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c~G~ czar hiald of the Iuve trop 5 This invention rel$tes in general to
magnetic heads which are used to read and/or write magnetic data onto a
magnetic film) and more particularly to heads using magnetoresistive
materials and methods for making these heads) 10 backstround df the
Invention Progress ire magnetic data recording requires higher densities
which in turn require increased sensitivity of the transducers (heads) used
to read and write the magnetic signals. Noise reduction and pratertion e~f
15 Che heads from transient events are important goals fog: the design of
the heads. Many read heads o~er.ate using magenotoresistive materials,
hence sre called MR heads. The elements of $ basic~prior art MR read head
with two shields are il,lustxated 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 20 typical this head hds separate .structures for the read and write
'functions. The portion performing the write operation of thm overall head
is often called the write eJ.ement or the write head. 2`he write element in
Figure X is an inductive head. The reading function ins performed by
elements which are Called the Mit het~,d. A permeable magneti.c layer 1I1
25 which acts as a first shield 1S11 xs degosited an an insulatinj layer
10l which is supported by a subsrate layer (not Shawn). A first insulation
layer l03 fc~llowa. The magnetoresistive (MR? element 114 and ~.ts leads
(not shawnS are deposiCed onto the insulation layer l03. A second
insulation layex 104 follows in effect sandwiching the MR element 114 30
between the two fnsulati,ng layers. On top of the second insulating layer,
a permeable magnetic mpteridl is deposited ferming rx Second shield (52)
222. The elements which function together as an inductive write head
include additional insulating material 147 and the induction coil 11Z
vrhich is deposited in insulating layer 110, Layer 149 acts as n pole 35
piece for the write head. The 52 layer 22a serves a dual role by acting as
the other pole piece in this partxrular type of head, but other designs
including tape heads use separate layers for these functions. The head of
Figure 1 is intended for use in a disk drive, but the 4t1 basic elementB
end functions are the same for heads intended for tape drives. Tape heads
are generally constructed with the read and write elements aFranged
side-by-side and S2 does not serve a dual tale as a pole piece.   WO
00I33299 PGTlGH991039~5 ~ a MAY zao~ Figure 2 illustrates a simplified
cutaway view of the read elements in another type of prior art MR heed
called a ferrite head. Layer 61 is Composed of ferrite with layer 6l acting
as the S1 shield and layer 65 is a magnetic or nonmagnetic closure element.
Shield SZ 222 and the MR S element 114 axe surFounded by insulating
material 67. The MR lead 63 (which can he a conductive material such as
gold) is shown connecting to the b.ie~s supply 17. MR heads such as the
typo illustrated in Figure 2 have only one metal shield. The magnatir media
travels past the gap formed by the two shields which act to black the
magnetic field from the 10 media outside of khe gap. A constant do bias
current is applied to the MR elemenC and the fluctuation in the voltage
level across the MR element caused by the fluctuation of the resistance is
the output signal. Figure 3 illustrates a simplified cutaway view of
another type of 15 prior art MR head. Zn this head the S1 shield is a
seperate element ` as is the S2 shield 222. The two shields do not need to
be made from the same material. The two shields end the MR element 114 are
surrounded by insulating material 67 which is deposited in several step$
during khe manufacturinq process. The MR lead 63 xs connected to the bias
supply 1'7 20 as beFore. There axe many variations oF~MR head design which
ran be seen in prior art references such as U. S. patent 5.713,122. MR
heads arr~ currently used in disk drive systems and tape drives. Although
heads in 25 disk drives are packaged with a single 7:read/write element
pair in a unit, a tape head assembly will have a readlwriwe element pair
provided for each track in a multitxr~ck system. A particular noise
phenomenon has been observed in data readback 30 from magnetic tape with MR
heads. In the following 'MR heads" wil9.'be ` used.to include heads using
the giant magnetoresistive (GMR) effect as 



well the magnetoresistive effect. The output signal from the read head has
been observed to contain very Sharp spikes which approxim4te ideal pulses
with very narrow width and broad spectral content. These spikes 3S can be
of either polarity and axe distributed aver a range ref amplitudes, The
output signal fr4m d head is typically gassed to a preampliFier then intro
an input channel which includes various filters, detectors) decoders, error
Correctors, etc. 40 The ef#ect of the sharp spikes in the input channel
sigal is at least randomly dispersed, crrectable aingl.e bit errors and at
worst may vnterfe;e with~deteGtion of the mediA signal. The spikes can
occur in the _ absence a recording signal ar MR bias current, but appear to
require media/head contact and relative motion. 45   ' 3 ~ o MAY Zoos
European, Patent hpplication a 45'7 a78 A1 ~lisclaaes a traxrsducer
comprising a magnetaresiative element and as insulating layer with two
electrodes and a sshield electrically connected to owe of the electrodes. 5
European Patent ~plication o 651 375 A1 dieclasee a transducer comp~ei.eing
a magnetoxesistive headwidth two electrodes) each electrode. having a
~aoalinear resistor connected between the electrode and ground. A magnetic
shield is alas provided. 1o There are schemes designed for esd protection
of the elements, I~ut these da not diractly relate to the preser~t problem.
There have been proposals fox and tests of heads with various schemes. such
as connecting the lei. shields to ground iu disk heads vi.a re~sietors .
However, connecting the shields to ground via resistors might aetuaZly
aggravate the spiking 15 problem by building is a constant large ~-shield
potential difference as the discussion below wi,l,l show. disclosure  of
the lxwentior~ 2 D An Nl~t head according the invention solves the la,ead
spilciug pre~blam with. a charge clamp structure which provides an
electrical path. from a conducting shield to hpth of the lit element leads
to prevetst the buildup trf large di.srupt~.ve chargte assoC~.ated with the
interaction of the MR element and the shield (which together caxr. be
modelled as a virtual 25 capacitor), xr~ one embodiment Qf the invention
the charge clamp provides a resistive electrical path from a shie7.d to
both 7,eada fxorn the lei. element tc form a self-franking clamp. Possible
add~,tioual benefits of providing the electrical path from ari i~t element
lead to the shie~,d(s) inolttde ma7c~.tig the shield is) mpxe effective far
EMI protection and 30 generally protecting the I~t element from high
currents from other sources. In mother embodiment, a head with a single
metal shield ha,s a separate resistive path from the shield to each of the
leads of the t~R  elEment. The two resistive paths may be x.mplem~:ntEd ag
a thin'film 35 stxueture which contacts both leads and has a central
Canneation to the shield forming as approximately centre-tapped resistor.
Irt another eatbodfment, a head with more tk~an one conductive shield, h,aa
tha ~shie~.ds electrically coxariected and then connected to one o~ the 4o
leads through a resistive path. Alterraativ~e7.y the resistance
Configuration can be duplicated four eac7z Shield. T.n yet anether
embodiment, material eepaxat~.ng the I~ae, element and the shield ie made
from a material which i.s slightly ttiore conductivee than 45 an insulating
material tQ provide a resistive path far the charge. AMENDEa SHEET   



4 3 0 MAY 203 A storage system according to the xaventa,on caa include aay
embodiment of the tit head iaventioa. 'fhe aystem~s bias circuitry is
con~xected to apply a do b~.as voltage so that the S2 shield is conaected
to the proper lead of the I~ element. Although the iaveation is well suited
5 fox use in tape storage sxt~tem, it cat~,be applied is disk drives ar
measurement apparatus where the heads are aub~eated to forcem which cause
charges to build up between, the MR element sad a shield which could
z~clude contact or near-caatact recording using rigid or flexible disks.
brief description of drawings The invention wil3. now be described, by way
of example only, with xeferenGe to the accbmpe,nying drawis~ge, is which:
15 B'iguxe 1 i17-ustrates ~a cutaway view of a priQx art i~ head designed
for use i.a a disk drive; Figure 2 i7.lustrates a cutaway view crf a prior
ax-t lit head using ferrite for a first shield and a separate element for a
second shield; 20 Fi.guse 3 illustrates a Cutaway view of a. pt3or art 1~i
head using separate elemente~ 'for irst atui aeca~d ~sh~.elds; Figure 4
illustrates a simple circuit model. fcsr err 1~ head arid its 25 aseoGaated
components in a data storage System: Figure ~ i,l,lustrates a portion of a
c3.xruit eacdel fox au ~ head according to one 'embodiment of the
3l~vent3on usi~ag a GW ntxe tapped resxatauee path from two shields which
axe electrically coanevted; ' 30 35 Figure 8 illustrates a cutaway view of
an ~t head usa,ng ferrite for a first shie~.d arid a separate electrically
conductive elematxt fvx the S2 shield and a resiertive path tram the 82
shield to the MR lead according to azx embodiment of the i5aventian;
Figuz~e 9 illust7~atea a cutaway view of a MR heed using ferrite for a
first shield and a separate electrically conductive element far the s2
shield and a resistive path from the S2 shield to the t~ lead aaoording to
an embodimez~t of the invention; AMENDED ~HE~T   wo oor~~~~~ gcrmsg~~a3~zs
5 3 o MAY ~oa~ 5 Figure 10 illustrates an exploded view of an MR head
having a single canductive~sZ shield'and a centre-tapped resistive path
from the s~ shield to bath leads of the MR element according to an
embodiment of the invention: Figure 11 illustrates a storage system
aCrording the invention; and Figure 12 illustrates a portion of a circuit
model far an MR head according to one embodiment of the invention using a
se~aarate resistive 10 path from each of two Conductive shields to a centre
Capped resistance acz~oss the two leads of the MR.element. 



~atailod pa~scrix~tion of xhe Invention 1S The present invention provides
methods and appart~tu,s for preventing noise ~gpikes from occurring in the
output of an MR head by clamping the electrical Natential and associated
charge buildup in the head. The head i9 designed with means for elkminating
the large charge buildup which sudelenly discharges and may. among other
effects, result in large 20 amplitude, extremely narrow noise pulses that
cause errors in decoding the - data being read from the magnetic media
using Mtt heads. Modelling and experiments suggest that pulses of the type
observed result from localized di.gcharges between the MIi material and the
shield(s). The MR material arid the shield have a capacitance between them
which will be referred to as a 25 virtual capacitor^ or MR shield
capacitor, Zn prier art 1~R heads, tk~e Applicant has determined thtst the
noise spikes described above occur when the Virtual capacitc~l suddenly
discharges either because the voltage .reaches a breakdotm value or because
the mewing media, e.g. tape, initiates a discharge event. The discharge
mechanism can be media 3Q assisted. is normally nvn-destrucCive and is not
e5d in the classic sense. The rubbing of the media over the head slowly
charges (so-called ~tribochargee') the MR-shield capacitance icapacitar).
When the virtual capacitor discharges, part of the stored charge flows
through the MR element, causing an iR pulse in the output signal. The
transducer (head) 3S design of the invention limits charginff of the
!zR-shield capacitor and so either reduces the amplitude below a threshold
or eliminates the noi$e pulses. ' Figure 4 is a~ circuit diagram which
illustrates m simple model which 90 is useful far understanding the origin
of the noise spikes and the solution provided by the invention. The model
includes the more positive 17 and mare negative bias 16 connection paints.
Positive and negative are used relatively in this context simply to
indicate that a~~C bias current flow is induced in the MR elemeht in a
typical application in a storage 'd5 system. The MR head is modelled as
i:xcluding capaaxtance li which is   _........ ",~rv v~r.r arvuV, ~ 0 MAY
200 approxi~tely one-half of the total Wit.-shield capacitance axxd is
con~xected through the MR leads to the negative bias conneetiaa 16 and one
o:~ the dif=areutial i.~uta tQ the preamplifier. A.BeCpnd capacitance 1~ iu
the MR head model w~.j.ch ie approximately oue-half of the total Nit-shield
S capacitance is connected to the more pae~tive riias 1~ point,
Capacstances 11 and 12 have a Goon ~xode iu the shield. Capacitance i2' xe
in p~a.rallel with the series cambinatxan of z~esistance 1~ sad swatch 14
which are used to model the chaxge/dischaxge cycle. switch 14 when open
allows capacitance 12 to charge. Discharge is modelled by ew3.tch 14
cloeing.~ 10 l9hen discharge actors appraximate~,y 5o$ of the stored
charge) i.e. the charge on capacitance 1~., flows through the t~ eleneant
on it.s way to resistance 13. Tt should be toted that the resistor 13 and
sw~.teh 14 pair cau be located~in para7.~.e1 with capacitance 11 to model
the opposite polarity of pulse. the sign of the pulse is a~,so reversed by
changing the 15 sign of the charge stared Qn capacitancee 11. sad i2.
AMENDED SHE~`t'    ~ U MAY ZOa3 Ix~ an emk~odi.meat of the iaveution shown
in tke model of Figure 7, for a tvro coaductive shield head, a
oentre~tapped thin film resistor model(composed of resistors 95, ~7) is
ooanected across tk~e leads of the I~t element 15 end the centre tap is
conueated to itg conductive shield 5 (S2) 93 through resistor 56. Ia an
alterr,~ative embodimeat resistor 96 can be zeplaced w~.th a conductive
path. This resistive network clamps the potentxai of the sb.ield to
approximately the mid-point potential df the 1~ element axxd so keeps the
frictiari between the media (tape or disk? arid the head from changing 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
biasing curxent dxrectian. Note that a centxe-tapped resistor caa be two
separate resistors coanected to the shield at the same ar different
locations. since the sbields~ are good conductors, the contact locatior~ ig
not generally ex~a~.cal. Ix~ this em7aadiment the t.~to 



15 shields are both composed of cor~duotive material. In a3text~,ative
embodiments of the in~rention coz~respQndxag to l~i~~rEs 7 whexe there are
two ooaduceive shields ~.n the txa~nsducax they aan either ire left
electrically i~asulated fz-om each Qther ax they caa be ccr~aected Y~y ao
nonir~sulatirig material s4 which can ea.ther be conductive yr resistive. A
coxsdttctive corulection essentially shorts the shie7.ds together. Fimire 8
illustrates a cutaway side view o~ an Ngt head using ferr~.Ge fc~r a first
(r~oneZectrically conducting) shield 6x axxd a separate 25 electrically
conductive element far a second shield 2Z~ and a resistive path 1.8~. from
the aacot~d shs.eld to the more posit3,ve M~ lead 63. (Note that in this
view the more negaCive I~ ~.ead is not shown 8iz~ce it wou~.d he directly
behind the more positive 1~ lead.) xhe resistive path L87. can be a thin
film sheet structnxe ar a ~es~.gtive AMENDE(~ SHEET   '~W(? 00I33299 a
PGTIG~99/a3925 ~ o r~~Y zoos material deposited in the via hole through the
insulating material 67 dawn to the MR lead 63, In either case a resistive
electrical path is provided Eor charges building up on S2. 5 The
alternative embodiment modelled in Figure b which provides a conductive
(near zero resistance! electrical path can be achieved by allowing the S2
shield material to be deposited in the via as the shield xs being
deposited. In th#~s case the shield material is placed in direct electrical
contact with the MR lead 63. Alternatively a conductive . 10 material.
other than the shield material could be deposited in the via prior to
depomting the shield. Note that the implementation of the simple resistive
and conductive path embadiment9 fox a head with two conductive shields ig
obtained similarlx by connecting the two shields together with a near zero
resistance p$kh. 15 Figure 12 shows an embot~iment which c4n be considered
to be a variation Qg the embodiment of Figure 7. rn Figure 1~ the two
shields 81 and 93 are connected through resistive paths 9fi~s and 96b
respeatiVely to the Centre tap of the resistance represented by 95 arid 97.
Theie are d 30 large number 4f connection and resistive neewarks that can
be used to - implement the principles of the it~ventiatx, The principles of
the examples in Figures 5-~ artd 1Z immediately yield other' combinations
using resistors that are common to the paths from the two shields, using
conductive carinectians ire the place Of some resistive connections, one
versus two Z5 shields, etc. Figure 9 shows an exploded view Qf an
embodiment generally corresponding to that of Figure 8. The ferrite layer
61 is under first insulating.layer 67r. The MR element l14 is deposited on
the first 30 insulating layer 67a. The two MR leads 63, 63a axe deposited
at opposite ends of the MR ~alement to span aver the Mlt element and the
insulating layer 67a arid ultimately be connected outside the head. The
second insulating layer 67b follows to cover the MR element and the leads.
The via hole is etched into the secarid insuJ.ating layer 67b tQ provide a
apace 35 for the contt~cting material 1$1 to spun from the MR lead 63
through the second insulating layer 67b to make electrical connection with
the S2 shield 22~. I~ the via is unfilierl when the sz shield material is
depaa~ted, it will Eill the via to directly c~,ntact the MR lead 63. 40
Figure 10 illuatraGea an exploded view o~ an MR head having a single
conductive S2 shield and a charge clamp formed by a centre-tapped resistive
path from the S2 shield to the both MR leads according to an embodiment 4f
the invention. This illustration generally cr~rresponds to the wodel of
Figure.7. Far claLity everything prior td the MR element has .4S been
omitted from this illustration. The irregularly-shaped thin film  



WO 0g33299 FCTIGB99/03925 ~ a MaY zoos resistive sheet 183 approximately
corresponds to three resistors 95, 96, 97 in Figure 7, The shape at the
resistive sheet 1&3 is somewhat arbitrary and carp be selected acGOrding to
process or material canstraint9, etc, zn this embodiment the material far
the resistive sheet 5 l83 is deposited to span across the two MR leads.
(Note that the order in which the layers or structures are deposited is not
constrained by the invention.) The via hale in the second insulating layer
67b is lac.ated to Connect to a Spot On the resistive sheet that will
preferably yield approximately equal resistance frt~m 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 ~'igure9 5 arsd 6 can be considered 9peciel cases of the Figure 7
embodiment with various lags of the circuit either opened or shorted. The
S2 shield 222 material, which is electrically conductive, is deposited into
the via 15 to connect the shield to the resistive network as indicated in
the model. The vertical) common leg of the clump network can be eliminated
in a different embdd7.ihent of the invention, ~'or this alternative
embodiment the resistor 96 is eliminated either by glaeing the via between
resistors 95 arid 97. In $ preferred emlpadiment the electrical pt~ths
formed by the 20 charge Clamp from the shield to the two leads will be
substantially equal regardless of whether the resistor 96 39 present. xn
any of the embodiments the resistive And Conductive eleCtriC,~l peChe can
be thin films made~frem mrxterials end using structures known i 25 the art
to be useful for thin film resistors (such as palysilicon) ar conductors.
Note that even Chaugh metals are considered to be conductive) they have
resistance which can tce utilized fn building the charge clamp. 2'he
resi~ctors can also be resistive material deposited into one or more vices
(hole in ilnsulator) , such as nickel oxide, aluminum rich e~~.umi~ld or 30
doped polysilicon. . Aacarding to any of the embodiments, the clamping
resxatance essentially prevents the voltage on the shield Pram exceeding
about 0.1 volts. Without the clamping resistance voltages on the order of
IO volts 3S or more could be expected. The regson far providing a finite
clamp resistance value is to minimize signal variations which can be caused
by intermittent metal s~mear9 between HR and shield ot1 the head surface.
Such smears could 40 result from fabxi.catian, cleaner tape ar data tap. A
clamp reaistar~ce of 50-15U kohms is generally sufficient. However,
modelling shows t?yat clamp resistance should be less than a few megohms.
If such smears are not present or are of euffic~ently high resistance, then
a sirsgle, low resistancE connection is sufficient, i.e. les$ than 50 kohms
and typically 45 a few ohms or tens af'ahms.   W~ 00~33~9~ pGTJG~99J039Z5 3
0 MAY 200 Some prior art MR heads may have less than a few megohma of
leakags between the MR and shield and, therefore, may not be subject to
spiking. Heads that are subject to the spiking problem have higher
.insuJ.ation resistance which allows the tribachaxging to reach
sufficiently high 5 voltage. Another embodiment replaces the Mft-shield
insulator v~i~th a slightly conductive material that gives the same
resistance specifications, Such as nickel oxide (which isr aJ.ready used in
spin valve leads). This embt~dXment 10 requires na changes in the structure
c~f the head and can) therefore, be implemented easily. Note, however, that
in this method tribraacurrent flows through the MR e7.ement itself. It is
generally preferable to divert the tribaCUrrent to the MR lea~ds~ as is
done in other embodiments. The invention can also ue used in MR heads in
which both S1 and S2 shields are ].5 Conductors. In this case the above
embodiments are applied to both shields rather than just S2. There are
seVera,1 aptioMS for making the connections. In particular one option is to
connect the two shields together directly and then provide A clamp strap to
the lead resistor or resistors. Hoth shields should preferably be at
approximately the same ~0 potential. One advantage of a11 but one of
embodiments of the invention degoribed herein is that the potential Clamp
diverts head-tape tribocurrent through the more robust shield to the MR
leads. There is 25 evidence that unde7^ certain conditions this current if
not diverted ie destructive to the MR elements, so heads made according to
the invention will be manse robust than prior art heads. Another advantage
of the invention is that it makes the shields mere 30 effective for EMI
protection. This could result in leas noise pickup under some conditions. 



MR head structuxe;s are typically made in batches by processing Waters in a
sexier of steps in which layers of material are deposited or 35 selectively
etched using well known techniques. The various embodiments descrilaed
abcsve can be incorpprated into existing wafer designs snd proce$ses for
heads by those With ordinary skill in the art. Figur 11 illustrates a data
storage system whzah can either be a 40 .tape drive, a rigid disk drive or
o flexible disk drive using an MR head according to the invection. Media
20l (either in rx~id riisk) flexible. disk ar tape form) is transported
over head'Z03 in a linear direction in the standard way. The Mli element
114 has two leads 63) 63a which axe connected to the MR e3.ectronica 205
which supply proper bias and prawzde 45 initial, processing of the signal.
U$ing the head of the xnvenric~n   WO 08133x99 PCTlGB~9Ia3925 ~ 0 MAY 200
raquixes no ehanges in the MR electronics 2o5, the drive processvx~s) ZD9
ar the host interface unit Z10 as used in the prior art.    12  3 o MAY
~oa~ 1., A transducer aamprising: .a magnetoresistive element tzZ9)
substantially surrounded by electrically i~ulating material (6'1) ; first
arad gecos~d conductirxg leads (69 , 63a) from the magnetoregi9tive element
th~eough electrically insulating material to an outside Mace of the
transducer; a first shield (232, 83) substantially separated from the
mac,~,etoresistive element by the electrically insulating material; ZO
oharacterised iaa that: the first shield ig electrically cosuxeQt,ed (i.81,
91) to the first axsd second conducting leads through resistive material
(183); xesistiva matexial (95, 97! ~,n electrical connection between first
and second Reads; and 15 era electrical connectian (96) from a midline of
the resistive material to the first shield (98). x. A transducer as claimed
in claim 1. ~rherein the electrical resista~ace from the first ShlEld (~~Z~
to the first aonduating lead (s3) is 2o substantially equal to the
electrical resistance from the f~.rst shield to the se~coxsd conducting
lead (63a) . 3. A transducer as claimed irr claim 1 wasereixa eleetricai
connection rom a tnidline o the resistive materiel tc the first shield is
tktraugh a 25 v~.a l195) in ixxeulat~.xtg maxeri.al (67b) . 



4. A txansducar asolaimed is claim 1 or claim 2 further eomgrisix~g: a
second shield eancposed cf electrically ccxnducting matorial; a f~.rst
insulating layer of elevtricallx insulating material 3o diseased above the
first $h~.el.d; and . a~rx eleotri~ax corm.ection, froth at least tie
secoxld sh~.eld to an auts~.de suxfaGe of the transducer providitzg a
path~or eleCtrie urges to f low from the eecox~d s~h~,eld; whexein: 35 ~
the cnagtYetoresistive element ie disposed between first and eeGOnd
ahie7,ds and elecG.rically insulated from the First sad secoa,d shields;
and the electrical connecti,ari fxam the second shield caruieCGs the second
shield to at least the first conducting lead pz~ovidlag a path fox eleotric
charges to flaw from the second shield to the first conducting lead. 40 5.
A traixsducer as claimed is claim ~ as dependent on claim 2 fuxthex
Comprising an electrical corm,ection beCweex~ the first arid second
shields. AMENDED SHEEI`   13 ~ o MAY zoos 6. A txaasducer as claimed in
claim 4 further comprising a path of noninsulating material forming as
electrical connection ristween the (first shield and the seaand shield. S
7. A method of manufactuz~~.ng a thin film transducer comprising the steps
of ; depositing mater~.al farming a first shield (~1); depositing a
magnetoresistive element (lI$) on a Zayer of iixsu7.ating material; 1o
depositing f~,xst (5a) and second (63a) ooaducti.ng leads from the
mag~aetareeistive element to as outs~.de aurfaae of the transducer;
aharaateri,sed in that the method further comprises the steps of:
depositing a clxarge al.a~mp ti$1. 61) foamed from a thin film of
aoainsulating material extending between firdt and aGCOnd leads and the 15
second shield electrically contacts the charge clamp approximately at a
midline of the charge clamp; ~ . forming a secox~d i7usulatiag layer of
electrically insulating material over the magaett~resistive elemetst which
leavts at least a portiatl of the charge clamp uziix~aulated: and
depositing a secor~d shield (2~ay composed of electxicaily conducting
material substantially separated from the magnetoresistive element by the
second insulating layer and ixi electrical contact with the cl~rge clamp.
8. .A method as claimed in c7.aim 7 whe~cein the, first shield is corngosed
25 of electrically conducting material) further comprisisxg the step of
depositing nonirssulatis~g material electrical~.y conneCtistg the first
6hield with the second shield. A method as claimed ~a claim ~ further
comprising the step of 30 faxnring a via in the second insulating payer and
wherein the step of d.epogitiag a seeod shield Composed of exectriaal.ly
conducting material, deposits electrically canductiag material into the via
maka,ag electrical connectiaa between the second shield and the charge
clamp. ~5 Z0. 1~ at.arage system comprising: a transducer as claimed i.,n
any oxxe of claim i t.Q claim 6; and bias circuitry connected to the first
and secona leads arrd the shield which ix~,duces a do bias voltage between
t~.rst sad second leads; wherein: ~40 the transducer compzises a thin film
of res~,stive material eyctending from the shield to the first and second
conducting leads, thereby maintaining & do voltage an the sh~.eld which is
between tht de voltage on the first conducting lead and the second
conducting lead. AMENDED SHEET  



.. 14 a o May ~aa~ Z1. ~1, storage system as claimed ixx claim lp, wherein
electrical connection Exam the shield to the iret conducting lead is made
through external cazure~t~.ans oz~ the transducer. 5 1.2. A storage ~yatem
as claimed ~.n claim 11 wherein the do voltage ou. tlae shield which is
midway between the do voltage on the f irsr aoaduating lead and the second
cauduoting lead. 1.3. A storage ayste.m as claimed in claim zo wharein the
do voltage on Zo Che first lead which is positive with xe6peCt tb the
second lead. 14. A storage system as claimed in claim 10 wherein the shield
is connected to one of the first ar second leads which is presented with a
lpwer impedance to signal return than, is pres~eate8 to the other lead.
AMENDED SHEET .A9.A .AS&.Al.A.AY&.Ah.Ahr.A3U3.AE.A
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