;e3evls|j6TLI[$ ' r 30 MAY 21103 sxzEZ. nFD ~aG\~soxsa= 9Txvg | ~R~a wi TH
c~G- czar hiald of the luve trop 5 This invention rel$tes in general to
magneti,c heads which are used to read and/or wite magnetic data onto a

negnet i c f| nor e partl cuI arly to heads using magnet or
mat eri al s an(gl)?@?% Fﬁ’f {1&925

0ds for heads) 10 backstround

| nvention Progress ire mag E@ﬁ(@ cdrding requires higher d r&Mg&é{sZﬂUS
which in turn require |ncreas V|ty of the transducers (heads) used
to read and wite the magnetic %qo‘@?fals Noi se reduction and pratertion e~f
15 Che heads from tr SHEELDRD MACREMCREALPTIVRHEANDE WIMOahardp granthe desi gn of
the heads. Many read heads o~er.ate using magenotoresistive material s,
hence srepﬁ@H SQ M&rﬁ@g?ﬁ[ !he el ements of $ basic~prior art MR read head
with t xated in Figure 1 which shows a Cut away view
of the layers found in one type of prior head for uee in a disk drive. ps
is 28 typical (THie HegBtiRks relasar atre 9satbadctd megneige hRads shichsgeyeede
"functionse fEa@ podidronr per haymeing dahe autbt &£ nageertltd dhlof anbnmaxeeral | head
is often gatdiedlhbpy Wol hehIuGiiEbagdbréR i idemBendald oty WeidRsek@nent in
Figure X hskiy kRIS HXgs head. The reading function ins per formed by

el enents which are Called the Mt het~, d. A perneabl e magneti.c layer 111
25 Whl ch acts as a first shield 1S11 xs degosited an an insulatinj |ayer
101 18hi chBpckegupd afofhe.Innestion, ot e | ayer (not Shawn). A first insulation
| ayer 103 fc~lIlowa. The magnetoresistive (MR? elenent 114 and ~.ts | eads
(not shawnS ar erdepos Gedraghéttict ta RetHrdihd v egaysss h@gherAasptizids which

i nsul ati ofn | ay@xrd@dirkollQussdd s@.ishe@h@aaﬂmfehk%stdheei\é? (Be&IBNLisddl 4030
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vrhi ch i sagepddteedi hetdioul Bie mipreayerot]a(Rasigyerior48rindRsread Aeghwatiss
pi ece fortehishirlde dreatlluitvented irnayeguri22a veicheshavsdaadutr ebvay yjeactti bige as
t he ot her 1p0dx@ PbeGL ihNoddkgpd Ak tpdikk aealy R Qbe NBAQ, aDil dethAr fesisgns

L nchydi ngc,t(@ﬂ%lhe]apss hES& nasp@erpamel Al uw; ffobeéﬁe f:uQ&ungnvsmzhe head of
Fi gure 1. ét;&:gg ed(‘he m%:.?n :peﬁ?‘ora'tm? R enw en.ctfe o?eratlon d::]E Qg‘él gr le.erEQ;[dB

end funttlons
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Tt or ol 67 FRET): S8 HPRB L P 5‘3% Wé‘*ﬁ“asndﬁwvé AR

gold) is émté%rﬂé‘é’ﬂ-’ g4t éPY1Res Pnj efkecs gasdyigiiing\rhedBgeleangrk Hd t he
typ@o0i | | ubetrwrteadtha thpginsglétimgvinyenty Onetarebél tighbsedahd Theulatpmatlavemvedi a
travel s paspermdebié hmalasiiRdmdteridie ik Wikpsbieddd $oiflingha asdech@ dliark (sbe
nmagnetic bpel drﬁsoémeﬁnbﬁ:sl‘{)mmdi:&&%ﬁ' eeielkbs mend&ﬁ%%ﬁ% Kgbi as
current 1g, § éirme f,@ﬁk fljeﬂgt L& Ghdat | ctf.ﬁ tg, Vgt age

| evel acr o0ss uc?uatlon re5|stance is
the out put” t‘i*bﬁal Bﬁisgtﬁde iy jnsp 1P&t‘€é’°5 ) rrleYeéd“&%t“éﬁéwvﬁe%l&f
anotiRer t?b‘é’%v‘-"{?—*ﬁr foitegheadyR Twad2 LAyer #2383 pruvest AclBl sdiechyl dcking
seper at e ekarenbthermpols plibe SA tHikcpad: t22RarThepd Wwo Béd| det dehadtdenbed t o
be made fiR@ddifySaipR REBI bl seddigrd Wayshd ebdseiaRd bhatlyBnel ement 114 are
surrounded by |nsulat|ng material 67 which is deposited i.n several step$
during khe mang,&a ur|n AL OCEesSs, The NRI ad 63 xs ng&eﬁted to.th b| as
supply 1'7 20 ﬁfgr% T’H‘é‘? ae * ARG ‘af'f'%rfé’ 3 ERE- dRY G whi ch
ran4Be seBftiTheprPesiteapnd t‘é‘?ﬁr‘@ﬁ%é‘ée thﬁ%e gor deagat wifended far ‘2’!’9 MR
heads ar rdrivasrentdne heetd are desdkradly vensysicernd wind tlgpeeddiandswridlet hough
heads in @bemkinkl sifravigéa alidePAckageandvisthacesSho@lRrde rLaaWicdie & anpille
pair in apupdd., a tape head assemly.W || have a readl wiwe el enment pair
provi ded ?or each track in a multitxr~ck system A particular noise
phenonenon has been observed back 30 from magnetic tape with MR
heads. In the follow ng NR mmﬂmml "H"ﬂ " used.to include heads using
the gi ant magnetoresistive (GWR) effect as



wel | the magnetoresistive effect. The output signal fromthe read head has
been observed to contain very Sharp spi kes which approxi mdte ideal pul ses
with very narrow wi dth and broad spectral content. These spi kes 3S can be -
of  either polarity and axe distributed aver a range ref anplitudes, The

out put si gn@lgofo{ﬁ%‘a]d head is typically gassed to a preanpli Fi g rEB6nsézat ro
an i nput charine i ch includes various f&lters, det ectors) decoﬁgs éwrzmm
Correctors, etc. 40 The ef#ect of the shafp spikes in the input nM

sigal is at |east randomly dispersed, crrectable aingl.e bit errors and at
worst may vnterfe;e with~deteGion of the medi A signal. The spikes can

occur in the  Blwerc id lnetontads ny Simghdd iedr cVRWHY a4 ewUPE die, TR e’aﬁﬂﬁé‘éﬁ to
requi re negj ahbead epps act patst aet ald veadiebl Dsl adferrite3heady MWYeZods is
European, £ahe0q mpkéﬁ%w@l@a 4§er 3183 Akng! dsS€h@AAS sAib IARRS MQEF 65 is

i
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a magnet oxbdiishican hearlwordheting eaterdpbdeis) aeaghld) dét PR cﬂ%{\ﬁcgg“ga °
~aoal i neareHeebisd GuppNNact adk hetdweamehhes ehedtypede lamtryrcuny Figurmdneti c
shield is ﬂ@smprp\bhd%talosﬂh%e affR RENIRIES nddsi getelorpaesdiher gdect i on
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However, cORTeRE iahg H\% fs‘HF'é‘I"tfs“’f’o“br‘Bﬁn‘ﬂ’l\?F%F Hé%?’sta(?rr?s% t Rélet‘lua Ay
aggr avat e tdvged phkithg GBicprabicenebythsur eaiishgnss ig QUSRI FAFE -~ shi el d
potential difference as the discussion below w,I,|l show disclosure of
the | xwentior~ 2iddr8n3 N tisbendsas Coingl N etheutakig ntiisonos clneesext igpd af ead
spi | ¢k ug plgxeiogl \MRt neac.fi Cg?rc@‘?sclja@ﬂptﬁé [F4CEMN8a WY GNsPpOMIcdegrefint 111

el ectrical ’Pt ﬁet dl 9 shl ti glg%ﬁ:k‘yo etlgs hit Eo‘p neblCed | % flRmepdn Lgads

to prevetst

: \ﬁﬁ ﬂg‘[g g re surrougd h the
i nt eract i ofA®f ““H&\“ﬁh el'ré‘ﬁeﬁ‘f" a" éle’t‘?fe“g‘?ntéﬁa PR tHer
nodel | ed atnsmlgtingaptoniadapheihioh)is gerogifed ewbaeffeﬁﬁé\ﬁt SE}P& H‘érﬁ"ﬁv‘érﬁl on
t he char gemshdiaptpriogi pleseas r eghet MR/ deadl 6t A5 chneettad Fpofheabiad eFerivt &7
bot hagd, eadgs freebre the lei. elenent tc forma self-franking clanp. Possible
add~, tioual benefits of providing the electrical path fromari i~t elenent
|ead to the shig,dlale g BB ok iR thQd %Qgiférﬂdh&)mm&eb@fsfegﬁtﬂnve far

har v iaEt
o orotecton O Al el e T P STl g

. e
nmet al shi eFEFIIFRELY A1s8@ kit diek I‘Eﬁ’gtﬁr‘ée%t‘ﬁdf?a@ﬁ Priyesn; eﬁjcfhfﬁglkgg?l&]%f‘“t he
| eadgsof t Absk SRives Ernemackdoes Wb ra SiRgley seashtHit ey ement PALY dih-2 1PER: ag
a thin' fil 8 s¥peShedithusanblipi et lcaatact sedbivhitecadenerrdphds ryovidedr fgr each

Canneat i ongtQxt B = hiuet thfa@kMiNGends approxi mately centre-tapped resistor.
Irt anot her eatbodfnent, a head W|th nor e tk ~an one conductive shield, h,aa

t ha ~shi e~. ds electrlc coxar ected a en ¢ ect.ed t he 40
| eads t hrough a®rRA5: éﬂ‘l@yﬁﬁf’h“ P F?‘E‘W‘aﬁ[‘? K-8, ° ?#Lved i é%tgr}e“gb"tk ‘

Conf PBur at Few Sagnedcodimrg watk dRf Begdseaciy t8R; Qldoving, Vét ?Hét [ be
enbodi ment psehiter imilude fmasit ~usigat tee Igiant vepranenes katd veh MY effect @%nade
from a mat eeilpkhwhidifetotesibi oW ey tédd.or Bhec onEiit b gt fiaom 45e arradnisaadat i ng

material t Q) DhQAKL A8osRrbES St E¥RaRAt Yok Aknd e o 511RE 0 L AVEDPEA Lkt Tdeal
pulses with very narrow width and bread spectral content. These spikes
33 can be of either polarity and are distributed over a range of amplitudes,
The autput signal from a head is typically passed to a premlitier then
inte an input channel which inc¢ludes various filters, detectors, decoders,
error correctors, etc,

40 The effect of the sharp spikes in the input channel sign'al is at
least randomly dispersed, correctable single hit errors and at worst may
.interfeare with detection of the media signal. The spikes can occur in the
abgsence a recording signal or MR bias current, but appear to require

. media/head contact and ralative motion.

45



4 3 0 MAY 203 A storage system according to the xaventa, on caa include aay
enbodi nent of the tit head iaventioa. 'fhe aystem-s bias circuitry is
con~xected to apply a do b~.as voltage so that the S2 shieltd is conaected~~ >~
- to the proper lead of the I~ elenent. Although the iaveation is wel'l suited
+5 fox use in tape storage sxt~tem it cat~,be applied is disk drives ar
nmeasur enment apparatus where the heads are3aub eated to forcenlmhlch cause
charges to build up between, the MR el enent sad a shield which c ﬂqwénfzoga
z~cl ude contact or near-caatact recording using rigid or flexible di

e e Sy st oo s, g,
15 B i cpipzpifly s spfadtorditecite clem Ei
For- use T IEERORS % B, SHAeaf g PP RE PEPELISd B (agF IV LSTEa A or

ax-t lit head using ferrite for a first shield and a separate elenment for a
second shi el d; 20rbbeagudstehti Apnldtaiatonso s5Tusavayl dianloceds s tpudmducert 1-~i

head usi ng 3RpAIALE £hrRERMHResidtdbe i eabvitil bud Rctradi;. fdS e1&dtgune 4
| 1ustrat e%m@i&& gpﬁ&ﬁh&&y'éesgm‘}' co %Eeﬁst&wr%ﬁ% AlakfrddeS i A36HA] €d

conponents I n ora st e ure ~ | strates a portion of a
c3rrErU|t eﬂ'&ﬂﬁ? i g ’a"ts‘}d "71 y ggto one ' enbodi ment of ltohe

3l ~vent 3on usi ~ag a GW nt xe tapped resxat auee path fromtwo shiel ds which

axe daloectri cal | yrhesarraet echenes 3ps3Gndd for =8 prdtgstion ef thecelemvmpayitmly of
an ~t head tisse W3 het Idikecdlgr rélatier &d thhifresdntiprohbent cpatiiechebeebién cal | y
conducti ve ﬁbﬁ&ﬂﬁt fémna he:pd sthheddh déh IafEfiLhbndifshAbdbnt 48 BdnREE 2

shield to ? g{]r@hﬂcﬂ Jnodﬂﬁé‘h mo "s Sods® #«-ﬁ%@@t Ic?g?acting

Flguze9| a rrife

first shiel® 3&8% e‘ﬁa?ﬁ?‘%’deﬁgtr?fg tI':'fL'Y m u""(:ct%“%:H Iaggrﬁ?ﬁatf a8 119.519
shi el’® and-‘?é' R by R lging 1P b Aepperrg2iagee e?‘%@"‘f"ﬁmf’éald LEESSEE N G5t o

an enbodi nthet diglcupiien Redkaw wakt shENDED HE~T WO 00r ~~~~~ gcr neg~~a3~zs
5 3 o MAY ~oa~ 5 Figure 10 illustrates an expl oded view of an MR head

havi ng a sipighfoduaa Ose s éafilmel d' and a centre-tapped resistive path
fromthe s~ shield to bath ieads of the MR element according to an

enbodj ment of th [ nt r Lra =terage

aCr O%C?I ng th in g’n a3 E‘bﬁ% b ﬂtgg? °tvesat b ?égnp |°rbg'ﬁ?'t
model far & Ea%e&s*rpdﬁﬁ’g'u G578 ML Eh RV HISR, *Be i@%&rw&eﬁm g a

se~aar at e FOEFNGGLPE sHepdtte PPohreattt W SRBeToA8EeT itPePEIHBF dhe Hubldentre
Capped resioft ddkse 8bsmupsive ITRaYang LeReddatsfd vheh VRe cldgepetion of the MR
element and the shield (which together can be modelled as a virtual

25 capacitor] . IXn one embodiment of the invention the charge clawmp provides
a resistive electrical path from a shield to both leads from the MR
element to form a gelf-tracking clamp. Posaible additional benefits of
providing the electrical path from an MR element lead to the shield(s)
inolude making the shield{s) more effective for EMI protectien and

3o gerierally protecting the MR element from high currenta f£rom othexr gources.

In another embodiment, a head with a single matal shield has a
sepaxate registive path from the shield to each of the leads of the MR
element.. The two resiatiVe'paths may be implemented as a thin film

as structure which contacts both leads and hag a central comaection to the
shield forming an approximately centre-tapped resiptor.

In another embodiment, a head with more than one conductive shield,
has the shields electrically comuected and then connected to one of the
40 leads through a resistive path. Alternatively the resistance
configuration can he duplicated for each ghield.

In yet another embodiment, material aseparxating the MR element and

the shield ia made from a material which is slightly wore conductive than
45 an insulating materjial to provide a reaistive path for the charge,
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~atail od pa~scrix~tion of xhe Invention 1S The present invention provides
nmet hods and appart~tu,s for preventing noise ~gpi kes fromoccurring in the
out put .of an MR head by clanping the electrical Natential and associated"-
charge buildup in the head. The head i9 designed with neans for el km nating
“the |l arge charge buil dup whi ch sudel enly di scharges and nay. anong ot her
effects, result in large 20 anplitude, extrenely narrow noi se pul ses that
cause errors in decoding the - data being read fromthe nagneti pnﬁﬂtﬁ
using Mt heads. Mddelling and experinments suggest that pul ses.”0 1Zﬂ93
observed resul t zf Qb 0GRt &€ dclbrdeh A @Ee DRfvaReTbn Ban Nocli®d @ayal and the

hield h | d ]
shiel d(s). .@D%;Jt@mgggtaeatmatéaq R M Ttta\ewe.mpeaate@ abgpugen them

a
capaci t or, “ZFepFT rn°a?‘fplf~ﬁ qfe&%%s vf’gztaeq ?E @g hehgg %Ngf’ 88“-??&“? %he
noi se spi kthe sEeRed Beed sfovke dBcelemmRen E‘“’WH% ipwgnidepcly welil edEse
di schar gestet hserithespe storiye ephteageit rcas.clvee 2Rl dwde Sk diisin dsiivee @ because
the Mew Nom&ddlremerft GppdzabRs Wheké itNeChestsliste RApPRrtadcrd foftuwy GhSe 2age:

ggghfgl s & gggligaggﬁéigpaﬁﬂwﬁw%hﬁ'ﬁl@EMH xn&nénsﬂféltd ﬁﬁgﬁf‘éo@isw i's not
char ges (sbmclé’?F e F P 55 REH S8 Sactt ge ‘{\ﬁk"h% g‘F gﬁf gt:i toéfng%e’lg'gge adéi:g?’{ay)

When t he vi rtuaI capaC|tor d| scharges part of the stored charge fl ows
t hrotigh i hBzie® Resonipntion; 9fisthec E8E pul se in the output signal. The
transducer (head) 3S desi gn of the invention limts charginff of the

! zR-shi el d capaghd QnvashosOwslt ReW vecdicesbédieppvlyl bidaabplo wnay| ieahol d

~or el imnatggthe, rte' e ra.uté.aa%n 1gfu9wie94 i S @mad,r cui t di agram which
illustrates msinple nodel Ois useful far understanding the origin

of the noise spikes and the so ut| on rov i ded hy the inventi The nodel
incl dBes the noftSF8sttiVEeTA SR, r'f‘étF ¥ e ot ¥ ‘bl%f%"’i@%O%g’fﬂio FEIgPH s.
Positive afer megatt vedife dose™ rel ati vel y in this context sinply to
indicate that a~~C bias current flowis induced in the MR eleneht in a
typi cal applicariqirel @ H1%Ebfage a dnrowal etew bifca (MRibeartti Br mredl heidgas

i 2 xcl udi ngecangaxisNaeeddscWbhiCial $od a_separare elemedtV f¥efa heddndUibigra) MAY
200 gpproxi~tely one-half of the total Wt. -Shl el d capacitance axxd is

con~xect ed thro ?%t‘tuthg i\ﬁtus %;t%gfto t@gwanegg Q:Eara gnnegﬁ h%g 11§si%§dleneu

o:~ the.dif=areu capaci t anc

the MR heaBCRAFAEP $hempots tPE f&'ﬁﬁFcﬁﬁdnﬁ? ?ﬁf’@ B%1f of the total Nit-shield
S capacitance is connected to the nore pae~tive riias 1~ point,

Capacst ances 11Figurel? Hiwetmat@gon simpiie clucuiffenedrilekelr a@aMridierdnnd ipe xe
in pza.ral hesocttéd ichepsenk e Sic anditaateangefsystesi st ance 1~ sad swatch 14
whi ch are used to nodel the chaxge/di schaxge cycle. switch 14 when open

al 'ows capaci ta?&&ﬁévtm%ef&%a Dipseban08s i 5 APASl Rdidly £6¥8ud iR &Aa
Choel 09~ 20cd: 3050 & SE0UBEARHOTGe P TAVLIRLE g0 ctg%ag

charge) 1i. e on eI eneant
onit.s vva‘y’ef’t?tﬁ’é%? é‘Fg’hcfé“’Ts %FLE%IWQ T”fﬁ@gﬁﬁﬁf’aﬁec?&ﬂ £3f 13 and
sw~. B8h 14 pair cau be | ocated~in para7.~ .el with capaci tance 11 to nodel
f he opposite poFagitey8ofllpgtratest heeuSaway yhev |9 PuMBehead ysing fpevites &2k by
changi ng t hefibmtsegielaf aida sdrarge: 20eantetd eI apadicane ed ehdnt Sod thHa 52
AVENDED SHERidid and a Hedid{i#683thXrrodntidriszOfHicl®ajo Ghe IMRE 162V QUELATInG BN

in tke nmodgl, QfcRERAUEof +HOinntY¥dQ coaductive shield head, a

oentrg tapped thin Im resi stor nodel (conposed of resistors 95, ~7) is
ooanétted across . tk~e ds of the |I~t el epgent 15 ﬂ tge (:entfrg iaegfis
conueated to it§ ﬁ‘éﬁfdﬁct’r CEHe8 B BEREY v§§“t°ﬁr5t]\§’h PR USEF TEET Y, P8R @
al terr, ~at Féeste#bbefdrand & ssraysse d@cEairaldy Aopugdyerlangny KBnEER BRve
pat h. Thi s sheslidskhd e mesiwmike glaghpiromhthep Sk estiiedd tof thddRs besdlagopysing to
appr oxi mat ghYyedddQinird- poidHe poiednidgl df the 1~ el ement axxd so keeps the
frictiari between the nedia (tape or disk? arid the head from changi ng the
t~rit,sk~ield victual capacitor. one advantage of this to approach is that
the t~-shield potential differericen are constant sad zndependerit of the
bi asi ng curxent dxrectian. Note that a centxe-tapped resistor caa be two
separate resistors coanected to the shield at the sane ar different

| ocations. since the sbields~ are good conductors, the contact |ocatior~ ig
not generally ex~a~.cal. Ix~ this envaadinent the t.~to
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15 shields are both conposed of cor~duotive material. In a3text~, ative
enbodi nents of the in~rention coz~resp@Qndxag to | ~i~~rEs 7 whexe there are
two ooaducei ve shields ~.n the txa~nsducax they aan either ire left

- electrically i~asul ated fz- om each Qther ax they caa be ccr~aected Y~y ao

" noni r~sul atwoiog3ameri al s4 which can ea.ther be conductive PETIRIPEINTe. A
coxsdttctive corul ection essentially shogts the shie7.ds together. Fimre 8
illustrates a cutaway side view o~ an Ngt head using ferr~. Ge fcar fi b
(r~oneZectrically conducti ng) shield 6x axxd a separ ate 25 el ect3'&1ﬂAy§ 03
conductive el egent f econd shield. 2 and a res ve path om
t he aacot ~d shgegﬁnaet éu" P& %’élef':gl?/':éd “58 %"3 li’\%d P’?ﬁ”{g A s’tnﬁu

vi ew t he AERRIGEEY 5(5%/éhllﬁld~“é‘ad‘ Fgﬂﬁﬁft’s‘?ﬁﬁﬁm"‘éﬁ‘i%‘é& PP"MFQ“‘d”Pf'e a| FHetdy
behi nd t héanmté p;eeqlq iofet He- MR el@mynty hecors g thioy an pertbied Lt @&nklse a t hin
fil msheetngénuiohfixe ar a ~es~.gtive AMENDE(~ SHEET "~W? 001 33299 a

PGTl -99/a3925 ~ o r~~Y zoos material deposited in the via hole through the
insulating mat L h r IS e
el ectrical pat% P?To%lvgﬁ E&retscﬁar gr‘Lgesggﬁ%l négﬁg%ﬂséﬁagg"&“% ohd
alternative enbodi nent nodelled in Figure b which provides a conductiyve
(near zero resiFigaredi? élbstrateal a Rorhienrt pe CAERt iy 889 I9F| iBgnate S2
shi el d naketdmlingotdendepisidimohti of tthe irvantisnt heimhiaeteharatbeaiasgstive
depqgi t edpat frbi~Gadinse dudecsiiuet ook dal ed & phraGededpped FenlscehaCtri cal

contact wW,ih then MR \£3d. 83 os Aetip kNGl @ conductive . 10 material .

other than the shield material could be deposited in the via prior to
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Figure. 7. Fﬁ% clality everything prior t enent has .4S been

omtted fFOM¥His illustration. The irregul arIy shaped thin film

Figure 4 is a cirguit diagram which illustrates & simple model which
40 is useful for understanding the origin of the noize spikes and the
solution provided by the invention. The model includes the more positive
17 and more negative bias 16 connection points. Positive and negative are
used relatively in this context simply to indicatae that a DC bias current
flow is induced in the MR element in a typical applicatien in a storage
45 system. The MR head is modelled as ineluding capagitance 11 which is



WD 0933299 FCTI GB99/ 03925 ~ a MaY zoos resistive sheet 183 approxi mately
corresponds to three resistors 95, 96, 97 in Figure 7, The shape at the
resistive sheet 1&3 is somewhat arbitrary and carp be sel ect ed. ac@t HY~1'¢"~
process or material canstraint9, etc, zn this enbodinent the material far °
“the resistive sheet 5183 is deposited to span across the two MR

(Note that the order in which the |ayers 6r structures are deposi$iﬁﬂiéyhggﬂa
constrai ned by the invention.) The via hale in the second insulating | ayer
67b is lac.ated to Connect to a Spot On the resistive sheet that wll

pref erably iﬁi@éﬂmawp&maqkyaﬂual e85 | M- BREA o Bl thGeSBhL!1G bonRREkY

| ead, The resl sfange . each.l e Q ot _b fo e
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of ~'igur e$5TeRe88IR: IRV LOOTRY BEPERLELET o> FHERE SRPIHERFYdrPe™S the
enmbodi ment MRi hérd, apdel vhicly d e ofpprhsingicety)icne ehalifert dFenkrtadr "Risbdedd. The
S2 shisel d 23gaciaiate dls coiviegBed Loetier b€ Fokitivenbiae 1Vepoing, daapscitagcent o

the via 15140a5PRBCEIvel BeeciiioR! SbakOid RBe rfSkPd | \CRpARIAREK 13554 NG paEAdel N
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in adifferen e 1nventiogn, =~ Of I'S alternhative
enbodi nent "‘Ph‘@"‘f"‘gts)fﬂ%? Shagge/Adschargp n‘a’t"ga' eSFhRT™ 8§ CRPRIY ?i}g‘:’"\ﬁ a. bet ween
resi stors S9Pagitdnod 12 fo Fhareser PhFRaRIDAdi MRinlled Srepetichi thc1ppdags
formag by when 2ischargse oGrepspafpmonindtely Hodl df (tthet froredocHagaels dnel | thye
subst ant i alehirse|wal cipp@gataicas s1 offlvhe thedughhehe 6mi Elembn®n3tpragedd . Xn
f)myt ﬁf tpelﬂ@%ganiﬁ t e aas&;&}bbvsotéaduﬁn%trbufﬁt%kefi Tain@, e‘ﬂit@ﬁq'f]pﬁwt
e in fi ~ . . ; fLuC. : e ar
Lo bo usct Ghuroy PR A B a1 ¥éﬁ”?ﬂ?§%n$mﬂ€°ﬁ§aéto ;.
Not e that EFSATXHAHEFHERal 58 B OB RE AT oAl e THTETIe0CY (CREpEH, b5e
resi stfance PHAR IF EBR TREISCPF R FPf FRPBET 1ACAE ha"eHRrge cl anp. 2' he
resi~ctors can al so be reststive naterial deposited into one or nore vices
(hole in ilnsulator) , such as nickel oxide, alumnumrich e~~. um~ld or 30
doped polysilicon. . Aacarding to any of the enbodi nents,. the cl anping
resxatance essentially prevents the voltage on the shield Pram exceedi ng
about 0.1 volts. Wthout the clanping resistance voltages on the order of
O volts 3S or nore could be expected. The regson far providing a finite
clanp resistance value is to minimze signal variations which can be caused
by intermttent netal s~near9 between HR and shield otl the head surface.
Such smears could 40 result from fabxi.catian, cleaner tape ar data tap. A
cl anp reai star~ce of 50-15U kohnms is generally sufficient. However,
nodel I i ng shows t?yat clanp resistance should be |less than a few nmegohns.
I f such snears are not present or are of euffic~ently high resistance, then
a sirsgle, low resistanckE connection is sufficient, i.e. les$ than 50 kohns
and typically 45 a few ohns or tens af'ahns. W- 00~33~9~ pGrJG-99J039z25 3
0 MAY.200 Sone prior art MR heads may have | ess than a few negohma of
| eakags between the MR and shield and, therefore, may not be subject to
spi king. Heads that are subject to the spiking problem have hi gher
.insud.ation resistance which allows the tribachaxging to reach
sufficiently high 5 vol tage. Another enbodi nent replaces the Mt-shield
i nsul ator v~i~th a slightly conductive material that gives the sane
resi stance specifications, Such as nickel oxide (which isr aJ.ready used in
spin valve leads). This enbt~dXment 10-requires na changes in the structure
c~f the head and can) therefore, be inplenented easily. Note, however, that
inthis nmethod tribraacurrent flows through the MR e7.enent itself. It is
generally preferable to divert the tribaCUurent to the MR |l ea~ds~ as is
done in other enbodi nents. The invention can also ue used in MR heads in
whi ch both S1 and S2 shields are ].5 Conductors. In this case the above
enbodi nents are applied to both shields rather than just S2. There are
seVera, 1l apti oMs for naking the connections. In particular one optionis to
connect the two shields together directly and then provide A clanp strap to
the lead resistor or resistors. Hoth shields should preferably be at
approximately the sane ~0 potential. One advantage of all but one of
enbodi ments of the invention degoribed herein is that the potential Canp
di verts head-tape tribocurrent through the nore robust shield to the MR
| eads. There is 25 evidence that unde7” certain conditions this current if
not diverted ie destructive to the MR el enents, so heads nade according to
the invention will be manse robust than prior art heads. Another advantage
of - the-invention is that it nmakeAMRERNDED 8REETere 30 effective for EM
protection. This could result in | eas noise pickup under sonme conditions.




MR head structuxe;s are typically nmade in batches by processing Waters in a
sexier. of steps in which layers of material are deposited or 35 selectively
et ched .usi ng well known techni ques. The various enbodi nents descril aed

. abcsve can be incorpprated into exi sting wafer designs snd proce$ses for
heads by those Wth ordinary skill in therart. Figur 11 |IIustr8ﬂ§jw AY2083
st orage system whzah can either be a 40 .tape drive, a rigid disk drive or
o flexible disk drive using an MR head according to the invection. Media
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conductive connection essentially shorts the shielda tdgether.
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Figure 8 illustrates a cutaway side view of an MR head using ferrite
for a first (nonelectrically conducting) shield &1 and a separate
25 electrically conductive element for a second shield 222 and a resistive
path 181 from the second shield to the more positive MR lead 63. (Note
that in this view the wmore négat.’we MR lead is not shown gince it would he
directly behind the more poeitive MR lead.) The resistive path 181 can be
a thin film sheet atructure or a resigtive

AMENDED SHEET



4. A txansducar asolainmed is claim1 or claim2 further eongrisix~g: a
second shi el d eancposed cf electrically ccxnducting nmatorial; a f~.rst

i nsul at.ing | ayer of elevtricallx insulating nmaterial 30 diseased above the,
first $h~.el.d; and . a~rx eleotri~ax cormection, froth at least tie

secox| d sh~&§¢ggsi}?gn aut s~. de suxfaCGe of the transducer pro"&@,‘?ﬁ%@gl&

pat h~or ele es tof lowfromthe eecox~d s~h~, el d; wh

t he cnagt Yetoresistive element ie di sposed between first and emm
ahie7,ds and elecGrically insulated fromthe First sad secoa MSZDOS
and the el ectrical connecti ,ari fxamthe second shield carui eCG the second
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charges toghl,awd Eﬁmﬁﬂ‘@eé@%@nd fhietbkkd Qatdha Léidistisonduetiiedllpas 140 5.
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Conpri si ng%an g eck%c or%l‘g%: lngn%egv\egw the first arid second
shi el ds. AMENDED SHEEI ° 13 ~ o MAY zoos 6. A txaasducer as clained in

cl ai M54 further Thenptiespagive pakddisenhdsfpiadatt Fdover &r vaich providgs 8
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aoai nsul at i:BgadrRli 64 | H1e0dd 6RAbBG el Waea 1 {1 1ydby aRdn R HLads saididhe 15

second shi g eﬁJe%CMehca' L%&Q@L@qt@agaﬁcswtqe clanp_approximately at a
m dl ipe of the charge clanp; ~ . formng a secox~d i 7usul atiag | ayer of

el ecf‘ ically i nsul ati ng mat eri al over t he naﬁgett~re5| stive el e:%tst whi ch
a
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mat eri al sebdt@ntrealdopneeal absighr om itshbvarpghist 9fe st Féte rekpexdiive by thhe
second i nsyhatden@re 4 ofiitthel Xés iRRRES irépteseABicGy 98 bRdtd® Cthargeasd anp.
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25 of el { | t f
dep85| tel ﬁ; L'%%!reé)sfu ég&’?&&; %m&p&%ﬁ%ﬁer z‘ﬁ‘é’”ﬂalx\ég& LP?:H;% %:P les

om0 AT RR 14 S a0 bole ot iy L PUrie §MIng g, bl phpfetors
conpri si ngthhe *EEFYPNIEP LA WATHG &I athh tt’ﬁé"éélz‘!ﬁnd“‘?ﬁ%f‘&ﬂ“ﬁé%ﬁyer and
wher ei n t heewnessiols dnepoyirlrey of sewndesintéve Conpdsets ofonexesssts awe |y
cond@st i ngshadleisi aétc.deposits electrically canductiag material into the via
maka, ag el ectrical connectiaa between the second shield and the charge

clamp. -5 20 Lpigl: #6a0Ru5YSh URSOHR LEbNG: B CRANRINGE AR o123 o [

any oxxe of cla I as cennected to the first

and secona ?e’écf ’F"d’ ?ﬁ ths?hl%?cfl\%)ﬁfch i X Th"adlfj‘(:":le“l;ce 185%hi Hs Vot ot

etween

a
o ret sadiEELviny JausT §ler cThe MRaglepppr dildnkygeRae itai o She & H¥8i film
of raé8-~, st ﬁvw#mpegulawéeyﬁzﬁaendrhegtwm LendssRd elbdataret fepdsiited naPRAEASAI

conduct i ngehaads, chdh@Reb)envat Nt BpAY o&kefl CheOUR agemait hink thb~imdudawdrech i s

bet ween t hiyagler \seht.ﬁmeumnme%} IeS bR Eetf buPgidecank 2ada! Nens esrbba
conducting ﬂ?&‘ﬂnﬁ@"ﬁ'ﬁ?ﬁp GS)B' Eollows to cover the MR element and the leads. The
via hole is etched into the second insulating layer 67b to provide a space
35 for the contacting material 181 to span from the MR lead 63 through the
second insulakcing layer 67b to make slectrical connection with the 82
shield 222. If the via is unfilled when the S2 shield material is
deposxtéd, it will fill the via to directly contact the MR lead 63,

40 Figure 10 jllustrates an exploded view of an MR head having a single
conductive S2 shield and a charge clamp formed by a centre-tapped
resistive i:ath from the S2 shield to the both MR leads according to an
embodiment of the invention., This illustration generally corresponds ta
the model of Figure 7., Far clarity everything prior to the MR element has

45 been omitted from this illustrdtion. The irregularly-shaped thin £ilm



.. 14 a o May ~aa~ Z1. ~1, storage systemas clainmed ixx claimlp, wherein
el ectrical connection Examthe shield to the iret conducting |ead is nade
t hrough external cazure~t~.ans oz~ the transducer. 5 1.2. A storage ~yatem

‘as clai med woooaszgom 11 wherein the do voltage ou. tlae shielgl
m dway between the do voltage on the f irgr aoaduating lead an
cauduoting lead. 1.3. A storage ayste.mas clained in claimzo

b95Rad23

WAY R

do voltage on Zo Che first lead which is positive with xe6peC tb the
second lead. .14, A ﬁt oraI%e systemas clained in claim10 wherein the shield

i s connect tf iFHIBHhENBEL ¢

d pPRrowimtedycenrdesnads Whitbhed sepietoent¥d With a
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AVENDED SHEETtrafd. And AS&. Ak. feld¥fed\dcAWdiAd U AFeddss or material
;) - A @. AfcchBEr&@EZIdapSys ngak Uhkaakd-catd L abl cadhcald ¢alll ca
caU] C?-U] Caltﬂticily]&%oﬁ@{cﬁlﬁwvgga%qy%:%;% tL.‘ﬂeC/Eva-io Rcll\g'a c,:a B?oattca tC

th
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cal cal cal]
£l fanee
e otrder in

lﬂ CAalﬂ CaJJH&%ELQﬁ% fa&%rs or structures are deposited is not constrained by the

invention.) The via heole in the second insulating layer 67b is lecated to
connect to a spot on the resistive sheet that will preferably vield
approximately equal resistance from the shield to each lead. The

10 resistance to each lead does not have to be equal for the beneficial
result of the invention to be obtained. In fact, the embodiment of
Figures 5 and 6 can be considered special cases of the Figure 7 embodiment
with various legs of the cireuit either opened or shorted. The 52 shield
222 matarial, which is electrically conductive, is depeosited into the via

15 to connect the shield to the resistive network as indicated in the model.
The vertical, common leg of the clamp network can be eliminated in a
different embediment of the invention., For this alternative embodiment

the resistor 96 is eliminated either by placing the via between resistors

95 and 897. 1In a preferred embodiment the electrical paths formed by the
20 charge clamp from the shield to the two leads will be substantially equal

regardiess of whether the resistor 96 is prasant.

In any of the embadiments the resistive and conductive electrical

pathe can be thin filma made frem materials and using structures known in

25 the art to be useful for thin film resistors (such as polysilicon) or
conductors. Note that even though metals are eonsidered to be conductive,
they have resistanqe which can be utilized in building the charge clamp.
The resistors can also be resistive material deposited into one or more
vias (hole in imsulator), such as nickel oxide, aluminum rich alumina or

30 doped polysilicon.

According to any of the embodiments, the clamping resistance
essentially prevents the voltage on the shield from exceeding about 0.1
volts. Without the clamping raesjstance voltages on the order of 10 volts

35 or more could be expected.

The reason for providing a finite clamp resistance value is to
minimize signal variations which can be caused by intermittent metal
smears between MR and shie¢ld on the head surface. Such smears could

40 result from fabrication, cleaner tape or data tape. A clamp resistance of
50-150 kohms is generally sufficient. However, modelling shows that clamp
resigtance should be lese than a few megohms. If such smears are not
present or are of sufficiently high resistance, then a single, low
resistance connection is sufficient, i.e. less than 50 kohms and typically

45 a few chms or tens of ohms.



zuoj d*XRU] U] cal] caU] cal] ca] c8al] ca] cal] cal] ca] cal] cal] cal] caU] cal] ca] cal] ca
U caU].caU] cal] cal] caU] cay] cal] ca] cal] ca] cal] ca] ca TU]RS Hcatlcatl cal cal
g<nt }wgl f ~ ZSj d*XRU] U

W] caU] cal] cal] ca] cal] caU] cal] cal] cal] caU] cal] cal] cal] cal cal] ca ca caU] ca
U] caU] ca] cw @3 ¥a U] caU] cal] cal] cal] cat 6}| k=?aqs>I\/ 8BH} vpj 23] caU
] caU] caU] cal] ca 003
Ul cral] cal] ca] cal] caU] ca] cal] cal] cal] caU] caU] ca] cal] ca] c6a] ca] caU] ca

U] caj caU] cal] caNPZq

e ##$7$ w&s Falcableathsallica %em eaUl eabea
el R R i
e s

U] cral] catifadeUr bat ] &teﬁ!]ee'a]*@a} Uy REpRLAM, Ea‘(jj &4
Ul c*al] cathsiathoedwhaFh alloed dab m@]oehargmg)@rszmzsf jenulr g A24F4RA4
8888§888 981k ga\ VQ U] cal] ca] caU] ca] caU] ca] c(a] ca] caU] caU]ca]c(aUc a W]c

al ca
9]99939331%5?[;%; i iea%é?ﬁ%ﬁ' i %ilﬁcgﬁ ]ﬂ? C@Zumaﬂz%@ft@ D491kigr )
ia] CaU] Ca] nicke ,IA;quzl,Atygl,qb}J;.??a,lfzif,g ,u§§d in sI:?n va(l:ez legjf Tgf:] eL\gbc&fnJ f

<<<fopj e_~Zdqlirek) :w]cbahgeaaa]mami]eca@mtj]:ca]crﬁaw%éi\]ae'&lﬂneiaf@au]:bﬁ’]#a’wcaHecaU] ca
] cal] cal] ¢} cadhead Gabl 6a] crddes ahoalvke o] tnat] Hajteas wic ke csiksciizent oflows >>>
@@ E&t Qié?:]e\(\ﬁ :.ecsZT} U] keald %“1@%%&@@&&%6&1&eﬁﬂmq cau

] ca] cay caUL g cu .
U cray] caf1 (E' en &?ca ca CABEHESEE KR

- NbOd Ot ORISR G j"éa * L’ %? gfﬂ ]L 15%& ﬁﬁFKg%] caEi caU]
caUpgauy CG?MFEETCS&E] ﬁé]sca‘tﬂec& dats c}’gﬁfca ~QRRVBO
SSSSTVVVV\E WY Ak HRRAK Mo mzvswvsx sarmbfngtyu w@?w] aUMREEPgatl¢a] cal
ca] caU cabﬂ,.@,a;l&}cea&ﬁaUhﬁaﬂaﬁaL&m}cmﬂ optf@ajis (alkoadaa Ut ioa tive aftcaifisal] ca] ca
g]bggkgal\llg} G ¥ od_than) p%&x@éaﬁ&ﬂaﬂpt&rap to the lead resistor or

al callc
ay caU] caJc %JV% I%Fﬁ%q %]rg?etﬂaga il gga]lpgaU] %%b%t%%%%ﬁ?eel LeJ]ye
ecefPffff @ gEghgj g{vpke ZU] UU] c] cal] ca] caU] ca] cal] ca] cal] ca] cal] ca] ca
U] ca] cal] ca] cal] ca] ca] cal] ca] ca] ca] cal] ca] calU] calU] caU] ca] cal] ca] caU] caj gqg|
0999999999ggChZhé hedvanhégh RRHRhRel 2 & srbodAmRekS \JEcBRY dAY#HUIPRa] calU] ca] ¢
al] ca] caU]ﬂeaz}ﬁa»bEiq&_}z_@a_hJ] ralbadcba] madhcd ic alpwapéedcaUhenl-cand ca) caU] ca] caU
aul C%J CaQL &%Ul&.-ﬂ GM&%L%%C@J&&L&&?J eatd Q%ul&&Uheawccaiﬁ&a%cﬂ cal] ca
"[J][ rﬁuvg\% ek 18 t%a e W lgres {'Eﬁq ca o&al cafcal dé% tgatli]‘ec ;]meriﬁmn] Ul
al cal] ca]ca

ca] cal] ca]'q'gri ti?af&ﬁ?ﬂ’ggﬁ'%aﬁ}(t’g%‘ fjg 3&"@[ cal] ca] c8aU] ca] ca] cal] cal] cal] ¢
aD[ =] 3fE L T&IO%&' ()- 10%& ()- L3 W0 ()-F 109%0& ()- L@AOWE&E ()-
Y40%T& () - 3u ={rRBtNGD 2820MRIE df) the HnvIRUAMRLY thaC 1tTR4I09R thy -shislds more
TELOE5& (k toctile 1 POMARRT (Jrovbteibhl0%hi6) coulB! £ghi K100 T4 npddd Whickip
| 8810% ( &\ hhar $HRL ShrakEons.

MR head structures are typiéally made in batches by processing
wafers in a series of steps in which layers of material are deposited ox
5 selectively etched using well known techniques. The varicus embodiments
described above can be incorporated into existing wafer designgs and
processes for heads by those with ordinary skill in' the art.

Figure 11 illustrates a data storage system which can either be a
40 .tape drive, a rigid disk drive or a flexible disk drive using an MR head
according to the invention. Media 201 (either in rigid disk, flexible
disk or tape form) is transported over head 203 in a linear direction in
the standard way. The MR element 114 has two leads 63, 63a which arxe
connected te the MR electroniecs 205 which supply proper bias and provide
45 initial processing of the signal., Using the head of the invention
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first and second conducting leads (63, 63a) from the
magnetoregistive element through electrically imsulating material to an
outside surface of the transducer; )
a first shield (222, 83) substantially separated from the
magnetoresistive element by the electrically insulating material;
10 characterized in that:
the first shield is electxically cpnnaqted {181, 681) to the first
and second conducting leads through resistive material (183);
registive matevrial (95, 97) in electrical comnection between first
and second leads; and
15 an eleckrical connection (96) from a midline of the resigtive
material to the firgt shield (93).

2. A transducer as claimed in claim 1 wherein the electrical resistance
from the first shield (222) t¢ the first conducting lead (&3) is

20 gubstantially equal to the electrical resiectance from the first shield ta
the sacond conducting lead (&3a).

3. A transducer as claimed in claim 1 wherein electrical comnecticn

fyom a midline of the resistive material to the first shield is through a
28 via (188) in iwmesulating wmarerial {67h).

4. A transducer as claimed in claim 1 or claim 2 further comprising:

a sacond shield composed of electrically veméucting material;
a first insulating layer of elegtrically insulating material
30 digposed above the first shield; and
an electrical connection £xdm at least the second shield to an
outside surface of the transducer providing a path for electric charges to
flow from the second ahield;
whexein:
35 . the magnetoresistive element ie disposed hetween fivgt and msecond
shields and electrically insulated from the first and secoand shields; and
the electrical commection from the second shield connects the second
ghield to at least the first conducting lead providing a path for electric
chargee to flow from the second shield to the first conducting lead.
40
S. A transducer as claimed in claim 4 as dependent on claim 2 further
comprising an electrical coennection between the first and gecond shields.

AMENDED SHEET
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magnetorealatlve element to an auts;de surface of the transducex;
characterised in that the method further cowmprises the stepa of:
depogiting a charge clamp (181, 81) formed from & thin f£ilm of
noninsulating material extending between firgt and second leads and the
15 pecond shield electrically contactg the charge clamp approximately at a
midline of the charge clamp;
forming a secend insulating layer of slectrically insulating
material over the magnetoresistive element which leavee at least a portion
of the charge élamp wainsulated; and depositing a second shield (222)
20 composed of electrically conducting maxterial substantially separated from
the magnetoresistive element by the second insulating layer and in
electrical contact with the charge clamp.

g. A method as claimed in claim 7 wherein the first shield is composed

25 of mlectrically conducting material, fuxther comprising the step of
depositing noninsulating material electrically connecting the first shield
with the second ghield.

9, A method as claimed inm claim 7 further comprisihg the step of

30 forming a via in the second insulating layer and wherein the step of
deapositing a second shield composed of electrically conducting material,
deposita electrically conducting matexial into the via making electrical
connection between the second shield and the charge clamp.

as 10. 3 storage system compriaing:
a transducer as claimed in any one of claim 1 to claim 6; and
bias circuitry connected to the first and second leads and the -
ghield which induces a dec biasg voltage between first and second leads;
wherein: ‘ '

" a0 the rransducer compriees a thin £ilm of resilstive material extending
from the shield to the first and gecond conducting leads, thereby
maintaining a dc voltage on the shield which is between the de voltage on
the first conduecting lead and the second conducting lead.
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the shield which is midway between the dec voltage on the first conducting
lead and the second conducting lead.

13. A storage gystem as claimed in claim 10 wherein the dc voltage on
10 the firat lead which is pogsitive with respect to the second lead.
14. A storage system as claimed in claim 10 wherein the shield is

connected to one of the first or second leads which is presented with a
lower impedance to signal retuyn than is presented to the other lead.
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