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MR sensors in modern recording heads are susceptible to stray electric charges, fields,

25 and currents. To provide increased areal storage densities, head feature sizes are decreasing,
which can exacerbate this problem. Existing MR sensors already display sensitivity to ESD
events as small as 1V in magnitude, with that sensitivity slated to steadily increase in the
future. Protection from ESD events in MR sensors throughout production, drive assembly,
and customer use is therefore a large and growing concern.

30 Prior art systems exist for protection of integrated circuits from ESD events. For
example, conventional diodes may be wired in parallel to a resistive element to offer a shunt
for ESD power. These diodes may be configured back-to-back, depending on the level of
protection desired, as on-wafer protection in the semiconductor industry. Similar efforts
could be made in the MR industry to offer protection to dielectric gaps or to the reader stripe,



could be made in the MR industry to offer protection to dielectric gaps or
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26 asecond conducting layer, and a barrier material positioned between the first and the second

conducting layer. The barrier material can be positioned so that the first conducting layer and
the second conducting layer do not make contact.

The MR sensor can be connected in parallel to the first and second conducting layer.
The tunnel junction can be made of a material with a resistance more than the MR sensor’s

25  resistance at operational voltages and a resistance below the MR sensor’s resistance at larger
voltages.

The protected circuit can include a magnetoresistive sensor with resistance of
approximately 70Q). The operational voltage range of the sensor can include a range of
approximately 0.2V + 0.1V, operating at up to approximately 1GHz. The tunnel junction

30 further comprises a capacitance of approximately 1pF and a resistance of greater than 1kQ at
the operational voltages of the MR sensor and 1Q at the higher voltages.

The first conducting layer can include a first metal layer, the second conducting layer
can include a second metal layer, and the barrier material can include an insulating material.



t he operational voltages of the MR sensor and 1 S2 at the higher voltages.
The first conducting-layer can include a.first netal |ayer, the setond
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vantages of the 1nvent10n w111 be apparent from the description, the drawings, and the

claims. This invention can include one or more of the following advantages:
The ESD protection device can be capable of withstanding multiple, high-voltage
25 ESD events throughout the lifecycle of the integrated circuit. The shunting of current
through the ESD protection device can leave both the ESD protection device and the MR
sensor undamaged, meaning repeated exposures to ESD level voltages can be tolerated, with
the subsequent product repeatedly returning to completely operational conditions. The
energy levels a MR sensor can withstand with the ESD protection device can be greater than
30  twenty times its unprotected levels.
The ESD protection device can be fabricated with the MR sensor during wafer-level
processing. This can ensure that the MR sensor is protected during fabrication of the

integrated circuit, through packaging, and throughout the lifecycle of the integrated circuit.



energy levels a MR sensor can withstand wth the ESD protection device can
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over charge. ("ES cti 20 device is connected by parallel circuitry
toa MRs qF%ﬂ’%ﬁ?‘hq% Eﬁgeﬁoard a circuit 100 are the MR sensor 101
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pat h of Ie&st E‘ISI stang current flowng through the parallel circuitry
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I n general, curmeru ilNvkthatesTal gRaphic it regesentatich oﬂmuw&eﬂ:%mgm-sf) feBfiosshipheT
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FIG | asshab@{%eaértb@wg%sew%ﬁhapuw Yeltage ne * affﬂ'i'é*rlp p TP e. The
tunnel | uggtdeon device 102 conprises a nultilayer thin film which

i ncludes a first conducting |ayer 104, a second conducting |ayer 106, and
athinfilmbarrier material 105. The thin film barrier material 105 is

positioned between the first qafgEDBESERBPTIONt and the second
Referring first to FIG. 1a, a tunnel junction electrical overcharge (“ESD”) protection
20  device is connected by parallel circuitry to 2 MR sensor. Integrated on-board a circuit 100

are the MR sensor 101 and the tunnel junction device 102. Because electrical eurrent follows
the path of least resistance, current flowing through the parallel circuitry will distribute itself
according to the resistances of the parallel paths. In general, current will flow between the
input terminals 108 either through the MR sensor 101 or through the tunnel junction device

25 102,

FIG. 1b shows a cross-sectional view of the tunnel junction device. The tunnel

junction device 102 comprises a multilayer thin film, which includes a first conducting layer
104, a second conducting layer 106, and a thin film barrier material 105. The thin film
barrier material 1035 is positioned between the first conducting layer 104 and the second

30  conducting layer 106 so that the first conducting layer 104 and second condueting layer 106
do not make contact. The two confining conducting layers are connected by associated
parallel circuitry to form a path in parallel to the MR sensor. A metal can be used in the first
and second conducting layers 104 and 106. The tunnel junction device 102 can be positioned
on the substrate 100 or in any part of a circuit equivalently connected to the MR sensor 101.
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metal-insulator-metal (“MIM”) tunnel junction device. The MIM tunnel junction device can
be fabricated by conventional processes used in MR head fabrication, including among

25  others, thermal evaporation, sputtering, electroplating, and various PVD or CVD thin film
deposition techniques. The MIM tunnel junction device 102 cen be made by deposition of a
thin metal film 104 patterned on a substrate 107, followed by a b_xfief thermal oxidation of the
thin metal film 105. This is followed by a subsequent deposition fef a patterned metal film
106 on top of the thin metal film 105. FIG. 1b represents the resultant structure of a brief and

30  controlled application of such ethemal oxidation. i

Referring now to FIG. 2a, a schematic of independent eleetron energies in the first
conducting layer 104, the thin film barrier material 105, the second conducting layer 106, and
the Fermi layer 205 is presented. The non-linear current-voltage characteristics of the tunnel

junction device 102 result from the lack of mobile electrons at equilibrium in the thin film
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i f an ESD evenfhe @utent 208 savingithreun amed pmotientdemige 102yis highly@on-tinear inur r ent

208 novi n | Hﬂ%&lf ' j ' -linear in
nat ur e ang’a%gl&gg&uﬁsée]ﬁe&wmtaﬂ&h@n | e21;}1})6;% F%&a%%ﬁ%%%ﬁé’?f %rplggcue‘s ef ul
devi ce perlhgnomlinssrity Stemsifom 4 vanistyraf squress andifferentroontexta andangdes bf sour ces i n

di ffergnt E e Xty ﬁﬁo ration. Wil,e .t hese .gdescriptions
Wil b% diog%géogﬁe((}ﬁ?l %qgeesggn% g%?“%];elf ec reodﬁsg?%é(% il ?rglf‘)k%l?cﬁo‘g?‘rélﬁfl can be nade
f or hol es staPmesis cambeamadg forbeik.abDired Quantumnmechagical furmklingt of elestrdns dom t he fir st
conducti ng laver 4 to t ond conduct i I 106.,.t hr.ough, t he thin
filmbarr %écrf%&r‘r:a{’%lrtll%lgﬁ%gg%%ﬁﬁeos@g G fuﬁ%q%fﬁzyégtﬁgggygﬁgngﬁ.ﬁ%pmg t he
conduct i omaterial Hfcen odzanslititiitithe lectrons entering the conduction (valence) band 204 of

the intervening thin film barrier material 105. Instead, electrons can enter the empty

25  conduction band 202 to pass through to the second conducting layer 106.

The tunnel junction 102 can exhibit varying mechanisms for electron transport to
achieve a super-linear dependence of current on voltage during the transition of the tunnel
junction 102 when the MR sensor 101 operates at operational voltages and when the MR
sensor 101 operates at larger voltages. Various fundamental models known to those skilled

30 inthe art can describe this tunneling. For example, direct tunneling, as is shown in FIG. 2b,
may dominate at low device voltages. Field emission, as is shown in FIG. 2¢, will become
more important at higher voltages, where the conduction band 202 of the barrier becomes
accessible to injection filled states 201. Depending upon barrier height and device operating

temperature, thenmionic emission, as shown in FIG. 2e, may play a large role. Thermionic



the intervening thin filmbarrier material 105. Instead, el ectrons can

enter the enpty 25 conduction band 202 to pass through to the second

conduct i ngvo @y2s807106. The tunnel junction 102 can exhi birCTASSN2T519

mechani sms for electron transport td’_achieve a super-linear dependence of

current feI efisiogR sHom ﬂﬂwr@hmfoemwhmr@ i th&mdatty Bdited in%%léﬁﬁ’&elo 2 when
n

the MR sensor 101 operates at operational voltages and when the MR sensor

101 opetas kel insuffigiegtio allowdirget dranspartiini therbarrieamaterial, byrsliewstranspath to t hose
ski | | ed p3QubstubRtuieling R @‘F%&{dg%iﬁntbﬁha&%wﬁﬁﬁ%r%%aﬁ?%(ﬁééﬁ%& of di rect

tunneling, as 1s shown in om nat e ‘at evi ce vol t ages.

Fi el d efrhestkp pmission jsalsofnsedtojindicapehatthe indgrendenbelestron energelevehdlingramst  at

hi gher LRI Q@%‘P ' t%‘” barri er becones .
accegsi é?égb?o | nt}e\gglﬁélglﬁttplgﬁ%e st%%‘%gs 1glaég|%he;’rr%ie#§&ﬁ'pon barrier height
and devi ce opessamodels generaly describedirectiunmiling s genrtating curreasthathown in FI G
2e, may. . oiﬁ ; i ORI Q1425807 PCTI USOQ) 27517 7 field
em ssi orllr,R h%gs/es gﬂ%‘%iltg?err%ﬁ ef}g‘,%bg‘(? gglre %p g n %4: St %refnﬁr%asf%eép?&ewéﬁ'exci ted in
an el ecwithde appliedavoltegee | Atihighef Yolapesnthe condattiomvalenceyrbant 205 1gfibbed i nt o t he

barrier material, but allo L rapnsport. . by,.subsequent . tunpel ing into the
conduct f‘%cﬁssgjé% tglfm#’ﬁ% aﬁéi? E%;enﬁﬁlpgt}opgll fo'f%?'.e"iﬁ}”f%ﬁgg’r%‘fe‘m% eni ssi on
idS aos 0 exkibickd gbntrﬂﬂj' d?bl?b&ig&tal sh’bx?;]g T@dmﬁﬂcﬂéﬁénd&ho? QF bdfentitvdigd. evel

i agrang, b need be nodified.sli .to account for e|lectrostalic inmage
o hadt o TR e ooy deRen e Pty BEHRY Bodet e best foriBf Py ac
gen ? r aE:I Eﬁﬁlt@oﬁktbﬂ’eeﬂhs_iﬁ(hﬁh thd tiifrded ji.ﬁetionvﬂ:ei/i:ﬁle 02 ﬂl@tr arl-llbhﬁfo‘fr EBElrﬁi‘otéﬁtioﬁ.iJ be of :[A\ he
applied volt .. or creases exponentially with the applied voltage. At
hi gher vol ta%%egmngﬂbi:@bh £ °§Rﬁ&F@H&&% %‘&ﬁﬁ‘%ﬂn&\}% cap bavePREsi bl e to
tunnel i fgn-ligdadtytut ighéraoBades! IHFIG. 26) AnnkRigM0Biint6 o bakd2W58h HNCHRNEirfer

tunnel i %,i s 4D exhi bited, generally described by a strong exponenti al
depetidefakerigk 108 bay umilarsifegts) 4nd ynder apprpprials qauditions, d:san offs shergstromof current

descri bagedily @bl RSWIeRERbeiStulMinDATIES 226l daicO¥ariaBri b tHendly: ST at €
transition in the tunnel junction device 102 that allows_for ESD
pr ot ect AsiFted @pderof glecirons208; hayige similagshagpciegisticsc Refeaing to FHG 21 enyrentt

tunnel i g8 &fer ¢BmMBANBorSH KA the iRtk BEAE! 105 cith albd BhREd ¥AirbAGESm-! N FI G
2c, tunneling 208 into a band 205 inthin filmbarrier 15. material 105

has si miinegrityefReferring todilg. 26: qumwend g9} wansfentesulting iaiimpant ionizatien wighin of f er

st rapget; = | 1 &1 . ' . 2d-2e
depi a0 e insulaRBEbAcl 105 of e ub b BRSSO 20T o= v ng
- si m | ar alstbe weed & genetatemonilinpasity.i Feg resultrof @ny ofithese or mampt oth2 P®cemesiner

r econbi ' & ig t | ' ' : be used to provide
non- |i %%1?@1;%:&@%@; rclgl(r};aé ?g&bﬁg&% pe@iéﬁab‘?e;aﬁ?’%g (Slgﬂger gérl]%?ees'r resulting in
i npact i oni zBefewing nowite KRG, eéurteet-valtage (INQutlationsiip BAt of tuntied imctiont he
unoccup hggcesltoagse&aﬁ-}ced.t Jf‘ﬁe 3&&8@%1&89&%%8&&9&@?& this device require strong
25  non-linearity (i.e., non-Ohmic behavior), showing a transition from a high-resistance state at
low voltages 302 to a low-resistance state at high voltages 303. The basic fundamental

requirement for tunnel junction ESD protection is that the tunnel junction 102 needs a

resistance far in excess of that of the MR sensor at conventional voltages, and a resistance far
below that of the MR sensor at larger ESD transient voltages. |

30 For example, if the device to be protected at 1V or greater is a 70Q) sensor operated at
0.2V, a transition from a 1000Q off-state at 0.2V to a 12 on-state at 1V can be used to
protect the MR sensor from ESD. In one embodiment, this desired transition is achieved if
the tunnel junction device 102 has a thin film barrier 105 with a thickness of 35A providing a

0.35eV barrier between its conduction (valence) band and Fermi level. Various insulators,



al so be used.to generate non-linearity. The result of any of these or many
ot her protesses in a tunnel junction device can be a useful drop in

resi stance awohi2sM7devi ce vol tages. Referring now to FlI G PGUU027517
current-voltage (1-V) relationship 308 of a tunnel junction device 102 is
graphed. Tdugh &SING 8i0,YCAR,AGROL, bnd/AIN; ba Weaised fosihiew: this. Sémisordesosehat equi r e
strong 25 non-]ineari on Onm behavj.or), .sh nsition
froma hi (¢ we@lyar%ﬁﬁéé é’t’éﬂgﬁ%ﬁ’r PW\?& a@%”?st%‘c%aﬁ%‘%’@ gince state
at- hi gh volfinageseige. @h@r&ﬁ%nﬁoﬁa@%ﬁé&ﬂﬁ&ém&&%&@ﬁﬂﬂmeﬁQﬁcﬂdsMS junction
ESD protection is that the tunnel junction 102 needs a. i stance far in

excess of @adps.FmSe/aS\RdSe Fddr Senicondpciers migh gffer by ‘Edéﬁ’@ Yﬂz}tage Pesi st ance
far be} OVY)eﬁx@%pag e IffoviMR cBRBS Bfoudh cdr@hARh (FeRlact)HRikE nRRt effé&h@élﬂ 30 For

exanple, if the device to be protected at |V or greater is_a 7052 sensor
oper at ed amsul@m\,smwlqm@mbnﬁ iprsrAnA 3680 085¢\obarrierin e BB RCHOp o 4 192

ggbifjﬂrgnt {%I @%\!‘H{ﬁ t ran I(%{r}ﬁéla;bytacgﬁi evec?feﬁg?%“s%ue t uﬁgrovj}s{}ng'??on

devi ce 10mdmm90mfrom|1MﬂtoIQﬁ§banﬁnmﬁleQﬁ&n\lmmhmeﬂa Iklritesl62 tmsi@8 provi di ng a
Var T ous. | noul aPe e FAE 0SBt lhlf S0 9ke gR8E 401 S NIR Bepd R0
CaF2, Ad20®i magmbhéﬁ ity cooparisos terthe durtent-acitage eVt rbliationsige A02ofmiMBbrnelhat  ar e
readlly proc SS M| Si,
amor phous 8¢ g%‘ﬁ? gzl\/%asg %ﬁ'&é’eg&]ﬁe@s}%%@le%ﬁﬁ%%a heé%érﬁﬁ%grll %Sr%gts are

gl so poz S|¢n6lthdnoﬁamee&udmm&mh f;MIIGaﬁhnékj,mx&depvme@z aﬁm&ehg @;éﬁ:ung o f
em conduct t he i on | capabl e o
novi ng cha %ﬁ?gg@ﬁ%ﬁﬁ&éﬂ%’n ?v%'lt@’ﬁ@gﬁl i’f?@iﬁ%ﬂé Pi@?f]%& y than

i nsul at or sdangdréRitethediehtadgemad 10U At Iowlﬁ)hﬁgbs #03bdow theImervedian #060f then a
capaci thn Uk bge s et MOVl RO Guasas Svfes DL BR PP TR 1918 552,
capaci fan

Wit hin thenhepm Kiad Ldnﬁﬂrtlellnﬂngi cika%eslﬂb# abdie ﬂu& infefsRtnt406,turrEiR beifedilyg NOw to
FIG 4, a current voltaﬁe (1 atlonshl p 401 of a MR head sensor 10

101 is gr Zurrent - vol tage (I1-V) relationship 402

of*an MM tunn%emmﬁﬁﬁﬂepjan&ﬁ)\ﬁld@ﬁcelﬁﬁm M0sphdiMndel (R Must' Bt Abn@iishi p 401
of the MR head sensor 101 intersects ?)6 the non-linear rel ationship of

the M M t uhnepidiuvsotinosignalspasingtiyoughibe devicgdt i designed RProtees| Axde 405 of the
MR heag, , > alasbe bPdis R EMﬂ@f&m &loﬁ%widzqg@&e&ﬁmna& Me@r danger ous
to the eagl éensor 101. At [ow v}uPta es 403 bel ow t he |nt%rsect|on 406
of the i3 mohb@dwb@hmpemong%trwntqmrqmmt@lmﬁbllz 300md% anshV0Pe\ibee 102,
current prj IYE t ages
404 above Fh ni&gt&%c%fge | onuj%(%l,mcur Qﬂp(rjcl‘c?r%?? l%ltm%ﬁn H%E% the MM
tunnel j urtbe TQShsemremstance as a filter and could attenuate these sxgnals To prevent the MIM

tunnel junction device 102 from limiting MR sensor speed, the MIM tunnel junction device

25 102 capacitance must not exceed approximately 1pF, given the frequency of about 1GHz.
Because capacitance is proportional to the dimensions of the MIM tunnel junction 102, the
area and depth (“d™) of the thin film barrier material 105 of the MIM tunnel junction 102
should be chosen to yield the desired resistances (i.e., Ryy=1kQ at 200mV and 18 at 1V)
given the limitation in capacitance (i.e., Cvpv= 1pF). Since functional dependence of Rymv

30 ond is exponential, but dependence of Cyuv on 1/d is linear, d is selected to achieve the
design limitations of Rygm and Cygm. A tunnel junction device 102 limited in cross-sectional
area and thickness so as not to have a capacitance greater than 1pF will limit signal
attenuation to approximately 0.2dB (i.e., 2% of input current is non-modulated by changing
magnetic fields due to its storage in MIM capacitor).



The M M tunnel junction device 102 requires a capaci tance that rmust not
attenuate the rapidly varying signals passing through the device it is
desi gned tWPOM¥258®ct. As an 20 exanple of this, assume tRETMSMATSIINE]
junction device 102 is wired in paradlel. to the MR sensor 102, which is

operating at TapMIM tape pxctiohidelige 10X3Hould2e @apdbledf dissipaling TA-V paRaci t ance

associ at | . juncti evice 102 wll act in _conjunction
wene oie% el el o Btk aohen b tae v P Setion e 02 candaitorth oo

si gnal s ac'a‘ipacilmﬁratlmhethb’ll\m héddrie@or $peat t THbrédR¥dvaof kMA@l M ti ng MR
sensor s t he Eg Sy‘] uncti on device 25 102 capamtance must not
exceed d%ﬁ?‘fﬁ';(ii el%“F{?F § E5% 13 hErpary Gorssm foppragtical pse &4V, thecause
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magnetic fields due t storage 1n capaci
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ESD 3V e These Ueselsfof pioteeticirian Ba bpmiedPwitk edFdct 18/3e té18, Qhétgdstblaﬂ-:ep eat can
be lost to t e surr ndi ng environnent in that short duration. simlar
fail ure €SP @%he M M tunnel junction structure itself. The

ener gy reqUIAQdmb&dTBﬂnbodnﬁi&n&bftﬁef)fekéﬁim&fubﬂha\fé%ﬁ{&e@énlieﬁov‘ever wi |l Dbe

approxipately 20 tipes larger, due to its Increased vo I f the ESD
sour ce Nevarthglessyit %P%‘%ﬁdg{ﬂ?pé éhat ¥aipus modifications may be made without departing

from the spirit and scope of the invention. Accordingly, other embodiments are within the

25 scope of the following claims.




15 failure is assuned in the MMto occur at the sane tenperature as it
woul d have occurred in the MR sensor, this allows for a 4.4 tines |arger
energy ESD eyg@inst be dissipated (energy scales as Y2C\ggrmudobzistve ESD
source acts as a voltage source, thisi@l lows for a 20 tines |arger energy
ESD event to be dissipated. Due to its geonetry, heat dissipation may al so
be presentyoyi ice even if not in the MR stack during ESD

al | owi ng fm e?élggwgét'i on. 20 These | evels of protection can be

optim zed with respect to device paraneters, such as barrier energy,

t hi ckness, and_area. A nunber of enbodi nents of the present invention have
been descr-héFICURSHAIRE] ess, it will be understood that various

modi fi cati ong rtdREsidiRe SenVdrl Haut departing fromthe spirit and scope of
the invention. Accordingly, other enbodinments are within the 25 scope of
the fol | owi natunelivrstiongupler isbe seopsTwhssamtte fme! juncongharees Statss 19 VED | S:

1. Acircuit c LS L, ; h oSt igh Bl Bl ; junction
coupled to the%g%r%%%m%%?el nt g{?ﬁle%ecmﬁmctl gér?dc gﬁgins&lg[vg%gsehto

di ssi pat e ener dyrtheswosirated with an el ectrical signal exceedi ng operational
voltages for the sensor. 2. The circuit as in claim1, wherein the tunnel
junction conprises: a first conducting |ayer; a second conducting | ayer;
and a bar rj ernhdgicgit bédn ROSI1 WGEH HRAMeHandtos cdrhpriks: conduct i ng | ayer and
the second conducting [ayer, wherein the barrier material is positioned so
that the first adswg lalfe&;yer and the second conducting | ayer do not
make contact. 3.s.Hh8 c&ridheitigliayds ahd Cl @i m 2, wherein the sensor is connected
in parallel to the first conducting |ayer and the second conducting | ayer.

4. The circuit adsrienmeterilpositions betaiern thpEirst endugting layenand theaawondi onal | y
CoNprises: a Mahfdd rzé\g{e},m&feﬁ@&h ﬁérﬁ&qﬁmg%ﬁgaﬁémﬁfm tHAPHS BRE Wndicting

resi stance at the op 1'onal voltages resi stance below the Sensor's
resi stance at Ilayerand thesjecongecondustingilaver d petuake gentach cl ai m 4, wherein: the
sehsor conprises a resistance of approximately 7092; the operational

vol tages of the sensor further conprises a range of approximtely 0.2V

3. The circuit as in claim 2, wherein the sensor is connected in parallel to the first

conducting layer and the second conducting layer.

4. The circuit as in claim 1, wherein the tunnel junction additionally comprises:
a material with a resistance in excess of the sensor’s resistance at the operational voltages

and a resistance below the sensor’s resistance at larger voltages.

5. The circuit as in claim 4, wherein:
the sensor comprises a resistance of approximately 70Q);
the operational voltages of the sensor further comprises a range of approximately 0.2V £
0.1V, operating at up to approximately 1GHz; and
the tunnel junction further comprises a capacitance of approximately I1pF and a resistance
of greater than 1kQ at the operational voltages of the sensor and 1€ at the larger
voltages.

T



0.1 V, operating at up to approximately 1 GHz; and the tunnel junction
further ri ses a capacitance of approxi matel y I pF and a resistance of
great er tﬁﬁna"lfﬁpmat t he operational  yol tages of the sen®PCH/USMRINI2 at t he

| arger voltages. L M WD 01/25807 Pt%lUSCEYZ?Sl? 11 6. The circuit as in
cl ai m 1,6. viliercircuit asﬁﬁ craim 81 wimspeinl thetfirstgohdugtiig lagsiRomprses a fifst fsial ﬁ?érd ﬁl Ibayer,

t he second condu e onprises a.second ne and the barrier
mat eri al an ?/??EFW F{{’ﬁﬁesﬁﬁf"?r“fi&}eta?i}‘yerTﬁ@a‘E? {:gﬁ;:rtmaé@all n claim 2,
wher ei n ttmnipmsasslaﬁrinsnhhﬁgmadeni]urther_ conprises an area of approximtely .
30n2, a thickness of approximtely 35A, an energetic barrier for electrons
of approxinmately 0.35eV between its conduction band and Ferm |evel, and ﬁ
capaci t taSLn cl ai m wherein the
baPrl er%noﬁg?%rgﬁpgc%%iraﬁggéb%ﬂ%ﬁﬁmb%Jg%ar rier erﬁarf'%?se%?n ar?)a(’izhe circuit as
in claim 2a,ppmxanze¢ln 30ihe?, bdrickiness offappeoximbtely BSEL &1 enbfgéﬁé bafier fan i Ns UEA\TZ |cxr;g

- materi al | ect fromt consi.sting of SINX .SiO¢t, CaF2,

and Al N, 1 °% ?Feo &ppre eig‘%%%egi"?ﬁ% tgnpapd and Fermj level and @y j o
further Cmipidltaﬁ‘.&oﬁaﬁﬂmnﬁﬁteﬁqu‘l ve material selected fromthe group
consisting of Si, anorphous Si, poly-Si, Ge, SiGe, GaAs, Al As, ZnSe,

ZnS, CdSe, and CdS. 11. The circuit as in claim4, wherein the tunnel

. R ol | f h t f
el | B T capks R LRt 2 el R DR B Compt heh e PR oy °

em ssi on, myerathi eve a super-linear dependence of current on voltage during
t he change of states for the tunnel junction when the sensor is at the
operational voltages and when the-sensor is at the larger voltages. 12.

The cir guvthe%&cmﬂasqh alati 1 whehes Gk Bmfn@femstuﬂan%nﬂek'% ﬁ@s déﬁpﬁlgﬁgé ed to the

sensor during. fabrication of the circuit icating a
circuit cdngerial psleptad{fromsthe geoup ronsisting efFibi.iS#g. £afm b amd Nt i ve sensor on
the circuit; and coupling a tunnel junction to the sensor, wherein the
t unnel junction changes states to dissipate an electrical si gnal exceedi ng

oper at i a0.ahevirbiiegas claim 2,iWteresths Béirrier material further comprises 2 semiconductive
material selected from the group consisting of Si, amorphous Si, poly-Si, Ge, SiGe,
GaAs, GaAlAs, ZnSe, ZnS, CdSe, and CdS.

11. The circuit as in claim 4, wherein the tunnel junction further exhibits a process selected
from the group consisting of tunneling of electrons, thermionic emission, and thermibnic
field emission, to achieve a super-linear dependence of current on voltage during the
change of states for the tunnel junction when the sensor is at the operational voltages and

when the sensor is at the larger voltages.

12. The circuit as in claim 1, wherein the tunnel junction is coupléd to the sensor during

fabrication of the circuit.

13. A method of fabricating a circuit comprising the steps of:
integrating a magnetoresistive sensor on the circuit; and
coupling a tunnel junction to the sensor, wherein the tunnel junction changes states to

dissipate an electrical signal exceeding operational voltages for the sensor.
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117112111121 111212111!'"111111111111CL S WO01/25907 12
PCT/ US00/ 27517 14. The nethod of claim 13, wherein the tunnel junction
further conpwosessyra first conducting |ayer; a second coretmagsomgysizayer; and
a barrier material positioned bet weenl? he first conducting layer and the
second  copdykd héBod FXRim 19NMeRiMhE BfinQ3dctied fufRirebmplises:S POSi tioned so
that the first conducting |ayer and thé second conducting | ayer do not
make contact. 2fustwpduchingdeygnof clai m 13, wherein the tunnel junction

addi tional ly cqoupihé&hdud L@ W th a resistance in excess of the
sensor's resistance at the operational voltages and a resistance below the
sensor's resi s@ahawier matetial powtioned betwerngthe fiGt comustinglafiyandthestcandn 15, wherein
t he sensor furgpﬁg ' ' CEe. roxi 7 - wbhe

oper ational vol agce@%gy e’t’ E@grs? g‘n@%r %T%E!aﬁeglraﬁggo n%?@gégwgég%m%‘%%mw

appr oxi nmat el y Gay2nant thesedon¥ corglpetingtlayegdanot mpks contgopr oxi mately 1 GHz; and
the tunnel junction further conprises a capacitance of approxinmately |pF
and a resistance of greater than 1kQ at the operational voltages and |IQ at
the Iargerysvohd BaRst of tihim 15 SyHERSNRE nithel§ ﬁ&ﬂah%xq"fx&lfe@ i§QTPY | Sing:
fabricating the tunnel junction devF@Iée g‘uknr%i ng faori gtatﬁ%rr% of the circuit.
18. The net hbuagal stithiaresistancoineaxessh of the sesarstresistande s thernpetational valgesr i ses a
first metal |aygf, resildife SEGR! &ﬂ%iig%sis&ﬂcéa@}'a?%erg&ﬁ%iSes a second met al

| ayer, and the barrier material conprises an Tnsu Ing material. 19. The
met hod of claim 13, further conprising fabricating the tunnel junction on
the sensor. _.20. ci.rcuit_conprising: net or esi stive sensor; and

t unnel jur}étwer@%i’ﬁ’é.dfaﬁ?a%r %&&ﬁ&%ﬁ%ﬁ%P%gﬁW%ﬁm&gf ng an

el ectrical sigRaimat@yg®edi ng an operational voltage for the device. 11 Jill

the operational voltages of the sensor further comprise a range of approximately 0.2V +
0.1V, operating at up to approximately 1GHz; and
the tunnel junction further comprises a capacitance of approximately 1pF and a resistance

of greater than 1kQ at the operational voltages and 12 at the larger voltages.

17. The method of claim 13, further comprising:
fabricating the tunnel junction device during fabrication of the circuit.

18. The method of claim 14, wherein the first conducting layer comprises a first metal layer,
the second conducting layer comprises a second metal layer, and the barrier material

comprises an insulating material.
19. The method of claim 13, further comprising fabricating the tunnel junction on the sensor.

20. A circuit comprising:
a magnetoresistive sensor; and
tunne] junction means for protecting the sensor by dissipating an electrical signal

exceeding an operational voltage for the device,
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