFisEivedeadone surface. At |east one high
density magnﬁ& ca‘%l%la coercive material layer is disposed on the substrate
for storing fefi® SFOFRIS sRretirn maycirtlodecdatmttenchs aviiag of
rragnetizat%%;itori ented,in a predetermned direction relative to the at

| east oneP SERIN WhEtR ficrpedien a Apleched: serfraeont ntlmekicd aml er i al
| ayer is gls osed on the substrate for defining an exchange break |ayer. A
protectivt e predetermined width way be wider than said magnetoresistive

head or have a predetermined width in the range of about "1t
times to about "2" times wider than the magnetoresistive head.

A method for reading a card with a card reader is
disclosed. The method comprises the steps of (a) forming on a
substrate of a card a data storage section adapted to interact
with a data processing station when the card and the data
processing station are moved relative to each other to at least
one of encode signals in the data storage section and read
encoded signals from the dat; storage section; {(b) forming a
relatively hard, abradeable protective coating on said data
storage section having a thickness between a maximum thickness
which would materially attenuate encoding and encoded signals
passing between said data storage section and a transducer and a
minimum thickness enabling said protective coating to be abraded
by usage in an ambient natural atmosphere operating environment
for removing therefrom a known quantity of the protective

coating ; and (c) moving the card and data processing station

11T



coating is formed on the substrate and is selected to have a depth in a

. direetion substantially normal to said exchange break layer to facilitate
passage of nmagnetic signals in an anbient natural atnpgphseiasdaperating
envi r onmeKe MY Fﬂugh t he exchange break |layer and the coercive nmateria
havi ng the axis of nmagnetization i m’fhe predeterm ned direction. The
protective layer is formed of a material which resists at |east one of
chem cal, magnetic and nmechani cal degradati on of the data storage devi ce.
The substrate is preferably a non-magnetic substrate and the protective

coat i ng redatixezoaeady heeatd Vintperf@nlthe, aamRebicsgée | dectabar abl e st orage
mat eri al disposed on Il WO 01/31641 PCTILTSOO 41444 -78 the substrate and

whi ch i selaspaTove tidmudgbet o exabiaigmthr €bdv thayebetwdenhe coercive
material axis of magnetization in the predetermned direction to produce a

magneti c i mepge fdtepdof FoamiflyIefi HAB1LGRPFBHhEnd & BhREa PéwsiaLer m ned
direction. The protective coating may include the nagnetically perneable,

magnet i Gaktyors Afaving| £ 9eab806nd®heh| Bl IaPes IFANIAGR dddadependent | ayer
di sposed on the exchange break layer. Optionally, the protective coating

My iNCliigh codRAviEYRignet i dhaASroRl NeNisll ) predk@brmtned Separate
I ndependent | ayer disposed on the magnetically perneable, magnetically

sat Urab'nﬁlgnéﬁﬁ F4@188d:8ldntht 1 &Y For ABSridlg hg@sSt one high density
magnetically coercive material layer is disposed on the substrate for
storing magneid Grep! 8 Movingihay HAcEN @Y By B iteahakuded YnebnnRgnet i zation

a thin film head, a magnetoresistive head or a giant

magnetorésistive (GMR) head.

The step of forming may include forming a data storage

section having at least one thin £ilm layer of high density,

optical recording material which is capable of readiné and

storing data in optical form. The step of moving may include

using a transducer which is a laser adapted to reading and

record optical data on the optical recording material.

In the preferred embodiment, a method for reading a card with a

card reader way comprise the steps of: (a) forming. on a

substrate of a card a data storage section including a thin film

of magnetic material having a predetermined magnetic orientation

for storing data in a predetermined axis; (b) providing a

protective coating including a magnetically permeable,

magnetically saturable material which is disposed on an exchange

break layer and responsive through the exchange break layer to

the coercive material axes of magnetization to produce a

magnetic image field in a direction opposite to the



oriented in a predetermned direction relative to the at |east one surface
of the substrate, and the predetermned direction may be: (i) orientated
subst anti alyeyoipsikdl | €l to said at | east one surface of peivdsmubEsrate;
(ii) orientated at an acute angle to _spid at |east one surface of the
substrate; (iii) orientated substantially perpendicular to the at |east
one surface of the substrate. Al so disclosed herein is a magnetically
encodeabl e card conprising a non-nagnetic substrate having at |east one

h density magnetically coercive materi al

surface | thin film hi .

di sposed gﬁgﬁ%@'ﬁ §tr ’trécfb?“'sgaﬁiwtﬁ& heR | eoating deingi Edrndie oB0 01/ 31641
PCTI USOO élél%ég i-aZQ £osr cive materjal axis of nmagnetization oriented in a
predet er m ned di rection FEFATYR 85t trasteore 9o slemiealsumhgnet iaf andai d
substrate neti.c terjal |s .disposed on the substrate for

def i ni ng g%‘ﬂe*‘xl’gﬁsﬁg% "ber"é‘é‘t%g‘?%eyé‘f*?fri@ﬁfﬂaf‘e‘af ithe BagRetig recdnstimad on t he
substrate,] _dicection substantially normal to the exchange break |ayer
and the %ér%}lug'ét gl\}é °c2af“PXb"ﬁf‘f Fuﬁ%’g Andedttar Praressisgr ataition,

magneti c aturabl e, storage materi al di sposed on the substrate and
whi ch | sair‘%%/aﬁgﬁgi é"e ‘?ﬁ’?r“oﬁ'g‘he’? ke &aringe Wiesrta) shpragemeatiennagnetical |y

sat urabl e es}a%riage mat %I’I al .to the coercive material axis of magnetization

to produce 2 magnel it SFRREGFer B £kl At EErwrthesebervdentat e passage of

magnetic Si ggi\lg 'in n_agbi ent natural atnpspheric ogerati ng environment
t hrough the eXt an%@ PESR YSaPefati AL PRI ESHAEe Qampyisinaimabl e st orage

mat eri al 'su-gg%rgéeo theaq;iin\éeat(:: ciaétaistr;] gc»riuaS s]:xgnrfarurged. OfAt aleast one high
density magnetically coercive material layer is disposed on the
substrate for storing magnetic signals with the coercive
material axis of magnetization oriented in a predétermined
direction relative to the at least one surface of the substrate.
At least one non-magnetic material layer is disposed on the
substrate for defining an exchange break layer. A protective
coating is formed on the substrate and is selected to have a
depth in a direction substantially normal to said exchange break
layer to facilitate passage of magnetic signals in an ambient
natural atmospheric operating environment through the exchange
break layer and the coercive material having the axis of
magnetization in the predetermined direction. The prAtective
layer is formed of a material which resists at ieaét one of
chemical, magnetic and mechanical degradation of the data
storage device, The substrate is preferably a non-magnetic
substrate and the protective coating includes a magnetically

permeable, magnetically saturable storage material disposed on

(AW



degr adat i

on of the data storage device. Alternatively, the protecti

material which resists at | east one of chem cal, magnetic and nechani cal

ve

coating 5@{; H}lg‘{]ude the magnetically perneabl e, magnetcraispo4iget ur abl e
s bei ng an independeg% | ayer di sposed on the substrate. In

st orage
addi ti on,

the protective coating may ‘Fnclude a non-nmagnetic abrasi

resisting material as a separate |ayer disposed on the nmagneti.call
per neabl e, nmagnetically saturable storage naterial. In the magnetically

encodeabl

e card, the at |east one high density magnetically coerci

on
y

ve

nat eri al Yhgyepbstratiesppdenhich ipeardsponsive Chreted LHeCEkLIS@Qel biddk _80-
substrate for storing nagnetic signals with the coercive naterial
magnet i zataYsk ©eitde cderpive prbesiadr axhedof diageetizmtivel Mitke to the at

| east one surface of the substrate,

axi s of

and the predeterm ned direction may

be: (i) dadedmtarmihedsdbstctitonatd ypyvaiuge| & magnesae dinsigel €bstd dmeasur f ace of
said substrate; (ii) orientated at an acute angle to said at |east
surface cliregticminppoatite d ithy pradetemninkd diseaitdmal |y perpendicul ar to

the at | east one surface of the substrate.

mat eri al
Cer st eds

one

The magnetically coercive

has Zheqwratiective doatime mayr éheluded thabmabineedtallyf at | east 1, 000

and the nmagnetically perneable, magnetically saturable st

or age

mat eri al peragableoaagneticaldly batwsrablenstdxage H190:xTmishsds . seharagaetic
signal processing apparatus is disclosed conprising a magnetic recording
medi um hakndegendéntylagensiisporag et itbel éychanger break dageri al for st

magneti c

signals with the coercive
Optionally, the protective coating may include a non-magnetic

abrasioh resisting layer as a separate independent layer
disposed on the magnetically permeable, magnetically saturable
storage material layer.

The at least one high density magnetically coexrcive “
material layer is disposed on the substrate for storing magnetic
signals with the coercive material axis of magnetization
oriented in a predetermined direction relative to the at least

one surface of the substrate, and the predetermined direction

~may be: (i) orientated substantially parallel to said at least

one surface of said substrate; (ii) orientated at an acute angle
to said at least one surface of the substrate; (iil) orientated
substantially perpendicular to the at least one surface of the
substrate.

Also disclosed herein is a mggnetically encodeable card
comprising a non-magnetic substrate having at least one surface
having a thin filwm, high density magnetically coercive material

disposed on the substrate for storing magnetic signals with the

oring



mat eri al axes of magnetization oriented in a predetermned direction; a
non- magnetic materi al di sposed on the high density nagnetically coercive
mat eri al f‘gé 9;;11‘6)'“ni ng a exchange break |ayer and a proPETUBME1#dat i ng
whi ch i ncla&¥} magnetically per rreagée, magneti caldy saturable materi al
which is disposed on the exchange brédk |ayer and which is responsive
t hrough the exchange break | ayer to the coercive nmaterial axes of
magneti zation to produce a magnetic inmage field in a direction opposite to
the predeterm ned direction. The protective coating is forned of a
mat eri al eperdivecpaseriadt aknof wvagnetfizehion cafientid A1/ 31641 PCT/ USOQ 41444
-81 magnetic and nechani cal degradati on of the magnetic recording mnedium
The appar predetierpivettslizenbipretriedativensduths ayodeastomadsuridat ofe to a
surface of the recording nediumfor transferring signals with respect to
t he recor@did) swbdtoatie.A drnve megndlic matenindr dsi didpeseduph dthet 0 at | east
one of the transducer and the recording nediumto provide relative
novenment eswkagtalsevwten definbeg ot exchamger breakelager having a bias field
adapted to increase, through the protective coating and the exchange break
| ayer, the r@& proteatdvef cedtdngnys charmed aernurthsl sybastagtetima | y per neabl e
material to enable a nagnetic signal to pass between the high density
magnet i caixectdencsustant tallyl nohmaludle the excbhagrdrebkebkydrapsd and t he
protective coating to the magnetic transducer. A nmethod of processing
magnet i ¢ shegypaios ecsivey caabgn dnctudese @omalineg igatllyimermealte.a hi gh density
magneti cal ly coercive _

magnetically saturable storage material disposed on the

substrate and which is responsive through the exckange break
layer and the magnetically saturable storage material to the
coexrcive material axis of magnetization to produce a magnetic
image field in a direction to facilitate passage of magnetic
signals in an ambient natural atmospheric operating environment
through the exchange break layer and the magnetically saturable
storage material. The protective coating is formed of a
material which resists at least.one of éhemical, magnetic and
mechanical degradation of the data storage device.
Alternatively, the protective coating wmay include the
magnetically permeable, magnetically saturable stékage material
being an independent layer disposed on the substrate. 1In
addition, the protective coating may include a non-magnetic
abrasion resisting material as a separate layer disposed on the
magnetically permeable, magnetically saturable storage material.

In the magnetically encodeable card, the at least one high

density magnetically coercive material layer is disposed’ on the



material for storing nmagnetic signals with the coercive material axes of
magneti zation oriented in a predetermned direction is disclosed. The
met hod c%r'jsga the steps of: (a) providing a |ayer ®CTaS#dmddagnetic
mat eri al g{ﬁd ed on said high densi ¥ magnetically coercive material for
defining a exchange break [ ayer; (b)tB providing a protective coating
i ncluding a magnetically perneable, magnetically 3saturable material which
is di'sposed on the exchange break | ayer and responsive through the
exchange break |layer to the coercive material axes of 11T WD 01/ 31641
PCT/ USO0/ sibttate gionmapeiny sagoet 1o sponale evishnelgnetoecciveage field in a
direction opposite to the predetermined direction. The protective coating
i s fornmednafferiatoaxis of womsEticesiogt oraentehdh anerafeteleimexhl , magnetic
and nechani cal degradati on of the nmagnetic recording nedium and (c)
gener at i ndiregtitn xelagheeito chet ablledoti cre maviEtage of bhassdbstrdtadapted to
I ncrease through the protective coating and the exchange break |ayer the
r el uct ancapdfthehprevegesnined sdractaine mapelgmet (it adtienpatadabl e material to
enable the nmagnetic signal to pass between the high density magnetically
coer ci ve sudsgrnbially paghlldie toxsdihge beastk ohaysurfued dbfiesaist ot ecti ve
coating to a magnetic transducer. A systemis disclosed which conprises a
magnet i ¢ swbstrdtag (iiddoubertatedgata dni ghudensigly tmgnReti sullaastoer ci ve
material for storing magnetic signals with the coercive material axes of
magnet | zadneowuofasntofdthe suhpredesd er(iinpdorlientatedmubAtantialmygneti c
material is disposed on the high density magnetically

perpendicular to the at least one surface of the substrate.

The magnetically coercive material has a coercivity, in the
preferred embodiment, of at least 1,000 Oersteds and the
magnetically permeable, magnetically saturable storage material
hag a coercivity of less than about 100 Oersteda.

A magnetic signal processing:apparatua is disclo;;d comprising a
magnetic recording medium having a high density magnetically
coercive material for storing wmagnetic signals with the coercive
material axes of magnetization oriented in a predetermined
direction; a non-magnetic material disposed on the high density
magnetically coercive material for defining a exchange break
layer and a protective coating which includes a magnetically
permeable, magnetically saturable material which is disposed on
the exchange break layer and which is responsive through the
exchange break layer to the coercive material axes of
magnetization to produce a magnetic image field i; a direction
opposite to the predetermined direction. The protective coating

is formed of a material which resists at least one of chemical,



coercive material for defining a exchange break |ayer. A protective
coating including a magnetically perneable, nmagnetically saturable
materi al diwgesagaon the exchange break |ayer and whi che¢ruswapaasi ve
through the exchange break layer to the coercive material axes of

magneti zation to produce a magnetic ifage field in a direction opposite to
the predeterm ned direction. The protective coating is forned of a
material which resists at | east one of chemi cal, magnetic and mechani cal
degradati on of .the nmagnetic recording nedium* WO 01/31641 PCT/ US00/ 41444
-83. A madiROPPELT A% ‘a‘é?micé‘lp&%ﬁaidagé?f‘ (| bhe \Ragngtic stpcoading of t he
recordin%lggdiun1for transferring signals with respect to the recording
nmedi um AS§r*™e nenber is operatively coupled to at-least one of the
transducer and the recording nediumto provide relative novenent

t her ebet ween. © erﬁﬁﬁﬁﬁ????(ﬁﬁ%ﬁ?@ﬁs<$eWF%¥qu§vFFEP%?“SFESPQﬁi§Fana@apted to

I ncr ease tqrou h t he Erotective. coating and the exchange break |ayer the
rel uct and& 8F* Thdhdg Hﬁa&esafufr%ré?owggaew%m forperansipreingterial to
enabl e the magnetic signal to pass between the high density magnetically
coercive sﬁ'ﬁf‘%ﬁ? HLEhFRERATL he the cREPFRLNGr BeGiumyeA drivet memprtisct i ve
coating to the magnetic transducer. A programable control device.

oper at i vOPFTRGhIrdYt EaURIP e ahdgasti enec Ofit te taappdecsrs apdethe 0 cause t he
bias.field to be applied to the recording medi um when a sel ected nmagnetic
i mge | FEFOERNE NedbEt £ift PEPYideagpiricive mAtenangnsHereetwERR. pPot ecti ve

coating may have at |east one |ayer which
magnetic control device having a bias field adapted to increase,

through the protective coating and the exchange break layer, the
reluctance of the magnetic saturable, magnetically permeable
material to enable a magnetic signal to pass between the high
density magnetically coercive material through the exchange
break layer and the protective coating to the magnetic
transducer.

A wmethod of processing magnetic signals using a magnetic
recording medium having a high density magnetically coercive
material for storing magnetic signals with the coercive material
axes of magnetization oriented in a predetermined direction is
disclosed. The method comprises the steps of: (a) providing a
layer of a non-magnetic material disposed on said high density
magnetically coercive material for defining a exchange break
layer; (b; providing a protective coating including a
magnetically ﬁermeable. magnetically saturable material which is
disposed on the exchange break layer and responsive through the

exchange break layer to the coercive material axes of

THT



I ncludes a magnetically perneabl e, nagnetically saturable storage
material. Alternatively, the protective coating nay have at |east two

| ayers wherein one of the layers includes a nmagneti cadryuse@smeabl e,

magnet i cA¥YQ Y- yr abl e storage material and the other of the layers is-a
non-magneti c abrasion resisting |ay® formed on the one of the layers. The
data storage device may further include a.non-magnetic nmaterial |ayer

posi tioned between the protective coating-and the 11l WO 01/31641

PCTI 1 JSOQO 41444 -84 at least one thin filmlayer. The magnetically

per meabl enagneagaedionatb Yprodude ab lmaghitOiddaagat @dial ih S despensinve through
t he non-nmagnetic |ayer to the coercive material axis of rmagnetization in
t he predeippiosibe i thet praidterpimduaerect iIGRYNMHd Grof@aa vl 8bst iy a
direction opposite to the predetermned direction. Alternatively, the

prot ecti vis codined pITAYmditetd adl whidSkedits hOYRdaBtWBRE I cABRi @f1,t he | ayers
I ncl udes a magnetically perneable, nagnetically saturable storage materi al

and the aidypetiofarddfebiditicali Seqradabidi@icthe dighati®rek8EaSid Ny | ayer
formed on the one of the layers In such a device, the data storage device

may furt hdiumpCandlqe) agetral B IGlitE aBlahbtlc |aneroP Giivioned, gt ween the
one of the layers of the protective coating and the at least one thin film

| ayer anch WiasefieldhadapgietoCialdreaperimabhR, thdpgbeddtaark! Yoftailng abl e
storage material is responsive through the non-magnetic |ayer to the
coer ci ve a1eX ehé adxohange Mreak layer the reluctance of the magnetic
saturable, magnétically permeable material to enable the
magnetit signal to pass between the high density magnetically
coercive material through the exchange break layer and the
protective coating to a magnetic transducer.

A system is disclosed which comprises a magnetic recording
medium having a high density magnetically coercive material for
storing magnetic signals with the coercive material axes of
magnetization oriented in a predetermined direciion. A non-
magnetic material is disposed on the high density magnetically
coercive material for defining a exchange break layer. A
protective coating including a magnetically perméable,
magnetically saturable material disposed on the exchange break
layer and which is responsive through the exchange break layer
to the coercive material axes of magnetization to produce a
magnetic image field in a direction opposite to the
predetermined direction. The protective coating is formed of a

material which resista at least one of chemical, magnetic and

mechanical &egradation of the magnetic recording medium.-



magneti zation in the predetermne direction to produce a magnetic inage
field in a direction opposite to the predeterm ned direction. The portable
card utiliagggdles teachings of the present invention hasrsmaiand
mul tiple applications and is essenti aI_E%r a nmulti-use portable card having
a data storage device. As WO 01/ 31641 [ USQQO 41444 -85 such, the data
storage device in the formof a portable card can be utilized for either
or both, either solely or jointly, as a financial or credit card, and/or
for non-fi nan%i ?‘Lﬂ :Cxiéal:ti% torage _apd/ or ,an%n of her transaction type card
requiring the“storing of 2 8Fi 15 Hogrht@edgrlakigitetrcalguriaReodeabl e
cards, pog% atq.‘leerggrrd or o .herf cards ar the |ike errpI,Oéi ng the teaching of
I*n¥ 8RTT O If BT 1R &ﬂ'fﬁ’?&%ﬁﬁﬂ‘t%?lﬁ%lsp%g eSPeFENEP on nay be

t he presen
practiced_wi th aﬁé%de vggiety of. horizontal,K or vertical recording

mat eri al st S SFECRAYREMEE Rt oA 9FEVe MERPHR dife PPETat VY| S9uPleAdtQ Ubst r at es.
In additi qn ,can entio al__ deposi %i on, puttering,. plating, oxidating and
web coatihy r'ﬁ?f%o%fée r?rﬁly Be tx2Rp ‘6%%3313 %F%ﬁ&FEr‘?’d@ PEdH®i%®y medi um or
dat a storage. sect'ng or a data stoga e section conmbined with a substrate
to fromB WAFS §?icﬁ' 48 TRXAMERt Hhex Fg‘"%%‘br age device. Media used for
hard di sks, flo g:irisks nd.recordi edi u when_used w_th the _
protective co ﬁ%e Ct ﬁ%"q:ﬁto&s ﬁY“ieng‘ng’f%ﬁ‘ 38 fdedderdantsd BPacti ci ng
this invention. Further, the above-described advantages may be achi eved by
the addi ti'5ie8Pe aéifr&“g%‘i?}'éel frﬁ‘é‘?‘b‘fweb‘éﬂﬁ*ajmgeaﬁ?&%FFG@%%W@“t o the data

storage (Egge%etﬁgﬁgefﬁggance of the magnetic saturable, magnetically
permeable material to enable the magnetic signal to pass between
the high density magnetically coercive material through the
exchange break layer and the protective coating to the magnetic
transducer.

A programmable control device operatively connected to the
magnetic control device is used to cause the bias field to be
applied to the recording medium when a selected magnetic image
is located substantially adjacent the transducer.

The protective coating may have at least one layer which
includes a magnetically permeable, magnetically saturable
storage material. Alternatively, the protective coating may
have at least two layers wherein one of the layers includes a
magnetically permeable, magnetically saturable storage material
and the other of the layers is.a non-magnetic abrasion resisting
layer formed on the one of the layers.

The data storage device may further inc;ude a. non-magnetic

material layer positioned between the protective coating  and the



yield with novenent of the card and wherein it is anticipated that a

- predeterm ned quantity of the protective coating will be abraded therefrom
during nor nal use in an anbient normal atnospheric opaicatisig41@44 usage

envi r onmeW{P 9131 ?’I WO 01/ 31641 PCT/ USQQl 41444 -86 The storage nateri al

whi ch can be sued for practicing thi$4invention include, without

limtation: (i) magnetic material; optical recording material; and (iii)

magnet o-optical material. - Such material are well known to persons

skilled-in-the art, and they need not be discussed in detail herein. Al

such var iak LeAst pne thévrHidmalpver offhehwagnasddRphi rermeahte.pr esent

invention are envisioned to be covered by and anticipated by the teachings

set fortMagseeipally watousies storagn NSberiplu4s regrnsipATthgugbAl VED | S: 1.

A data storage device conprising at |east one |layer of high density, high

coer ci vi tsherRgpcragneficelavar torthy Goengltmatenirl aa‘lﬁe'Pgt ively hard,

abr adeabl e protective coating forned on said magnetic material |ayer and

bei ng selwagnegizatinn dnathererdesermiaendireatignxtonmmogurekdmess whi ch woul d

materially attenuate nagnetic signals passing between said magnetic

mat er i al wagpetiantnaget Caeblidoer direckioni opnesitetalbliess enabling said

protective coating to be abraded by usage in an anbient natural atnosphere

oper at i ngpredeteovminad divectieompyvi ng therefrom a known quantity of said

protective coating material. 2. The device of claim1 wherein said device

i s adapt ed toAlhexnaddveldyt Hhe guotective coating may have at least two

layers wherein one of the layers includes a wmagnetically
permeable, magnetically saturable storage material and the other
of the layers is a non-magnetic abrasion resisting layer formed
on the one of the layers

In such a device, the data storage device may further
includes a non-wmagnetic material layer positioned between the
one of the layers of the protective coating and the at least one
thin film layer and wherein the magnetically permeable, .
magnetically saturable storage material is responsive through
the non-magnetic layer to the coercive material axis of
wagnetization in the predetermine direction to produce a
magnetic image field in a direction opposite to the
predetermined direction.

The portable card utilizing the teachings of th; present
invention has wide and multiple applications and is essentially

a multi-use portable card having a data storage device. As



processi ng station when a portable card and a data processing station are
noved relative to each other, said portable card being adapted to be used"
in a card R{@FFFGHNY System having said data processi ngest/adonausai d dat a
storage device further including a subg{rate having a predeterm ned shape.
3. The device of claim2 wherein said at | east one magnetic material |ayer
is athin filmlayer of high density, high coercivity nagnetic nateri al
having a predeterm ned magnetic field orientation for storing data. 4. The

devi ce Ofsuehdll fhe? duRT Aldrasdl deicdl erline 6081 PaSchd Ba54 Qne | aver

which includes a magnetically.perneable, magnetic y saturable material.
5. The de GeiDized 2bM & ciler & HRhO! EGlHe¥-Cs SRAL/ PQ %@ﬁnﬁ lggsf two layers
y perne

wherein one of said |ayers includes a nagneti cal bl e, ‘magnetically

sat ur abl ¢1RBhEI41lo:Bed b call N GinaPhr SE bRVl $a P M BBGRSH € 11 cti on

reduci ng | ayer forned on said one said l[ayers. of claim 2

e ol st Poret SneS e BtRChaL . of clal
erei n sahfloftadyeathe PN aHBIAS! Ceypin &&Patati}@%gf.%l&é g&g?&rﬁ e @ hi g

density, high coércivity nagnetic nateria predeterm néd nmagnetic
field O;niaﬁﬁéﬁé Q3 gARfs Wherein said protective coating has at |east one
| ayer which i1ncludes a nagnetically perneable, magnetically saturable

mat erial and lygle'inﬁ&;ﬂet.sﬂaqlgaé@cqﬁggﬁfgg:aggt%\ggﬁt%ﬁié Nelrds"GE USSR 2

non- magnetic naterial |ayer positione e protective coating and

id at 1ihdl in " * WO 01/ 31641
ISD?JI'I'/ I ?Soggﬁémirl%%B one;ﬂ‘r%bé\%t igéél}r%t]teelr Fg{"ﬁéf ;ofef?esl_,%%\é #E%;;\eti cally

per meabl ¢nveRainet e6al e $aLH RISt 1B lthdl plbe%;eael %jﬁ@e%&%ﬁi MEy ar ough said

non- magneti c | ayer to predeterm ned magnetic fie orientati'on to produce

a magnet pgabiBad Liehth wigs Qe'l?ﬂ%%ki OF HORRRSAA lBQ_é@éZeicaiedet erm ned

magnetic field orientation. 7. The device of claim?2 sard at |east one

magnet i C xBBbLdinY halerid1s, f sefethaghetic materials, non-magnetic
materials and substrates. In addition conventional deposition,
sputtering, plating, oxidating and web coating methods may be
employed to prepare the recording medium or data storage
section, or a data storage section combined with a substrate to
from a da;a storage device, or data storage device. Media used
for hard disks, floppy disks and recording mediums when used
with the protective coating of the present invention may be used
for practicing this invention. Further, the above-described
advantages may be achieved by the addition of a relatively hard,
bendable protective coating to the data storage device that can
yvield with movement of the card and wherein it is anticipated
that a predetermined quantity of the protective coating will be
abraded therefrom during normal use in an ambient normal

atmospheric operating or usage environment.



hi gh density, high coercivity magnetic material having a predeterm ned
-magnetic field orientation and wherein said protective coating has at

| east twogw MR Wherein said one of said layers incluperuswaegaetically
permeabl e, magnetically saturable matgial and the other of said layers is
a non-magnetic abrasion friction reducing |ayer formed on said one of said
| ayers and wherein said data storage device further includes a

non- magneti ¢ naterial |ayer positioned between the protective coating and
said at |east__one nmagnetic material |ayer, said nmagneticall er neabl e,
magnetical |y ga?u?%agen‘ﬁ?“e‘ﬁl&ﬁ By ca’\r{ééeptfﬁgflv%mf %xﬁﬁﬁcﬁrg&?’ﬁﬁn- magneti c
| ayer to predeterm ned magnetic field orientation to, produce _a nagnetic

| mage 11 el TFeREER IBEF o tgatT HRLTERASR Y () BRI BOC TGt i ¢ 1 el d
orientation., 8. The device of .cLaim2 wherein said protective . has an outer
surface tRRARE TeTEAIRE Brteyria ﬁea'ﬂi\filéb)r d‘fagé’le’é?h?‘%’\ﬁﬁgrﬁﬁer ESG substrate

has two suyrfaces and said otective _coating.is.appli to at | east one of
card o ST EREeRTalo SRl R o sRRRTHS HRiLHEETERS bsaPde has tvo
surfaces and sai rotecfive cqQating is lied to at | east one of said
two surfa Eﬁﬁgvﬁgfﬁ‘%’Fnéﬁ%ﬁ‘ifsﬁaté“sq%&?ébzp%&f‘ce is located on the other
of said two sugt;ace%,eand_saj d protective coati ng is applied to at | east
said data st& YREERLIORS R HCPFEF NG OF v RREFRIIES 8Fd substrate
has two surfaces and wherein said data storage device is |gcated on one of
said two GRff PEEBENG PVERFPhHATEEPTIAIoBEAt YN ye SO%AT &Y 38D at | east said
data storage devjce. 12, The device of cl allhg}sez havi ng an obverse side and a
conver se 215%’75”3?(83 - EPR teaghingd Y SPEERASTEIB surfaces and wherein said
data storage device is |ocated on one of said 1111111 X11111 1Gall11 11

111 * L S W 01/31641 PCT/ USOQ 41444 -89 two surfaces and said protective
coating is applied to each of said obverse side and converse



side. 13. The device of claim2 wherein said protective coating has an
outer surface and further conprises a bonded |ubricant |ayer forned on

sai d outer wodast@and having a thickness which is |ess gdy@isobdiad Ni ckness
of said protective coating. 14. The pord able card of claim?2 wherein said
protective coating thickness is in the™®'fange of about 700 Angstrons to
about 1050 Angstrons. 15. The device of claim2 wherein said protective

coating thj i s two substantially parallel |ayers one of which
WAL S eSS

is formed 'y perneabl e, magnetically saturable materi al

having a thickpess Aaa&ggrag@wgeggmﬁgﬁgt 50 Angstrons to about 750
Angstrons and the other of "which is a dianond-Ii ke carbon | ayer having a

t hi ckness i n tideast'one Yeraf high detisityl, high Ao viyomiBgriete miteribl for SOrify@hed; aed's. 16.
The device of claim 15. wherein said protective coating thickness is in the
range of aboua relageelyhayd.abradaable protesiingtcoatmgdormad on saidwpagnetic marérial Myeri ce of
claim 16 wherein Sai(ﬂ‘PE‘;Ot ective coating thickness is _about 550, Angstrons.

18. The d&%waeseiegiediphns atpicimetsbemierna BRmuReesshich oWt matRiallys
i ncl udes uatéﬁ;\{ egwhﬁms ﬂa&x@%’éﬁ%& &Id-xﬂag“?l%]g{(érfaﬁa&é{' ﬁf%%ﬁ&lc@f and

magneti call'y saturabl e“mater| ving a ness i1 n e range Ofa about

50 Angst r giifimb tabieeés efbElinDRGS roeitEve 8odinpRricRbiidedtychsiein afBA&H: i C Materi al
| ayer has a thickness in the range of about 20 Angstrons to about 150

Angst r ons natdrgl atdipsphete oparating envgiopment forwimaeving theyefrain pmiwacjuantity ofsakli ng
t hi ckness includes two substantially parallel layers one of which is
formed of PREREGAeRINg BRIYalher neabl e, nmgnetically saturable material having

a thickness i \%t he ﬁgg&g%#gﬁ%%gtj%{r&@ %r(\),{r(]:gigsadg °“ﬁ§\%%°z§’9’?€| Cst ronms and

the other of ich’i's a Ke" car ayer 'Ckness in the
range of glogddtingdbliohRdieh h péfable@ard Bt dadDoBES S8R adMbvidRIa8dkoSadHd

non-magnetic material |ayer has a thickness in the range of about 20

Angst r onsother, siztpertalils Cardbejsg adapted tobt bdetilid 4 ¢4rd pibcdskihg bysteir Havingisdid Hata
processing station said data storage device further including a substrate having a predetermined
shape.

3. The device of claim 2 wherein said at least one magnetic material layer is a thin
film layer of high density, high coercivity magnetic material having a predetermined magnetic
field orientation for storing data.

4. The device of claim 2 wherein said protective coating has at least one layer which
includes a magnetically permeable, magnetically saturable material.

5. The device of claim 2 wherein protective coating has at least two layers wherein
one of said layers includes a magnetically permeable, magnetically saturable material and the
other of said layers is a non-magnetic friction reducing layer formed on said one of said layers.

6. The device of claim 2 wherein said at least one magnetic material layer is formed
of a high density, high coercivity magnetic material having a predetermined magnetic field
orientation and wherein said protective coating has at least one layer which includes a
magnetically permeable, magnetically saturable material and wherein said data storage device

further includes

a non-magnetic material layer positioned between the protective coating and said at least

Ly
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CLMSIIL W 01/31641 PCT/ US00/ 41444 -90 20. The device of claim2
wherein said protective coating thickness includes two substantially
paral | el |awaigig@pne of which is fornmed of a nagneticallyf@ﬁ%gﬁ g
magnetically saturable material having a thickness about 400 Angstrons and
the other of which is a dianond- |ike-®arbon | ayer having a thickness about
150 Angstrons.. 21. The device of claim2 wherein said protective coating

t hi ckness includes twg., substantially parallel |ayers one of which is

formed oPP&MASNGHETRER! jayen,said pagnetically pesmenbles mpgnptically satirable matesial Beingl  havi ng
a thickn . ro nd.the.other of which.is g dianond- |ike
carbon | g%é?ﬁﬁ’g\% %%ggal@ﬁlg%bﬁ §s© ga%%'d? P‘fgege%f‘fﬁg Wgﬂeélciﬁ]& %ﬁ@?‘!ﬂ"ﬁ"sai d

non- magnetddtce d¥aAgElGimabaNd inhafredioh BbsdsE®Saili PrelbtEmi i t 20
Angstron? to“%boJ? 150a ngst?bns. 22.b@%e de?i?e %?ng ain@%aﬁﬁgggin sai d
protecti weetatidhi ng i s adapted to interface with and be responsive to a

data processing station when said substrate and data processing station
are nmoved rel &ti velheglediseof claim @ said at leastoneimgnesigineptasiablayer istformpdoka mat e sai d

of oI b mB By PRy Burl: niel e ekrpel mieR: i bganon
Processi ik whéih 8fid profborive Baith Yhe s 162kt cib AR GniRR'BlInd & Hia3REA Processing

station i s nove ative to ~sald subs e devicé’of claim?2

wher ei n sweludeciaisgnptill péringsbles ndfricBenlly RetwEBlk chaferliSha Blethf 6 saidBef if el ati ve
to each other. 26. The device of claim2 wherein said substrate’is '

subst ant idapn-jnaghetin sbrasionifrigéongedicing layerformaety said one ofdaiideyessmid sdiedid at a
storage deyi.ce is neral Ly rectangular in shape. 27. The device of claim
26 wher er‘ﬂxgﬁ?ﬁ%ﬁ%"%?‘f’g‘ﬁ‘?&ﬁ%nar and generally rectangul ar shaped

subst rat & i nch g oSl Hublh hyd p06AHEa BENbS I SobkRBTRRNL Bh AR5 ey 0o 2

processi ng station.
one magnetic material layer, said magnetically permeable, magnetically saturable material being

responsive through said non-magnetic layer to predetermined magnetic field orientation to

produce a magnetic image field in a direction opposite to said predetermined magnetic ﬁcfd

orientation.

8. The device of claim 2 wherein said protective has an outer surface that is
cleanable.

9. The device of claim 2 wherein said substrate has two surfaces and said protective

coating is applied to at least one of said two surfaces.

10.  The device of claim 2 wherein said substrate has two surfaces and said protective
coating is applied to at least one of said two surfaces and wherein said data storage device is
located on the other of said two surfaces and said protective coating is applied to at least said
data storage device.

11.  The device of claim 2 wherein said substrate has two surfaces and wherein said
data storage device is located on one of said two surfaces and said protective coating is applied
to at least said data storage device.

12.  The device of claim 2 having an obverse side and a converse side and wherein

said substrate has two surfaces and wherein said data storage device is Jocated on one of said

Ty



28. The device of claim2 wherein said substrate is substantially planar
and generally rectangular in shape and said data storage device is -

general |y cwgaiilsdgari n shape. 29. The device of claim 28 "l‘ﬁh%hd)ﬂgﬁ;i d

general ly circular shaped data storage gevice is fixedly nounted within
sai d substantially planar and general | y’rect angul ar shaped substrate.
Frittrl 122122 itf1l 12212 11 11121 L Mg WO 01/ 31641 PCT/I11S00/ 41444 -91

30. The device_of claim?29 wherein, said . substantjally planar and generally
ect angul A0 SRR A% SRsLkPas e SRS i AR POt R PPY G et o R ped dat X
st orage d%égce data storage device is rotable proximte a data processing
station. . The device of claim28 wherein said generally circul ar shaped

data storage deyi Cerheldsvitddfalanh b WhemRinthi@Protéctity ddadikiHis SHdutdraftdcabddy P! anar
and general ly rectangul ar shaped substrate. 32. The device of claim31

wher ei n sdurthesedngtriaest i al | y pl anar. and general |y rectangul ar shaped
substrate including said generally circul ar shaped data storage device data

storage devi ceabapdpdlubsicag frresd emtaid outen syrfaceandlchaviag  ghickness whichdnd sai d

generally.cifc .. Shaped .data.st orage devi ce data storage device is
Jotat o | bR ok S SRR BB ot T m 3 whoravn sai d thin fi1m

llayer of magnei4c nAl@biidle dARForRRim Q%@x‘ein%ﬁﬁﬁﬁééﬁ@ co,ﬁ@‘&%icl&efﬁgﬂi%é S per

sg. in. to about 10 gigabits per sq. In. 34. The device of claim2 wherein
sai d tr ansahige ef abbat 700 Anpsitoaisitey sbobeHIS0 Adpstrolse devi ce of cl ai m 34 wherein
said thin filmlayer of magnetic material has an areal density of about 2

megabi ts per sk i nfhedevi GWHQZ)I"VWI@&EW profsetivesgating fhickpess inplpdesiagi ce of
e 2 St b Bl AR SHE i Pl b Bt el O
oy TR Bkl e S S5 B 5020 TR0
wher ei n s Aingstiofnd BRditi€ etherl of which lisod diam@@+like 04rben 1ayelr Hevifg@Micknddeimaheand sai d
thin filmlayer of magnetic material has an areal density of about 20
megabi ts frage of about 150 Angstroms to about 300 Angstroms.
16.  The device of claim 15.wherein said protective coating thickness is in the range
of about 700 Angstroms to about 1000 Angstroms.
17.  The device of claim 16 wherein said protective coating thickness is about 550
Angstroms.
18.  The device of claim 2 wherein said protective coating thickness includes one
layer which is formed of a magnetically permeable, magnetically saturable material having a
thickness in the range of about 50 Angstroms to about 750 Angstroms gnd wherein said non-
magnetic material layer has a thickness in the range of about 20 Angstroms to about 150
Angstroms.
19.  The device of claim 2 wherein said protective coating thickness includes two
substantially paralle] layers one of which is formed of a magnetically permeable, magnetically
saturable material having a thickness in the range of about 50 Angstroms to about 750
Angstroms and the other of which is a diamond-like carbon layer having a thickness in the

range of about 150 Angstroms to about 300 Angstroms and wherein said non-magnetic material

layer has a thickness in the range of about 20 Angstroms to about 150 Angstroms.
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sg. in. to about 10 gigabits per sq. in. 39. The device of claim3 wherein
said thin filmlayer of magnetic material has a predeternined magnetic
field orieqloalijspia;that is substantially perpendicular t one _
surface of sai }dﬂghbstrate. 40. The devjge of claim3 w_hg'F(gl!t néoggﬁgd_thl nfilm
| ayer of nagnetic material has a predeterm ned nagnetic field orientation
that is substantially parallel to a data processing station. 41. The

device of clahg 3 LS e i £ g . etjc terial has a |
L 1111120 11 R Ieillc€?ﬁ?+lqlz! el %@*ﬁ:ﬁgﬁ%@%ﬁ%ﬂ’%g& .
PCT/ LTSOGuKslahéidlly paRfielpiyed @hesfivticis ForEBE amdeh&tlcalilypenBEtbRl k I's at an
acute angle to gpggtz ‘B?Igcessi ng station. 45. A dfe)lf/i ce of (_:?1; le wher ei n
t he acut saturablegnatesial haviag nsrigmessfabiys H0R Angsirbwsanditbe othlergf evbich dndkdiahend: 45
degrees froma vertical axis to _said substrate_. 43, Th_e devi ce of cl ai _m_3
wher ei n JikF garBen lpyex TV'%hFh?%S?h°PH5P£y’§FWS+E| gh densi t%/, I hi gh3caﬁr0| vity
magneti c nmat e al ered. laver.. 44 The device of, I m erein
said at |east &(i)'ne ﬁ%“??&réz;gie e5e¥n de}]ﬁéffgﬁ%&% "8 ﬁ“ﬁﬁg’ﬁs ’F@_@&eég@?t y
Tegnet | © sBNAGAIR! palefel oyl Bhé SHIHE FormékPof aTBndR U R Alanl, A erein
saigd at Isgp;sst %“r?lepth? ?\ayfgx:sl m | ayér lof(mﬂrlli 9?1 ade Sity, |gah coe glcvalw?y

magnet i ¢ samtableinzteriakhasing @ xickmedsapan 400 Angstrbas @b theadth@ of ahith &f a diraénd 3

wherein said at least one thin filmlayer of high density, high coercivity
magnet i c g cabondpyer Baving athickness abguy 1) dngstepms apd wherein aaid nommedgnetic t er / r eader

| SJ | | bod ' d |
Ut aces HakereLleH ol BERHSCR furaniad o o) Anehep el Aot ! APERGS, one of
sai d upper andy| OV, @eHibd FTfifim 2 ﬁlsﬁfdff)épﬁ‘&ﬁve;&%ﬂ&qpacﬁgégio% tedffbe WithS! 2C1
car ana sal at a

with a .data processing station en sai L pr ocessi ng
station afiébemalsiveto aldand rdcessing station when said substrate and data processing station

are moved relative to each other to position said substrate proximate said data processing station
" to enable data flow therebetween.

23.  The device of claim 2 wherein said substrate is moved relative to said data
processing station.

24.  The device of claim 2 wherein said data processing station is moved relative to
said substrate,

25.  The device of claim 2 wherein said data processing station and said substrate are
moved relative to each other. .

26.  The device of claim 2 wherein said substrate is substantially planar and generally
rectangular in shape and said data storage device is generally rectangular in shape.

27.  The device of claim 26 wherein said substantially planar and generally
rectangular shaped substrate including said data storage device is transported past a data
processing station.

28. The device of claim 2 wherein said substrate is substantiz;lly planar and generally
rectangular in shape and said data storage device is generally circular in shape.

29.  The device of claim 28 wherein said generally circular shaped data storage device

is fixedly mounted within said substantially planar and generally rectangular shaped substrate.

T



each other, said data storage section including at | east one |ayer of high
density material for storing data, and a dianond-|i ke hardness, abradeable
protective samdiisngiforned on said at | east one high densgdpusami@id al | ayer
and being selected to have a thickness fPlﬁt ween a maxi mum t hi ckness whi ch
would materially attenuate signals passing between said storage materi al

| ayer and a transducer and a mnimmthickness enabling said protective

ti to b d . ' .amhi ent nat | ti
G ronment T ordr omdU et ACTRP S ES DR ST Hersbe ERBANY o oct i ve -
ron ! _ 4
Clor age sactgud BARISGRlnt et Wl e CRAS B B JARBU BB . cata

processi Ngdrig et it fotdRAbamde bdath povesking waka. sai d data storage section
and said transducer. 48. The system of claim47 wherein said card and said

dat a processi nglst aTheodevige of claim\28 avhereinseid genetadly cinctfinr shaped datastarageldeviss one
of wite encodipng si (t;a&%l’%l n .sajid d fa storage section II1L111 1111121 11111
11111 |1 P9rPiatapfygnoun ityin spidsubstakatly pangy and zenerally gectangyjan shaped substsie.

signals from sg'?'d dﬁeadeglcg{)fabgﬁ?ﬁgg%h' i'ﬂ’saifl@&bg é%?ﬁ%g%%ﬁg%"g‘%ggi al being a

high density orage materi coat ng _ s to _
mat eri al | reqdng@Rtshhed Sausaate HEluaing sai&Q&nQ@ﬁ%ciﬁ;hﬁﬂﬁiaﬁed dufll stbrige AL AR bei ng
er

part of a witer/reader, said transduc eing also for at |east one of
witing erstoagedegvie igpaitonedpreximate d sata potessiag stationand eaid ganerallyeictulag encoded
signals fromsaid data storage section. 49. The systemof claim47 or 48

~wherein séP%Peﬁﬂa‘%ﬂ?}B%fé’&biP%d% : $e§’°§°er1iﬁ§’t‘ﬂﬁq‘€l&'li‘fe)lher§?rpodeabl e card and
e o O, SR 5 SRR SRR A SR P G o 1
g o LSl esicr gt e et s Bl 10 01
sai d data storage SBetdevice bfxinim?2 whemiitsaid rensdaceeis anindnetiye hehdnsi t y,
35.  The device of claim 34 wherein said thin film layer of magnetic material has an
areal density of about 2 megabits per sq. in. to about 20 megabits per sq. in.
36.  The device of claim 2 wherein said transducer is a thin film head.
37.  The device of claim 3 wherein said transducer is a magnetoresistive head and
said thin film layer of magnetic material has an areal density of about 29_ megabits per sq. in. to
about 200 megabits per sq. in.
38.  The device of claim 3 wherein said transducer is a giant magnetoresistive (GMR)
head and said thin film layer of magnetic material has an areal density of about 20 megabits per
8q. in. to about 10 gigabits per sq. in.
39.  The device of claim 3 wherein said thin film layer of magnetic material has a
predetermined magnetic field orientation that is substantially perpendicular to at least one
surface of said substrate.
40.  The device of claim 3 wherein said thin film layer of magnetic material has a
predetermined magnetic field orientation that is substantially parallel to a data processing
station.

41.  The device of claim 3 wherein said thin film layer of magnetic material has a
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optical recording material which is capable of reading and storing data in
optical form 51. The system of claim47 or 48 wherein said transducer is a
| aser adapy®Pihsfye F€ading and record optical data on sailgb.l%%j"gﬁl“ recordi ng
material. 52. The system of claim47 or 48 wherein said encodea M card is
a magnet o-optical encodeable card an®aiherei n said data storage section

has at | east one | ayer of high density, magneto-optical recording materi al

whi ch is capable of reading and storing data. 53. A system.of c|aim47
wher ei n PHgieRRiped magngh piation thatds At ap achn aele 40 HAAABIPEPSSIpRtaIo8t or age

section being da 0 e | i er.of material bei at | east
one thin fil m‘@'I ayé?ieii%e é}fl%%hm gg%’}slé’%?l{} th %%F%EL er gl:nl %a?%? oﬁéﬁt‘%@ﬂ @Oﬂg‘?eri al

havi ng a dpgesieng aboub 85ladFRANEEM @ vEhied dxis & daRi¥ublulan fOr storing data, said
protective coating being formed on said thin filmmagnetic material |ayer

and bei ng sel d&.t edThexdehiae of ddaiin/3iwhersrssaidue ieae ene thinTiilagerofthighadensiers Whi ch
would materially attenuate magnetic signals passing between said magnetic
mat er i al highveprcixitymagnetic mafednl ssaysputteraddayer.ansducer for readi ng encoded

signals being,a first,transducer for reading said . netj.cal .encoded

si gnal s said g?fst eﬁq"{f?'icﬁgtfcqadﬂﬁﬂ\‘}\e?f"rﬂ‘d}gk@gtgﬂedﬁ“t"rfﬁﬁg%ﬁﬁ%tjrm %Wi ting
magneti c of‘r@i@ ' | s ' ata storage device as magnetically
encoded gllk%‘)r?a S Rgﬁl?@ﬁgéggtﬁg%fs\?@l%g%%ht of said card relative to the data

processi ng st as.i ONTheXevioa bl chairdl Stvehefeirstid 40 bR thTIIM 148t 6f hsihlendsy, devi ce
and said transd_ucer. LLrrrer reerrlr reeer reerr rerrrr €L MS WO 01/ 31641
PCT/ | | SOMighraerdivity guvgretic materal isan gxidetdyerar d wri t er/ reader system of claim

46, 47 or 53 rein sai transducer is. an_ jnductive head. 55, The card and
card wi ter/?ggder{lwgﬂ?‘ﬁgﬁﬁgﬁ’%%wmﬂﬁﬁ?%% ncfilen layer of high ansdycer
s a thi ' -%‘%}gg’g ' ‘1] card witer/reader system of
claim 46%&%’;& mt’ﬁpﬁ&%ﬁ?ﬁ%ﬂ}%&?&%@é&@?&g magnet oresi stive head. 57.
The card and aard Wehidahd éRdterRidk Syften compRibiig Aerdddeable Si2d ML N sai d

a body having upper and lower surfaces and side and end edges, said body including on
at least one of said upper and lower surfaces a data storage section adapted to interact with a
data processing station when said card and said data processing station are moved relative to
each other, said data storage section including

at least one layer of high density material for storing data, and

a diamond-like hardness, abradeable protective coating formed on said at least one high
density material layer and being selected to have a thickness between a maximum thickness
which would materially attenuate signals passing between said storage material layer and a
transducer and a minimum thickness enabling said protective coating to be abraded by usage in
an ambient natural atmosphere operating environment for removing the;'::from a known quantity
of the protective coating; and

a transducer for reading encoded signals from said data storage section during relative
movement of said card relative to the data processing station to enable data flow between said
data storage section and said transducer.

48.  The system of claim 47 wherein said card and said data processing station are

moved relative to each other to at least one of write encoding signals in said data storage section

g



transducer is a giant magnetoresistive (GVR) head. 58. The card and card
writer/reader systemof claim®60 wherein said mnagnetoresistive head

i ncl udes a wWoal3s41i pe magnetoresi stive el enment. 59. Thepgptishoainds car d
witer/reader systemof claimb56 wherepg said magnetoresistive head

i ncl udes a magnetic flux guide for conducting magnetic flux fromsaid data
storage section of said card read by said reader to said nmagnetoresistive
head. 60. Y . ; W in said
data st or ooarad Bl d Bl S A SRR P ioR S R Qons Bt RRT

f or med on densitg btexageatlatarial, fsaid Coatifig aving a tiickneks andawsiuly aftenus@bnto@ingsdat er m ned
wdth is wider than said magnetoresistive head. 61. The card and card

wr i t er/ r e&Beodedssignalspaigrtransducenbeeg Rl 8 wiites/rrader daiddransdueeg feing denforas i ncl udes
data tracks having.a predetermned width forned on,a sel ect surface of
Said  car doaupEy of e RAE Sep e e ReredF et and fadie fsakomEtb Ly o
times to q}g%d'hg&s{o}agg&éﬁw_der than said magnetoresistive head. 62. A

met hod for reading a Card wth a card reader conprising the steps of

form ng on a s4hst ribeeysedim af cluith 47 6r 43aitRreli saidag encoaeibie@ardasdemhgdidally | nt er act

with a data processing station when said card and said data processing
station arBcodepplegardandwherein said dasasioragerspation has apleast enedhindila layer ofhighe encodi ng
signals in said. data.storage. sectiqn as encoded signal.s nd read. encoded
i onal o 1 Pt ek Stk b QbaapEls entiiyiE » PRRPRGe LR AR Py enflifor "
abradeabl gopppdpct i ve coating on said data storage section wherein said
protective coating has a thickness between a maxi num thi ckness whi ch woul d
mat eri al |y att$huatTe eyseachfieBimdTosi3chdrh saidgnadeabraari ingn dptitalgen sai d data
storage section and 1111111 IN * CL 14 S WD 01/31641 PCT/11S0O0 41444 -95
a t r ansdué&rsodenhls card andhwhereip said daia-dorage sepsipn hag gt lezst enedavst efhighdenityat i ng to be
abraded by _u e ..l n_an. lent natural .at ngspher e oper at | envi r onnent
for rermwxﬁ cgfrgceofdé?gr%d "ﬁ?rﬁﬁg ca?fﬁ’tgr?heﬁn%qn fﬁgn%&&lggf’?c\%&, jati ng; and

51.  The system of claim 47 or 48 wherein said transducer is a laser adapted to

reading and record optical data on said optical recording material.

52.  The system of claim 47 or 48 wherein said encodeable card is a magneto-optical
encodeable card and wherein said data storage section has at least one layer of high density,
magneto-optical recording material which is capable of reading and storing data. '

53. A system of claim 47 wherein said card is a magnetically encodeable card, said
data storage section being a data storage device, said layer of material being at least one thin film
layer of high density, high coercivity magnetic material having a predetermined magnetic field
orientation for storing data, said protective coating being formed on said thin film magnetic
material layer and being selected to have a thickness between a maximum thickness which
would materially attenuate magnetic signals passing between said magnetic material layer and a
transducer, said transducer for reading encoded signals being a first transducer for reading said
magnetically encoded signals said system further comprising a second transducer for writing
magnetically encoding signals in said data storage device as magneﬁcalfy encoded signals
during relative movement of said card relative to the data processing station to enable data flow

between said data storage device and said transducer.
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moving said card and data processing station relative to each other to
interface said data storage section relative to a transducer to enable
data flow woaighai ween. 63. The nmethod of claim 62 wher epdpdiddeaplseP Of
formng includes formng a data storage device having at [east one thin
filmlayer of high density, high coercivity nmagnetic material having a
predeterm ned magnetic field orientation for storing data. 64. The net hod

of "clai m 63 wher o1 Mhlha ol veer RRMLAOsik6f UlSHEL ] BoRtblaficer ¢ ha

is an inductive head. 65. The nmethod o n salrd step of

novi ng i mahsddes isumiimiycivethesaddlsducer that is a thin filmhead. 66. The

met hod of claim 63 wherein said step of noving includes using a transducer
that is a nmagfA&t or Bheosrd apd card sutiterlsader ystermef dion 46 4% bedIwiedindeid ei n sai d

step of novi.ng includes usi ng adtransducer that is a giant

magnet or MRS I8 & MMAgPPUCBead. The nethod of claim 62 wherein the step of
formng includes f ) Lt i. 0 Vi at. | east one thin
filmlayer of gﬁl ghﬂ(f[egnm ltlﬁ,cg'gpt [ cg%agérrggsg?%?ﬁ%&%{&éﬁ%{lsggwﬁfewaﬁ%z capabl e of
readi ng amfkdadedisidiBaghabrsiktive®dd cal form 69. The nethod of claim 62
wherein the step of formng includes formng a data storage section having

at | east one Hhi n Thecard any eard ehitenragterdpsten df/claimpigin @r-58 whierel saidecor di ng
mat erial which is capable of reading and storing data in nagneto-optical
form 70.“WE°%W‘HPW°&?WMQM€}®P% the step of noving includes using

a transducer ?Qgggr éc%ﬂnggﬁa.gg%aeggys&é?éﬁcq @%rgé&or optical data on

sai d optical I'ng matertial. a card with a

card r eagRpndi@emiive hedd incillesd ®BFsufe mdghlritfidiveBleRestubst rate of a card a
data storage section including a thinfilmof nagnetic material having a

pr edet er m ned5%vagriBieicardand eard atitep'realier systenoofl cligmd8 twheleth saidpr edet er mi ned
axis; formng on said data storage section a bendable, dianond |ike

“har dness resistiye head includes 2 magnetiqflyx; guide farconducting magnetioAluxgitong said 1
PCTI LJSO %tg' gt‘o"f‘édg'e section of said card read by said reader to said magnetoresistive head.

60. The card and card writer/reader system of claim 56 wherein said data storage
device includes data tracks having a predetermined width formed on a selected surface of said
card and wherein said predetermined width is wider than said magnetoresistive head.

61.  The card and card writer/reader system of claim 56 wherein said data storage
device includes data tracks having a predetermined width formed on a selected surface of said
card wherein said predetermined width is in the range of about "1" times to about "2" times
wider than said magnetoresistive head.

62. A method for reading a card with a card reader comprising the steps of

forming on a substrate of a card a data storage section adapted to interact with a data
processing station when said card and said data processing station are moved relative to each
other to at least one of write encoding signals in said data storage section as encoded signals
and read encoded signals from said data storage section;

forming a relatively hard, abradeable p;'otective coating on said data storage section

wherein said protective coating has a thickness between a maximum thickness which would

materially attenuate encoding and encoded signals passing between said data storage section and

T



-96 coating having a thickness which all ows passage of nmagnetic signals in
an anbi ent natural atnospheric operating environnment through said
protective kayami@nd said thin filmlayer, said protectip@msdyeiaadei N9
formed of a material which resists at |gast one of chemical, nagnetic and
mechani cal degradation of the data storage device; and - noving said card
and data processing station relative to each other to interface said data
storage SeGhdn lc6a et ween.
72 The dutangelrahah hifmu BolrE R SRAUNE bid ol RRe B e e SR e
of a di annadlamhbitie nlerliagephée bperiting anviamham fer readVimahabirén RkAvACt i ve
coating. 73. The data storage device of claim1l wherein said protective
coating i gpuansitnefdheyfrotactiveraepting;iandil | y per neabl e, magnetical |y saturabl e

material and the known quantity of pagnetically perneable, magnetically
sat ur abl e mat efoyMesEfprd an W‘%%Fﬁ@“\%‘af‘?f‘ ’FHSY" tﬂF‘i‘ﬁhr?ﬂWf forintexface said dather e of

hi ch 1S SPRARE G I RGWIPRNSY okl py HEBRII,OT 2 Teadi g signal,

74. The da rage ere sal fotective coating is
formed of a rragrrﬁaxﬁaﬁdabfamrmbh&emmegbfﬁﬁmngm%mdumhhﬁ Fakgrial and
~ the known quantity of magnetically perneable, magnetically saturable

mat eri al rsmmgeddvm:ghausggdeasmne Umaﬁltﬂ”lamnﬁngh dnsityhhighhcdetvivity meagnetici cal | y
permeabl e, magnetically saturable material commences to emt a detectable

quantity Wﬂ?ﬂgﬂ@&%’@ﬁﬁ‘%ﬂ%&‘l@ﬂ@@c figld °"W@’Qﬂ5%i‘°§!‘8)¢%ﬁge device of claim1

wherein the magpeti.g ma s fo d.of.a.s tantially.isotropic
macer Al 7o e b o et el B o iR R Sranlne B0 ¢

mat eri al |ﬂ§dtgamg&;vbﬁeadt hin filmallowincluding platinum 77. The data
storage device of claim1l wherein the nagnetic material is fornmed of an

ani sot ropi ¢ nab6r i aThe mdhod b elatia6Pwidrein adidstefpofinyingfinadhides nsing/a tvnedueérn sai d
magnetic nateri al "has a predetermned field of orientation for storing
magnet i c ﬁ%ﬁ&l@nﬂmh@a‘ﬂhe data storage device of claim 77 wherein magnetic

material | ayer t one face ermned field of
orientation is $ aﬁ?f"? Z@’?OBF} eﬁ?’? &*‘?{}e%‘ial‘%ﬂvl Imc?‘ﬁites using a transducer

that is a magnetoresistive head.

67.  The method of claim 63 wherein said step of moving includes using a transducer
that is a giant magnetoresistive (GMR) head.

68.  The method of claim 62 wherein the step of forming includes forming a data .
storage section having at least one thin film layer of high density, optical recording material
which is capable of reading and storing data in optical form.

69.  The method of claim 62 wherein the step of forming includes forming a data
storage section having at least one thin film layer of high density, magneto-optical recording
material which is capable of reading and storing data in magneto-optica{ form.

70.  The method of claim 62 wherein the step of moving includes using a transducer
which is a laser adapted to read and record optical data on said optical recording material.

71. A method for reading a card with a card reader comprising the steps of

forming on a substrate of a card a data storage section including a thin film of magnetic
material having a predetermined magnetic orientation for storing data in a predetermined axis;

forming on said data storage section a bendable, diamond like hardness protective
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said one surface. 111111111111111111 IN1 I1'Il CL MS WO 01/31641
PCTI USO0/ 41444 -97 80. The data storage device of claim77 wherein

magneti c maoanisedar | ayer has at |east one surface and sap@pagdflLger M ned
field of orientation is in a directio ubstantially perpendicular to said

one surface. 81. The data storage devite of claim 77 wherein nmagnetic
material |ayer has at |east one surface and said predetermned field of

[ tati L I, di i t det 1 .ned | id
ourf ace, SGRing PRUPRiraes HhEh aliens tolaesro! ERERIF PE I G A REUREFG et er  al
7 Th o QeBlopheiR Shers MR oo in S SR RTE YRl R g 1 SOLT O

storage qeuédioe Rierbtiag fOrhed\bEy Hitdtiabwhich feEifts iQédshehe ©OSHehii@l, Ad§nelit ahdast one
| ayer which includes a magnetically pernmeabl e, magnetically saturable

mat er i al .m@Hanichhdegradationof the defa stdege dewvicefand| ai m 1 wherei n said protective
coating has at least, two |ayers wherein one of ;&id | ayers. includes a
magnetical | y H@P’Wﬂé‘!&#éﬁ}r‘lﬂ‘&b‘ﬁ’éﬁfﬁc’&ﬁ% statjpn felpfyesto eagh ther g intefacerspid dgfaner  of
said layers is non-. netic frictiqgn.re .0 r formed on said one
of said |s&‘§§¢§ ; ’g%fepa?geglgégfaﬂmgf%:ma%’%ﬁ%gﬁ c%vggjfg&tgge%'l wherein said data
storage devi cgzf urtifdata SRAMRdeWBSofA1aBR D BEreinGhid PRI doditigd is8d On | ayer
formed on said protective coating. 86. A data storage device conprising a
subst r at aliimsond+lie hirddessfotmiog e bandalile, @bradeable lpegestivaocvating. gh density
magnetically coercive material |ayer disposed on said substrate for
storing magnef®c sTRffiatastarpgeleyiprof claim ¢ whereipgaid profectixg coating is faxgpdefiaz at i on

gL Ir ]? 22 gd d%?gg%cal?yé%%ﬁ%aﬁ%? @Qg%gp]%h{; Ea%}raixb?enmgt%a?grildv e ltcn%w?n%iugnu?} of ln?a%nséticgi}e
permeable, magnetically saturable material removed by usage is to that minimum thickness
thereof which is capable of supporting magnetic flux density of a reading signal.

74. The data storage device pf claim 1 wherein said protective coating is formed of a
magnetically permeable, magnetically saturable material and the known quantity of magnetically
permeable, magnetically saturable material removed by usage is to a thiglmess at which the
magnetically permeable, magnetically saturable material commences to emit a detectable quantity

| of magnetic flux Jeakage.

75.  The data storage device of claim 1 wherein the magnetic material layer is formed
of a substantially isotropic material.

76.  The data storage device of claim 75 wherein the isotropic material is a magnetic
thin film allow including platinum.

77.  The data storage device of claim 1 wherein the magnetic material is formed of an
anisotropic material.

78.  The data storage device of claim 77 wherein said magnetic material has a
predetermined field of orientation for storing magnetic signals.

79.  The data storage device of claim 77 wherein magnetic material layer has at least

one surface and said predetermined field of orientation is in a direction éubstantially parallel to

said one surface.
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a bendabl e, dianond |ike hardness protective coating having a thickness

whi ch all ows passage of magnetic signals in an anbient natural atnospheric:
operati ng ewoiowsisgent through said protective |ayer andpdxtsosgassai d at

| east one high density nmagnetically cqgjcive material |ayer and a
transducer, said protective |ayer being forned of a material which resists
at |least one of chem cal, magneti c and nmechani cal degradation of the data

devi I ; ] ; I 31641
BT U800 144> - o g ey Sl 78 Whisin gl bl e hal W R

conpr i si ngnessurfhceand sadpredeteimined)iedd bforienthtoni ifin d digaion dits@Aely on sai d
substrate and between said protective coating and said at |east one high
density noefpeadicalar tosaid 9ne #irfoce. mat erial | ayer for defining an exchange

break layer. 88 T tg storage devi f claimB87 wherein said substrate
i s a non- magnet’ic h@ﬁg%? ?tﬁt?%e ‘{i?‘i‘% %féﬁ‘ﬂn zfgﬁﬂﬁ'{' W%“e%&‘f"ieﬂ"’g layerchas gdeasty

magneti ca : dReRGaLd ; erial o sai d
substr at ehlléé/nsgggc%gﬁ d;llgldrapergponsﬁ%/de@dhéﬂgﬂg%‘ﬂat_tsgg?ﬁhgxc aﬁ'é%t% %ﬁ@gﬁjﬂrn%o t he
coerci ve neshidonaburfasé.s of nagnetization in said predeterm ned direction to

produce a magnetic inmage field in a direction opposite to said
predet er mi ned & r e dihe d#a stgrage deviec of slaim <7 whesgjs magnglie matgtial tayerihas @ Teagther ei n

said protective coati | ncl.ud i d netically perneable, nagnetically
sat ur abl eoMfapfeeaRd sl predelemined Vel of popunhod e eitn e chlda Shgle €0 .
exchange DEeak shigxer. 90. A nmagnetically encoded card device conprising a
hi gh density magnetically coercive material for storing magnetic signals
with the coer8si The das sorageldevizd of clafm bavijereiniszid proeotivercosting &ak 4t least one
predeterm ned direction and a relatively hard, abradeable protective

coati ng flByeradichincludesn maggeticallyerpable.magnetisgllyrsayrable materigl. sel ected to  have

IR T A R CA AR S
t ransducegwolhydrsavhizteit 6He OF dald 186RGcTudes a magnetically permeable, magnetically saturable
material and the other of said layers is a non-magnetic friction reducing Jayer formed on said
one of said layers. _ |
85.  The data storage devige of claim 1 wherein said data storage device further
comprises
a bonded, cleanable lubrication ]ayer formed on said protective coating.
86. A data storage device comprising
a substrate having at least one surface;
at least one high dcﬂsity magnetically coercive ﬁatéﬁﬂ layer disposed on said substrate
for storing magnetic signals with the coercive material axis of magnetization oriented in a
predetermined direction relative to said at least one surface of said substrate; and
a bendable, diamond like hardness protective coating having a thickness which allows
passage of magnetic signals in an ambient natural atmospheric operating environment through
said protective layer and between said at least one high density magnetically coercive material
layer and a transducer, said protective layer being formed of a material which resists at least one

of chemical, magnetic and mechanical degradation of the data storage device.
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enabling said protective coating to be abraded by usage in an anbi ent

nat ural atnosphere operating environnment for renoving therefroma known
guantity o otective coating. 91. The device of clai t her
conpri si ngevgmnigln@iragnetic substrate having at | east oneﬁl“sﬁgﬁ/g{éﬂénd a non
magnetic material di sposed on said sub¥frate for defining an exchange
break | ayer; the high density material being in a thin filmdisposed on
said substrate thﬁe cgr edet erm ned direction of storing being relative to
said at |east Shne Lhfrdatastorage devicepislaim 86 furtber camgrising -coat i ng bei ng

bendabl e. 92. T i f claim . 91 wherein sajd ot ective coating
I ncl udes sai dat l%‘gtg%‘gﬁf)%gfa '}e“(f;é“%#é‘aﬁ%ee?d‘ﬁ%°éﬁaé% s@@l SP?&%{&@B&&‘E}P’&“}F&{%H al as
an i ndepegpsiefite tatiey andis |gdiksi ; I *CL MS
W0 01/ 310 P T 0 ol (38 nlgh kA eAcaly cifpsve RV, i
87, 90 ondeBringvmeexehangsbresk layedt ecti ve coating includes a non- magnetic
friction resisting material as a separate |ayer disposed on said

magneti cal |y B&r meBhs data stasgggdevieecaficlaim §Awhereih sud pubsteate isla nog-magidie devi ce of
cl ai m 86, sai d-g.rfe etermned direction is orientated

0.or 9 erein .
subst ant isgtfsfr?eﬁ%‘fsﬁwpé?te‘i“&egﬁ“ﬂg lufe$ast one surface of said substrate. 95.
The device of ' , | ' ' tionis
orientated at aglr?gﬁaegﬁ?@rpg%%Iaﬁe]E’t@&g%giﬁd%?s@%gﬁgﬂgﬁa&%%o sqf%sérlg tg ahd
subst r at ®&eing espohkive theotigh eai®éxchirige BleBBlay@@o BE cSricivd1Rstedidd agisbfl predet er m ned
direction is orientated substantially perpendicular to said at |east one
surface d@lagnefizationimspid predsterigined direstionetg peodiceal thagnetivdmagefieldina directiohai m 90 or
91 wherein the nmagn ercive material is at |east 1,000 Cersteds

tically . co
and wher é’Png%lWémﬂﬂgﬁql%tgﬁ%&?ﬁd&“ﬁ@Pweabl e, nmagnetically saturable material

Is less than out . - T, V] f o claimol. rein said

protective cog?'i ngT}?egQ?g?) ?1%59%?{’?2?‘8‘ m gﬁﬁ%&r’ a?agd frﬁtegnv. cPAne ?'\%,?\ﬂl%.es said .

subst ant in@ighdficilly paitheable, riabhélicAICAMBBR MdiGikas!adYsiate Radpdndthhfst | ve coating
disposed on said exchange break layer.

90. A magnetically encoded card device comprising

a high density magnetically coercive material for storing magnetic signals with the
coercive material axis of magnetization oriented in a predetermined direction and a relatively
hard, abradeable protective coating formed on said magnetic material layer and being selected to
have a thickness between a maximum thickness which would materially attenuate magnetic
signals passing between said magnetic material layer and a transducer and a minimum thickness
enabling said protective coating to be abraded by usage in an ambient natural atmosphere
operating environment for removing therefrom a known quantity of the protective coating.

91.  The device of claim 90 further comprising a non-magnetic substrate having at
least one surface and a non magnetic material disposed on said substrate for defining an
exchange break layer; the high density material being in a thin film disp:)sed on said substrate,
the predetermined direction of storing being relative to said at least one surface of said substrate
and the coating being bendable.

92.  The device of claim 90 or 91 wherein said protective coating includes said

magnetically permeable, magnetically saturable material as an independent layer disposed on
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i ncluding a magnetically pernmeabl e, magnetically saturable materi al
di sposed on said substrate and being responsive through said exchange

break | ayer wayw/ss@id magnetically saturable material to tpier 6efEGis e
material axis of magnetization to prod ge a magnetic inmage field in a
direction to facilitate passage of magréfic signals in an anbi ent natural
at nospheric operating environnent through said exchange break |ayer and
sai d nagnet.i cabl & A saturable material, said coercive material having said
axi s of rrﬁad?llﬁ‘f ¥ %?‘i on in said predeterm ned direction. 99. The device of

cl ai m 90 wher e t henelqelial dvind 1,90 0PI U R U G6RL R GofiGk BuabS D! © and

I ncluding a magnetically perneabl e, magnetically satura materi a

di sposed aiagnesiaifittion fosistinganderiabds al sepakite layed di3posd@on RENI0EENRILY pir@edbie, Sai d
exchange break | ayer to the coercive material axes of nmagnetization to
produce amagrpticallysathmblgmaterigdl d in a directi on opposite to said

predeterm ned djrection, said device further ¢ I Sing; .a nagnetic

t ransducer pos?‘{'i on dFE‘F%%F&-E"?% °§§h\ff’&°&%ﬂ§ffd0§§{e&%e%¢m°ﬁ@ Hedi um f or
transferrj égg AT t ' jum | 1'hlj 111JIT]
. 14 S V\Bq%ﬁ 1 ?i%@r’f%?&@ﬁ%‘iﬁ”g“ﬁ‘g’gs‘%‘?a?ﬁf’e%‘ﬂ%%%ef operatively coupled
to at |east ongs of Thideviéed FORAMNEE 00 319 Wikkdin SaRtRéddicRBinedBetictih 50 provi de
rel ati ve novenent therebetween; and a magnetic control device having a bias

field adaptenthtednt amautsasgle tomaidiag lvas anesurfacsiof sdid substragmat i ng t he rel uct ance
of said magnetic saturable, magnetically perneable material to enable a

magnetic si gnat-t o Thsdeviessf Rlaion6; 89 or Hi whereiresaid rrsdeterpined dirsgtionjis coer ci ve

material {hr ' eéﬁg er sal otective coating to
said mgn%ﬁ"%%&%g%ggl [ 8‘8&%?25 ga%n%b%%t n%?“?%ﬁ%%é%g%b&h%ﬁ'gnet ic signals
using a magnetgr I egefbReicdihdsdd avdremin obu] WRRH dy mABRR&ycal |y
coercive material for storing magnetic signals with the coercive materi al
axes of negrideimastriabis adedschersteds apl velcbadiresaid magnetitallyepdnmenblec onpr i si ng t he
steps of: providing a |ayer of a non-nmagnetic material disposed on said

hi gh densM& eﬁﬁglﬁégtpx@gp mmd is less than about 100 Oersteds.

98.  The device of claim 91 wherein said protective coating is formed on said
substrate in a direction substantially normal to said exchange break layer, said protective coating
including a magnetically i)énneable, magnetically saturable material disposed on said substrate
and being responsive through said exchange break layer and said magngtica]ly saturable
material to the coercive material axis of magnetization to produce a magnetic image field in a
direction to facilitate passagb of magnetic signals in an ambient natural atmospheric operating
environment through said exchange break layer and said magneti_éally saturable material, said
coercive material having said axis of magnetization in said predetermined direction.

99.  The device of claim 90 wherein the relative hard, protective coating being
bendable and including a mhgnetically permeable, magnetically saturable material disposed on
said exchange break layer and being responsive through said exchange break layer to the
coercive material axes of magnetization to produce é magnetic image field in a direction opposite
to said predetermined direction, said device further comprising:

a magnetic transducer positioned relative to a surface of said recording medium for

transferring signals with respect to the recording medium;

e



coercive material for defining a exchange break layer; providing a
protective coating including a nmagnetical ly perneable, nmagnetically
saturabl e wggh1B8idsp! Which is disposed on said exchange bpeakelayg; and
responsi ve through said exchange br 635 | ayer to the coercive nmaterial axes
of magnetization to produce a nmagneti (i)'mage field in a direction opposite
to said predeterm ned direction, said protection coating being fornmed of a
material which,.esists at lLeast o of .chem cal . magnetic and _nechani cal
degr adat i on of 9P Yfmemiey pRsrad gl?’@%‘??‘%itﬂﬁt Irasting S%‘&“S‘@ﬁ%'ra&f‘ﬁﬂg rqxprﬁ%\ga
magnet i C yfaiikd 8 proRl etfiviAklA@nhdbiRivdehSh@d adapted to increase through

said protective coating and sald exchange break | ayer the reluctance of

sai d magnet i casmagetiabintrol denizghe/irgeetidsfieleidapedib énchaateahioagh dalll patadive t he
magnetic signal to pass between said high density magnetically coercive
mat er i al ce3ingthghreluctinge ofisaid aageetil satuirble.agagnetisally peamenblemantasial toenableomt i ng to a
magneti c transducer. 101. The .device of clai.m 90, wherein the device is
part of 3’%@%5%3@% ﬁﬂé‘l"gglgl‘ﬁgl‘f‘m’ mepngticAlly cogrrive mpterglthioyehstidy t her a

non- magneg 1 [ ' | ' ' netically coercive
mat eri al %%%lr%n%go%%ilﬁgr %hgﬁgﬁgﬁﬁﬁ‘;}@%{a‘% ‘?%@‘2’?‘?&3&&%&% I'C transducer

posi tioned reh@g.i VI alrietifod ol plodsSin® fnagrthiél sigRAPksiHg AndpReti tR rd@ihe mbdigmst er ri ng
signals with respect to the recor%i n%wrtrled?um I Igl I I@I it "t%l ultrrrrrrr =
C M s WOhavingd kigh deasity muspnSicallyiebércive binterial for storngmeaghetic signals adthdel y coupl ed
to at | east .one of said transducer and said recording. mediumto provide
rel at i ve SHBRRERAETA! gess offppgneuzation oriented invpredetesmined direciengospnpiag thég a bi as
field ad .to increase through said protective coating the reluctance
of said magnetic saturable, magnetically perneable material-to enable the
magneti ¢ Si gNplovidihgRdeier HAnoR-ahgfdic Shalindl disR8Aloh ¥ail A Ak Ask nla¥netiodlyCl Ve

mat eri al through said” exchange break | ayer and said protective cozgtl ng to
sai d nageedreive matenial for definingrasntcleange reakdayenbl e control devi ce operatively

connected to said nmagnetic control device to
providing a protective coating including a magnetically permeable, magnetically saturable

material which is disposed on said exchange break layer and responsive through said exchange
break layer to the coercive material axes of magnetization to produce a magnetic image field in a
direction opposite to said predetermined direction, said protection coating being formed of a
material which resists at least one of chemical, magnetic and mechanical degradation of the
magnetic recording medium; and

generating with a magnetic control device having a bias field adapted to increase through
said protective coating and said exchange break layer the reluctance of said magnetic saturable,
magnetically permeable material to enable the magnetic signal to pass b;twecn said high density
magnetically coercive material through said exchange break layer and said protective coating to a
magnetic transducer.

101.  The device of claim 90, wherein the device is part of a systems and a magnetic
recording medium, this medium further a non-magnetic material disposed on said high density
magnetically coercive material for defining a exchange break layer;

a magnetic transducer positioned relative to a surface of said recording medium for

transferring signals with respect to the recording medium;
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cause said bias field to be applied to said recordi ng nedi um when a

sel ected magnetic inmage is |ocated substantially adjacent said transducer. -
102. The systeeowsadsicl ai m 101 wherein said protective coatpciguddgsiaad | east
one layer which includes a magneti caI_IM perneabl e, magnetically saturable
material. 103. The system of claim 101 wherein said protective coating has
at least two layers wherein one of said |ayers includes a nagnetically

per meabl e, R0pGfidilbier SEHIED LBupfEAE b 1Bkt orBUf seld CanOh S an L RE i BV S 1 S

a non-magnetic rasion resis g layer formed on sard one of reardel ayers.
104. The siafuft{¥o Bfovidk Adldlivd Dbveini Bdrsbefvdbtl Protective coating has at |east
one | ayer which includes a nagnetically perneable, nagnetically saturable
mat eri al and waemngnetic sautrd] désicahavirgarbiay dekdadapte té incteasethroughl said pfotetive
non-magnetic material |ayer positioned between the protective coating and
sai d hi gh codiag heslugiangs ef said aagyetic suwrable: anagpgtisallynermesble anatesighie enablgithey

per neabl e, nmagneti gal | t urahl e terial bheing responsi t hy oygh said
non- magnetTe" ﬁﬁwﬁf%p%ﬁée%ﬁfgrsﬂ?&@hH&F‘@W’Waﬁ?ﬁ%g‘aﬁmv &'ﬂﬁhﬁﬁgl n said
pr edet erm Jeli [ ' é.g(f@l%qr Lekgd. 13 a direction
opposite teg&saggleéﬁ%ircg gﬁ%??ngélg%&gﬁeggﬁgnﬁdﬂ)ﬁg The aé%/@.’%’mdngf claim 101
wher ei n sai d p#piogainimable ¢oriol deich ageraively eafibcttdvo shid yagetic vdtbRicici d one
of said layers includes a magnetically perneable, magnetically saturable
materi al gange saickbien fiedd tode applied|to saigaecording medinsm whengsierted mbgnetic image issi st i ng
| ayer forlrqu%%lt@ﬁ?n sai d. one of . | ayers and wherein said data storage

aid
device fu sybgantizljya J%Feﬂtéf"l‘-ﬁmﬂ ‘c material layer positioned between

t he one of sai a . Lve cp LLLLLg . 1 L1l
'l L s WO 01?031631‘@{%{?%’?%’%’M%ﬁﬁé&’i{gﬁga'é’%ﬁérf&%c}f%é?%gt%?’%iﬁy‘léensi ty
magnet i Ccakhjth GeRided dBagitcally pemeabR) Haghegally safiddblemai@iaeabl e, magnetical ly
saturable materi al being responsive through said non-magnetic |ayer to the
coercive matel3al Theisystent ofiiaimd01 wher¢in said proteglive cpating dasat leastewallayerst i on to

roduce a pagnetic_image field
P whergin one of said layers includes a magnetically permeable, magnetically saturable material

and the other of said layers is a non-magnetic abrasion resisting layer formed on said one of
said layers.

104. The system of claim 101 wherein said protective coating has at least one layer
which includes a magnetically permeable, magnetically saturable material and wherein said data
storage device further includes

a non-magnetic material layer positioned between the protective coating and said high
density magnetically coercive material, said magnetically permeable, magnetically saturable
material being responsive through said non-magnetic layer to the coercive material axis of
magnetization in said predetermine direction to produce a magnetic image field in a direction
opposite to said predetermined direction.

105. The systeni of claim 101 wherein said protective coating has at least two layers
wherein said one of said layefs includes a magnetically permeable, magl;etically saturable
material and the other of said layers is a non-magnetic abrasion fesisting layer formed on said
one of said layers and wherein said data storage device further includes

a non-magnetic material layer positioned between the one of said layers of the protective
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in a direction opposite to said predeterm ned direction. 106. The device of
claim90, wherein the coercive material is at least one thin film [|ayer of
hi gh densig.e1/Bic@ coercivity magnetic material and sai pcdatsgylfr age
device is adapted to interface with Zﬁg be responsive to a transducer when
sai d data storage device and said trarSducer are noved relative to each
other to enable data flow therebetween. 107. The data storage device of

claim 106 wherejn, sai.d, protective, coat.ing has at,.l east ,one | ayer which

! ncl udes CoPiE HLsFd iR Rt maEnasFally ChRTHNEPMESH A AP IR o 108,
The data ' . | . I N.-Sal Lct ] .09 has at
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per meabl gnaeMEORALf GAbAizaBh Hf safdl predeleBhife difdctioh e piddBeelt Mhetfimagd fkld ayers is
a non-magnetic abrasion resisting |ayer forned on said one of said |ayers.
109. The irdadieectomoppgsite desaidpredsferruined diret@h. wher ei n sai d data storage device
further conprises a bonded, cleanable lubrication |ayer applied to outer

surface of sat®-prHiesievireef claim P9, hereindhg ¢persiyis arageriakis atdenstane thinlm cat i on
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transducer are moved relative to each other to enable data flow therebetween.

107. The data storage device of claim 106 wherein said protective coating has at least
one layer which includes a magnetically permeable, magnetically saturable material.

108. The data storage device of claim 107 wherein said protective coating has at least
two layers wherein one of said layers includes a magnetically permeable, magnetically saturable
material and the other of said layers is a non-magnetic abrasion resisting layer formed on said
one of said layers.

109. The data storage device of claim 107 wherein said data storage device further
comprises

a bonded, cleanable lubrication layer applied to outer surface of said protective coating,
said bonded, cleanable lubrication layer having a thickness which is less than the thickness of
said protective coating.

110.  The system of claim 46 or 47 wherein said transducer is a thin film head.
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