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PROBE-SCANNED FERROELECTRIC MEDIA WITH IMPRINTED
REGIONS FIELD OF THE INVENTION 5 The present invention relates
generally to ferroelectric data storage media scanned by probes, and
more particularly but not by limitation to reading of servo marks for use in
probe position servo control circuitry. BACKGROUND OF THE
INVENTION 10 In data storage drives, user data is stored on tracks of
storage mediaP RQBER AN DERIFERR U ER IS YPMong a track
to write and read user WAtaEb ANHRIIDYEE® Reftd ONSd dition to the user

data, position data is also provided on the storage media. The position

data can include servo ?]%i ﬂ@%ﬁg éﬁ?g rally 15 indicates

position coordinates (e.E, ﬁ% 0 inﬁg{ S, Ir %ﬁ@ nj umber, cylinder

numipRe pessehnieab AT Uéﬁa’t@n%iélﬂ@ﬂl@f Ry aberselativiede g sreeide media
surface. Position data can also include preambles that indicate local

scalfirienPEeBRectnd TAER BATIFEArhn SHG a8t Sypiséa ioRitrroarlsng of servo
maf%@@g&%%ﬁ%po% d, Péﬁ%‘@ﬁﬁéf%i@%fg With areal densities

available in conve al magnetic 20 storage s, lithographic
techniques (which include deposits of radiation sensitive layers), have

adequate resolution to effecti efi e magnetic

media. The data st%ééém%%aéf ﬁ\?mﬁ?egedback system)

that TRogiians dhglEasidds e Q8 PIoRe @é’%‘%&é&'%ﬁ%a‘%ﬁg‘o?%@@fbgﬂ media. A
feedback of the 25 position data. The servo system typically has a "seek

trapfstiecethat oves theraitisiack torpeyseafions enraskckao aiistmercdregad user
s SR RS T AR AR e o
prevsdtettad tiackdragediediding on preamble data.

The position data can include servo marks that, when read, generally
indicates position coordinates (e.g., X, Y coordinates, or track number, cylinder
number, sector number) of the transducer or probe relative to the media surface.
Position data can also include preambles that indicate local alignment between a
track and the transducer or probe. A wide variety of formats for servo marks and
preambles are known. With areal densities available in conventional magnetic
storage drives, lithographic techniques (which include deposits of radiation
sensitive layers), have adequate resolution to effectively define servo marks on the
magnetic media.

The data storage drive includes a servo system (feedback system) that
positions the transducer or probe over a selected track based on feedback of the
position data. The servo system typically has a “seek mode” that moves the
transducer or probe from one track to another track based on reading servo
marks. The servo system also typically has a “tracking mode” in which the
transducer or probe is precisely aligned with a selected track based reading on
preamble data.

At the time of manufacture of a magnetic data storage drive, the servo

marks are positioned on the storage media. During operational use of the data
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30 At the time of manufacture of a magnetic data storage drive, the servo

marks are positioned on the storage media. During operational use of the

data -2- storage drive, the servo marks are read by the transducer or

probe, but there is typically no need to erase and rewrite servo data

during operation. The position of conwgntional magnetic servo sector data

on the media is therefore stable and does not creep significantly during

the operational life of the data storage drive. 5 There is a desire to
starageabe hethio smyec apadiy afedatadstoy ade rivedidandr alsprobesipatdhere is

reduce the size and weight of data storage media, on new designs. -This . .
YR e e AR ST Gl 15 the bR i ch s gsition
of CORYBeTBEAMIHA EABNERIPNal steragadechitologiefedraningdfole stable and

storage based on ferroelectric media (FeProbe) can be used 1o to

dogrdipdenerpifigaHic HiedraBisiiye PRrerativpahbipedhe 8atpripragrdrive.
that 1afise With jus s asal e dsnaibe Ayl g oPLORE U I3hata and
not present in earlier storage devices. In particular, there is a desire to

alsmerdasgatoaledersitibs tiza levelwdighs cledadansérksgeavediagth seatedesigns.
on the order of on]y several tens of nﬁgtreneters. It IBS Is,not practical to

ThifehrsiseR 6 marks o s SamAengt SARsiog BRviHRorgrage media that
catithpgrRRbi fARARIESE M ahieimaibrdsIspss be found to provide

servo marks. Servo marks (or other position data) can be polarized on the

ferroeeamieenisrisyiesegabasecsamfengincstaianedindle rafke) can be used
to Cr{%@iater%%(\:/%ﬁ;e%egaogﬁgf) 8‘%% sr{Pth%%%%55%‘9'%89%“%?)31%9}‘ PioBlems that

ector da en data is read from e with a pro‘f)e,
arisewithtidraimpicessd afcahdngsihe dalawitieFeltiyberitsel {ferhavesjoihpresent
. data from the FeProbe. An electronic circuit that provides the read
mn %‘fﬂiﬁ@ﬁ?e‘%r%@sdata must follow up and automatically provide a

SUbSI%QRlﬁfﬁé’ﬁ'lE?, QREFRAURMOA G S S RRIQP S ERIHENQIAEE 1 AVRldel where
e

loss of
servo marks have length scales on the order of only several tens of nanometers. It

is not practical to define servo marks at this small length scale using conventional
lithographic capabilities, and other methods must be found to provide servo
marks.

Servo marks (or other position data) can be polarized on the ferroelectric
memory itself at this small length scale, however, the characteristics of FeProbe do
not permit stable positioning of servo sector data. When data is read from
FeProbe with a probe, the conventional process of reading the data inherently
erases (removes) the data from the FeProbe. An electronic circuit that provides the
read operation of FeProbe data must follow up and automatically provide a
subsequent write operation of the same FeProbe data in order to avoid loss of the
data on the ferroelectric media. This is not an insurmountable problem for user
data. With position data (e.g., servo marks), however, the repeated reading and
automatic rewriting of position marks will inevitably lead to creep of the positions
of the position marks and loss of accurate position information. This instability or

loss of accurate position information limits the useful life of the FeProbe device.
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25 data on the ferroelectric media. This is not an insurmountable problem

for user data. With position data (e.g., servo marks), however, the

repeated reading and automatic rewriting of position marks will inevitably

lead to creep of the positions of the position marks and loss of accurate

position information. This instability or 5loss of accurate position

information limits the useful life of the FeProbe device. -3- Adjacent

FeProbe tracks with user data will become misaligned due to position
ActjaeeptolFepiEigiﬁnnttmge st data tdactkszll beecmurelmi@abgmtb dne to position

|nterf re with o ther, A met iiés' are nee edt

Cr oS HEE PRk BUCHR Blas Bl RAR TSELIaP A i o terfere with

ontesraslestric media that are adequately stable There is a desrre to
provide position data that can be conveniently read with the same probe
and 1eeadnesind pRieAraBe R paarpded tadtaoineEaErabe wibdieston data

thaﬁrﬁ‘c{kdf‘od%?%ﬁ?rbﬂ%ﬁfi‘et?&%@[&&?c q{%%ﬁ(? AR ﬁﬁ?e?g &E{BIBCEI“here is a

used to read user data, and which provides an electro c signal as similar
deasqaﬁsprhjmtd)etpemsenkdaattatmﬁ\smdie obiverpreséntaaventitn thvidee probe

tlons to these and oth roblems, and off othera vantages over
o B S SRR SF RN TSR DI oA i rovide

podifba aedinaleerpRrisasdr PYdiRg ﬁﬁcr&eé@rar@éeﬁ@r%&heed to read user
ferroelectric media includes a media surface that is 15 scannable by a

datpraget. hickoprarigroviteslecreanisigisaaiTae sipilydasorpssdels to the user
da!éreltlr%%)de&gla frzqggn r%tsteert'{i;r% RISGHEON gs ) j é)r‘so‘fa%%'” figgt ‘Eﬂ%‘onségd other

ia surface. The method compris ectively “exposing the first

proéipomns mdmﬁeemheromnmgeexmslﬂgememdastan imprint to the
polarization pattern that revents subs%?uent erasure the read signal.

20 In one aspect, the e r@ggw ision of an imprint
to spstantiaily;all o themediaisuage. Ang dassselstivedapavel o iding

imprint
ferroelectric media. The ferroelectric media includes a media surface that is

scannable by a contact. The contact provides a read signal.

The method comprises writing a polarization pattern representing position
data in first regions of the media surface. The method comprises selectively
exposing the first regions to an energy source. The exposing provides an imprint
to the polarization pattern that prevents subsequent erasure by the read signal.

In one aspect, the selective exposing comprises provision of an imprint to
substantially all of the media surface, and then selective removal of the imprint
with a controlled energy source to remove the imprint from media surfaces other
than the first regions.

In another aspect, the selective exposing comprises scanning the media
surface with a controllable energy source. The controllable energy source applies
a higher energy level to the first regions to provide the imprint, and the energy
source applies a lower energy level that does not imprint to regions other than the

first regions.
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with a controlled energy source to remove the imprint from media surfaces
other than the first regions. In another aspect, the selective exposing
comprises scanning the media 25 surface with a controllable energy

source. The controllable energy source applies a higher energy level to

the first regions to provide the imprint_and the energy source applies a

lower energy level that does not imprint to regions other than the first

regions. -4- Other features and benefits that characterize aspects of the
presetharvdnatrresill bedagparemtsupbatreduinarthd follewirgtdetedilede present

.__descriptio d review of the asso iate(l]% ings. BRIEF . L
iSO BT N B TR SRR FRSES A LOHAV IS (il glgscription and
re @%@y any gg@b@eﬁ@aﬂmﬁﬁ,\fﬂ{g@electric data storage drives. FIG. 2

illustrates a surface of ferroelectric storage media that is accessed by

scanning motion IR EEAtRERHIT I %M&W@@%op of
holarizaton &t g eeieiic e iR IBBBLMAINEY. flFodbetric data
rization of a ferroe

illustrates a typical hysteresis loop of polari ectric
storeggedaiteat is partially imprinted. FIG. 4B illustrates a typical hysteresis

loop.0f palarization of a fer oeleg[ ic_material that is severely imprinted.

15 FIC Sl s A VEiRSGESHrOFisyLhisrstosare Meritnbamscssed by

scdrdng théticatest a ragthed of providing ferroelectric media that includes
imprinted regions. FIG. 7 illustrates one exemplary method of performing
procEBKs.e1lisirates @.hysteresis loop of polarization of a ferroelectric material

that is not imprinted.

FIG. 4A illustrates a typical hysteresis loop of polarization of a ferroelectric
material that is partially imprinted.

FIG. 4B illustrates a typical hysteresis loop of polarization of a ferroelectric
material that is severely imprinted.

FIG. 5 shows a read voltage shift of hysteresis as a function of time.

FIG. 6 illustrates a method of providing ferroelectric media that includes
imprinted regions.

FIG. 7 illustrates one exemplary method of performing process 610 in FIG.

FIG. 8 illustrates an alternative exemplary process of performing process
610 in FIG. 6.

FIGS. 9-15 illustrate examples of methods of applying energy to
ferroelectric media.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

In the aspects described below, probe scanned ferroelectric media is
provided with position information recorded in first regions (e.g., servo sectors)
that are then selectively imprinted. The selective imprinting makes the first
regions resistant to erasure. The first regions can be read many times without the

need to rewrite the first regions. The location of the position information is fixed
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20 FIG. 8 illustrates an alternative exemplary process of performing

process 610 in FIG. 6. FIGS. 9-15 illustrate examples of methods of

applying energy to ferroelectric media. DETAILED DESCRIPTION OF

ILLUSTRATIVE EMBODIMENTS 25 In the aspects described below,

probe scanned ferroelectric media is grovided with position information

recorded in first regions (e.g., servo sectors) that are then selectively

imprinted. The selective imprinting makes the first regions resistant to
onetheureedihedirdt tbgienis can iskeall thanpaiitezwitieepitige oneediime due to

rewrite the first regions. The location of the position information is fixed -5-
re"gﬁ\{\{ﬁlegmedia and there is no risk of the position creeping over time due to
rewriingyiHeRENINg thededetacperfoentRimanaaiintiaiion fRifseelasticapacitors
capacitors such as lead zirconate titanate (PZT) capacitors or Strontium

sughspiuePtafitaRiets @B\ﬁ}géBZ&boﬁgpAgiwgc_@nbééra@mtﬁésmuth Tantalate
(SEBPYENAGROHS %&&&'&Pﬂé‘&“ﬂ&é@%ﬁé‘h‘%ﬁ%@éﬁ%&%&%&@ Y imprinting failure

probe-scanned ferroelectric data storage drives Such as the dri
mehbscrifiedidelsd imcprotectiomwit FdGodlkcFIGdat ilstagteddnes such as the

exemplary ferrqelectric data storage (Fe rive 10 in which aspects
drlgﬁi@ Aﬁfgﬁ%&a}g%‘ge%lmﬂ{beﬁtﬁ% Rfd%@i%r%@s a 1o ferroelectric
storgge; mediymskeavahng Wﬂ@%@@@&%ﬂé@@f@é&&f@@w% drive

contact _the scannable surfaqe 1 and communicate data to.and from the '
10 stanwhind serhasss12f Mg olieteating sakh Hsattbrobletuatsiveo osaaprises a

B RS E SSROME SRR AR, o proves
14 drivetdd} ahd ashoshaolnpuieiackS Bysiekh. fdathdillche illistiate amdrraym the
scalnq’loag{esgtnlﬂggecggt al\%igrrgggcae}t%%é 1591%1112?? ‘microactuator 20 provide relative
scanning motion between the scannable surface 12 and the probes 14. Electrical
connector 18 provides connections between the drive 10 and a host computer
system.

FIGS. 1B-1C illustrate an array 100 of sensing contact probes 102, 104, 106,
108, 110, 112 that are formed in cavities of a substrate 114. FIG. 1B illustrates a top
(plan) view of the array 100, and FIG. 1C illustrates a front cross-sectional view
taken along line 1C-1C in FIG. 1B.

The substrate 114 provides a common probe support for the sensing
contact probes 102, 104, 106, 108, 110, 112. Substrate 114 is only partially shown in
FIGS. 1B, 1C and can extend to support a larger number of sensing contact probes
that are not illustrated in FIGS. 1B, 1C. The sensing contact probes 102, 104, 106,
108, 110, 112 are preferably arranged in a regular rectangular array, as illustrated,
or in oblique alignments. The substrate 114 is movable relative to a surface 116
(FIG. 1C) along X and Y axes to provide scanning of the surface 116 by the sensing
contact probes 102, 104, 106, 108, 110, 112. The controlled spacing Z is typically

selected to provide a desired force preload magnitude between the surface 116

and each of the sensing contact probes. The preload force deflects the sensing
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108, 110, 112 that are formed in cavities of a substrate 114. FIG. 1B
illustrates a top (plan) view of the array 100, and FIG. 1C illustrates a
front cross-sectional view taken along line 1C-1C in FIG. 1B. 20 The
substrate 114 provides a common probe support for the sensing contact
probes 102, 104, 106, 108, 110, 112. gubstrate 114 is only partially shown
in FIGS. 1B, 1C and can extend to support a larger number of sensing

contact probes that are not illustrated in FIGS. 1B, 1C. The sensing
conutapt prebd$2,01)41 0461068, 108, 112 solthatalpretarsinly amatagegintzes 102,

e r.rec lar array, as,illustrated, 25 or in obligue alignments.. The
10 T P A R ey (R YEERG Redfigen the
subls@%es 19 priderscanting of theasuPaceddie Ppinmoeidsing grntadistrate 114,

probes 102, 104, 106, 108, 110, 112. The controlled spacing Z is typically

meinarrddhe prstage Haerawtineopasadhn syhrbiatedhed the surface 116.

surfacs, 482192368 Qine-ReNEINA SN OPSS: ANERGIRARIARCRIGS. 1B-
deflects the sensing -6- contact probes 102, 104, 106, 108, 110, 112 so

1CGHa ey sendingebsttade drbbead 6Re 104add] 4 @8n1H0;eldthprefeaglelysuch as
function as sprjngs. Relative motion befween the substrate 114 and the .

O T A TR Bl (PR Lt SO E ath TR R Bhich S tRglectric

maHBAEeRkLEs arrasgiensf RethHoesihstraiesl 1dandghersunfeeerbifive motion

Substrate 114 and surface 116 are illustrated as flat elements in_FIGS. '
betymeercth\sabsiratie tibsinde thes anfegse Slofaes 106 aan maitablpescanning

hape ch round_ cylindrical shapes. .The surface 116 gompyi
e O 21T A ooy Tt L SEcescal D dng pydbes 103, surface
scaliing0notidhsld0pateriRelive thetive betwekiptbepsobsiraidalgd anthber of
. the surface 116 can be any suitable scanning 1@ mgtion such as random .
bitg ol detacARiRg, YA QAnThAY, TPUtHaNRREWN SUtRasalelnifngrovide high
Spg@gtgy&sgr patterns. With the use of multiple probes, a large number of

bits of data can be written or read simultaneously (in parallel) to provide
high Bpweglacgessnductor leads 118, 120, 122 run over a top surface 115 of the

substrate 114 to carry information to and from the sensing contact probes 108, 110,
112. The conductor leads 118, 120, 122 couple to electronic circuitry (not
illustrated) that can be located on the substrate surface 115 or elsewhere.

An exemplary sensing contact probe such as sensing contact probe 110
comprises a beam support 124 (a portion of the substrate 114) and a probe 126.
The probe 126 comprises a bent beam body 128 extending from the beam support
124 to a contact face 130 spaced apart from the beam support 124. The aspects
illustrated in FIGS. 1A, 1B, 1C are illustrative, and other known probe and data
storage scanning arrangements can also be used as well. The ferroelectric media
surface 116 is described in more detail below in connection with an example
illustrated in FIG. 2.

FIG. 2 illustrates a surface of ferroelectric storage media 202 that is
accessible by scanning motion of a tip 200 of a probe (such as probe 110 in FIGS.
1B, 1C). In this example, the surface 202 is movable by a first microactuator to

move parallel to an axis 204 at least between a substrate motion limit line 206 and
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Exemplary conductor leads 118, 120, 122 run over a top surface 115 of

the 15 substrate 114 to carry information to and from the sensing contact
probes 108, 110, 112. The conductor leads 118, 120, 122 couple to

electronic circuitry (not illustrated) that can be located on the substrate

surface 115 or elsewhere. An exemplayy sensing contact probe such as
sensing contact probe 110 comprises a beam support 124 (a portion of

the substrate 114) and a probe 126. 20 The probe 126 comprises a bent

subgamcpodyiodisxtehdngdBomhhebeamauppbthd 3atmee it atigasdhe probe

130 d f b t 124, ts illystrated |
wili o SEERRe A0 U SR S SRR al obe it toactuator t

méeraaea3kaniynehassanJEImettscan plagvberisadirs meliothémit line 214 and
ferroelectric media surface 116 is described in more detail below in

Probpmaetion Wi bhnsEHpiEhe pysmeel ¢ thepoke@09 alighsatbs grobe 200

to SRFGIBhIPRTIECH A AAS Madia PR bRL IR RGCRBRINa Y Scanning
motion of a'tip 200 of a probe (such as probe 110 in FIGS. 1B, 1C). In

this &kenspieare reedicd @D 2risl nuirsabée dyydarfiesi imiceganta 280 tthah@eenprise
llel to an axis 204.at least between a sTbstrate motion limjt line 206

par .
fergaefestriq, gRgdia MBYBeIimit inE o eTREIATRRATNEN S tthe SifrSce0h media
reAbRRDYILPEARRL VY lesigsblerrckpdQriAecGontact 200 iemumablesyred in

a second microactuator to_move parallel to an axis 212 at least between
thgyrstisemsoioadiamitdigiond £230d Thotsedapdompsiie lirrsre 288 do not have a

siohgvement ;ithte probe 200 aligns the probe 200 5 to travel along and

can data 0n a selected track such as track 210. The storage media 202
inclufies senard medimragbnscladehdirsompiiie fegioatelBit Mhadidirst media
having a rewritable polarization state. The second media regions 230 are
re RS W&%ﬁ@&%ﬁﬁ%&%ﬁd@?ﬁ@u s oM ok Rod S sgions 254

co%ﬁ%ﬁ%ﬁﬁﬁgﬁ%%g@trT@&%a@Q e VR IR JRYRNS AN ARiBRIBAEE Phe first
media regions 234 are imprinted with position information, also called servo
information. The polarization of the first regions 234 is made stable at the time of
manufacture of the storage drive. The polarization of the first regions 234 is not
erasable during normal storage drive operation. The first regions 234 have stable
locations relative to the adjacent rewritable second media regions 230. The
imprinted servo information read from the first regions 234 has a stable position
relationship to a storage media 200. There is no risk of position creep of the servo
data imprinted in first media regions 234. The imprinted ferroelectric media is
preferably arranged in tracks as illustrated. The tracks have a track width 232 that
is in the range of several tens of nanometers. The track width 232 is too narrow to
be practically defined by lithographic patterning methods in which light sensitive
layers are deposited on substrate surfaces, exposed and developed. The track
width is defined by a process of ferroelectric imprinting with stable polarization.
This imprinting process has adequate resolution to define such narrow tracks, and

does not rely on lithographic methods. The process of imprinting with stable
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The storage media 200 includes first media regions 234. The first media
regions 234 are adjacent the second media regions 230. The first media
regions 234 comprise imprinted ferroelectric media having a stable
polarization state. The first media regions 234 are imprinted with position
information, also called servo 15 inforrgation. The polarization of the first
regions 234 is made stable at the time of manufacture of the storage
drive. The polarization of the first regions 234 is not erasable during

pohuiawl stonade dieivexppeiagdheTies firsgregio?E 28dbdlveseagieand servo data

ti lative ta the ad] t itabl d [ ' 0
P S S BHHOA At Sr A RORS A PSETAL S R >

stabfg@osgion gireladionskipiead Fiosagemedisop0B0DheR isoleriishioh of a
position creep of the servo data imprinted in first media regions 234. The
fergrfﬁgwﬁf@a f@ﬁtﬁé@éﬁh@?ﬁéd}aﬂéﬁmﬁ&%wah%ma frsiskdgsrepresents write
vollyslaiRd. IReHadke0aaaiag di 235 Ak (Rl RLAIBLM12 of write

several tens of nanometers. The track width 232 Is too narrow to” be
voprasticallytedireeld ioy FthogBaphie patteeniolg vodthgels smitdbdd ightwriting data

sensitive 25 layers are depasited on substrate surfac xposed a
PaiEURTor if BT AU OHARIE SOHTE by A IO forropladifs than needed
to URREEIRGYHHISeb RO RIZSEIOR:iE M beYRAINTING: RFQLASHARE BHEREMEsteresis

resolution to define such narrow tracks, and does not rely on lithographic
loqpeft¥uyaries ptepesdiniptirttieg pvithicuidlefegroipatzistionatieciabiaged. The

ing the fi egjons 234 toboth I rvo data._patterns,
hy SRRSEIA0E I Mt GO CTRI 800 M e iasg) that
ranfiistiaten a typittlbysisdesistto8pS300 DhpglaiizationdtatécditeEbiticead state

material that js not imprinted. A horizontal axis 302 represents wri}e 5

ca g, gBaned VR BHACL AsPRATER R As&AbBIaTLafoR  Fh & YangBlspsigh Of the
apPriprilgasllysHatesHRS G B iR fange Qi yRIARRS SHIRDIR fQr WVtiNgitable

data patterns. The range 312 of write voltages illustrated in FIG. 3 is less
stotage ptadedt wealdetshonimmyssitdetferroelectric material. The exact

shapﬁef If}xe itf%séttel‘gl%gissa typical hysteresis loop of polarization of a ferroelectric
material that is partially imprinted. A horizontal axis 402 represents write voltage
and a vertical axis 404 represents polarization. The range 412 of write voltages
illustrated in FIG. 4A is a range of voltages suitable for writing data patterns. The
range 412 of write voltages illustrated in FIG. 4A is less than needed to cause
electrical imprinting of the ferroelectric material. The exact shape of the hysteresis
loop 400 varies depending on the particular ferroelectric material used and the
imprinting process parameters. The hysteresis loop 400 has a range 405 of positive
and negative polarity read state 407, 409 (at zero applied write voltage). The
polarity is not stable over the range 406 of read voltage waveforms. The read
polarity state is not permanently negative and can be changed by application of
read waveforms, and the partially imprinted ferroelectric material is thus a

storage element that is not permanent with respect to read voltage waveforms.
FIG. 4B illustrates a typical hysteresis loop 400 of polarization of a

ferroelectric material that is severely imprinted. A horizontal axis 402 represents
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loop 300 varies depending on the particular ferroelectric material used.

The 1o hysteresis loop 300 has a range of read states 306 (at zero

applied voltage) that ranges from a positive read state 308 to a hegative

read state 310. The read state can be changed to either a positive or

negative read state by application of thg appropriate write waveforms,

and the ferroelectric material is thus a rewritable storage element useful

for storing user data. 15 FIG. 4A illustrates a typical hysteresis loop of
wiptelariZétion ahd ferveetertliexmatbfiatahetderparpallyrizgsioned e range 412 of

L O ALER R AL O IS N s dta

paftbrissaTRagarivoltagesAsutabla toreyiing et patems4Bhe 16anbeatliZeeded
of write voltages illustrated in FIG. 4A is less than needed to cause 20

to epsaricAs SRR EMHBcrfodie dTeankertii MrrEdRhct A ApaBrthpe of the
hy@&k%ﬁﬁﬁﬁog%&@&’ﬁ’e%”&éﬁﬁ%ﬂg'%9\ RN ARHHILIRI9EE W haterial used

material used and the imp rocess parameters. The hysteresis loop
and0bdanjarintigg H05cetppsitarmeterd. Adgatiystpaisiitiogad(§dtes40tabd9single

at.zero applied write voltage). The polarity is not stable over the range
po g%ﬁ%&d‘l\i IQ@@%\?&B%%@.WE&%@&%%OIMW state is not

permanenBy thedriive spek&aB e PousdAYisRMIGAHAB inipddarily switched

waveforms, and the partially imprinted ferroelectric material is thus a

frogrothigestabirenegasivie Rolpératinrmtaitoctpecnetabial Dotidiye polarization

sta\fva.w R{sm S’ﬁ'rgrll 1%1‘(%%”'%(%@%1%%9 t‘}fpécaslei%%t&r%%l X 409191;1‘8%61”(17‘& ioct]o the
of a ferroelectric material that Is severely |mprlnte . rizontal axis 402
polefitestmsreevgile jusitagefandlatuehiicallaxindtdtedpragentthe removal of the

polarization. The range 412 of write voltages illustrated in FIG. 4B is a

reqd Nyl B850 iy 8O QA o PRI NG YNt Lesale fargs £#iably negative,
poliiEYRIReesdlUSURIR S IRELCo A& dBilsS S thap Brasheaicdservo

imprinting of the ferroelectric material. The exact shape of the 5 hysteresis
mdglop 400 varies depending on the particular ferroelectric material used

The severely imprinted ferroelectric material is thus a storage element that
is permanent with respect to read voltage waveforms, and is useful for formatting
ferroelectric media with position information such as track numbers and the like
that cannot be erased by the read waveform.

Imprinting as shown in FIGS. 3, 4A, 4B is known from portions of:
“Imprint: An Important Failure Mechanism of Ferroelectric Thin Films in View of
Memory Applications,” Michael Grossmann, 2001. Read and write voltage
waveforms for probe scanned ferroelectric media are known. FIGS. 3, 4A, 4B show
hysteresis measurements of a 150 um PZT thin film before (FIG. 3), partially
imprinted (FIG. 4A) and severely imprinted (FIG. 4B) imprinting by the
application of energy. The energy can be, for example, in the form of ultraviolet
(UV) radiation, application of pulsed voltages that are higher than the read
voltage waveforms, or application of heat. 2001. Read and write voltage

waveforms for probe scanned ferroelectric media are known.
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and the imprinting process parameters. The hysteresis loop 400 has a
stable single polarity state 410 (at zero applied write voltage). During the
read operation the polarization state is temporarily switched from the
stable negative polarization state to the unstable positive polarization 10
state. This transition produces the senggd switching current due to the
polarization reversal, just as for data bits. Immediately after the removal of

the read voltage the polarization state spontaneously resets to the stable,
negdtl¢e,5 pblavisatigmagthtef thetltanzpaseivepsrition lsyatstresipuaed fonction of
._the. imprinted servp mark. 15 The severely imprinted fefroelectric material .
g e Ll R R AP S S P B S Ft VARG that is
noWaypiReascalisdisatibion fasaaitirgnfriFerlectic metanakiPostiedpresents
information such as track numbers and the like that cannot be erased b

: 1oer y
thetﬁé)}m Wh\féﬁ)WﬁYlfﬁ%ﬁhﬁﬁg‘%@thﬁ%eP@S? 33,f4\_6e,,sws Ts(llp{&)&Ncrroanc-)- A
hoBOBINAP QIéiSZQOZW%%é{%s'@B §@Htﬁxﬂ@5?t%eﬁ9mﬂf SEeRICCHGples at
Thin Films in View of Memory Applications,” Michael Grossmann, 2001.
tinketzd) dhldevivite 2@itad e xiv 0df or ran dofgaptiobecseaisned ferroelectric media

are known. FIGS A, 4B show hysteresis measurements of a 150 u
o 00 YRS i G AT o (0 P AR AR g than the
volmpaRied (5 Gh & BdHIPFIAEBYsthaAe. anplicauan Wt ARGV rithe; @BevdYmarks
can be, for example, in the form of ultraviolet (UV) radiation, application of
and thed vsingds\Haghrdhigtselarnda the isapripstagmsvaialimsraanent servo
applicatign of heat. 2001.Read write voltage, w orms. for,probe.
I R e TG e RS SRR P RS intervals

to avimiparadieershifh efrifystekesist@siagunction of time for a first sample that
is exposed to UV radjation and a second sample that is. not exposed to

UV radfafisie nthentpératadiatederaap osn it wifa radiation high

enough to induce imprinting, the hysteresis loops shifts rapidly and the material

becomes imprinted. If this drift continues long enough, the "average read state"
shifts far enough so that the read state is a single stable polarity.

FIG. 6 illustrates a method of providing ferroelectric media that includes
imprinted regions. The method begins at process 602 in which ferroelectric media
is provided. The ferroelectric media includes a media surface that is scannable by
a contact that provides a read signal. After completion of process 603, processing
continues along line 604 to process 606.

At process 606, a polarization pattern is written in first regions (e.g., servo
mark regions) of the media surface. The polarization patterns represent position
data in the first regions of the media surface. After completion of process 606,
processing continues along line 608 to process 610.

At process 610, the first regions are selectively exposed to an energy source
that provides an imprint to the polarization pattern. The imprint prevents
subsequent erasure of the polarization pattern by the read signal. After

completion of process 610, processing continues along line 612 to process 614.
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the voltage shift away from an initial voltage value of Vcshift = (1/2)(V,, +

Va_). A 5 horizontal axis 504 represents elapsed time after polarization of

the samples at time t=0. The horizontal axis 504 is a logarithmic axis. In

the case of UV irradiated sample, the voltage shifts much faster than the
voltage shift of the non-irradiated sampje. FIG. 5 shows that writing servo
marks and then using UV-light to accelerate the imprint forms viable
permanent servo 10 marks in a localized area. The samples are tested at

Exendelyrspavethtde infegposiognifimizedestmie imuhitiad Ue tetestyg sdheces are

results, for the UV-irradigted sa 0 hat, with radiation high
e h 06 PO LT URG, T Bt 5 Toops shifts apidly and the

matesiahRrReasNEEH NIREIRA P ith this difbennriiridandang Rnasghibhel into a data
"average read state” 15 shifts far enough so that the read state is a single

stogggnelpBiseithat incly dristeaaringremag tethrb vieRraderrs aredin sHeee-
that jnoiyees @B@&Eﬁge%%g%ﬁeﬁm@é@9@6&@&3%@{?@@&% dié}ovided to

which ferroelectric medi d. The ferroelectric me includes a
subsexhdislyfade tiathie seameddieioynsedimtact it phdtddesmpdadsigoalprocess

fter completion qof process 603, essing 20 tinues along line 604
70 RS I G ALY ORNS, A RTS Fefiltn is writien In first
regions (ectesserve, Maksegionshabthednediaridfacerfhe RolaRZakORAtrolled
patterns represent position data in the first regions of the media surface.

en@fEaT soipfetion enpToecd coBpIpnbdesshgeshnirgianongthae Bugtdhe first
rocess 610. 25 At process 610, the first regions are selectively exposed

ro e B e B S SRS enerey

soulre wipilattheevehigssappligdert trasutelnf the plRlariZalosipatierndshat bring
the read signal. After completion of process 610, processing continues |

the, BRI EAB &f i dueEfato1d - teRETSE SR h AL oFRB4ssifRrce is then

rerf€SRRISGHIE FRE YRR LPEFAYROMNIGES Bifh the first regions have the imprinting

removed, leaving only the first regions imprinted.

FIG. 8 illustrates an alternative exemplary process of performing process
610 in FIG. 6. In FIG. 8, processing begins at process 802 with application of
energy to the media surface. During the application of energy to the media
surface, processing continues along line 804 to process 806. Process 806 selectively
controls the application of energy such that a higher energy level is applied to first
regions, and a lower energy level (typically a zero level) is applied to media
regions other than the first regions.

FIGS. 9-15 illustrate examples of methods of applying energy to
ferroelectric media 902 on substrate 904. FIG. 9 illustrates use of a UV source 906
to illuminate the media 902 with UV radiation 908. FIG. 10 illustrates the use of a
contact mask 910 so that UV radiation 908 is selectively blocked from some
regions of media 902 while other regions of media 902 are exposed. Mask 910 is a
film layer that is separate from the media 902. Mask 910 is not a deposit on media
902. FIG. 11 illustrates a scanning UV beam source 912 that provides a UV beam

914 that moves with a scanning motion over the surface of the media 902. UV
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described below in connection with FIGS. 7-15. At process 614, the

imprinted ferroelectric media is assembled into a data storage device that

includes scanning contacts that contact the media surface. 5 In FIG. 7,

processing begins at process 702 where an imprint is provided to

substantially all of the ferroelectric meflja surface. After completion of

process 702, processing continues along line 704 to process 706. At

process 706, energy is applied to the media surface with a controlled
beamesgyiseLit2 io remedeothendmihvfluin aredizinggiosslethbrelyarxihese certain

first 1oregio mprint removal is accomplished by applying energy from
e nert) Counse VB v adt SPIEN 1SIF e i AERARyg ©nhance

di@mgﬁ@tbgt@iBgaltﬁ@mlarization of the media to a near zero state.
The eneray source is then removed, and the media regions other than the

first Fafions MAYEALTARTIRIGITRRbeY ks g Jny tRETRRYionte media
905@8?%3\1 %%EA%%%‘;}%%%@@%‘ BliRraauve E&&%ﬁﬂ%&%ﬁ%ﬁ%ﬁ The voltage

perfo g process In FIG. 6. In FIG. 8, processihg begins at process

puB@2swithcaPlE asicelot tisrtygyototthBadedispfsceeRanmgethiens of the media

pplication of energy to the ia_surface, processing continues alon
0 e e B o STk B56 ST e M e DB oltage
puieangdyastithdhat ehhigitee eafIBheVelie m@ﬁkt&ﬁgﬁggﬁaqiﬁgﬁ@%gh to

a lower energy level (typically a zero level) is applied to media regions

proyhee thErPthatingt regibngeprasdo-appiigstigre ekhamprestopmeantiders opelected
applying eperqy tq. ferroelectyic media 902 on substrate 904. FIG. 9 ..

e T By R e RG] Syt taver.

FlGadiatidh8as.téd Gpilidiisirates theroBagf pibeantantd@dk 8l hsadiaad02 by
UV radiation 908 is selectively blocked from some regions of media 902

oAb Wik A RGP Bitdtia 902 are exposed. Mask 910 is a film layer
that [ygenarigremthe e B0< Yl AYRdHI0hEHSRARIEIN DSEIR media

902. FIG. 11 illustrates a scanning UV beam source 912 that provides a
90UV hedent source 930 can comprise a laser heater or other known heat source.

FIG. 15 illustrates a heat beam source 940 that provides a heating beam 942 with a
scanning motion 946. The heat beam source can be any collimated light source,
such as a laser, that delivers a heating energy beam with sufficient intensity to
induce imprinting, or alternatively, to remove imprinting.

In a probe storage device employing an erase readback of a ferroelectric
media, permanent (non-erasable) servo marks (reference marks) are provided for
tracking. In magnetic hard drives, the permanent servo marks are written once in
the same way the data is written on the magnetic storage layer and never
overwritten (erased). In the case of the magnetic hard drive, the readback is
non-erase, and the servo marks can be read back without changing them. In a
ferroelectric storage device, the readback of data is destructive and the data needs
to be rewritten after the data is read. A different way of creating permanent servo
marks is needed for ferroelectric media. Permanent servo marks are needed for
ferroelectric media. Such permanent servo marks preferably provide the same

signal magnitude and shape as the data readback so that the servo marks and the
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914 that moves with a scanning motion over the surface of the media 902.

UV -12- beam source 912 is turned on and off while scanning to

selectively expose certain regions. Such UV scanning is preferably done

in a vacuum to enhance directionality of the beam 914. FIG. 12 illustrates

application of a voltage pulse source 938 to the media 5 902 through a

scanning probe 920 that has a scanning motion 922. The voltage pulse

source 918 is selectively controlled to expose certain regions of the media
dag0zao tie \oitagesediskyscuroen@i®rT heavb|tigepelsd biurperdlids use of the

rovides voltage pulses that are higher,than the read and write voltage
P A RO BH L oL TR EH S e G LR LD gRr ol o
AdCp vaiidge-auises Ielerteticl peapandatondRMadikdnatbaabpraRgitiag servo

and the thickness of the media layer. FIG. 13 illustrates application of a

maykgageefiirbledinre 926t Awdiasonn Bye istacialitha hiblsngitecdge data
it . al ©ves

S S MO0 TR TSR have

lertythtssalesef te BIGel bfibestreibd(Bsheatbeamesaurdeh Sk thaterovidescludes

ah atin%b am 94 Witg,ahscann'n motion 946. The heat beam source
ANy S HE AR R TS igh S8R such as a laser, that delivers a

heating,eskgyheaamWyiilesUicifal-Infe ASHKEO iINBUGE HBRIIMEH Okrea of the
alternatively, to remove imprinting. In a probe storage device employing
ferspelegiicreapgekior didenivd sehreqremiddiadyemmdrens (Roprarhsabies area.

Th%%&‘é‘i’%r%”% E%%g%%%@%{ks% ﬁ%%tﬁﬁ%’@&%&% frackingsin MARSNC sne stable
ard'drives, the pétmanefit servo marks are written once in the same way
potheidatansdirdteioonithe agnetifrstoragedayeriantiaéedd ov@&RaiNenhat heat,

erased). In the case of the magnetic hard drive, the readback is, .
U\ S R G5 R S SLAREA3 BRI EEHERG AR servo

mdh@ gedBHariacie AOrABSIRVse A depdheck 9T HalRels, dBRItISHVE with UV

and the data needs
light or multiple writing (voltage pulsing) of the servo marks would lead to a

stable bit pattern that can not be changed any more with a standard readback
waveform. If an erase readback waveform is applied to imprinted areas, the
polarization would flip in accordance to the applied erase readback waveform,
but immediately after the electric field is removed, due to the strong imprint, the
polarization flips back into its imprinted polarization direction.

A probe storage device based on ferroelectric thin films uses one or more
small, electrically conducting contacts as movable top electrodes to store binary
information in spatially localized domains. Detecting the stray field generated
from differently polarized domains (as it is done in magnetic hard disks) cannot
be employed as readout mechanism because free electrical charges are going to
screen the stray field. One possible readout mechanism would be an erase
readback, where a biased probe head in contact with the media would be used to
re-polarize the media and record the displacement current that is flowing to the

probe head while uniformly repolarizing the media.
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to be rewritten after the data is read. A different way of creating
permanent servo marks is needed for ferroelectric media. Permanent
servo marks are needed for ferroelectric media. Such permanent servo
marks preferably provide the same signal magnitude and shape as the
data readback so that the servo markg and the -13- data can be
processed by a common read channel. This permits use of the

permanent servo marks to adjust the amplification gain (automatic gain
contlol ord &GO )fividle readingbdekative gbaraindet semagendkdcd there will be

] t Kk ferably. h ize that i t der of
R B R A R R e

daGerra-snanksenoulidbicleslyabay eelebaiihska gt oiile Bederielesexethb KEsinning
of nanometers. This requirement excludes any solution that involves

of RYRIgraity. MagtoBeheamatited il sefirftarknst Willeensvatethatelne tip is
mQdheSSHOVESHIE SioiRg ‘?rﬁlz?giQxﬁi‘%Hbéﬁ%%ﬁ'é(éﬂd%?ﬁqsfﬁ%”ge{@P@QEondly

In this area. 10 The imprint is strong enough so that the ferroelectric
capaeitizdaensiysome$tdislepetirizatgen dudestontdt thkroaak flovkiteseashmajor

.In the field of FRAM that heat, UV light oy repeated.voltage pulsin )
iR AIAE b AP HLF TG T e GAre AL LRt iR The drift of

thdhesgRiere coud e |lacalyheriadaliadiajer With ks ot ehanwiiea highly
writing £vo|ta e pulsing) of the servo marks would lead to a 15 stable bit

depjzetele o ﬂﬁﬁ@ﬂgé%@ﬁg@dthfwsﬁﬁﬁ@rﬁvith a standard readback
wav?goirsm.tgf 88 &l a%rsﬁgg_ga%a\{ya\@é‘gr%g I%?L?rﬁ%r'@ yinted art%%is’tics and

the polarization would flip in accordance to thé applied erase readbac
adwavelgesof butriousediatety aftereheveledtiicield isckemnevécsttlua thélferegoing
strong imprint, the pol rization;;l?ifs back into its imprinted, polarization

degrition, SeRBREDEISRor SR HevidaD SHE NG SREL IR MR ke gspects
of @ﬁ@M@@@ﬁg,cﬁm&%ﬁwgmﬁgﬁ%%ﬁmm RAUBRLEAOR, be made in

electrodes to store binary information in spatial y’ localized domains.
depéteesipecinbstinyieltiegendrafadcture and arrangement of parts within the

principles of the present invention to the full extent indicated by the broad
general meaning of the terms in which the appended claims are expressed. For
example, the particular elements may vary depending on the particular
application for the probe scanned ferroelectric media system while maintaining
substantially the same functionality without departing from the scope and spirit
of the present invention. In addition, although the preferred aspect described
herein is directed to flat media surfaces for scanning, it will be appreciated by
those skilled in the art that the teachings of the present invention can be applied
to other scanned surface shapes, without departing from the scope and spirit of

the present invention.



from differently polarized domains (as it is done in magnetic hard disks)
cannot be employed as readout mechanism because free electrical
charges are going to 25 screen the stray field. One possible readout
mechanism would be an erase readback, where a biased probe head in
contact with the media would be used;i® re-polarize the media and record
the displacement current that is flowing to the probe head while uniformly
repolarizing the media. -14- In order to find a block of data on the probe
Whklsrkde devigdiRierBSwill be multiple ways to determine the position of the
1 %Obi head relatively to the stored data. First there will be erasable servo
“mark ht% (RitREWTften at the beginning of every data track and erased
whilpreattiagk. fEhesgdstienswaithatihe tRduddnovediodne sapefof that is
the track, and will be rewritten with the data. Secondly capacitive sensors

will be usedtNgERla by tomseck et posisiesa feadsigRAdvantage of
capagi . L E e The o i
aﬁﬁ!‘fﬁ%:%ﬁ{%ﬁzﬁ&ﬂ&ﬁ'&@t?&ﬁw%ﬁ@&%%ﬁ?& g dritof, Q?g%tlyeg ons of

capacitive rmanent'servo marks on the media hi
desirable faheatledhtirgthereapaditive sensors. 10 It is to be understood
that even though numerous characteristics and advantages

of various .
aspeBIS YR U BRIBIBHLSe BELRCEA R TS RGOHE B Cet gt s an

together Wi{h@@{ﬁ{l,s_d)m@%épgypggfﬁ,ﬁ\%{ggfgtion of various aspects of
the invention, this disclosure is illustrative only, and changes may be

made in detail, especially in matters of structure and arrangement of parts

ithin the 15 principles of,.the present invention to full extent indicat
2 0 TR B B R S SR S by ehe
reataigxpilessed. For example, the particular elements may vary depending

on the particular application for the probe scanned ferroelectric media

system while maintaining substantially the same functionality without

3. feP LAY osn @giﬁgquﬁﬁgﬂﬂggo of the present invention. In addition,
although the preferred aspect described

selecting the energy source from the group of imprinting sources
comprising: a voltage source, a heat source, an ultraviolet radiation

source.

4. The method of Claim 1 wherein the selective exposing comprises:
providing the imprint to substantially all of the media surface and then
scanning with a controlled energy source to remove the imprint

from media surfaces other than the first regions.

5. The method of Claim 1 wherein the selective exposing comprises:
scanning the media surface with a controllable energy source, the
controllable energy source applying a higher energy level to the first
regions to provide the imprint, and the energy source applying a
lower energy level that does not imprint to regions other than the

first regions.



herein is directed to flat media surfaces for scanning, it will be appreciated
by those skilled in the art that the teachings of the present invention can
be applied to other scanned surface shapes, without departing from the
scope and spirit of the present invention. 25 -15- WHAT IS CLAIMED IS:
1. A method comprising: providing ferfeelectric media that includes a
media surface that is scannable by a contact that provides a read signal,
writing a polarization pattern representing position data in first regions of
6. e metiwdfdckinml setegtivelygxposing the first regions to an energy

source that prqovides an jmprint ta t larization pattern. 2. The method
o TR Rl R B R 2 o) e o
signakidg the metked aflielaimta foeauelistoptasll0eiNGOIe N Ofh SR,

from the group of imprinting sources comprising: a voltage source, a heat
source, an ultraviolet radiation source. 4. The method of Claim 1 wherein

7 T’h%%ﬁ!e%ﬁﬂ‘éﬁo?@ﬁﬂﬂ%@%ﬁ%%ﬁm“ding the imprint to substantially all

of the media surface and t ning with a controlled energy source

to remsave the puopitintn fdora ireflisststefaons fithedjbatirigeafitsimegiogsih control
The method of Claim 1 Whe{ein the %?ﬁlteCtiE\i%ex ?ésing comprises:

scanning tHY AEsRd SHAFRRE  GRRNECIS N Mergy source, the

controllable energy source applying a higher energy level to the first

8. The method of Claim 1, comprising:
writing an erasable data polarization pattern including user data in non-
imprinted regions of the media surface, the data polarization pattern

including erasable preambles.

9. The method of Claim 8, comprising:

using the erasable preambles for tracking control of a position of the probe.

10. The method of Claim 8, comprising;:
using the erasable preambles for automatic gain control adjustment of a

read channel connected to the probe.

11. A data storage device, comprising;:
ferroelectric media that includes a media surface that is scannable by a
contact;
a polarization pattern representing position data that is written in first
regions of the media surface; and

an imprint to the polarization pattern in the first regions.



regions to provide the imprint, and the energy source applying a lower
energy level that does not imprint to regions other than the first regions.
-16- 6. The method of Claim 1, comprising: including track number data in
the first regions; and using the track number data for seek control of a
position of the probe. 7. The method ¢ Claim 1, comprising: using the
position data in first regions for adjusting automatic gain control of a read
channel connected to the probe. 8. The method of Claim 1, comprising:
12 Fhinglata stasagtediatapolafitaiionl parbardn/tivinggsentdptavamiserasure of
i giinted re ion? of the r%l?edia surface, the data polarization pattern
clu

th PRl ot Ao by e e SRl otod of Claim 8, comprising:

using the erasable preambles for tracking control of a position of the
probe. 10. The method of Claim 8, comprising: using the erasable

13 pHbsnsiais &&ragt‘oﬁrﬁaﬁeegafrféaﬁnd]awb@ﬁﬂiéhm Hnﬂéréat_ciﬁaﬁﬂla@lted from the
grc?&# %?%%tﬁat%% i 1%%1,1&-@ﬂ%ﬁﬁﬁ@%%&&@m‘i%ﬁﬁ%@% imprint.

erroelectric m at includes a media surface that Is scannable by a
contact; a polarization pattern representing position data that is written in

first regions of the media surface; and an imprint to the polarization
14 e A F RS SBe. LA T Lk B BIDS AEaloEe Br i fclyde track
nuyHHNEi: R EJFUER QIRMAINISE A BRI of the contact.

15. The data storage device of Claim 11, wherein the position data in first regions

adjusts automatic gain control of a read channel connected to the contact.

16. The data storage device of Claim 11, comprising;:
erasable data polarization pattern including user data written in non-
imprinted regions of the media surface, the erasable data

polarization pattern including erasable preambles.

17. The data storage device of Claim 16 wherein the erasable preambles control

tracking of a position of the probe.

18. The data storage device of Claim 16, comprising;:
a read channel connected to the probe and including an automatic gain
control, and

the erasable preambles adjusting the automatic gain control.

19. Data storage media, comprising:
first media regions comprising imprinted ferroelectric media having a

stable polarization state;



the polarization pattern by the read signal. 13. The data storage device of

Claim 11 wherein the imprint is selected from the group of: a voltage

imprint, a heat imprint, an ultraviolet radiation imprint. 14. The data

storage device of Claim 11, wherein the first regions include track number

data for seek control of a position of thg contact. 15. The data storage

device of Claim 11, wherein the position data in first regions adjusts

automatic gain control of a read channel connected to the contact. 16. The
datasstorade nevice oGl 1ddjeompriding: Eratablediatarpgianzatiopmprising
pattern incl dirlg%gs?r. datacy(vri ten.in non- imﬂriﬂied r?%on%.oft etmedia
surface, the éfasabie Gats poiafvation patter melidifig grasapie' <
preambles. 17. The data storage device of Claim 16 wherein the erasable
preambles control tracking of a position of the probe. 18. The data

20 sidra gl Hesierasecnaria el Sdaipridihgvhersiy Gvaknd wsshacrgigpsemprise
selVOREAPS IEEMHK}Q Automatic gain control, and the erasable
preambles adjusting the automatic gain control. 19. Data storage media,
comprising: first media regions comprising imprinted ferroelectric media
having a stable polarization state; -18- second media regions, adjacent
the first media regions, comprising ferroelectric media having a rewritable
polarization state. 20. The data storage media of Claim 19 wherein the
first media regions comprise servo control position data.
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PROBE-SCANNED FERROELECTRIC MEDIA


WITH IMPRINTED REGIONS


FIELD OF THE INVENTION



The present invention relates generally to ferroelectric data storage media scanned by probes, and more particularly but not by limitation to reading of servo marks for use in probe position servo control circuitry.


BACKGROUND OF THE INVENTION


In data storage drives, user data is stored on tracks of storage media. A transducer or probe is positioned to move along a track to write and read user data on the storage media. In addition to the user data, position data is also provided on the storage media. 


The position data can include servo marks that, when read, generally indicates position coordinates (e.g., X, Y coordinates, or track number, cylinder number, sector number) of the transducer or probe relative to the media surface. Position data can also include preambles that indicate local alignment between a track and the transducer or probe. A wide variety of formats for servo marks and preambles are known. With areal densities available in conventional magnetic storage drives, lithographic techniques (which include deposits of radiation sensitive layers), have adequate resolution to effectively define servo marks on the magnetic media.


 The data storage drive includes a servo system (feedback system) that positions the transducer or probe over a selected track based on feedback of the position data. The servo system typically has a “seek mode” that moves the transducer or probe from one track to another track based on reading servo marks. The servo system also typically has a “tracking mode” in which the transducer or probe is precisely aligned with a selected track based reading on preamble data.


At the time of manufacture of a magnetic data storage drive, the servo marks are positioned on the storage media. During operational use of the data storage drive, the servo marks are read by the transducer or probe, but there is typically no need to erase and rewrite servo data during operation. The position of conventional magnetic servo sector data on the media is therefore stable and does not creep significantly during the operational life of the data storage drive.


There is a desire to increase the storage capacity of data storage media and also a desire to reduce the size and weight of data storage media on new designs. This leads to a need for increased areal density for the data storage media that can’t be met with conventional storage technologies. 


Scanning probe storage based on ferroelectric media (FeProbe) can be used to provide the increased areal density. There are, however, new problems that arise with the increased areal density and with FeProbe itself that are not present in earlier storage devices. 


In particular, there is a desire to increase areal densities to a level where servo marks have length scales on the order of only several tens of nanometers. It is not practical to define servo marks at this small length scale using conventional lithographic capabilities, and other methods must be found to provide servo marks. 


Servo marks (or other position data) can be polarized on the ferroelectric memory itself at this small length scale, however, the characteristics of FeProbe do not permit stable positioning of servo sector data. When data is read from FeProbe with a probe, the conventional process of reading the data inherently erases (removes) the data from the FeProbe. An electronic circuit that provides the read operation of FeProbe data must follow up and automatically provide a subsequent write operation of the same FeProbe data in order to avoid loss of the data on the ferroelectric media. This is not an insurmountable problem for user data. With position data (e.g., servo marks), however, the repeated reading and automatic rewriting of position marks will inevitably lead to creep of the positions of the position marks and loss of accurate position information. This instability or loss of accurate position information limits the useful life of the FeProbe device. Adjacent FeProbe tracks with user data will become misaligned due to position creep of position data. User data tracks will eventually overwrite or interfere with one another.


A method and apparatus are needed to provide FeProbe with position data that has locations on the ferroelectric media that are adequately stable. There is a desire to provide position data that can be conveniently read with the same probe and electronics that are used to read user data. There is also a desire to provide position data that can’t be erased by the probe and electronics used to read user data, and which provides an electronic signal as similar as possible to the user data. Aspects of the present invention provide solutions to these and other problems, and offer other advantages over the prior art.

SUMMARY OF THE INVENTION



Disclosed is an apparatus and a method that comprises providing ferroelectric media. The ferroelectric media includes a media surface that is scannable by a contact. The contact provides a read signal.


 
The method comprises writing a polarization pattern representing position data in first regions of the media surface. The method comprises selectively exposing the first regions to an energy source. The exposing provides an imprint to the polarization pattern that prevents subsequent erasure by the read signal.



In one aspect, the selective exposing comprises provision of an imprint to substantially all of the media surface, and then selective removal of the imprint with a controlled energy source to remove the imprint from media surfaces other than the first regions.



In another aspect, the selective exposing comprises scanning the media surface with a controllable energy source. The controllable energy source applies a higher energy level to the first regions to provide the imprint, and the energy source applies a lower energy level that does not imprint to regions other than the first regions.



Other features and benefits that characterize aspects of the present invention will be apparent upon reading the following detailed description and review of the associated drawings.


BRIEF DESCRIPTION OF THE DRAWINGS



FIGS. 1A, 1B, 1C illustrate exemplary probe-scanned ferroelectric data storage drives.


FIG. 2 illustrates a surface of ferroelectric storage media that is accessed by scanning motion of a contact.


FIG. 3 illustrates a hysteresis loop of polarization of a ferroelectric material that is not imprinted.


FIG. 4A illustrates a typical hysteresis loop of polarization of a ferroelectric material that is partially imprinted. 


FIG. 4B illustrates a typical hysteresis loop of polarization of a ferroelectric material that is severely imprinted.


FIG. 5 shows a read voltage shift of hysteresis as a function of time.


FIG. 6 illustrates a method of providing ferroelectric media that includes imprinted regions.


FIG. 7 illustrates one exemplary method of performing process 610 in FIG. 6.


FIG. 8 illustrates an alternative exemplary process of performing process 610 in FIG. 6.


FIGS. 9-15 illustrate examples of methods of applying energy to ferroelectric media.


DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS



In the aspects described below, probe scanned ferroelectric media is provided with position information recorded in first regions (e.g., servo sectors) that are then selectively imprinted. The selective imprinting makes the first regions resistant to erasure. The first regions can be read many times without the need to rewrite the first regions. The location of the position information is fixed on the media and there is no risk of the position creeping over time due to rewriting. 


 
Imprinting is a defect or performance limitation in ferroelectric capacitors such as lead zirconate titanate (PZT) capacitors or Strontium Bismuth Tantalate (SBT) capacitors. As described below, the advantageous use of imprinting failure mechanism is used in probe-scanned ferroelectric data storage drives such as the drive 10 described below in connection with FIG. 1A.


FIG. 1A illustrates an exemplary ferroelectric data storage (FeRAM) drive 10 in which aspects of the invention are useful. The drive 10 comprises a ferroelectric storage medium 16 with a scannable surface 12. An array of probes 14 contact the scannable surface 12 and communicate data to and from the scannable surface 12. Microactuators such as microactuator 20 provide relative scanning motion between the scannable surface 12 and the probes 14. Electrical connector 18 provides connections between the drive 10 and a host computer system. 


FIGS. 1B-1C illustrate an array 100 of sensing contact probes 102, 104, 106, 108, 110, 112 that are formed in cavities of a substrate 114. FIG. 1B illustrates a top (plan) view of the array 100, and FIG. 1C illustrates a front cross-sectional view taken along line 1C-1C in FIG. 1B.


The substrate 114 provides a common probe support for the sensing contact probes 102, 104, 106, 108, 110, 112. Substrate 114 is only partially shown in FIGS. 1B, 1C and can extend to support a larger number of sensing contact probes that are not illustrated in FIGS. 1B, 1C. The sensing contact probes 102, 104, 106, 108, 110, 112 are preferably arranged in a regular rectangular array, as illustrated, or in oblique alignments. The substrate 114 is movable relative to a surface 116 (FIG. 1C) along X and Y axes to provide scanning of the surface 116 by the sensing contact probes 102, 104, 106, 108, 110, 112. The controlled spacing Z is typically selected to provide a desired force preload magnitude between the surface 116 and each of the sensing contact probes. The preload force deflects the sensing contact probes 102, 104, 106, 108, 110, 112 so that the sensing contact probes 102, 104, 106, 108, 110, 112 preferably function as springs. Relative motion between the substrate 114 and the surface 116 can be effected by motion of the substrate 114, motion of the surface 116, or motion of both the substrate 114 and the surface 116. 


Substrate 114 and surface 116 are illustrated as flat elements in FIGS. 1B-1C, however, the substrate 114 and the surface 116 can have other shapes such as round cylindrical shapes. The surface 116 comprises a surface of a ferroelectric memory that is accessed by the probes 102, 104, 106, 108, 110, 112. Relative motion between the substrate 114 and the surface 116 can be any suitable scanning motion such as random access scanning, raster scanning, or other known surface scanning motions or patterns. With the use of multiple probes, a large number of bits of data can be written or read simultaneously (in parallel) to provide high speed access.


 Exemplary conductor leads 118, 120, 122 run over a top surface 115 of the substrate 114 to carry information to and from the sensing contact probes 108, 110, 112. The conductor leads 118, 120, 122 couple to electronic circuitry (not illustrated) that can be located on the substrate surface 115 or elsewhere. 


An exemplary sensing contact probe such as sensing contact probe 110 comprises a beam support 124 (a portion of the substrate 114) and a probe 126. The probe 126 comprises a bent beam body 128 extending from the beam support 124 to a contact face 130 spaced apart from the beam support 124. The aspects illustrated in FIGS. 1A, 1B, 1C are illustrative, and other known probe and data storage scanning arrangements can also be used as well. The ferroelectric media surface 116 is described in more detail below in connection with an example illustrated in FIG. 2.


FIG. 2 illustrates a surface of ferroelectric storage media 202 that is accessible by scanning motion of a tip 200 of a probe (such as probe 110 in FIGS. 1B, 1C). In this example, the surface 202 is movable by a first microactuator to move parallel to an axis 204 at least between a substrate motion limit line 206 and substrate motion limit line 208. The movement of the surface 202 aligns the probe with a selected track 210. The contact 200 is movable by a second microactuator to move parallel to an axis 212 at least between probe motion limit line 214 and probe motion limit line 216. The movement of the probe 200 aligns the probe 200 to travel along and scan data on a selected track such as track 210.


The storage media 202 includes second media regions 230 that comprise ferroelectric media having a rewritable polarization state. The second media regions 230 are indicated by a stippled appearance in FIG. 2. User data is stored in the second media regions 230. The second media regions 230 do not have a significant imprint.


The storage media 200 includes first media regions 234. The first media regions 234 are adjacent the second media regions 230. The first media regions 234 comprise imprinted ferroelectric media having a stable polarization state. The first media regions 234 are imprinted with position information, also called servo information. The polarization of the first regions 234 is made stable at the time of manufacture of the storage drive. The polarization of the first regions 234 is not erasable during normal storage drive operation. The first regions 234 have stable locations relative to the adjacent rewritable second media regions 230. The imprinted servo information read from the first regions 234 has a stable position relationship to a storage media 200. There is no risk of position creep of the servo data imprinted in first media regions 234. The imprinted ferroelectric media is preferably arranged in tracks as illustrated. The tracks have a track width 232 that is in the range of several tens of nanometers. The track width 232 is too narrow to be practically defined by lithographic patterning methods in which light sensitive layers are deposited on substrate surfaces, exposed and developed. The track width is defined by a process of ferroelectric imprinting with stable polarization. This imprinting process has adequate resolution to define such narrow tracks, and does not rely on lithographic methods. The process of imprinting with stable polarization includes exposing the first regions 234 to both energy and servo data patterns, and is described in more detail below in connection with FIGS. 3, 4.


FIG. 3 illustrates a typical hysteresis loop 300 of polarization of a ferroelectric material that is not imprinted. A horizontal axis 302 represents write voltage and a vertical axis 304 represents polarization. The range 312 of write voltages illustrated in FIG. 3 is a range of voltages suitable for writing data patterns. The range 312 of write voltages illustrated in FIG. 3 is less than needed to cause imprinting of the ferroelectric material. The exact shape of the hysteresis loop 300 varies depending on the particular ferroelectric material used. The hysteresis loop 300 has a range of read states 306 (at zero applied voltage) that ranges from a positive read state 308 to a negative read state 310. The read state can be changed to either a positive or negative read state by application of the appropriate write waveforms, and the ferroelectric material is thus a rewritable storage element useful for storing user data.


FIG. 4A illustrates a typical hysteresis loop of polarization of a ferroelectric material that is partially imprinted. A horizontal axis 402 represents write voltage and a vertical axis 404 represents polarization. The range 412 of write voltages illustrated in FIG. 4A is a range of voltages suitable for writing data patterns. The range 412 of write voltages illustrated in FIG. 4A is less than needed to cause electrical imprinting of the ferroelectric material. The exact shape of the hysteresis loop 400 varies depending on the particular ferroelectric material used and the imprinting process parameters. The hysteresis loop 400 has a range 405 of positive and negative polarity read state 407, 409 (at zero applied write voltage). The polarity is not stable over the range 406 of read voltage waveforms. The read polarity state is not permanently negative and can be changed by application of read waveforms, and the partially imprinted ferroelectric material is thus a storage element that is not permanent with respect to read voltage waveforms.


FIG. 4B illustrates a typical hysteresis loop 400 of polarization of a ferroelectric material that is severely imprinted. A horizontal axis 402 represents write voltage and a vertical axis 404 represents polarization. The range 412 of write voltages illustrated in FIG. 4B is a range of voltages suitable for writing data patterns. The range 412 of write voltages illustrated in FIG. 4B is less than needed to cause electrical imprinting of the ferroelectric material. The exact shape of the hysteresis loop 400 varies depending on the particular ferroelectric material used and the imprinting process parameters. The hysteresis loop 400 has a stable single polarity state 410 (at zero applied write voltage). 


During the read operation the polarization state is temporarily switched from the stable negative polarization state to the unstable positive polarization state. This transition produces the sensed switching current due to the polarization reversal, just as for data bits. Immediately after the removal of the read voltage the polarization state spontaneously resets to the stable, negative, polarization state, so that a reset operation is not required for the imprinted servo mark.


 The severely imprinted ferroelectric material is thus a storage element that is permanent with respect to read voltage waveforms, and is useful for formatting ferroelectric media with position information such as track numbers and the like that cannot be erased by the read waveform.


Imprinting as shown in FIGS. 3, 4A, 4B is known from portions of: “Imprint: An Important Failure Mechanism of Ferroelectric Thin Films in View of Memory Applications,” Michael Grossmann, 2001. Read and write voltage waveforms for probe scanned ferroelectric media are known. FIGS. 3, 4A, 4B show hysteresis measurements of a 150 um PZT thin film before (FIG. 3), partially imprinted (FIG. 4A) and severely imprinted (FIG. 4B) imprinting by the application of energy. The energy can be, for example, in the form of ultraviolet (UV) radiation, application of pulsed voltages that are higher than the read voltage waveforms, or application of heat. 2001. Read and write voltage waveforms for probe scanned ferroelectric media are known.


FIG. 5 shows a graph of the comparative shift of hysteresis as a function of time for a first sample that is exposed to UV radiation and a second sample that is not exposed to UV radiation at room temperature. A vertical axis 502 represents the voltage shift away from an initial voltage value of Vc,shift = (1/2)(Vc+ + Vc-). A horizontal axis 504 represents elapsed time after polarization of the samples at time t=0. The horizontal axis 504 is a logarithmic axis.


In the case of UV irradiated sample, the voltage shifts much faster than the voltage shift of the non-irradiated sample. FIG. 5 shows that writing servo marks and then using UV‑light to accelerate the imprint forms viable permanent servo marks in a localized area. The samples are tested at widely spaced time intervals to minimize error in drift due to testing.


The results for the UV-irradiated sample shows that, with radiation high enough to induce imprinting, the hysteresis loops shifts rapidly and the material becomes imprinted. If this drift continues long enough, the "average read state" shifts far enough so that the read state is a single stable polarity. 


FIG. 6 illustrates a method of providing ferroelectric media that includes imprinted regions. The method begins at process 602 in which ferroelectric media is provided. The ferroelectric media includes a media surface that is scannable by a contact that provides a read signal. After completion of process 603, processing continues along line 604 to process 606.


At process 606, a polarization pattern is written in first regions (e.g., servo mark regions) of the media surface. The polarization patterns represent position data in the first regions of the media surface. After completion of process 606, processing continues along line 608 to process 610.


At process 610, the first regions are selectively exposed to an energy source that provides an imprint to the polarization pattern. The imprint prevents subsequent erasure of the polarization pattern by the read signal. After completion of process 610, processing continues along line 612 to process 614. Exemplary methods of exposing ferroelectric media to energy sources are described below in connection with FIGS. 7-15.


At process 614, the imprinted ferroelectric media is assembled into a data storage device that includes scanning contacts that contact the media surface.


In FIG. 7, processing begins at process 702 where an imprint is provided to substantially all of the ferroelectric media surface. After completion of process 702, processing continues along line 704 to process 706.


At process 706, energy is applied to the media surface with a controlled energy source to remove the imprint from media regions other than the first regions. Imprint removal is accomplished by applying energy from an energy source while the voltage applied to the media is a decaying sine wave that bring the polarization of the media to a near zero state. The energy source is then removed, and the media regions other than the first regions have the imprinting removed, leaving only the first regions imprinted.


FIG. 8 illustrates an alternative exemplary process of performing process 610 in FIG. 6. In FIG. 8, processing begins at process 802 with application of energy to the media surface. During the application of energy to the media surface, processing continues along line 804 to process 806. Process 806 selectively controls the application of energy such that a higher energy level is applied to first regions, and a lower energy level (typically a zero level) is applied to media regions other than the first regions.


FIGS. 9-15 illustrate examples of methods of applying energy to ferroelectric media 902 on substrate 904. FIG. 9 illustrates use of a UV source 906 to illuminate the media 902 with UV radiation 908. FIG. 10 illustrates the use of a contact mask 910 so that UV radiation 908 is selectively blocked from some regions of media 902 while other regions of media 902 are exposed. Mask 910 is a film layer that is separate from the media 902. Mask 910 is not a deposit on media 902. FIG. 11 illustrates a scanning UV beam source 912 that provides a UV beam 914 that moves with a scanning motion over the surface of the media 902. UV beam source 912 is turned on and off while scanning to selectively expose certain regions. Such UV scanning is preferably done in a vacuum to enhance directionality of the beam 914.


FIG. 12 illustrates application of a voltage pulse source 918 to the media 902 through a scanning probe 920 that has a scanning motion 922. The voltage pulse source 918 is selectively controlled to expose certain regions of the media 902 to the voltage pulse source 918. The voltage pulse source 918 provides voltage pulses that are higher than the read and write voltage ranges, and high enough to provide imprinting with repeated application. The voltage pulses selected depends on the media material properties and the thickness of the media layer. FIG. 13 illustrates application of a voltage pulse source 926 to media 902 by contact with a metal plate 928.


FIG. 14 illustrates a heat source 930 providing heat radiation 932 to media 902. The heat source 930 can comprise a laser heater or other known heat source. FIG. 15 illustrates a heat beam source 940 that provides a heating beam 942 with a scanning motion 946. The heat beam source can be any collimated light source, such as a laser, that delivers a heating energy beam with sufficient intensity to induce imprinting, or alternatively, to remove imprinting.


In a probe storage device employing an erase readback of a ferroelectric media, permanent (non‑erasable) servo marks (reference marks) are provided for tracking. In magnetic hard drives, the permanent servo marks are written once in the same way the data is written on the magnetic storage layer and never overwritten (erased). In the case of the magnetic hard drive, the readback is non‑erase, and the servo marks can be read back without changing them. In a ferroelectric storage device, the readback of data is destructive and the data needs to be rewritten after the data is read. A different way of creating permanent servo marks is needed for ferroelectric media. Permanent servo marks are needed for ferroelectric media. Such permanent servo marks preferably provide the same signal magnitude and shape as the data readback so that the servo marks and the data can be processed by a common read channel. This permits use of the permanent servo marks to adjust the amplification gain (automatic gain control or AGC) while reading back the permanent servo marks. The permanent servo marks preferably have a size that is on the order of the bit length of the data words. In case of a high‑density storage device servo marks would ideally have length scales of the order of several 10's of nanometers. This requirement excludes any solution that involves lithography.


A probe head writes the servo marks into a designated area of the ferroelectric storage media and subsequently induce strong imprint in this area. The imprint is strong enough so that the ferroelectric media has only one stable polarization direction. It is known from research in the field of FRAM that heat, UV light or repeated voltage pulsing increases imprint. After writing in the servo marks designated areas, these areas could be locally heated, irradiated with UV light or multiple writing (voltage pulsing) of the servo marks would lead to a stable bit pattern that can not be changed any more with a standard readback waveform. If an erase readback waveform is applied to imprinted areas, the polarization would flip in accordance to the applied erase readback waveform, but immediately after the electric field is removed, due to the strong imprint, the polarization flips back into its imprinted polarization direction.


A probe storage device based on ferroelectric thin films uses one or more small, electrically conducting contacts as movable top electrodes to store binary information in spatially localized domains. Detecting the stray field generated from differently polarized domains (as it is done in magnetic hard disks) cannot be employed as readout mechanism because free electrical charges are going to screen the stray field. One possible readout mechanism would be an erase readback, where a biased probe head in contact with the media would be used to re‑polarize the media and record the displacement current that is flowing to the probe head while uniformly repolarizing the media.


In order to find a block of data on the probe storage device there will be multiple ways to determine the position of the probe head relatively to the stored data. First there will be erasable servo marks that will be written at the beginning of every data track and erased while readback. These will ensure that the tip is moved to the center of the track, and will be rewritten with the data. Secondly capacitive sensors will be used to get "close" to the track position. A major disadvantage of capacitive sensors is that they are drifting over time. The drift of the capacitive sensors makes permanent servo marks on the media highly desirable for calibrating the capacitive sensors.



It is to be understood that even though numerous characteristics and advantages of various aspects of the invention have been set forth in the foregoing description, together with details of the structure and function of various aspects of the invention, this disclosure is illustrative only, and changes may be made in detail, especially in matters of structure and arrangement of parts within the principles of the present invention to the full extent indicated by the broad general meaning of the terms in which the appended claims are expressed. For example, the particular elements may vary depending on the particular application for the probe scanned ferroelectric media system while maintaining substantially the same functionality without departing from the scope and spirit of the present invention. In addition, although the preferred aspect described herein is directed to flat media surfaces for scanning, it will be appreciated by those skilled in the art that the teachings of the present invention can be applied to other scanned surface shapes, without departing from the scope and spirit of the present invention.


WHAT IS CLAIMED IS:


1. A method comprising:


providing ferroelectric media that includes a media surface that is scannable by a contact that provides a read signal;


 writing a polarization pattern representing position data in first regions of the media surface; and


selectively exposing the first regions to an energy source that provides an imprint to the polarization pattern.


2. The method of Claim 1 wherein the imprint prevents subsequent erasure by the read signal.


3. The method of Claim 1, comprising:


selecting the energy source from the group of imprinting sources comprising: a voltage source, a heat source, an ultraviolet radiation source.


4. The method of Claim 1 wherein the selective exposing comprises:


providing the imprint to substantially all of the media surface and then scanning with a controlled energy source to remove the imprint from media surfaces other than the first regions.


5. The method of Claim 1 wherein the selective exposing comprises:


scanning the media surface with a controllable energy source, the controllable energy source applying a higher energy level to the first regions to provide the imprint, and the energy source applying a lower energy level that does not imprint to regions other than the first regions.


6. The method of Claim 1, comprising: 


including track number data in the first regions; and


using the track number data for seek control of a position of the probe.


7. The method of Claim 1, comprising: 


using the position data in first regions for adjusting automatic gain control of a read channel connected to the probe.


8. The method of Claim 1, comprising: 


writing an erasable data polarization pattern including user data in non-imprinted regions of the media surface, the data polarization pattern including erasable preambles.


9. The method of Claim 8, comprising: 


using the erasable preambles for tracking control of a position of the probe.


10. The method of Claim 8, comprising:


using the erasable preambles for automatic gain control adjustment of a read channel connected to the probe.


11. A data storage device, comprising:


ferroelectric media that includes a media surface that is scannable by a contact;


a polarization pattern representing position data that is written in first regions of the media surface; and


an imprint to the polarization pattern in the first regions.


12. The data storage device of Claim 11 wherein the imprint prevents erasure of the polarization pattern by the read signal.


13. The data storage device of Claim 11 wherein the imprint is selected from the group of: a voltage imprint, a heat imprint, an ultraviolet radiation imprint.


14. The data storage device of Claim 11, wherein the first regions include track number data for seek control of a position of the contact.


15. The data storage device of Claim 11, wherein the position data in first regions adjusts automatic gain control of a read channel connected to the contact.


16. The data storage device of Claim 11, comprising: 


erasable data polarization pattern including user data written in non-imprinted regions of the media surface, the erasable data polarization pattern including erasable preambles.


17. The data storage device of Claim 16 wherein the erasable preambles control tracking of a position of the probe.


18. The data storage device of Claim 16, comprising:


a read channel connected to the probe and including an automatic gain control, and 


the erasable preambles adjusting the automatic gain control.


19. Data storage media, comprising:


first media regions comprising imprinted ferroelectric media having a stable polarization state;


second media regions, adjacent the first media regions, comprising ferroelectric media having a rewritable polarization state.


20. The data storage media of Claim 19 wherein the first media regions comprise servo control position data.


PROBE-SCANNED FERROELECTRIC MEDIA


WITH IMPRINTED REGIONS


ABSTRACT OF THE DISCLOSURE



 Ferroelectric media includes a media surface that is scannable by a contact. The contact provides a read signal. A polarization pattern is written in first regions of the media surface. The polarization pattern represents position data. The first regions are selectively exposed to an energy source. The exposing provides an imprint to the polarization pattern that prevents subsequent erasure by the read signal.


FIGURE 6
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