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'METHOD AND APPARATUS FOR NAGNETIC RECORDI NG USI NG AN
| NDUCED PLASO®SM2ZBEHARGE FI ELD OF THEPCMUSAWIRY 5
The present invention is dlrected nerall net hod and appar at us

for magnetically rech@Tﬂ@DlﬁﬁBrﬁﬁ? TUS FY &P§§§§§ﬁQQxﬂﬂ RIING et hod and
apparat us for nagnetlcalIyUSINGrQEOFHPHSEPn? Ean i nduced

pl asma di schar ge. 10 D_OF THE | NVENTI ON

A comon techni que for record|n§ﬁq%QHQEu?§ﬁl¥¥VEQFION i npart a nmagnetic

flux onto @ magnetithd apeegend Skn{iéﬁﬂhah is diStdtedn gditdtictiyeto a
magnetic head. The magnetic |ncl¥ﬂfs a magnetic, core either

for guiding a“@ﬁﬁ@@nﬁpgtéBpigatﬂﬁgﬁ%Fl%ag?%ﬁ%F dingy briermatyon
i nformation Oranfaorspeufléamyngo(aeﬁétmga i Wﬂ@s f X r@eigﬁaelesmyded

medi a. The magnetic head will typically include a wi nding f
generating t h&SCOFEEMT AP Rficn ¥§ing g0 induced Pﬁa§%§|3h§ﬁ§a§ge-

magneti c head, there are a nunber of 20 design considerations. First, the
magneti ¢ head shoul d be capable of recording information on as snall a

track w dtth as possi bl e. PACKFRPUNR 9pprEEi ANYENTIRY size of the track

is indirectly rel atpedcémmbhe toerpdqudl HbE s refcordigigraih fdrmatibhati £apocbe
recorded on a storage nedium Thus, the size 25 of the magnetic head,is -

directly rel at®®3rs hB2ERRBLF HHUX OntR (& NEINeHis HaRPT Skafmedia)
recorded by theifRONghi CinducPead. mesdEct hadmgnet raehergdgsbeukd Rehd

suffer from domain limtations that can limt the mninmumtrack w dth.
Third, the na@ﬁé"théeﬁeadm§H86Félch§953aelléF‘&trl FOry IGRiRY xicpnfFerbiatedd

noi se | eve . ﬂé'th!é fiEQd”@anbbﬁrBeq@nd/orSb&la's(é) heyfoeiationel ¥r for
I nexpensi ve reliab neti ¢ head should therefore be

easy to nanufé@PﬁPBgaﬁHeadlnﬁéthﬁ @éH@FgPFyf &% Odstthe reppF dredia-
used such as The phaghBHNE (He%@nﬂlllkQ:ﬁﬁrdlelyanﬂnémﬁdéCtd VRiGEiaK CSoare
35 not |low cost when traditionally consjdere There is a need
for a magneti §eP&EGtdNEy theaFotssairated mﬁgq%gkﬁ fift % | arge nunber of

bits of informati oln deésigning a magnetic head, there are a number of
20 design considerations. First, the magnetic head should be
capable of recording information on as small a track width
as possible. As will be appreciated, the size of the track
is indirectly related to the number of bits of information
that can be recorded on a storage medium. Thus, the size
25 of the magnetic head is directly related to the number of
bits of information that can be recorded by the magnetic
head. Second, the magnetic head should not suffer from
domain limitations that can limit the minimum track width.
Third, the magnetic head should have a relatively low
30 signal loss and noise level. Finally, the magnetic head
should be relatively inexpensive and reliable. The
magnetic head should therefore be easy to manufacture and
have a generally low cost. {The materials used such as
platinum, diamond-like carbon and conductive ceramics are

35 not low cost when traditionally considered.)
There is a need for a magnetic recording head capable
of recording a large number of bits of information. A
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2 related need is for a small recording head and/or a recordi ng

head t ha ﬁg@mkqgord and/or wite information on a reﬁ Aﬁ@»ﬁﬁﬁﬁﬁ||
track w dth. There is a need for a recording head having a 5
relatively |l ow signal |oss and noise | evel. Finally, there is a
need for a relatively inexpensive and reliable recording head.

Rel at ed needelatedf ohead is IO @i ngmhead +Babrisngasyes@ BAWSGEt W €.
10 THE | NVENTI ON hese and ot her

. SUMVARY OF T .
needs are afBFREdERTpjertetiatoFaRngecordnand/er vrdtsr éadmrmatiam ivh. The

recordi ng hgadelBelivdey smalli traexekgett cal discharge device for
generating an el ectric discharge and (ii) a biasing device (e.g., a 15
n

signal generator JPPRCel &8t rRcaPeRBntERY R t FeIRFBngt Mead havifiGclar ge

devi ce bor beastigelhelelestiphadl 1dissChdidURoise d@wede to generate the
electric discharge. The magnetjc field fromthe electric discharge
i nduces a magnetfiRfii¥% thexe LsracBeBfngoredi ARL284¥RLYs inexpensdveli sk.

20 Thgndel:agl1dspd deTohaied JR¥AES CaRePEted F}?é;'é'dé)f are $paced

apart conductors connectgd to the biasing device. Conductors” refer to
any conductF§EChA1BEpBrRENENEEI ¥& easyndPemeaniaptairgesi gn of the
conductors is such to reduce capaci tive coupling between the conductor -

traces_to a 25 mninmm Gap acing between_ the conductors ranges from
about ibto .1 microns. This,® &r OF {He ANKBNRLONpon t he curf ent

capabi | i ties of thébegaaphbtheeChictieare Th@ifdsed by dhh geperdinyg
represents the.,snallest track width qn the storage nedi um for whi'ch the

head can rRWY B (POPIRFRAOVRREAGR. Thenkecesrdmg: brad ppepedssl y
have a |ow) aresdEdaeiecand dREher FONAUGHIE FRTAMGEeHeTUEA RS apdi um
oxi de and rgi@gg}gg1o ﬂéghaJGéﬂ1ag%!tkgg)t%fpggggggg qgégigé {e.g., a

15 signal generator) in electrical contact with the electriéal
discharge device for biasing the electrical discharge
device to generate the electric discharge. The magnetic
field from the electric discharge induces a magnetic flux
in a recording medium, such as a tape or disk.

20 The electrical discharge device can be a pair of
spaced apart conductors connected to the biasing device.
"Conductors" refer to any conductive or superconductive
material. The design of the conductors is such to reduce
capacitive coupling between the conductor traces to a

25 minimum. Gap spacing between the conductors ranges from
about 1 to .1 microns. This, however, is dependent upon the
current capabilities of lithographic techniques. The gap
width generally represents the smallest track width on the
storage medium for which the head can record bits of

30 information. The conductors preferably have a low
resistance and may be conductive ceramics such as indium
oxide and ruthenium oxide, high melting temperature metals,
such as platinum, iridium and tantalum or alloys,
composites or amalgams of materials that exhibit properties

35 suited for arcing.



such,as pJati.;num .iridiumand tantalum or alloys, conposites or
amal gans of materials that exhibit properties 35 suited for arcing.
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3. The bi asi ng device can be signal generator or other

vol tage source providing a bipolar waveforn3. As wll be appr eci at ed,
t he bi pol ar waveform permts the direction of the el ectric discharge

to be varied to for&headiasing |deakce 5capf bedififang hgoenerahost ognswther

(i.e., flux ' I Ny r is or, :
recordi ng head\r’§¥?é§% asg)c'rllldtf erp%cfvb% e@tlgg lglE)"l%traav:;mtfaogrené' re_flgt iw}_gqt obe
conventi onal nappeetitatedortheigoipolahewdveiThr pepmpéswede digdesiriduetaf s
can be relativ, E1:r3g=1£| : :%F-y | LoRLEL.C i.ncr

track dengﬂll%{y&?%cn gr e%liste%healr ort%a?) :Qog"a?tg' g?aglej gg%gnc?'ta 5’%" )éggn@paﬂg‘?&
to that fof comfendiffierihgaderightabéansdodd .eety sdflhr reverfsadm)donim

limtations. Tﬁfopﬁggi§ﬁnsgg¥§gé relatively | ow signal | oss and noi se
| evel through the®tse of | 3w fesistivity conductive or

super conducti ve nat®heal seconding headr offerse a elmawtbere ofi spoedregdial
B h : - . . ‘ -
0Tt U Biflcaonsopii B S e EiRRE ESing

current can have a relativ sign,
conpared to comeadsiondlhehezais, batdeennthe eagiducticor2Ccamebef aellartd viellan - -

conventi opal h I & ead . . l.ess_ expensi,ve _an
have a hi gﬁer e%?Jéé ??‘eQE%??gﬁda .}c#‘lﬁ@ hés%gg&%‘ée%r?t%ﬁ:&#all!h(gﬁg%.seq’h' &
el i m nat es derssi ttyul tarpl eyneiaigirndefamtatébnr atangoet cappaihy) ocompatred
gui des, of co | opal-_he d el i m,nat e i

| oss and " pol QEICFP%hggakagaglggxe%f%gg%éerll’t%%oransdl rqr[gahlg%%‘g; d é;s %ngg ﬁettrhe
witing currefrom fpmgip limidatiorsi.ectThbst herd diagchwrye)aareflhéiseldfvace

O he storageoy sTBAYMIoss and aHiGd eERLON NIRIRAGCAL NGNS R 1oy
y Insulating substrateée supporting the spaced

15 resistivity conductive or superconductive materials to
generate the electric discharge. Even rather high
coercivity materials can be written at modest current
levels. The head can have a relatively simple design,
compared to conventional heads, and can be easier to

20 manufacture than conventional heads. As a result, the head
can be less expensive and have a higher degree of
reliability than conventional heads. The head eliminates

the multiple windings and return magnetic path, or flux
guides, of conventional heads. The head can eliminate the

25 gap height loss and "pole tip" saturation of conventional
heads by placing the writing current (i.e., the
electrostatic discharge) at the surface of the storage

medium.

The recording head can include a dielectric or

30 electrically insulating substrate supporting the spaced-
apart conductors. The substrate forces the discharge to
occur at the surface of the media so that a sharp magnetic
transition might be written in the storage medium to record
bits of information. The substrate preferably has a

35 dielectric constant much greater than air.



apart conductors. The substrate forces the discharge to . occur at the
surface of the nedia so that a sharp nmagnetic transition m ght be

witten i rage nmediumto record bits of |nfo&Q§%5 The.
substrateg%égﬁgiagly has a 35 dielectric constant nuch ﬁwnﬁan air.
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4 The recording head can further include a dielectric or

electrically inSL#ﬁ%ifEbégﬁ ‘Hed@V%EEYEﬁQtﬁﬁﬁ §H@f§§eaQaﬁ%electrgenQQCtOrs

for guiding the ectri sc arge between ors and asSuring
t hat arci ng ekeeirigtaddy dnsalasindgemptegindcovenkying vidlem shacedndpertrs.

Qpposi ng porddidifctors £brtBE:GONGUERA LIVR DDA Y WidlEeay! phati On

for arcing to occur ectric constants of substrat e
and overlyi riepmdveters and gessuginghakhake areirgt rhakes plemwstatt of the

anbi ent gt pANGE (chtichl bthBehOLRE EBSaICtoR SOty 8,20 AL LRSS Of m

at the exposed ortlons conductors an ong the
| ength of tHeE ecéﬁ@@@ﬂﬁQ¥S are expesed &ﬂTHEﬂE#Qﬁ ahdqnatﬁnnoferare

adj acent t0 1he {PLGY G TeditHm qTheAREEE | @Anﬁagxg@sr aJe# Yene st H? tBat

di el ectric constant much greater than arr and 1Is F oM "t he
group consiaid ngvestlyimannaterbridare graﬁbﬁrndlhﬁrtrrtbe di ebentiricke

carbon, L1 adidiale $aMene annseREustAsebASES ALS ol s andatal upge and.

COITpOSI tes t her eof he r at Ion O er ecor
head ofl® he SRCHFIG Mt Scharsei bn LATRUESS thee exposedopor ions| @t theal | y

bi asi ng t he ERAREG HPAT tarkPNHYEt Oéﬁsxmaré vs)iér?gge tth% Piefgtn B2 e&ﬁf;”' ¢

di scharge between the conductors and (i1) apply netlc freld to
t he recordlﬁ?qﬁﬂﬁﬁﬂﬁ%Menﬂﬂﬁaexpo%ﬂ%cpﬁr§lan§cmﬁxﬁhgaggeﬁum@gnﬁwarhe

conductors. RBacent tWehedids I%Ph_eh%ﬁ%q%h'”%%énﬂ éE}fo*§§é¥§¥5?l§he

electrically biasing step can rther steps
first biasi ®#she §bé@@@ﬁﬁkﬂtc@@ﬁ§@%tOM§QMtgr%ﬁter bt i akr valndages t o

form a {g r stsMRONEdd C fiidal dthaVi BYo8p consisting of alumina oxide,

alumina nitride, diamond 1like carbon, traditional semi-

conductor based dielectrics and mixtures and composites

thereof.

The method of operation of the recording head of the

20 present invention includes the steps of: (i) electrically

biasing the spaced apart conductors with a voltage to pass

an electric discharge between the conductors and (ii)

applying a magnetié field to the recording medium when the
electric discharge passes between the conductors.

25 When different bits of information are stored, the

electrically biasing step can include the further substeps

of: (a) first biasing the spaced apart conductors with a

positive voltage to form a first magnetic field having a

first orientation and (b) second biasing the spaced apart

30 conductors with a 'negative voltage to form a second

magnetic field having a second orientation. The first

orientation differs from the second orientation.



first orientation and (b) second biasing the spaced apart 30 conductors
‘wWth a negative voltage to form a second magnetic field having a
second or i e 98/09274 The first orientation differs frone@HesSyasasd )
ori entation. WO 98/ 09274
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DESCRI PTI ON OF THE DRAW NGS 1 depicts the recordi ng head of
the present |nventlanR%ﬁEuPHﬁﬁﬁﬂEEJ@@C@FdTEEtHRBWI§G§agnet|c di sk;

Fig. 2is aplan Vrﬁ\é’ of 1 t Rip iR ditAG NEadoPA1 HEE hend r%%orgheg ﬁeé‘éieﬁ’{

Fig. 1, Filg” 3 |s a‘front view of the récording hea g
1; FigvengAoctepedng Hsed &eot mescadid drigOha m%hzec disEpposi ng

conductors of the gggordj ngshga k 1 [
el ectric discharge |% adzdl:rgs £ gl%fn ‘}%p%oglftghteherecfc?c%a!%%?gga o ?&e
Fig. 5A déplcrscardaggeheedfpélElgndaced by the el ectric dlscharge of

Fig. 4A Fug. 0 00 Ghtorft 'PROGILE LhE! HebBUUTRY BeddiBelSrig,

el ectric discharge 0 epl c magne
of differingl: orientations in a recordlng medi um Fig. 7A

depicts a side view gf 8GR q&rgoo?hnwecogrlfc dﬁsEﬁ%%@' njgeg@ggnhg%

Fig. 7B depicts Cross-s ctlona VI ew recor
Fig. 7A takenoapgngngu rend@BCcERrsf ofi §hegrecording hmiaf o oré:mctxs. a plan

view of ghe recording hegd of fpllgts 'azrg el#tf‘i"&i dischargefifl a9 dl%e%é_fllﬁ

vi ew of the recording head
DESCRI PTI ON OPPOSlteThéeréééﬁéﬁﬁgehéidFéH t Y&7present invention enpl oys

Coul onb’ s Law to rpegrd bit i ded 0LmBLLGRPRA ELEPRTI NPduced TSk, U lhe
recordi ng head causeg dlschafgg'of electr?cg c uee
electric discharge of Fig. 4A;

Fig. 5B depicts a magnetic field induced by the
15 electric discharge of Fig. 4B;
Fig. 6 depicts magnetic fluxes of differing
orientations in a recording medium;
Fig. 7A depicts a side view of a second embodiment of
a recording head;
20 Fig. 7B depicts a cross—-sectional view of the
recording head of Fig. 7A taken along line 7B~7B of Fig. 8;
Fig. 8 depicts a plan view of the recording head of
Fig. 7A; and
Fig. 9 is a front view of the recording head of Fig.
25 7A.
DETAILED DESCRIPTION
The recording head of the present invention employs
Coulomb’s Law to record bits of information on a recording
medium. The recording head causes discharge of electrical
30 current to occur between spaced-apart conductors, which
induces a magnetic field proportional to the intensity of
the current of a desired orientation in close proximity to
the recording medium. A magnetic “flux reversal” of the
desired orientation is thereby formed in the medium.



30 current to occur between spaced-apart conductors, which .induces a

magnetic field proportional to the intensity of the current of a
desired ogy Lon in close proximty to the recordin ' A .
magneti c W(thgéﬁr&y\zer sal" of the desired orientation i sg‘f(gﬁg%%&?%r med
in the nmedium WD 98/ 09274 6

PCT/ US97/ 15299 ' 6. ’ Fi gs. 1-3 t
depict a first e I mept 30f rgCcoy di orgi .presen
R e T e

i nvention. The recordi ng [ ~dielectric substra
supporting head spaeeddapdr ttcobieicPsesert amverst iwunt edhon mecordtalgle 5

arm 32. T cqrgdi & 16, i i ashRan e
medi um 36 dgﬁin(g ?eego?glcggag? iﬁ?lf o%rl?l}tlon ﬁt (;%%\é%rlatr{eﬁe %di%ﬁ?gégwgﬁ;he
suspensi on GRRIRAARRIND| Fehddchors 24 @nd/ el i bauntedclom caiesotatable

The di elgct r,g6, sygbstra 2 Shd h lSchar 0, remnt. .o

defi ned fegiéo]%} g"tlgﬁus ggu%%}%ﬁ?%ﬂ%ﬁgyi cf@ ng iéelll%ge?%élésg%?‘;ea rl?}Pgshi on
to wite aecarding medtwnc36 duningirecording olfe inditinmmtlfon oibbl e

not w shi ng b . d by ysﬁﬂﬁ .t Ls.beglie hat, the netic
field bé%r\%eeﬁetdﬁ'gnﬁggﬂ' anth e ne %{Jr%@é%rgégm?}ees ?’%g%“pg‘flsﬁ'\ﬁéi ng
parallel, spacehtdsmal taghhiques. having nearly equal currents
flowing inthe Sy dif erleon; WNELBSEREIRYIP Lorces Ehe didbidie of
dielectric substrate resenbles that of a very shmal'l" “current.

Accor di¥fyl y currend: r epgeh dffined poegion, ofthus foeusbggetthe fhagoetbcat ed

bet ween t he diQuey f%qﬁ: of th : a n ; upper a
mediumi s grflelat er 'fiﬁ{;m B t ﬁe ?tar%glr%g({;ﬁ g:foat ﬁ"eztlt[}gert Pagn So@g%e%n%gnee%?g
field | ocat &Fansitiipny hintl etbet mecliswbhs3 ¢ at e WhiHe diet ewishéngubsirlaée has

Sobren, SerSEhe ShGCLERergenst ol PLERANKITIS Witheis HhRLy" the
seni - conducPEEweEssttha ceeaddapdl fhei sedium 3@ cheagmiRipsohat of twoThe
conductyy S 24rand ed8 Migladarte! AdnRlitdYIN havidP! WdW IPPegaiyre to
accommodat e t he general I'y understood ] ;
currents flowing in the same direction while the magnetic
field in the dielectric substrate resembles that of a very
small current. Accordingly, the strength of the portion of
the magnetic field located between the lower surface of the
20 head and the upper surface of the medium is greater than
the strength of the portion of the magnetic field located
in the dielectric substrate. The dielectric substrate has
a relatively high dielectric constant, preferably more than
that of the ambient atmosphere. Suitable materials include
25 glass, traditional semi-conductor substrates and polyimides
such as kapton. .

The conductors 24 and 28 must have a relatively high
melting temperature to accommodate the generally understood
characteristics of current arcing and electric discharge

30 (i.e., preferably a melting temperature of at least about
1,5000 C), a high reluctance to the formation of insulating
oxides, and a relatively high conductivity. Suitable
conductive materials include conductive ceramics such as
indium oxide and ruthenium oxide, high melting temperature

35 metals, such as platinum, iridium and tantalum or alloys,



characteristi,cs of, current arcing and electric di scharge 30 (i.e.,
preferably a melting tenperature of at |east about 1,500[err] ©, a

hi gh rel uct swg9si9274 he formati on of insul ating oxi des, aRdTAIS97/15299
relatively high conductivity. Sui t abl e conductive materials include
conductive ceram cs such as I ndi um oxi d& and rut heni um oxi de, high
nmelting tenperature 35 netals, such as platinum iridiumand tantalum or

al | oys, compBs28kB92Y4amalgams of materials that exhibit properties
PCT/ US97/ 15299 ___. . 7 conposites or

amal gans of rratsélrlitglds ftcﬁataré:)?‘ﬁ’igbi t properties suited for arcing.

The gap spacing "g" Thet veean dgecicondtct obetRd4eandh28 conduateprsesaht sntth2s

data track width of th i u 6. . The.ga ing i esj t abl
relatively srraFFPFSSSBglsﬁgg E]ﬁgabltfac}c wplgttg"r é’;fg%%(?a%laeé‘l%tlg“ 3‘%' t h'ghﬁeaﬁﬁm
The gap Spacspgcingy is dewiofablgbl yehatihvedyt bmaldbdot op tiincizemsthevobit

preferably no re .about -1 mjcr nos re ab r

t han aboufSt.ogagi%crgrﬁ.B%%&%B br T#?égcgge uié'Plg'rs Zzhgndagé h%. %ggn\%npdgﬁ
;W' t hat It?\ al pm_eﬁeragéyanixémlye S?E:I:\ mmm%tmﬂwqgfsmgmémegﬂaannbes
rom e inside es ,b o e canduct ars n .

Preferably, th@oﬁﬁedfﬁaﬁsaRSUﬁDEemf‘ﬁﬁﬁnabS BOS argférﬁgﬁg no npere Fhany
no nore than abbout. 35 micrem. and nost 15 preferably no nore than about --
.25 mcro

. The spacjing "s, above,the upper. rf,age .qf .t he
recor di nggr%di um 36Tgﬁdcf°ﬁ§uf:{69\g? %ﬂr?ré ef%fh?‘ﬁee é{g(%léﬁ: or's t%at24l%m%|l§%
in the head nuselbtisehy| smablidgledangrertid pgllaesma diseduaeiec efvazlatk e s1dficed
by the electrig,dischatge to.inducg, 2 a etic flLux. in_the medi ymJ36.
Por atraditi oblE neneide 'Ret iRk FAnHHE | BrhellskPy Boorapdnic-
ranges from. Prbfengbln, ctié aciditlo iabod ndremttian abohés .&bmiexdre, meshreim
The conductors_24 _and.28 are connect %q’?%‘o a.signal qenerator or ather

vol t age sourcepfﬁgterflp )_no Aﬁoﬁ(?ug talli)é) ol t‘e?gse B E& carP™ a{ﬁ?/St
sui tabl e hbasi pgeflevebéy ao morei ghahn geoertat.@5 gemraid ng a bi pol ar

waveform designed &Re spacing "s" above the upper surface of the

recording medium 36 and the lower surface of the conductors

24 and 28 in the head must be small enough to permit the

magnetic field induced by the electric discharge to induce

20 a magnetic flux in the medium 36. For a traditional non-

conductive medium 36, the spacing preferably ranges from

being in contact to about 10 micro inches above the medium.

The conductors 24 and 28 are connected to a signal

generator or other voltage source (not shown). Although

25 the voltage source can be any suitable biasing device, a

signal generator generating a bipolar waveform, designed to

maximize current and minimum power consumption, is

preferred. The bipolar waveform is configured to represent

the ones and zeros associated with magnetic recording where

30 a one is represented by a positive flowing current and a

zero by a negative flowing current, thereby defining

magnetic fluxes of different orientations in the medium 36.

The current, when generated, bridges the gap by forming the

electric discharge, depending upon the characteristics of

35 the gap between the conductors 24 and 28.



maxi m ze current and m ni mrum power consunption, is preferred. The
bi pol ar waveformis configured to represent the ones and zeros

associ at eg,ov%}oﬁ ﬂagnetlc recording where 30 a one is reprel\,'iqm@qlug)ﬁga

positive current and a zero by a negative flow ng current,
t her eby defining magnetic fluxes of diyfferent orientations in the
medi um 36. The current, when generated, bridges the gap by formng the

el ectric dischargeye sggggwsnugenth@er@e\%a%% gu%f?i?c%qiqfl o dc@deq

bet ween t he conduct or _ '

PCT/ US97/ 15299th reference T Bpes at 4Bnthrouak fecol@i Fgdesal it pef

di scussed ﬁ{o‘?{ ense tRfS . sﬂﬁnstﬂr%}hl@ %ﬁ%ﬂs@@ﬂf%@ Rt e

i nformati on, acontr 4 1s trahsmtted to t tage source
48 which t heNOBitagss mqmrﬂoﬂmkm@ 2vhemdbbasesapberoprndusitprscid exadpl e,

w.th referengg Eﬁp?bﬁ?mé 1y ?89 é?am he, V%‘t ‘i»e%% Gt d rt'z‘taqé' "84

state applies f contro a posi
vol tage to andf §Am Bhei vgitmgneouccm éBd i52 ahéf\lirls@; &tfattrestannllm.atlmn

The first m"%‘%&:‘ A D2 f U4 L OE EESh%VH‘ 38 ﬁofs ? el Qo ’E?agﬁkgté&

flux 54 having qJTl rst orientation. erence I gs
and 5B, the \fglt‘magefSDEtc@a@BethCaflEldsééohaVQMt@ afpmatesaruan&aetsmse to

a second conghgl £irsrohgRAbes8 POSLEI X9 ¢BLEA0SA nEOHBA eI TRONALIC -

field aving a orientation Irst ortentation Is 15
opposi t &% o mﬁgrl@&é@ndféﬂxeni%\t if@vingrh&hsec Sagstmgpeieatationi el d ¥6&h or ns

in the nedi U%%@r%r%écw FRGDEt S LhuX 582 the h@é’i éhéoﬁfc@ﬁn‘is m 2
orientation |l e not"w shing to bé boun eory,
bel i eved t haseclade| atatec appllcﬁ-"&chapger%ﬁﬁgﬂég aFQ:UIar ewcw@wqmtmceh the

two 20 condyehArs, aA?oMI\:E'vél Yofkagh! t6alebyn Rdueed R ?n% tlté"efleld

current path _has a resistance that approaches zero ohns
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t he val ue of current
field 58 forms in the medium 36 a second magnetic flux 62

having the second orientation. While not wishing to be
bound by any theory, it is believed that the electric
discharge creates a current flow between the two
20 conductors. As with all electrically induced plasmas, the
current path has a resistance that approaches zero ochms and
a concomitant electrical current that approaches an
infinite wvalue. The electrical current generates a
magnetic field proportional to the wvalue of the current.
25 The power dissipated is also proportional to the current
and resistance combined. As a result of this plasma, a
magnetic field of a size according to Coulomb's law is
generated. The magnetic field follows the right hand rule
about the current flow, which, as shown in Figs. 4A through
30 5B, is oriented in a circular fashion around the discharge.
By altering the direction of the current flow from the
signal generator, the direction of the electrical discharge
is changed from first traveling from conductor 28 to
conductor 24 in the first state to now traveling from
35 conductor 24 to conductor 28 in the second state. The



25 The power, dissipated is, also proportional to the current and
resistance conbined. As a result of this plasm, a magnetic field of a
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follows the right hand rule ~ about the current flow, which, as shown in
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next bit cycle, a pulsed current of the opposite polarity
may be generated. Insofar as the power at the medium
interface will be the sustaining potential of the electric
20 discharge times the current in the electric discharge, the
power may be minimized by turning off the current as soon
as the transition is written.
Figs. 7A through 9 depict a second embodiment of the
present invention. The recording head 100 comprises a
25 dielectric substrate 20, a pair of conductors 24 and 28,
and a dielectric insulator 104 in the gap between the
conductors 24 and 28. The dielectric insulator 104 causes
the electric discharge to occur at the exposed, lower ends
108 and 112 of the conductors 24 and 28 rather than at
30 other location{s) along the conductors. To produce this
result, the dielectric insulator 104 has a dielectric
constant greater than that of the length of the ambient
atmosphere (e.g., air) in the gap. The electric discharge
is along the lower surface of the head. The dielectric
35 insulator 104 can be alumina oxide, alumina nitride,



Figs. 7A through 9 depict a second enbodi nent of the present - i nventi on.
The recordi ng head 100 conprises a 25 dielectric substrate 20, a pair of

conductors 24 and 28, and a dielectric insulator 104 i CLI%\S et Ween
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been describgd_in detail i ppar.ent ) 10, Fd%l fi [ an
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nodi fications g& daptal are_in the scope of the, present

i nventi on, gccur thas }ﬁd{lﬁeeéfbxl’IB ngr&lai MVEVEL, 10" 1380 be
expressly understood that such modlflcatlons and
adaptations are in the scope of the present invention, as

set forth in the following claims.



17 % nat is ot ai BN, A recording head for i nducing a
magnetic flwoosizr4 a UYediréd brientation in a recordi ng nmPdiTIvg97/15299 :

conpri si ng: el ectric discharge neans for generating an electric
5 di scharge and bi asing neans inig ectrical contact with the
electric di scharge neans for biasing the electric discharge neans to

generate the elhettriic dilasdhedods:whereby the electric di schar ge

i nduces a magnetic flux iyn_a regordi lum, 10 . 2. The cordin

head of Cla?nl 1, f1Wher@iﬁeCPﬁélng Hg@ﬁE%Pfi&n Pgéﬁgfﬁeqﬁﬁﬂ%F%ﬁnéﬁﬁéegﬁ ’

spaced apart candestiees ioriemtatdionodnMd rddvrdiimmsimgiium, neasrising:

3. The recording eaggﬁof Clq%n1 2, mherg%p the 15 .electric .

di scharge neans confriesggic discharge’ mgaps,der Sengiating am, elegtric

space betseendisbharge addnductors. 4. The recording head of

Claim 3, wherein , the, electric _dischar neans conprises: 2 . a

dielectric substraPd@SsfBpBFeRRRgint RAeC FéFggtFPPtaC% m&ﬁ&fﬁheiéiﬁctrlc

conduct ors. discharfe mddwes fec @iksihg Head edfectliai ti séharwemedans tthe

dielectric material_ _has g firs% déelectric const ant .and .t he dielectric
PFi S8R

substrate a seISREFELS e Fafit SheCYaedens  HGRSPY ¢idi%cGigetric

constant is desshatrhenintheessacaagnetiadifdumctin @ cerdriing medium. 6.
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as indi um oxi delantr3@ disthemgemmexnnsgecofipgtisesl:ting tenperature netals
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means.

3. The recording head of Claim 2, wherein the

15 electric discharge means comprises:

a dielectric material in the space between the
conductors.

4. The recording head of Claim 3, wherein the
electric discharge means comprises:

20 a dielectric substrate supporting the dielectric
material and conductors.

5. The recording head of Claim 4, wherein the
dielectric material has a first dielectric constant and the
dielectric substrate a second dielectric constant and the

25 first dielectric <constant is less than the second
dielectric constant.

6. The recording head of Claim 2, wherein the
conductors comprise a material selected from the group
consisting of conductive ceramics such as indium oxide and

30 ruthenium oxide, high melting temperature metals such as
platinum, iridium and tantalum or alloys, composites or
amalgams of materials that exhibit properties suited for
arcing.
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7. The recordi ng maﬂjw”w”ww) wherein the dielectric
mat erialy, ct [m consi sting of  al PpirRRe7/MR5b4€,
al um na nlfgrlo‘fg traditionhl ° sémi- conductor based dielectrics,

di anond |ike carbon, and 5 m Xxtures angl,conposites thereof. 8.
The recording head of Caim 4, mhereln t he dielectric substrate is

sel ected fromthe groppe CONSESEAINy hedd H@SET1alik@disti opalagm - ¢gaduct or
substrates and pol yi m des_such” as kapton, and m xt ures and conposi tes

10 thereofdielectric matemizbcdPdFR4CRESE (XGWprihg rgroup consistipgt and
second Con%lgtoa SuSERar B ethdy amdisiddceniPride, de{fa&.asﬁ%c' kange

between th i rst and second conductors and 15 a voltage source
connect ed t@PndRCEO¥ stbagrll sdded@ctricimndddemond wAdke ncaghen a @#8bt age

i s appli edﬂd&ﬁégﬁlléﬁﬁ comp 5gi$§§cgggrggfductors by the voltage source, an

electric arge passes tween the first and second conductors
for applying a dhgnetThﬁf|¥ﬂQDndﬁQgréUﬁ¥ﬂlmg'nﬁdﬁun\ 29 whereig. tmhe

recording head -qf; - i @dPrate 'géfg ¢d SR Prou  consis
It

electrically 1nsulating materi a ocate etmeen e Tirst n8cond
conduct or s.of glassflltrﬂd;hmgnﬂhnrﬁﬁmbadooﬁuctarnlS@bsMnﬁtam t Apd25

el ectr cal lyoJ Pl SLENG B! ehl alheadttr RRRCGN o U8nd ) cSBsteptLal ly -

| ess than dlng reln
el ectri@al Ishexeaf ati ng materi al has a thlckness of at | east about .35

;neg(r)sgl ngomadl urr? ﬁgs %T{ﬁraﬁ?& qlu?&%ra i’qug% Zi/lmngga V\he(rjgltg tﬁggk

wi dt h and wher eifiinste advat &etcpa@lkcmpduﬁtpgs sepaydsedy & | gigtmtet bot he

di stance bejsesie thg fhphcaRdnce IRAULLONENEIOESrsBS and  second
conductors and _ '

15 a voltage source connected to the first and second
conductors, wherein, when a voltage is applied to the first
and second conductors by the voltage source, an electric
discharge passes between the first and second conductors
for applying a magnetic field to a recording medium.

20 10. The recording head of Claim 9, further
comprising:

an electrically insulating material located between
the. first and second conductors.

11. The recording head of Claim 10, wherein the

25 electrically insulating material has a dielectric wvalue
substantially less than air.

12. The recording head of Claim 10, wherein the
electrically insulating material has a thickness of at
least about .35 micron. _

30 13. The recording head of Claim 8, wherein the
recording medium has a plurality of tracks each having a
data track width and wherein the data track width is
substantially equal to the distance between the first and
second conductors.

35



13 , ) . 14.. Th rdin head of Caim 10, further
- conpri sing: Eﬂ"}ﬂg’iﬂ' ﬁm_mmnsul ating substrate supporting the

el ectri cal wo psimatat i ? irst and second 5 conPOTUSYZ15299
15. The recordi ng head of Cl ai m 16, Wherein the electrically insulating
material has a first dielectric constamt and the electrically
I nsul ating substrate a second dielectric constant and the first
di el ectric constantdi.s TBe | esscabdinghe hemcbndofi eld&im ¢ ¢0pst afrther
16. The recorgbﬂgrgggg of Caim9, wherein the first and second
conductors conprrsé-a faterial selected fromthe group consisting of
conductive cerani csnsudlectyrigudilym insudrtdegarshbysithate usuppbdd inig gthe
mel ting tenpe . S h._as L L AU I rggdi t ant al um
or alloys, E%gé%ggﬁ'?gs %‘Fﬁs‘é g?g’éﬁs %?Ekng}é?]i a2 h%f*%ﬁnhi%p‘? propetti es
suited fob arconductors. 17. The recording head of Caim 10, wherein the

el ectrically insul ati ng terial _is_selected fromthe group 20 _consisting

of al um na oxi de, g%fjm' 'rl;ggni %?%?l??a(ﬁ??cgné’l{ E‘h"—’léuenm' i@bndﬁﬁ’fﬁ“ﬁas@b‘*

di el ectrics, dlapbrndchilly cardoptiangl matemiatlurkess ard £inpbsidies ddtarigof .

18. The recorg] 0 aim 14, .wherejn_t ... electrically insulating

substrate is g%ﬁqg%%g%d?x}%n% %ee%l]tr&rcgﬁ&%' g@ﬁg,i&tﬁﬁ S ?"Sté'la 52 o

traditional démlecbniocttonstantsudrsd rahes famd tpadie eakesi sucbnasakaption, -
19.. The recordi ng head of

and m xt ypes opposites thereof. .
3 'ai m o, tBnor oPke . FRaf ERECEEETRN 18 Bl trif: coPSE verorm 300 50,
The recordi ng heatlé. of TRk arsrodinghieeadnoftOkain 9¢di ehapednbeheedirst

e recqrding

conduct ors 1 B8 B AR Bompri kOB ceriay psdc g Heo s
24 volts. group consisting of conductive ceramics such as indium -
oxide and ruthenium oxide, high melting temperature metals

15 such as platinum, iridium and tantalum or alloys,
composites or amalgams of materials that exhibit properties
suited for arcing.

17. The recording head of Claim 10, wherein the
electrically insulating material is selected from the group

20 consisting of alumina oxide, alumina nitride, traditional
semi-conductor based dielectrics, diamond like carbon, and
mixtures and composites thereof.

18. The recording head of Claim 14, wherein the
electrically insulating substrate is selected from the

25 group consisting of glass, traditional semi-conductor
substrates and polyimides such as kapton, and mixtures and
composites thereof.

15. The recording head of Claim 9, wherein the
voltage defines a bipolar waveform.

30 20. The recording- head of Claim 9, wherein the
distance between conductors is no more than about .5
micron.

21. The recording head of Claim 9, wherein the
voltage ranges from about 2 volts to about 24 volts.
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\1/\51) w8109z 22. A "HI“HH”IH““%H“I”Q i nf ormation on a recordilng
g: + ¢ al ec

medi um L recal |y biasing spaced qﬁgf rodes
with a %&g§@bﬁﬁge to pass an electric discharge between t e’bgﬁﬁgﬁéctrodes
and applying a magnetic field H% a recordi ng nedi um when t he
el ectric discharge passes between the el€ctrodes. 23. The net hod
of Claim 22, whergin the etic fiield is-.defi.ned by the electric

di scharge and whérei n W@gggg %?5cf??%5?%§gtﬁ?£ﬁ¥%fﬁﬁ%&) oﬁbﬁ%ﬁgf 1ng
first biasimngdia,seaapdizfant: el ectrodes with a positive voltage to
forma first magnetic f.iel.d having a first _orientation: .and .

second bi asi ng tﬁge éééﬁl%aﬁ?laeﬁq‘&%fsaése% tﬁ?aé"tlBeﬁ%%%’f?eﬁsv?ﬁ’llttggeato
form a secondlmageet it f ipagls hagahng ed ectrisecodilsciiaryd at behweeher eilre t he
first o%ientgtign 1S different fromthe second orientation.

24. The et fi6d< FOGngﬁPQZ, wherein the magnetically responsi ve
material is sepaappdyimyg @ disgrestciec ffbeld hto28 reparddngpaetisirecihernes
and the dlsgﬁgcglg%tggc E%chg%%e pa§§%§“be€%é26”%ﬂé electrodes.

23. The method of Claim 22, wherein the magnetic

field is defined by the electric discharge and wherein the
10 electrically biasing step comprises:
first biasing the spaced apart electrodes with a
positive voltage to form a first magnetic field having a
first orientation; and
second biasing the spaced apart electrodes with a
15 negative voltage to form a second magnetic field having a
second orientation, wherein the first orientation is
different from the second orientation.
24. The method of Claim 22, wherein the magnetically
responsive material is separated by a distance from the
20 spaced apart electrodes and the distance is no more than

about .5 micron.



