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HAVI NG PARASI TI C SHI ELD FeR ELECTROSTATI C DI SCHARGE™ PROTECTI ON BACKGROUND

. «OF THE INVENTION 1. -+ Field of the Invention The present invention rel ates
generally to read heads for conputer data storage devices. In particular,

t he ignwention concerns a structure for progecting a read head from

el ectrostatic discharge. 2. Description of the Related Art Data storage
devi.ceg, such as magnetic disk drives and tape drives, used to store -
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devi ces, a as a nagnetic dis atter or magnetic tape, is
treated with magnetic material. The magnetic material can be polarized in
order to cause phase reversals in a magnetic field to encode information on
t he nedium The phase rev ﬁ%dﬁnhgﬁrg tion can be detected
by magnetic sensors, comle)#l%?kﬁ;gﬁerﬁ?{e%%tﬁas rea iea s. It is common for a
read head to be nounted in a structure, commonly referred to as a slider.
Sliders typically fly over the surface of the medi um supported by a thin,

| ayer of air, connDnLX referred to as an air bearing. The air bearing is’
generated by rdati Véeldof thtInyention s|jder with respect to the nmedium For
exanple, in a disk drive device,*the disk platter is rotated tqQ generate
rel ati ve noti oiTHeepresseh inventiorpeilates gemprallvetosreadcheadsrifer sompriter Aaly fRrage
positioned radially over the -2- mediumto allow the read head access to
any regi ondeviced. hén petitulan, ke inventiodionrems & strugture for protecting a read head from

electrostatic discharge.

i’mﬁ.

2. Description of the Related Art

Data storage devices, such as magnefic disk drives and tape drives, used to store
information for computer systems are weli known. In magnetic data storage devices, a
medium, such as a magnetic disk platter or magnetic tape, is treated with magnetic material.
The magnetic material can be polarized in order to cause phase reversals in a magnetic field
to encode information on the medium. The phase reversals used to encode information can
be detected by magnetic sensors, commonly referred to as read heads. It is common for a read
head to be mounted in a structure, commonly referred to as a slider. Sliders typically fly over
the surface of the medium supported by a thin layer of air, commonly reférred to as an air
be-aring. The air bearin;g is generated by relative motion of the slider with respect to the
medium. For éxami:!é, in a disk drive device, the disk platter is rotated to generate relative

motion between the medium and the slider. The slider may be positioned radially over the
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Figure 1 is an illustration of a slider 1 having two rails 3. Each rail 3
‘thas an air bearing surface 5. Aread head 7 is |ocated on a "deposition
end" 4 of each rail. The slider | noves in the direction of arrow 9
relative to a nmagnetic nmedium One well known-type of read head is referred
to as a magneto-resistive ("MR') head. An MR head uses magneto-resistive
material (conmonly referred to as an "MR sensor elenment") to sense changes
in a | ocal medyARtd dlow thegeadhegd ascess ta any wgiop| dffthemediumas thy tmegdium frotates.
cross-section of an MR read head 7 within a rail 3 of a slider 1, viewed
from t he aFigutsehiis ay ilbustratiereoba slider hihadng 9vé madlschthesh traid 3dhasexnt dioheoingt he
read head 7 with respect to the nmedium over which the read head 7 flies. An
MR sensor sirfaest Alrkad keadlfoistdodtespnse tiddpesitieeenda 4f dfreath pal Mhk islidahi gboksl 3
and a second magnetic shield 15. The first and second shields 13, 15 are

typical ly inohediteeonofMR@NEY rdlativri0rd MhgneSib ededagn.a Ni ckel Liron alloy, which
prevents the magnetic fields of adjacent regions of the nmediumfrom

di storting the Hhelel kAGwPpabEkathtii fsg@feﬁgﬁ Wﬁ%tx{é%?ﬁfgt&%gs@gen@gipg Péa%?‘d

fromthe medium Surrounding each shield 13, 15 an enent
11 is an i t | . o a 11, | psul at or, revents
the MR sen'gxcﬁ)r e g%n@%%ﬁ%ﬁﬁ%%ﬁ%gaﬁﬁﬁgl @gggﬁl YJ%%‘E‘F‘??%F EOnt* tgﬁﬂrh
either the,firsk ar..second shield 13 15. Al .sho in Figure 2 is a
substrate ?é'.“&?k?et%ssﬁ%ss? tc?%‘t‘gees fbarlr%c)?} B@gﬁg&ﬁ’é&%}g‘ﬁﬁ% iaﬁ’?pgﬁ"éndé‘étfaﬁ"f’&f i um

carbide. Figure 3.s a cross-sectional, viewthrough |ine 3-3 of the read
head 7 shofrosTrseetigh o aﬂ.@r@a‘f/&%‘gﬁs‘&ﬂ“&%m of 2 slidathn visyred foe the pine to

indicate that the sensor 11 is obscured hy a sensor |ead 21) is coupled to
addi t i onal bSRFRg sAracy 3. Rhe aowS ipdicatex Msviitertion ¢fethe read head 7 with respect to the

mediun;‘o_ver which the read head 7 flies. An MR sensor element 11 is shown disposed
between a first magnetic shield 13 and a second magnetic shield 15. The first and second
shields 13, 15 are typically fonm_zd of a magnetic materia}l, such as a nickelfiron alloy, which
prevents the magnetic fields of adjacent regions of the medium from distorting the fields
associated with the information that is being read from the medium. Surrounding each shield
13, 15 and the MR sensor element 11 is an insulating material 17, such as alumina: The
insulator 17 prévents the MR sensor element 11 from coming into direct electrical contact
with either the first or second shield 13, 15. Also shown in Figure 2 is a substrate 19. The
substrate 19 may be a ceramic material, such as titanium carbide.

Figure 3 is a cross-sectional view through line 3-3 of the read head 7 shown in Figure
2. The MR sensor elerﬁent 11 (shown by broken line to indicate that the senmsor 11 is

obscured by a sensor lead 21) is coupled to additional circuitry, which is well known in the
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- 3 s art, by sensor leads 21 (only one such lead 21 is shown on the near -
side of the MR sensor elenmtent 11). A second |lead (not shown) is coupled to
anot her side of the MR sensor elenment 11. A carbon overcoat 20 may be
applied to the air bearing surface 5 to mnimze wear and protect the
relatively soft shields 13, 15 and MR sensg@r _el ement 11 from damage. The
overcoat 20 has little effect on the |ikelihood that a sparkover will occur
at the air bearing surface 5. One problemw th MR heads, such as t]tle hegd
[ [ -3 - [ be_tr erre
{rom an ext Bbri SEtt s CLBRY 0 ot it bty oon fe nednpidnan e R STHe: hR
hields 13, 15, MR sensor elenment 11, and
LTS0S Tefmamig eand bed i b8 et s A A e
conponent is sufficiently Igr geh-J an ﬁg&;ﬂi c.alb di schar gei comonl y refd;;_red
to as a "sphiKovabon ovarenat 20 Suyrbeapn ¢ aig bearingssurf¢ek e toymirdmégeovaar dud | ng
product i onpand handl i ng of the head 7. Sparkovers can damage the head. For
exanpl e, t hproteicy thecrelatizely séinstii¢lgs 45, i hend pMRkseusor dlement i 1d nfrompdaredge.y The
results in material .near the sparkover nelting. This damage may occur at
the air beagvenghat R0 bachttia effect dicthel HkdHlool. thatre shafliogér WK 60 agte afr BéRingead
heads in which sparkover damage at the air bearing surface 5 occurs, the
result of thefaspsrkover damage is either increased resistance, or .
alternatively, a near open circuit condition in the MR sensor keI enent -
circuit. In addi 'é)lpm g,ﬁ@ﬁ? : S [ _
undesirabl e chan%{las i?\lqt e Vﬁ%ﬁaﬁeﬁg%#@ﬁgéﬂgﬁpﬁﬁf glsg%{)%qt%esttg ti? é:'%ro_ 1.
That is, even.the mnor ghanges in.the surface characteristics e air
bearing sur Fl},‘ieba‘?'%g\%ayag‘@%?%?erfegp%%‘? %lneﬁte{gaqfsf’%cﬁés“r‘f i Gt e E%C[}’é?? ﬁ? cs
i .3 i Kk , the-
of the sli dt%rmpohenBtse SP {Jnseq\dﬂfreéd}feag nld(%tsxéhr a%b g sl%iliise fst,SIS?m stglrsorogleergxesnt 11, and

~ substrate 19) during production. When the charge transferred to one component is sufficiently

large, an electrical discharge, commonly referred to as a “sparkover” occurs. Such sparkovers
, i
are most likely to occur during production and handling of the head 7.

Sparkovers can damage the head. For example, the high current density at the
sparkover location typically results in material near the sparkover melting. This damage may
occur at the air bearing surface 5 of the slider 1. In.a high percentage of MR read he.-ads in
which sparkover damage at the air bearing surface 5 occurs, the result of the sparkover
damage is either increased resistanct;., or altemativel&, a near open circuit c;)hdition in the MR
sensor element circuit. In addition, damage to the air bearing surface 5 results in undesirable
chaqges in the flying height characteristics of the slider 1. That is, even the minor changes

in the surface characteristics of the air bearing surface 5 have a great impact on the flying

height characteristics of the slider 1. Because of the undesirable effects of sparkovers, the
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-4- fanufacturing yield fer MR read heads is reduced in proportion to the
Frequency with which such. sparkovers typically occur. Studies of such

el ectrostatic discharges have reveal ed that these discharges typically
occur in one of three regions. These three regions are indicated in Figure
3 by the letters "A", "B", and "C'. As showWn-in Figure 3, the regions of

di scharge are typically along the air bearing surface 5 (even when a carbon
overcoat 20 is provided) due to a higher electric field generated in_the

ai r bear i nganuFicgring yleld Fdr0dR resdeeadamis e¢duced inpadpominteto the fregueney withivthishor ned
by the elenents of the MR head 7. The resistance of the leads 21 to and
fromthe Mgcsspskivess| tgpiedlly dctut.s nodel ed as two resistors 23, 24. The

resi stance of the MR sensor elenent 11 is nodeled as a resistor 25. One

net hod for previibdur seBe@rsiftid disdafet hokirvdalddhachat dischagésaypibillyby

U S. Patent No. 5,272,582, entitled "Magneto-Resistance Effect Magnetic
Head with 1 IrEdi L fdions! tPinFiphe by thE letigds "AN,

12/ 21/ 93. ﬁ%%lﬁléhﬁggkg&&{cmrgélé%sngg%gﬁgﬁe@%%onﬁala%ﬁg??aé chgiig areydeposi ted to
forma MoRat gy 48R ACQou G RlleePe Aht BEiGHdrfinfke dre kypfilly A0 H0i

magnetic corke gneticcont’act "W one andther at a "back gap"

which is gway fromt magnetic _gap. An insul ati I i en
each sens PeFHEtCe grzﬁ’ﬁﬁt aleief ogtovfﬁggat@d%%tf’?@g@a@éqiﬁ %ﬁg‘%g@? l?lgfd\é\ene nt
is place between the insulating |ayers such that the MR sensor elenment is -
wi thin t hegepeigiedtin gheggihbeatings ound conductive layer is electrically
connected to a first of the ma?ne'gic cores to route to ground the electric
char ges comni ng Figure 4tiHustratesrratslectrigap modehef: the ciseihormed g&é}éﬁr elemgntsed them
Accordi ngly, ,ihi bata attenpts to keep

" MR he#d 7. The resistance of the leads 21 to and from the MR sensor element 11 is modeled

e

as two resistors 23, 24. The resistance of the MR sensor element 11 is mocieled asa .re;istor
25. One method for preventing damage 'due to electro-static discharg;e is taugl;t by U.S. Patent
No. 5,272,582, entitled "Magneto-Resistance Effect Maénetic Head with Static Electricity
Protection”, issued to Shibata, et. al on 12/21/93. In Shibata, two sensor element magnetic
cores are deposited to form a magnetic gap near the air bearing surface of a slider. The two
magnetic cores are in magnetic contact with one another at a "back gap” which is awa): from
the magnetic gap. An insulating layer is placed between each sensor element magnetic core
at the magnetic gap. An MR sensor element is place between the insulating layers such that
the MR sensor element is within the magnetic gap. A ground conductive layer is electrically
connected to a first of the magnetic cores to route to ground the electric charges coming into
t the magnetic gap from ;he magnetic recording medium. Accordingly, Shibata attempts to keep

the magnetic cores which form the magnetic gap at a controlled potential. This arrangement



the nmagnetic cores which formthe nmagnetic gap at a controlled potential.
Thi's arrangenent -5- is intended to prevent electric charges that may
come fromthe nagnetic recording nmediumfromrushing into the magnetic gap.
A second net hod for. preventing electro-static discharge and the associ at ed
damage that such discharge causes is taught in |BM Technical Disclosure

Bul letin, Vol. 21, No. 11, dated April, 19795 by Rohen (hereinafter
referred to as "Rohen"). Figure 5 illustrates the approach taken by Rohen.
In Figure 5, an MR elenment 31 is |ocated at one end of the structure. A
first condutstipteadeddgipsereaBelegitic shasgescthat menenms from the ragpetinregerding medium
electrically coupled to a ground potential 'via termnals 37, 39. An

i nsul ati ng framemskihg #to kleohagretc gamwse T egi ons 31, 33 fromtwo additiona
conductive regions 43, 45. Regions 43, 45 provide a conductive path for
current to the NRsedopdmizthod For preventine élediro-staticidisehargband thp essogiated danage thaf
the structure is renoved to the broken line 49. By coupling the regions 33,
35 to a groRe diehRBS takes id taught iR IBRNTédhhicBldDBloduge Bullsting M1.71[ Nany1, date@ct
el ectrostatic discharges, and the grounded side bars forned by the regions
33, 35 pr °Vh§§52 g’f@;@fﬁ@heg thértifatte? réf%&é&fb'ésh'Roﬁéxf"ﬁlqiig&E 51 iNGtFaRS thShrbdch-

static disc hi rd nethod for preventing electro-static discharge

dth : ; . : . i
ternat verkal b RePATRORhl, s M bl S0 SE ue LB ESAANAL Al 21
ti | i,nductiw d ite.h . For. I i tvpi cal
Cnduct i ve. r S rESiTR A8 254 RecebRAdORGrraFoR o8 oy axrtr BBl e s vt
3 [errlmfromthe yoke. The _ . ) ) . e '
potential via terminals 37, 39. An insulating material 41 isolates these regions 31, 33 from

s
s
two additional conductive regions 43, 45. Regions 43, 45 provide a conductive path for

current to the MR element 31. During fabrication, the upper portion 47 of the structure is
removed to the broken line 49. By coupling the regions 33, 35 to a ground pbtential, a low
potential point is provided for any direct electrostatic discharges, and the grounded side bars
formed by the regions 33, 35 provide a Faraday shield to lessen the effect of indirect electro-
static discharges.

A third method for preventing electro—statiq discharge and the associated damag;: that
such discharge causes, requires providing an alternative path for a sparkover. This method has
been uséd with convent'iOnal inductive read/write heads. For example, in ; typical inductive
read/write head, the inductive coil is greater than approximately 3 pum from the yoke. The
dielectric between the inductive coil and the yoke is typically an insulator, such as alumina
(AL O5). A spark gap device is formed which causes a sparkover from the inductive coil or

the yoke in order to reduce any electro-static charge that builds on these components. Such
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di el ettric between the inductive coil and the yoke is typically an

i'nsul ator, such as alumina (Al[err](Jerr]). A spark gap device is forned
whi ch causes a sparkover fromthe inductive coil or the yoke in order to
reduce any electro-static charge that builds on these conponents. Such

-6- a spark gap device is placed close to a conponent to be discharged. The
charge built up on the conponent wll causeba-sparkover to the spark gap
device at a |ower voltage than is required to cause a sparkover to any

ot her conponent. For exanple, in a conventional inductive. read/ wife head,
a spark gap ek g2 devise ds plecedolesedd 249B9REHAR be (isghargsd. ff#FFﬁ%? (Bt up on
conponent to be discharged. Thus, a sparkover will occur at a substantially
| ower vol t dlye compenent wilk gase edspadkover tptheksporkr gapcieyics athe logver gioltpga dap is

bet ween the yoke and inductive coil. However, because of the relatively
short di st geqérelietoanse &hsparkongronemtys other aompbent dtbrheadhpld, e a/ obivagtomt

whi ch a sparkover occurs between those conponents is relatively |ow For
exanmpl e, t hgducaivé AQe/wrR€Ibéades sgagk § i@ vequid koloedted appoxintably 1 gpafrien\the

vol tage") between an MR sensor |ead and a grounded magnetic shield

separ at ed Rynflodent t& bE ifSehde ) Thub G Mkkover Will 65 88 isubdtihtRILy YPw&avol

head (such as“"the head 7 shown in Figure 1) the distance between one of the

megnet i ¢ Shi.l Bedditea 1o 208bebdVer MRoSARS ik o BOel wleSyAMRRRMATERER oif: 12

[err]m Theretore; a spar kover w occur gnetic shields 13,

15 and MR sensor.. el enent 11 a_canventianal NR.r t r
vol tage than bet @& ﬁ‘éc%?@f%ﬁﬁcﬁ?‘ G c?l‘ic&éfl w(%’ll\c/igbfﬁ%gn ?;%ﬁ%gﬁ}ofl%ﬁtg?{#w
i nductive read/w.te head. Furthernore, becau%e t he - . .

read head, the voltage at which a sparkover occurs between those components is relatively

¥ .

low. Fo;' example, the voltage required to cause a sparkover (i.e., the "sparkover voltage")

between an. MR sensor lead and a grounded magnetic shield separated by 0.12 gm is only 60
| volts.
. In icontrast, in a typical MR head (such as the head 7 shown in Figure 1) the distance
between one of the magnetic shields 13, 15 and the MR sensor element 11 is approximately
0.12 um. Therefore, a sparkover will occur between the magnetic shields 13, 15 and MR
sensor element 11 of a conventional MR read head at a far lower voltage than betw'et_;n the
yoke and inductive coil in a conventional inductive read/write head. Furthermore, because the
sparkover between components of the MR read heaci 7 can occur though air at the air bearing
surface, the required sparkover voltage between the magnetic shields 13, 15 and the MR
sensor element 11 is even lower than would be the case if the sparkover had to traverse an

insulator. Accordingly, it would be very difficult to develop a spark gap device which would

provide an alternative path for discharge of any charge that builds on the components of an
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spar kover between conmponents of the MR read head 7 can occur though air at
the air.bearing surface, the required sparkover voltage between the

magneti c shields 13, 15 and the MR sensor elenment 11 is even | ower than
woul d be the case if the sparkover had to traverse an insul ator.
Accordingly, it would be very difficult to develop a spark gap device which
woul d provide an alternative path for discharge of any charge that builds
on the conmponents of an -7- MRread head (i.e., a path through which a
spar kover cap_pe induced b aker electric field,than is.required to .
cause a spar &B{;ﬁadg’g?‘ggt?n %/P?gh%%%h‘é{ﬁ{cgao? ?é‘?rl\‘/ﬁ“rbéa‘ﬂd‘}féém' 2 eglshfe,
vol tages in excess of 1000 volts are required to cause a sparkover between
a yoke and i fielddhanigregyired forauseaomatkAYS SatTeen g romporendeet the MR 1sad Bead)-For |
60 volts can cause a sparkover between an MR sensor |ead and a grounded
magnet i ¢ shi efampleyghtages dn pxcess af2l 008 voltsrare Tequiredite teuse acparkgver petvwegn atyoke
rel atively short distance across the gap between the MR sensor |ead and the
magnet i ¢ shi aedddindactiveatsbird a ecotreentibaal f iadtctivi alevicéelnc connaste 160 svobis can defser ad
head are essentially exposed to air at the air bearing surface. The

di el ectric cgpasiorsi betwéenainMR Serfsot fead bifd a gioanded\tdgnetid $hi€ld séparatdd ByCOVEZ um.
vol tages across air than across nmany other materials. Wile the solutions

provi ded by TeReirraatte S inhadoans aditRly herididiee a%smgggf béteaMHVRIR @85or

head occurring, damage due to sparkovers (particularly the air bearing

surf ace) I eRh i B halka0laBOBheMel RSS! £A0LY cBEEGRNS of an MR read

manuf acturing i ording I's an object of the present invention
to provide ahesahralrjg E:s Lrt 'éh)h aegcpésgd koe it ab %ﬁse%roéelagzllf st acQ.a'fth élllelectric constant for air

s such that sparkover will occur at lower voltages across air than across many other
materials.

While the solutions provided by Rohen and Shibata reduce the chance of damage to
an MR read head occurring, damage due to sparkovers (particularly at the air bearing surface) _
remain a persistent problem which undesirably effects manufacturing yield. Accordingly, it
is an object of the present invention to provide a structure that is less susceptible to harmful
sparkovers at the air bearing surface. Another object of the present invention is to pr;avide
an inexpensive structure which is less susceptible to damage from sparkovers at the air
bearing surface. Still another object of the pres;ent invention is to pr.o.vide a method for
efficiently fabricating a structure that is less susceptible to damage from sparkovers at the air

bearing surface.



spark-overs at the air bearikng surface. Another object -of the present
fnvention is to provide an inexpensive structure which is |ess susceptible
to damage from sparkovers at the air bearing surface. Still another object
of the present invention is to provide a nethod for efficiently fabricating
a structure that is | ess susceptible to dafrsje- from sparkovers at the air
beari ng surface. -8- SUMMARY OF THE | NVENTI ON The present invention is a

magnet o-resi stive read head used to_sense rrag&etic fields which emanate
froma magnetic storage nedi SYVEARGOFTHEAMNENTION conput er disk drive
device or magnetic tape used in a tape drive. In accordance with one

enbodi ment of t h&heprssashinvertiamnis iagnagneigatesistiveireadshrad uged  togseasenagnetc fiplds
close proximty to magnetic shields of a read head. The gap between a
parasitic shhidhctnsanake fromn g nelghaicsitvregaimediupy, efchraaial plattea of @wemptitgadisk devegap
bet ween a magnetic shield and either the substrate on which the read-head
is forned, aévice sEMaetic|teyttited ih\ac@peldrigd. n adcopddnas ivtithcomhembatiimemvifdae an
alternative path for currents associated with sparkovers, thus preventing

such currenpgsddi %Weﬁﬁ&ﬁ%&%iﬁé@ﬁélﬁ@%@%ﬂéed FoQbseQrotilfty 8 mhnbtdCsEAALSOS 1S

electrically coupled to the sensor elenent through a resistive elenent.
Ier O, AP 2 gl 4 gl ' S |
cher 925, UM GuPRh i, FRBRFAR o o Al b VAR 2 s
formed, or a sensor element. Accordingly, a parasitic shield provides an alternative path for
currents associated with sparkovers, thus preventing such currents from damaging the read
head.
| Each of the parasitic shields is eleétically coupled to the sensor element through a
resistive element. Therefore, the electrical piotential of parasitic shield will be'essentially equal
to” the electrical potential of the sensor element. Accordingly, if charges accumulate on the
magnetic shield, current will flow to the parasitic shield at a lower potential than would be
required for current to flow between the magnetic shield and the sensor e[e;nent.
Altemativelj_r, the parasitic shields may be directly electrically coupled to a structure of known
electrical potential, such as the substrate.
In accordance with a second embodiment of the present invention, conductive spark
gap devices are electrically coupled to sensor element leads and to each magnetic shield. Each

spark gap device is brought into very close proximity of the substrate to provide an alternative

path for charges that build up between the sensor element and the substrate to be discharged.



required for current to flow between the magnetic shield and the sensor
elenent.” Aliternatively, the parasitic shields may be directly electrically
coupled to a structure of known electrical potential, such as the
substrate. In accordance with a second enbodi nent of the present invention,
conductive spark gap devices are electricaldy coupled to sensor el enment

| eads and to each nagnetic shield. Each spark gap device is brought into
very close proximty of the substrate to provide an alternative path for
char ges t hiat adatidhsteUwith @hveaiboliiitens @f Ih¢ pids&ittfivention] thheparbgdpr divices arbe

di schar ged. -9- In accordance wi th one enbodi nent of the present

i nvent i on, fabh@rsPa the SATerdRVEICED aadePofifb ehdlbE @ Whfet BE seicohductitedubifatd
deposition end of a wafer of sem conductor substrate material using

photolithog v, dal hgg@ o tdefing BORA AR nt
i nventi Qn,%tgﬁgsl ugﬁéﬁ%lg&gg{%%rpw%wen ?rﬁflécglgaﬁhnect ed toh{lﬁgog?gcs ratg and
shields to._al lLow external, connecti o he .
enbodi nentmzﬁnntoﬁépa)é? %é ﬁtdeﬁJ S@g’ﬁtelng%?a th?emg1 %ecfg&g‘ﬁ T%glbét[?%? Eﬁ(gghgéﬁ?ﬂoa 1°§vr e
brought into cl.ose proximty wth the substrate are configured with high
electric f?%?ﬁﬂd@ﬁggP?“ﬂﬁJﬁdP%%'structures whi ch reduce the vol tage
required to cause a sparkover between the spark _gap device and the
substrate. Al t dpribg proterpd embedizsat of e pregen ipveation yhayadg of terspirkEsnpttel t o
the substrate and brought into close proximty with the magnetic shields
and t he sesrsdrousheintmeloserproxieitamith the subsiratgraze sonfigumsderith digh elsetric disld o
its structure and operation, can best be )

density inducing structures which reduce the voltage required to cause a sparkover between

the sp?fk gap device and the substrate. Alternatively, the spark gap devices may be directly

- couple:d to the substrate and brought into close proximity with the magnetic shields and the
sensor element.

The details of the present invention, both as tb its structure and operation, can best be

understood in reference to the accompanying drawings, in which like reference numerals refer

to like parts,-and in which:

BRIEF DESCRIPTION OF THE DRAWING
Figure 1 is a perspective view of a prior art slider used in a conventional computer
disk drive device; .
Figure 2 is a .partia! cross-sectional view of a prior art MR read head, viewed from

the air bearing surface;



understood in reference to the acconpanying draw ngs, in which |ike
reference nunerals refer to like parts, and in which: BRI EF DESCRI PTI ON OF
THE DRAW NG Figure 1 is a perspective view of a prior art slider used in a
conventional computer disk drive device; Figure 2 is a partial
cross-sectional view of a prior art MR read head, viewed fromthe air

beari ng surface; - 10 - Figure 3 is a pat@ial cross-sectional view of a
prior art MR read head taken along line 3-3 of Figure 2; Figure 4 is a

nodel of the el ectrlcal circuit forrred by the prior_ art head shown_ in

Fi gures 2 and 3Figpreglis@ pertiad crggs-sectigagl r"éﬁ"Y Bh? BW‘&F%?’&)?“‘QE?“I\’%‘W@Q%“%‘I%
grounded side bars; Figure 6a is a partial cross-sectional view of an MR
read head Pr eiciew@ace with one enbodi ment of the present invention;
"Figure 6b is a partial cross-sectional view of an MR read head in

accor dance wi t hFignethisra mode dif tenelectficalivircpit égmed biyrthe ptiboart MR geadeshoomi s a
cross-sectional view of the inventive read head taken along the line 6¢c- 6¢

of Figure GoFightegQraddBa and 7b are nodels of the electrical circuit formed
by the inventive MR head

Figure 5 is an illustration of a prior art MR head with grounded side bars;
Figure 6a is a partial cross-sectional view of an MR read head in accordance with one

embodiment of the present invention;

Figure 6b is a partial cross-sectional view of an MR read head in accordance with

Ly
4

another embodiment of the present invention;
“Figure 6c is a cross-sectional view of the inventive read head takep along the line 6¢c-
6c of Figure 6a; B _
- Figure 7a and 7b are models of the electrical circuit formed by thé inventive MR head
shown in Figures 6a-6c;
Figure 8 illustrates one fabrication process in accordance with the first embodiment
of the present invention;
Figure 9 is a flowchart of the process steps performed in the inventive method;
Figures 10 - 16 illustrate additional steps pérformed in accordancé.with the method
of the present invention;
. Figure 17 is an illustration of a second embodiment of the present invention;
Fign_zre 18a is .an illustration of an embodiment of the present invention using a

conductive stud to attract sparkovers;



shown'in Figures 6a-6¢; Figure 8 illustrates one fabrication process in
accordance with the first enbodi nent of the present invention; Figure 9 is
a flowchart of the process_steps perforned in the inventive nethod; Figures
10 - 16 illustrate additional steps perforned in accordance with the nethod
of the present invention; Figure 17 is an illustration of a second

enbodi nent of the present invention; Figure_l18a is an illustration of an
enbodi nent of the present invention using a“tonductive stud to attract

spar kovers; Figure 18b is a cross-sectional view of the enbodi nent of

the present in\ﬁm&ggbis%&assaée&%aih@d&ﬂi&&%ﬂ:ﬁ&&fuﬁip@e&&&i&@amoﬂ&uﬁe 19

is an illustration one enbodi nent of the present invention in which a

pad which iﬁg@n%th et1§§d§§r&§?§a& ¢gENt_to circuitry outside the read head is

shown. Fi gur I'S eposSi f9on end view of anot her enbodi nent of the
present inventign in. which each sheild js.also.electrically coupled to,a
pad at the depc}gg‘frfga‘sezﬁ’&ﬂ}ﬁ% op8 W%%ﬁ%qd“ﬁfrgﬁfg‘eﬂ%ﬂgﬁﬁveﬁlﬁn %Q{I‘F?S\Rﬁcharts
of the method of fabrjcating the read head of, Fjgure 18a ip accordance with
one enbodi Yiak caanerts dhe,3RsQrRICeN) & FIGHTY IQPEjtS‘FéL"z‘?as sear§ ﬁasgm-i c disk

storage.system . .. . o ) .
Figure 20 is a deposition end view of another embodiment of the present invention

in which each sheild is also electrically coupled to a pad at the deposition end of a read head.
Figure 21a and 21b are flowcharts of the method of fabricating the read head of
Figure~J8a in accordance with one embodiment of the present invention.

Figure 22 is a magnetic disk storage system.



- 12 - DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Figure 22 is a
magnetic disk storage system It will be apparent to one of ordinary skill
that the present invention, while described as being for use in a magnetic
di sk storage system nmay be used in any data storage systemin which the

i nventive head is used, such as magnetic tape recording systens, etc. At

| east one rotatable magnetic di sk 2212 is supported on a spindle 2214 and
rotated by a disk drive notor 2218. The magnetic recordi ng nedia on each
disk is in the formof an annular pattern of concentric data tracks (not
shown) on the di SORPANENDESCRIPTION OF THE PREBERREID EMBODEMENIS he di sk
2212, each slider 2213 supporting one or nore nagnetic read/wite

transducers 2221, Fignfd ZRisl 3/ mageticdisk $torageé syseatl TVl e Rppdient td\dné bE oftlifdsp
rotate, the sliders 2213 are noved radially in and out over the disk

surface 2222450 thiiahe %ztgé‘e_nb GRESt o2 %%ixms&ess&féssb&ﬁ%f&r@etn Reachansdiof sthiige

di sk where desired data is recorded. Each slider 2213 is attached to an
actuator arm ﬁ%%? PER0S ;0 uspensiQl s .EHS ' 5
provi des a sP ght’ r@%’rl nggébnr cé’aﬁﬁ %ﬁﬁbig%{e}ggﬁh@ng ?‘gelr gﬁ{;ﬁéaaggls ﬁ%’?’ ?ur%as
di sk surface 2222. Each actuator ar 9 is attached to.a at or_neans
2927 *The- acTRERGI HEIRSOT0E SHON ofon AL gthoge 39S Tipengid See 2 155 Pomasrit
(VCM, for exanple.. The VCM co i ses coil moveable within a f|xed _
magnet i o fi PR SpEledI4 AR Ftateth By 3 81k drivs moroT 2R LS. e mRae i SRR ingamega on
controlled by the nptor current signals supplied by a controller. Durin
operati on of eadhedigh iskin $heofosgeof apsanawiar patery of eancenirie dataecks @t shopm) on the
generates an air bearing between the slider 2213 and the disk surface 2222
whi ch exert sdigli 2%aAd least oae (slider. 2213 fig positioneficons theddisk 2Ph2, edch $lislar 2843
t hus count er balnces the slight spring force of
supporting one or more magnetic read/write transducers 2221, typically referred to as
- read/write heads. As the disks rotate, the sliders 2213 are moved radially in and out over the
disk surface 2222 so that the heads 2221 may access different portions of the disk where
desired data is recorded. Each slider 2213 is attached to an actuator arm 2219 by means of |
a suspension 2215. The suspension 2215 provides a slight spring force which biases the slider
2213 against the disk surface 2222. Each actuator arm 2219 is attached to an actuator means
2227. The aémator means as shown -in Figure 22 may be a voice coil motor (VCM), for
example. The VCM comprises a coil moveable within a fixed magnetic field, the direction
and velocity of the coil movements béing controlled by the motor current signals supplied by
a controller.
During operation of the disk storage system, the rotation of the disk 2212 generates

an air bearing between the slider 2213 and the disk surface 2222 which exerts an upward

' force (i.e., lift) on the slider. The air bearing thus counterbalances the slight spring force of

[ -
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- 13 - the suspension 2215 and supports the slider 2213 off and slightly
above the disk surface by-a small, substantially constant spacing during
operation. The various conponents of the disk storage systemare controlled
i n operation by control signal generated by control unit 2229, such as
access control signals and internal clock signals. Typically, the control
unit 2229 conprises logic control circuits,>sforage neans and a

m croprocessor, for exanple. The control unit 2229 generates control

signals to, control various system operalj.ans.such. drivy tor t.r ol
signal s orfb¢ F‘l‘?@‘“ﬁ?ﬁ%"&ﬁ&nﬁé °B§)g°t$§ﬁ‘% a#d @E?kﬂpgﬁ”ﬁﬁ?( Sf’o‘éeie%%gfsg 58%9 | e
2228. The control_ signals on |ine 2228 provide the desired current profiles
to opti mald smathsubsangalbheqnsiaptsPacieg IdUERS QPLERi®er 2213 to the desired data
track on the associated disk 2212. Read and wite signals_ are comunicate
to and from r eakhevracious peraphnents 2f the disk stasagss systeELRE] Gogreliedninepperaiiog byThe
above description of a-typical nagnetic disk storage system and the
acconpanyidogtrol digmt gemetated byfcoftra) unit 2229, sacheaspraeess ehattobsignalsanddnternal clock
illustration of the present invention. It should be apparent that disk

st orage syspdrales Typvall Headontrél tnit 2B29rvemmpeisesdbgid icotso] airduias storige ieansamd each
actuator may support a nunber of sliders. Figure 6a is a partial

cross-secty Hﬁ&bpx’&é%r?for%xﬂﬁﬁl@?ﬁ'ﬁé c8stkal tunt€2209 \endrate @6nthis athnhfd ol ddntrol
accordance wth a first enbodi mnent of the present invention. The MR read

e 107 S PP e b ek Bl oubrbapieef 1 TP Cum R ol 10
shi d?r S Sa%%hsegcs céﬂt}o?sﬁlgxlljarﬂ &8 {irtzei szsp 9he rc’(,iorcx:‘::'rcslIs%gnals on line 2228 provide the desired
current ’p.i'oﬁles to optimally move and position a selected slider 2213 10 the desired data track
on the associated disk 2212. Read and write signals are communicate to and from read/write
heads 2221 b}; means of recording channel 2225.

The above description of a typical magnetic .disk storage system, and ﬁe
accompanying illustration of Figure 22, are provided only as one illustration of the present
invention. It should be apparent that disk storage systems may contain a large number of disks
and actuators, and each actuator may support a number of sliders. ‘

Figure 6a is a partial cross-sectional view of a magneto-resistive ("MR") read head 107
in ai:cm"dance vﬁfh a first embodiment of the presenf invention. The MR fead head 107 of
Figure 6ais fabricated on a substrate 119. The substrate 119 may be fabricated from any
suitable conventional material used to fabricate sliders, such as titanium carbide ceramic. It
will be understood by those of ordinary skill in the art that the particular substrate material

is not essential to the present invention. For example, in an alternative embodiment of the



Wi | | +be understood by those of ordinary skill in the art that the
\pértlcular substrate materi-al is not essential to the present invention.
For exanple, in an alterndtive enmbodi ment of the - 14 - present
i nvention, the substrate may be either a conductive material (such as
ferrite, or ferrite conposition), sem conductor material (such as silicon
single crystal), or insulating material (sddh-as alum na). The MR read head
107 includes a first magnetic shield 113, a second nmagnetic shield 115, a
sensor elenment 111, four parasitic shields 124, each parasitic Shle|d 124
formed in ofresest ipvention; mqsubsu'ﬂamagmetehherrmnéwl&e gratesiabiGughy 35 feqryts, or|fpitg e
enbodi nent of the present invention, shown in Figure 6a, the proximl end
127 of eachoRlodEibh), eexﬁxbéxﬁiud:oaaﬁt@ﬁnemi hy siticonf dngte ctystal)per sisalating matdnel
nearby end of ‘the magnetic shield 113, 115 . Alternatively, the proxim
end 127 of (g?éi, I—?E The Mrekchaliedd 1TOY ifbhRs i fixSt Rbgadtic shield ¢13] aisweend y
uctures (HEFD

I nduci ng st structures). For exanple, as shown in Figure 6b,

the proximal end }&Zldolfbeégéhs&aa@zﬁ bl 015 P piadid sﬁiewsheo,f QicHRfrabiriclshitld

HEFDI strué?m’ such"as a nera y pointéd structure (i.e., structure
preferably adlus of QH# iigB. causes the :
electric flg“cfgf‘ﬂ? ?537 qr% E%kggﬁfﬁgt %@&ﬁllfi% Eg; 1Ender st ood by t hose
skilled in the art t struturé y
be used. Howeverl® %ﬁ@@?f’m@ thyer 1ﬁgen 1?‘?1311 urf %pﬁﬁen i&g%ﬁgf

charge. Due to the concentration of electric f|eId HEEDI

st r uct ur es, oft ¢ash| pagasitichgirld Ji24 ag%E&Wcﬁ?@?LmBétt?\éE"ns Pﬁa?édget pearhend of By
and a magnetic shield 113, 115 increases. Accordi n%jy spar kover s are | ess
likely to anagnenbehmléeﬂot his. Adtpmeatively s theaireximakend) 127 ofrepchinerpsiticyshisld Lo or

{'.;
may have high electric field density inducing structures (HEFDI structures). For example, as

shown in Figure 6b, the proximal end 127 of each parasitic shield 124 may be formed with
a HEFDI structures, such as a generally pointed structure (i.e., structure preferably with a
radius of less than about 1xm) which causes the electric field intensity to be concentrated. It
will be un;lerstood by those skilled in the art, that structures with radii of greater than 1um
may be used. However, the smaller the radius, the greater the concentration of charge. Due
to the concentration.of electric fields in the HEFDI structures, the likelihood of a sparkover
between a parasitic shield 124 and a magnetic shield 113, 115 increases. Accordingly,
sparkovers are less likely to occur between the magnetic shield 113, 115 and either the sensor
element 111 or between the magnetic shield 113, 115 and the substrate 1 19. A single HEFDI
structure may be provided. However, a plurality of such HEFDI structures are preferable,
since a high current density sparkover may distort a single HEFDI structure, thereby reducing

the ability of the HEFDI to concentrate the electric field. By having more than one such

Y 2



el ement 111 or between the magnetic shield 113, 115 and the substrate 119.
A single HEFDI structure nmay be provided. However, a plurality of such
HEFDI structures are preferable, since a high current density sparkover nay
distort a single HEFD structure, thereby reducing the ability of the HEFDI

to concentrate the electric field. By having nore than one such HEFDI
structure, occurrence of nore than one h+ghkb current sparkover through a
HEFDI structure will be possible, even if the sparkover causes damage to

the structure through which current flows. A tradeoff between space
avai | abl e HEFDhetmeart, heaureasrdiof n@mmeonedﬁngmmtmerfém%gcmﬁﬁé‘QIt hat
the particular preferred nunber of HEFD structures be selected after

consi der at iieheé wilhbe possibles evndf the spdrkoves ashsésadathagetb thh stridtive throogitwhich

mul ti pl e sparkovers. Figure 6b illustrates an alternative enbodi nent in

whi ch a spggieat fiews A #ddofr teheseh spacdl aviilabei fnltierrebdhéddendaly Winter sNHEFDI 115
by a conductive elenent 171. Additional conductive el enments (not shown) may

be used t Oglchirtd detes ok @ilafichlal BrefEROPARSIE 5f BEFDN Suri@ds B aleclatied
addi ti onal pads (not shown) in simlar fashion. Figure 6¢c is a
- ti | v . ] i )
i gure oa. “Rrgrog¥r e diiPd iR br i fad Read BHCHe BN AU Mhekihelt
th ir. b ' f 5. f ' t it hi el d |
Sbove the ai v MG dlpRaEs t Slemae PheBRoRCD TR cERHE e d7oriEe

bet ween the parasitic shield 124 angﬁt'ge gnetic shield 115) _th hance
¢ld gy kaﬁ@‘_f‘

that a spatiReveailyFoupledde fne maspene mal?ynﬁ cepdycH¥e efemegt g 4o
reduced. In one enbodi ment of the present. invention, each magnetic shield
113, 115 i sondyetivecsiamantst (ehsbawn) BRE be upeshio glecically epuplnvthengesmenenss of the
permal |l oy. Al té@&natively, the

'read head 107 to additional pads (not shown) in similar fashion.

Figure 6¢ is a cross-sectional view of the read head 107 taken along the line 6c-6§ of
Figure 6a. Figure 6c reveals that the parasitic shields 124 do not extend near the air bearing
surface 5. By forming the parasitic shields 124 well above the air bearing surface (i.e.,
preferably about twice the distance i)eMeen the parasitic shield 124 and the magnetic shield
115) the chance that a sparkover will occur at the air bearing surface is substantially reduced.

In one embodiment of the present invention, each magnetic shield 113, 1.15 is
fabricated from a nickel/iron alloy, commonly known as permalloy. Alternatively, the
magnetic shields 113, 115 may be fabricated from any relatively permeable; ﬁxaterial (such as
ferritei In the pre%erred embodiment of the present invention, the parasitic shields 124- are
fabricated from the same.material as the magnetic shields 113, .115 to allbw at least one
parasitic shield to be formed by the same process step which forms a magnetic shield.

Alternatively, the f;amsitic shields 124 may be fabricated from any conductive material.



magnetic shields 113, 115 may be fabricated fromany rel atively perneable
sqmat eri.al (such as ferrite).-"In the preferred enbodi mrent of the present .

i nvention, the parasitic shi'élds 124 are fabricated fromthe sanme nateri al
as the magnetic shields 113, 115 to allow at | east one parasitic shield to
be fornmed by the same process step which forns a magnetic shield.
Alternatively, the parasitic shields 124 nmaylée fabricated from any
conductive material . - 16 - The parasitic shields 124 are preferably

el ectrically coupled to the sensor el enent through a conductjon path,

one enbodi ment ofTherpargsitissdialds Hfearei prferabbypelestneallyetoppied-te ghe I§'F‘F‘8‘h ﬁ]§“’6f‘t
resistance is provided in the conductive path between each parasitic shield
and one of ttbughavenhtiongatts Ereerentiodimpmt ofthd presatisverionsapprexigatcly 10a)00
The sensor elenent |leads 21 allow current to flowto and fromthe sensor

el enment 111 .kiloBfsof resi@ncesin pvidel Gnthe cotduatie path ttelem datlepaesitioshield emboie
111 in Figure 6c. The sensor elenment 111 is, therefore, illustrated by a

broken |ine. f%%ﬁ#enﬁazw %%oﬁabﬁéﬁ Hatiee " | §ae!Figlre VAR THRGBRIoE Eletlthelestss
113, 115 ané) | east one of the parasitic shields 124. In the preferred

enbodi ment O&iséd RO shi
113, 115, O%V%lr? e%?:% gﬁw]% eac Hpn%gnetlcgésj?]éle%?gl ﬁ%ibf 15. ﬁ£Idﬁglspatrailgg(glgsaps

125 are pref forned sy aps
152 bef ope” i ekstd RRUEYRHADL B w60 Hhe Wl AU 311 REBelehie TR
sensor ele t%ﬁﬁiﬁﬁbnthe substrate 119. That Is, the spark gaps 125 are

narrower th bet ween the sensor elenent 111 and the magneti.c

shields 113, 115. Accordi ngl spar-kover that. oc
A spark gap 12 eycists be t\;veeg each of the magnetic sh(i lfi ?15 and at least one

of ::;i parasitic shields 124. In the preferred embodiment, two spark gaps 125 are associated
with. each magnetic shield 113, 115, one on each side of each magnetic shield 113, 115. The
s;h)ark gaps 125 are preferably formed such that current. will flow across the spark gaps 125
before current flows between a magnetic shield 113, 115 and either the sensor element 111
or the substrate 119. That is, the spark gaps 125 are narrower than the gap between the sensor
element 111 and the magnetic shields 113, 115. Accordingly, any sparkover that occurs due
to excessive'charge that builds up between one of the magnetic shields 113, 115 an.d the
sensor element 111 will be discharged across the spark gap 125 by a sparkover between the
magnetic shield 113, 115 and one or both of the associated parasitic shields 124. |

Figure 7a is a schematic of a model of the electrical characteristics of the first
‘embodiment of -ﬂ;e MR head 107 of the present invention.‘ Each of the magnetic shields 113,

115 are capacitively coupled to the sensor leads 21 by capacitors 132, 134, 136, and 138.

Eich of the capacitors 132-138 represent the capacitance between the shields 113, 115 and



to excessive charge that burlds up ‘bet ween one of the magnetic shields 113,
115 and the sensor elenent.111 will be discharged across the spark gap 125
by a sparkover between the nagnetic shield 113, 115 and one or both of the
associ ated parasitic shields 124. Figure 7a is a schematic of a nodel of
the electri.cal characteristics of the first enbodi nent of the MR head 107
of the present invention. Each of the magrel¥c-shields 113, 115 are
capacitively coupled to the sensor |eads 21 by capacitors 132, 134, 136,
and 138. Each of the Cﬁ qgltors 132- 138 resent he ca crt nce. be{meen
the shi el ds thersgmsor fasds, Al For exampie, capiitor L3 tsprestiu tbe sqpac

capacitor 132 represents the capacitance that exists due to the prOX|ntty
of the nagnthe rroximity]of the magnstic jshieldoliSdp thessegsor fead 2 - Jpgddition, 2 capecaigndds or
168 represents the capacitance between the shield 113 and the substrate
119. An el enepn¢sertd the capetitarcs detwaemithe 48ieldsl]s mndithe sebstratedil 9. At elgmentdtt3) 144xi de
sem conductor field effect transistor (MOSFET), or electrostatic discharge
(ESD) circuilgs, amsi ¢48)psuell abatsister) diedehmett axidei senddundbictorl Héldaeffect hensigtos or
| eads 21. I n one enbodi nent of the present invention, a resistor having a
resi stance Q{OFFBTY)0r SRE®)-Statid\dibdhargeABEP) Eifcuik(is kbl Beriveen@bh fardsittvyshield
provided in series between the parasitic shield and the sensor elenent 111.

Al ternatively, a.{ghﬁm%@t'iﬁ? eali$2 £ h @ e%}édtﬁfcmdéfrtﬁE%{' er&hﬁ%ﬁb&aueyistspm to

a structure o nown el ectric potential such he substrate. Resistance
in the sens f y
Fosi otors 186 SRS of peSiidhoply g SR oF RIS |OPEHE if FRVESEH BHPY
t he sensor g%%s

%he parasmc shield and the sensor element 111. Alternatively, the parasmc shield
ma; %é directly electrically coupled to a structure of known electric potential, such as the
substrate.

Resistance in the sensor leads 21 due to the length of thesei leads is represented by

, i
resistors 150, 152. In addition, there is a capacitance that exists between the sensor leads 21
and the substrate 119, which is represented by capacitors 154, 156. For the purpose ‘of this
discussion, the substrate 119 is considered to be at ground potential.

A capacitance, represented by capacitors 158, 160, 162, 164, also exists betweezt ea(_:h
of the parasitic shields 124 and the adjacent sensor lead 21. As charge accumulates on the
magnetic shields 1-13, 115, the same electrical potential will exist beeueen each of the
parasitic shields 124 and the magnetic shields 113, 115 that exists between the sensor element
111 and the magnetic shields 113, 115. That is, any charge that would accumulate on the

parasitic shields 124 will be distributed evenly throughout the sensor element 111 and the

parasitic shields 124 by the elements 140, 142, 144, 146. Accordingly, if the potential

-y



and the substrate 119, which is represented by capacitors 154, 156. For the.
pur pose -of . thi s di scussi on~the substrate 119 is considered to be at ground
potential. A capacitance, represented by capacitors 158, 160, 162, 164,

al so exi sts between each of the parasitic shields 124 and the adjacent
sensor |lead 21. As charge accunul ates on thg magnetic shields 113, 115, the
sane electrical potential wll exist bet vieet éach of the parasitic shields
124 and the magnetic shields 113, 115 that exists between the sensor

el ement 111 and.the magnetjc shields, 113 15, That is t

woul 0 accurEiaed 8 reh e st Mg B 58 s PRb b o SR A

t hroughout the sensor element 111 and the_parasitic.shields. 124 t he

el enents 1Acparkeyer thipuch &Jﬁ@f“f’ betwgrapy g of B’F "H%etb‘iﬁhé‘ﬁ?ﬁ 3, 115 gnd?%e sensor
required to cause a sparkover through the gap 125 is less than the
potential reayednt dd1,ithenne) sparkoven, Wik 8XFE OCeUs %ﬁn%m@&%t‘ﬁébmman}'l%@ of
the magnetic shields 113, 115 and the sensor elenent 111, then no sparkover
wi || ever dbeseustretioment 1il heThat ds: @i hars il gledico-static distisrgmwill hecus datyegen the

el ement 111. That is, no harnful electro-static discharge will occur

bet ween t handgagtieshields Ni®| S dhd3he $drisomelemendtel 14onince any eharge thht Becumulates any
charge that accunul ates between the magnetic shields 113, 115 and the

sensor el erRflechtfie WabhetlRGhididsSIi1BAT EXladti/the ser2af Kieent DEX welE Be dissipsed $9Ta
el ement 111 and the parasitic shield 124 before it is sufficiently great to

cause a Sp%ggx%@ér HeRtesR B2 sbhkdr él@ﬁ&ﬂfll?'aﬁd‘ﬁx!&&m%ﬁlﬂc Shield"BanREdé itshéBfidlent§i NCe
the spark gap 125 is not near the air bearing surface 5, the result- of a

o Kover g}éag Eg tald1% SRACSORwd Y skhsol Biefiht drfdSthe Hheubl SBiBIA! Sinklihe
Sparlé gép 125 is not near the air bearing surface 5, the result of a sparkover through the spark
gap 125 will be far less disruptive to the c?peration of the read head 107.

In accordance with another embodir'nent of the present invention shown in Figure-'ib,
a electro-static discharge circuit 166 is pl;ced between at least one of the magnetic shields
113, 115 and at least one of the parasitic shields 124. The electro-static discharge circuit 166
may consist of a single element, such as a P-channel MOSFET, N-channel MOSFET, or a
thin film transistor (TFT). In one embodiment of the invention, the gate of the transis-.tor is
coupled to either the drain or the source. Altefnatively, the gate is coupled to a control circuit,
such as the MR circuit, Such a control circuit may tﬁen alter the characteristic of the electro-
static discharge circuit 166. In one embodiment of the present invention, the drain is coupled
to thc parasitic shield 124 and the source is coupled to the magnetic shield 113, 115.

Alternatively, the soutce is coupled to the parasitic shield 124 and the drain is coupled to the

magnetic shield 113, 115.

-p™



I'n atcordance with another enbodi nent of the present invention shown in
‘Figure 7b, a electrostatic discharge circuit 166 is placed between at |east
one of the magnetic shields 113, 115 and at |east one of the parasitic
shields 124. The electro-static discharge circuit 166 may consist of a
single el enent, such as a P-channel MOSFET, N-channel MOSFET, or a thin
filmtransistor (TFT). In one enbodi nent -ofigt he invention, the gate of the
transistor is coupled to either the drain or the source. Alternatively, the
gate is coupled_to a control circuit, such.as the MR.circuit. Such.a
control circui tFiggy &ﬂmaéqstaeﬁrq step Eh%‘Fa‘%?%ﬁaﬁg’? PEOCEYS if Racaxtianics r"f:}iil the firste

di scharge circuit 166. |In one enbodi ment of the present invention, the
drain is coupsdimentof theprpsent dnvepdons Figire S iputlawehartod tae progessisers Berfptasdt o
the magnetic shi-eld 113, 115. Alternatively, the source is coupled to the
parasi ti c imfthelnterdti4 mewbbd. fractoaiancy with thembediment Hhusiratgh &t FiguresBethg MR 3
115. - 19 - Figure 8 illustrates a first step in one fabrication process
i n accor dage hvdd 8 filitizafed roata subbtemde AibhtAminstlaer B2 $ewh a5 aluenina)ds appliedupe 9
is a flowmhart of the process steps perforned in the inventive nmethod. In
accor dance, Widditoh @n@ TP MBE RS by béibg Bemiskell orthEidgpositorBend! 193 dfithe eutduiread
Is fabricated on a substrate 119., An insulator 117 (such as alumna) is
applied to Wi hpn hayObél eppRed @ {+8R-known
deposi ti onll?n 1 dg??tﬁgggﬁbsl% atlgﬁgq%fgai?rgyr%%%dgg) : Eh%?t er ngt?i\?el y, the

I nsul at or 7.may _be appl i.e | s LONE , arS

sputteri ngt]éélwl?unsﬁ?‘?l L guhzﬁin%) é‘f %is{ﬁ%ﬁ %@Mﬁl%% on € uihate, 110,

I ng - mat er um na on the substrate-119,

L o ol HoROLYTE: S b Méte B il BOLAR: WakbbutihEholl e,
) |

di stri but et ﬂg‘

or depciéiting the insulating material by a chemical vapor deposition (CVD) technique.
“Spacer" structures (i.e., spacers) are then formed. In one embodiment of the pfesent
invention, the spacers are formed in accordance with a technique disclosed in U.S; Patent No.
4,256,514, entitled "Method Of Forming a Narrow Dimensioned Region on a Body", issued
on March 17, 1981 to Pogge, and assigned to the assignee of the present application. For
example, in one embodiment of the present invention, a polysilicon “gate" 118 is applied to
the insulator 117 (such as by a conventional semiconductor deposition technique: and
conventional photolithography technique or conventional masking technique) (STEP 903). The
polysilicon gate is a plat'form (or step) upon which a-tdditional structures may be formed. For
example, a layer of material 120 (such as an oxide or nitride layer) is then applied over
surfaces 114, 116 of the insulator 117 and the gate 118, such that at least a first and second

external side wall 180, 182 and a top surface 184 are formed on the gate 118 in an essentially
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or depositing the insulating material by a chenical vapor deposition (CVD)
techni-que.- "Spacer" structures (i.e., spacers) are then forned. In one
enbodi ment of the present invention, the spacers are forned in accordance
with a technique disclosed in U S. Patent No. 4,256,514, entitled "Method
O Form ng a Narrow D nensi oned Regi on on a Body", I ssued on March 17, 1981
to Pogge, and assigned to the assignee of TR present application. For
exanpl'e, in one enbodi ment of the present invention, a polysilicon "gate"
118 is appl,i : ' r - f ] ;
sem conduc tegfgrg 8%33‘85 H?l %ﬂ wé%&a(g [ 1(::])' é (]a(,ng'g (ngdg %?@‘eﬁéﬁa‘%ﬁgﬁo mgﬁ g t r?%bcl)}é'rs Zlﬁ‘ﬁﬁ?’dy
techni que or conyenti,onal . maski png.techni,qgue) (STEP 903). The polysilicon
gate is a 5?’3?Y3(5’¥W'C%‘rass e@}%scrfﬁ‘ﬁﬁelx\ﬁcg%%dditional structures may be
uch.as an oxi de or i de

formed. For exanple, a. |ayer of erjal 120 (s [ £
layer) is then g‘ﬁs mategial ‘sé‘iﬁ“ﬂ’rﬁjgg@?%bl‘&e,atéf%gﬁanal% TPTHRYR ?Wt%%‘t he *
gate 118, such that at least a first and second external side wall 180, 182
and a top $msfappliedioyer thednsubatorck2Opleaving oghtthe meatpriah 13(hthakis #at foplangr witha 0.
even coating of the material 120 (STEP 905). The material 120 is

pr ef er abl y-plaskeabatiiy phrpllelctortbe interface hehvegs theinyglatoe 14¢ and ¢heysubsesta B8 Fothe
material 120 is then preferably treated to essentially renpove the nmateri al
120 that wesamaple] o:dde mag be tsklectivelyudteliedrfrdi® the dlwainaragd palyyilicdre withowrdredtly120
that is not coplanar with a plane that is parallel to the interface between
t he i nsul ataffectinbleithtrttht ARmArG thepelysiliébn YyafsingXaaebeventisnall etchiny aBent. After

sel ectively etched fromthe alum na and polysilicon without greatly

af fecting ehd Bderivd fenivellieSdn@dilyl fify B! ektirhdl SR wllls USD,NB2 a0 BY SH¥wrOmal
etching agent,, After .

Figuregi-o (STEP 907). Next, another selective removal process is performed to remove the

gate 118 (STEP 909), as shown in Figure 11. Removal of the gate 118 leaves two very
narrow spacers 180, 182 of the material 120.

Aﬁer forming the spacers, a magnetic material (such as nickel/iron permalloy or
sendust) is applied to form two parasitic shields 124 and a first magnetic shield 113 (STEP
911), as shown in Figure 12. Typically, the shields 124, 113 will extend above the spacers
180, 182. Therefore, in the preferred embodiment, the shields 124, 113 are polished. (i.e.,
lapped) down to remove that portion of the shields 124, 113 that is above the spacers 180,
182 (STEP 913), as sho% in Figure 13.

In ;ccordanc'e with one embodiment of the present invention, the spacers 180, 182 are
remgved by another selective removal process (STEP 915), as shown in Figure 14, For

example, oxide spacers may be removed by an etching process in which any conventional

etching agent is applied. Once the spacers 180, 182 have been removed, a second insulating



the selectlve renoval , essentially only the external side walls 180, 182
remain,” as shown in F| gure..10 (STEP 907). Next, another selective renoval
process is performed to renove the gate 118 (STEP 909), as shown in Figure
11. Renoval of the gate 118 | eaves two very narrow spacers 180, 182 of the
material 120. After form ng the spacers, azfagnetlc material (such as

ni ckel /iron permall oy or sendust) is appli€d to formtwo parasitic shields
124 and a first magnetic shield 113 (STEP 911), as shown in Figure.12.

Typi cal | 'y Jayleh 6f ﬁﬁﬁxﬁﬁ&hsm&t%fkal id ngpn@ulcb“rﬁzﬂmﬁ 29848 ihBaEPas ETRe J86nd [hfer-

Therefote, in the pretferred di ment, ‘tHé shields 124, 113 are polished

above tho ok %g%hee?s'“‘%ﬁ%&"fﬁ%%%‘%ﬁ?ﬂs %@ %gﬁ’%a% B Al g S M 8L 1

Wemvggebspn%ggt@ptlgél et F °VF§§§}%{P ve Ce n thelﬁg’lg‘[m%rg 018%‘ n[hﬁl gure .

14. For exanp e spacers ma e renDy etching pro
whi ch any SER¢ ef Shiariaiop Enthemagngis shy Bntie ¥R éﬁ@ﬁié%‘ﬂ 182
have been rennved a second insul ating 21 er of .insu]ating

material i28d A eRasers (1PEHBY) n) cithgy cg%om Sefon ’@ﬁ?re°?115PP lief dnsdting optggiadr  of
applied insulating material fills the gaps |eft between the first nmagnetic
shi el d whereferably hisoemessa a@Biguaspagicofcthe énsulated 117 Newtnthe isersoy elemigat Eldaiser s
180, 182 may remain, and the second |ayer of insulation applied over the
magnet i ¢ appliddcpdi The ihiudatosil 7THSTERI XOY arsivd third dayk? 4f inswdatindmaterialde applit80,
182. In either case, the second | ayer of applied insulating nmateri al

over the sensor element 111 (STEP 921), as shown in Figure 16.

“fhe process used to form the spacers 180, 182 is then preferably repeated to form two
additional spacers which are used in the manner described above to form a second magnetic
shield 115 and a third and fourth parasitic shield 124 (STEP 923), as shown in Figure 6a.

In an altemnative method, each parasitic shield 124 and the first magnetic shield 113
are formed as a single structure. Two dividing lines are then etched through the structure to
separate the structure into the first magnetic shield 113 and each parasitic shield 124, A
second insulating layer is then applied over the parasitic shields 124 and the magnetic shield
113. The sensor element is then formed in the manner described above. Next, the second
shield 115 and the associated parasitic shields 124 are formed as a single structure. The
structure is then divided by etching two-lines through the structure to form the gap between
the second magnetic shield 115 and the third and fourth parasitic shields 124.

In yet another altemnative embodiment, the spacers 180, 182 may be formed by etching

three recesses in the insulating material, leaving a first spacer 180 between the first and
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preferably beconmes a contiguous part of the insulator 117. Next, the sensor
element 111 is applied upon the insulator 117 (STEP 919) and a third | ayer
of insulating material is applied over the sensor elenment 111 (STEP 921),
as shown in Figure 16. The process used to formthe spacers 180, 182 is
then preferably repeated to formtwo additional spacers which are used in

t he manner descri bed above to forma secon@2magnetic shield 115 and a third
and fourth parasitic shield 124 (STEP 923), as shown in Figure 6a. In an
alternative nethod, each parasitic shield 124 and the fir net i Shle|d
113 are f orseeonduescess,sinddeaving 7 sesentt wacer i§2 Friyvean ts %@s““ﬁrﬂé‘? FRERSSe £EH@

t hrough the structure to separate the structure |nto the first nagnetlc
shield 113 fondhemedmep ar which itie sphiees ake fortedAthe acrorinder f sheamethgd iuthe sams as hen
applied over the parasitic shields 124 and the nagnetic shield 113. The
sensor el enpBtmédtiod MownfinFiddes 9 dndeStmanner descri bed above. Next, the
second shield 115 and the associated parasitic shields 124 are forned as a
singl e struct urepjgliee] Bty s¢ tikisRation b sestndi eisibddityene tof lthe) résentt invermion. In

t hrough the structure to formthe gap between the second nagnetic shield

115 and the,d, n%d'a.gce% {thé dohd RAbBdEehCofStht BleSht Hrdntidn théqirodnial &Y 200, 204
alternative e

ment e spacers 180, 1382 may be f or med by etchlng t hree

recesses 1nof Pk 3! &toh&gpggggéh% . Y6908 gprafemi aagécﬁg BRI BBy L Ne

first and 3EO0h eaV|n a se acer ween

e 200N NG, kA REBERR el L AR, Y ke B S
Figures 9a ?Iggk 253 device 203, 205 is routed to come into close proximity with the substrate 207. The
proxi;rial end 211 of a spark gap device 208 is coupled to the sensor 2i3. The distal end 215
of the spark gap device 208 is routed.to come into close proximity with the substrate 207.
Alternatively, the proximal end 200, 2i04, 211 of one or more of the spark gap devices may
be in close proximity, but not in contact, with the sensor 213 or the magnetic shield,
respectively, and the distal end 215 may be in direct electrical contact with the substrate 207.
In one embodiment of the present invention, shown in Figure 18a, a conductive stud
210 extends preferably normal to the interface between the substrate 207 and insulator‘ 209.
The-stud 210 is electrically coupled to the substrate 207. The proximal end 200, 211 of spark
gap devices 203°, 205’, 208’ are coupled to the sensor element 213, the ﬁlr.st magnetic shield
201 or the second magnetic shield 202, respectively. Figure 18b is a cross-sectional view of
the present invention taken along the line 18b-18b shown in Figure 18a. The spark gap device

205" is shown to have HEFDI structures which increase the electric field strength at the gap

between the spark gap device 205’ and the stud 210. Accordingly, a sparkover will occur at



Figure 17 is an illustration of a second enmbodi ment of the present
i'nventi on. I n accordance w th*the second enbodi ment of the present

i nvention, the proxinmal end 200, 204 of a first and second spark gap device
205, 203 are preferably directly electrically coupled to the first and the
second magnetic shields 201, 202 respectively. The distal end 206 of each
spark gap device 203, 205 is routed to coﬁbzﬁnfo close proximty with the
substrate 207. The proximal end 211 of a spark gap device 208 is coupled to
t he sensor 213. The distal end 215 of the spark _,device 2 js routed to
come into cl garetpvﬁsasﬁﬁ&fﬁrm egEn K518 o 30 oot i 10 F40- ThsHEFDI
proxi mal end 200, 204, 211 of one or nore of the spark gap devices may be
in close pr@khetey cambe formed jusing saRYeationaljthin filmedepesiton teohmaess. t he magnet i ¢
shield, respectively, and the distal end 215 may be in direct electrical
contact with thelsobstmhodimet7of the poesentanbenioneshownfintHigurp rl8@s sausor laadsr(nbon,
shown in Figure 18a, a conductive stud 210 extends preferably normal to the
i nterface behovesireléchiraliybaiplathe s&i3dr elerterit233 tegensor pAdk 1 7PHecasddun thi2ldaposition
electrically coupled to the substrate 207. The proxi mal end 200, 211 of

spark gap deyd ey’ 303he redShead2(”. The seapPlpads 172 lallowS@BSRAscR! 2éhét: 1815k
the first magnetic shield 201 or the second nmagnetic shield 202,

respecti vel RH1E exkBlial Srits, 85 HeSERidaRha: of RV ' i on
{aken ol ong TS ciEil Qi 18 b aBlodRRgl of e et RSt B T

L5, Shoun £ 185 5 S RS e 18R A 2 Bl o
poeor o 191 R YL bR R et GRS B
to th? stud 210. In an alternative embodiment, the HEFDI structures 175 are place in closé
proximity to the substrate. | |
Figure 20 is a deposition end view of another embodiment of the present invention
in which each sheild 201, 202 is also electrically coupled to a pad 230 at the deposition end
121’ of a read head in similar fashion to the sensor element 213. Additional spark gap devices
232 may be coupled to each of the pads 230. Each spark gap device preferaBly has HEFDI
structures to increase the strength of the electric field at the gap between the spark gap (i;evice
and the stud 210.
Each spark gap device 203°, 205°, 208’ is preferably coplanar vﬁth the structure to
which that spark gap device 203, 205°, 208" is coupled. For example, the spark gap device
208’ is coplanar with the sensor element 213, such that both the sensor element 213 and the

spark gap device 208’ can be applied in one process. It will be understood by those skilled

in the art that the relative location of the stud 210 is not limited by the particular locations



strucfures can be formed using conventional thin film deposition

t'echni ques. | n one enbodi nent of the present invention, shown in Figure 19,
sensor | eads (not shown) electrically couple the sensor elenment 213 to
sensor pads 172 |l ocated at the deposition end 121' of the read head 107'.
The sensor pads 172 allow the sensor elenent to be connected to external
circuitry. In the enbodi nent of the preseg# invention shown in Figure 19,
the proximal end of a spark gap device 173 is coupled to the pad 172. The
distal end of the spark gap device 173 includes HEFDI structures 175 which

are pl acedsHownGhISare ! 8 RatHey, thosthd 216 kiag b 1dtatel Anpwhert ethinathe Wulator 209
enbodi nent, the HEFDI structures 175 are place in close proximty to the

substr at e. o HpgélhEthe YulitnAy BLENAR i Bt R AVoRfacliRt BRIsuBsHRRMOTEMd Qkh t he

present invention in which each sheild 201, 202 is also electrically

coupl ed tosp?ﬁlgg%ewce I3t hgys ’e@?glﬁd ng&’-ﬂ%ﬁﬁ'ﬁry A&k lﬁo{%ﬁg Wiftdelshigsiai | ar

fashion to nsor ‘el énent Addrti spark ga evi ces 232 may be
coupl ed to eachg.of t ds,:230., E shark gap dew ce . pref EFD
ctract ures to | HEPEAAE PRel B A R Bhk fRlel ot FRiASG He R tagF of"
bet ween thg, s .gap device.and th fud 210. Each .spar.k g vice.203",
205', 208' ﬁg&f’%ﬁéﬂg Pg‘tﬂf‘ga“%&“gr?é‘f% fbefiiL oL lPE“tSE‘;} BYestigp; & ﬁ“?qﬁ%?f“ ohar
gap device, 203", 205', 208 s coupled. For exanple, the sgarkﬁgag,%gvice
208' is copeHaRr 200, tsuch scalumizacs applisddar deposition e, tushes BB ORng HEPSERL B8R
el ement 213 and the spark gap device 208' can -be applied in one process. It
wi |l be untherdepesitiorbynd pbthe sikstiate (STEP 2HH) aAltemptinely, [the inshlator 209 mavab¢ on
of the stud 210 is_not limted by the particular |ocations
appliggﬁ by any well-known technique, such as sputtering an insulting material, such as
.
alumina on the substrate 207, introducing a liquid polymer onto, the wafer and spinning the
wafer to distribute the polymer, or depositing the insulating: material by a chemical vapor
deposition (CVD) technique. Next, at least a portion of a ﬁr'_st shield 201 is deposited over
the insulating material (STEP 2103). The first spark gap device 203 is then applied to the
substrate 209 (STEP 2105). In an alternative embodiment, the spark gap device 203’ is
applied before the first shield 201. It will be understood by those skilled in the art that the
spark gap device 203’ may be deposited as a thinner element than the shield 201. A second
layer of insulating material 209 is then applied over the spark gap device 203" and the first
shield 201 (STEP 2106). Next, the sensor element 213 is applied over the insulating material
209 (STEP 2107). The second spark gap device 208’ is then applied to the insulating material
209 (STEP 2109). Alternatively, the spark gap device 208’ is applied before the sensor

element 213.
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- 24 ‘:shown in Figure 18a. Rather, the stud 210 may be | ocated anywhere
Vi thin the insulator 209 as long as the stud may be placed in direct:
el ectrical contact with the substrate 207, and each spark gap device 203",
205", 208' can be brought into close proximty with the stud 210. Figure
21a and 21b are flowcharts of the method 6f %Pabricati ng the read head of
Figure 18a in accordance with one enbodi nent of the present invention. A
first layer of an,iqns Qle-209.. . i i j 208’

4 R R el il TPl &y B BRRphek o B 208 and

deposition end, suc bel n& deposi nd of the

substrate (STEP 2101). AlLter i , the i . 209 WTol
any wel | -kno sf‘é*(?ﬁ%#’&ﬁ‘&23%&@@%2?%&%?%8%%%@2%%? ﬁga}r%:% S’Ftlatgl%“ gicﬁ“ as
alum na on the substrate 207,  introduci a, liquid .pql yner..anto the waf.er
andSpi nni ngmEEELAP 48 TEB 201D bR Serb BTy ADS oF Sl BRI HE: PR psilating
insulating materi al bg a chem cal vapor deposition (CVD) technigue. Next

at |east a postetishR09(STEP 2115). Ioian alternstive emabodimsst thesspark 4op deviee 20w is applied)
material (STEP 2103). The first spark gap device 203" is then applied to

t he subst r at eef@83h¢ STERI $i€18)202 Nexar ﬁ:mgdmt of mselatinglinatenial 2Q%is appliadiovgap
device 203" is applied before the fiirst shield 201. It will be understood
by those ski{hegecond shishl 202t aridhtht spaile gap devicen20s’ (STER21PD3' nay be deposited
as a thinmner elenent than the shield 201. A second |ayer of insulating

material 209 is tkea, ARM isFemdekrohsleths Patlatif@mal Ayl (STERUA 195 ¢1dsk Proixihity
shield 201 (STEP 2106). Next, the sensor elenment 213 is applied over the

pnsulating nR{EE kil &8 #%Iﬁ%gaaém devidie 208 o0, SB33 11 @&&&aiﬁt,%ﬁgholkﬁs

then applied to the insulatin erial 209 (STEP 2109). Alternatively, the
spark gap deé’ﬂe%ﬁcagﬁgemﬂeé 1380 £ RELBE f KiMw S RS0 Lh&HENely? H# hole is formed

by well known reactive ion techniques for selectively removing material. Once the hole is

(@)
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formed, the hole is filed with a conductive material to form the stud 210 (STEP 2121).
~ The method for fabricating the embodiment shown in Figure 20 is similar. However,
the spark gap devices are not formed until after the stud 210 has been formed. The spark gap
devices 203°, 205’, 208’ are applied to the top layer of the insulating material 209. in
addition, the pads 230, 172 are formed in contact with conductive connections to each ;hield
201, 202 and the sensor 213, in known fashion, The spark gap devices 2037, 205, 208’ are
formed in contact with an associated pad 230, 174 and formed with an HEFDI structure in
close proximity of. the stud 210.
An important aspect of the present invention is the particular geometric configuration
of the distal ends 215, 206 of the spark gap devices 203, 203°, 205, 205°, 208, 208’. Since

the gap bétween sensor element 213 and the magnetic shields 201, 202 is as small as .12 gm,



- 25 - Athird layer of insulating material is then applied over the spark
gap dewice 208' and the sensor el enent 213 (STEP 2111). A second shield 202
is then applied over the insulating material 209 (STEP 2113). The third
spark gap device 205 is then applied over the insulating material 209
(STEP 2115). In an alternative enbodi nent, the spark gap device 205 is
applied before the second shield 202. hbx?ﬁ‘h.fourth | ayer of insulating
material 209 is applied over the second shield 202 and the spark gap device
205" (STEP 2117). Next, a hole is formed through the insulating materi al
(STEP 211@)wauld b¢ 0 dififioxit t6 fabritate & Bep bitatal a parksgapfdeiiee 26 R0B’, PAP, 205V) ces
203", 208", 205'. In one enbodinent, the hole is chemcally etched through

the al um ngg i7pgk BRMs dnRalRt @an .19 &85 DAL TheleYore, IHRTdR 118 ehsurd GalER Hirkeoe
known reactive ion techniques for selectively renoving material. Once the

hol e is f@iiRe, He\@ndiPlefenicht D3 God Mt ﬂa%xeﬁ@@ﬁib‘lﬁtio\lewiﬁhs‘ési ¥t okburl 1R lahe
stud 210 (STEP 2121). The method for fabricating the enmbodi ment shown in

Figure 20_j ' '%@ 9 V] Edat g7 ti
o tor t o ERY bR MBS R PR DALY E I N L A USRI
are appli Jto the top.la of the insulatipg, material 209..1n addition,
t he pads g&b’ 8‘?7‘?‘3&%&)?{)} %ﬁ}e FRRri gth %%'fcev%%%’f@goﬁlﬂﬁ} V% eaﬁ"tS?ﬁ{g%tﬁOBﬁ?trﬁ? each
shield 201, 202_and.the sensgr 213, in known fashion. The spark gap_devices
203", 205the ehestric Beld Fht pre Y fabricatingthe divtal endifl efdBe ﬁ%’éaa;p%’l%ﬂ{& 9% and
formed with an HEFDl structure in close proximty of.the stud 210. An
i mpor t ant tabgecgenerlly peintedestmigturds{i.es siranfures prefrsably having ardiye oféass than
configuration of the distal ends 215, 206 of the spark gap devices 203,
203", 205abR@Fpm)208, el2td: fiel§i thateistdroergp Hyethowdiffersten SopotintalebetweerGthend
the magnetic shields 201, 202 is as small as .12 [err]m
substrate 207 and the distal end of the spark gap device 208, 208’ is concentrated in a
relatively smaller area. It will be understood by those skilled in the art that the radius may
be greater than 1pm. However, the greater the radius, the less concentrated the charge. Such
concentration of the electric field in the insulator 209 will ensure that the sparkover occurs
between the spark gap device 208, 208’ at a lower electrical potential than is required for a
sparkover between one of the magnetic shields 113, 115 and the sensor element 11], or -
between one of the magnetic shields 113, 115 and the substrate.

A number of embodiments of the present invention have been described. However, it
should be understood that each described embodiment is merely intended to serve as an
examplar, and is not intended to limit the scope of protection provided. Accordingly, only
those limitations specified in the accompanying'claims shall be used to define and limit the

scope of the present invention. A number of additional variations may be made to the present

invention without departing from the present invention. For example, a wide variety of-
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- 26 - it would be very difficult to fabricate a gap bet ween a spark gap
devi ce 203, 203', 205, 2057, 208, 208' that is smaller than .12 gap [err]m
Therefore, in order to ensure that the spar kover between the sensor el enent
213 and the magnetic shield 201, 202 does not occur before a sparkover

bet ween the sensor el enent 213 and the sub Lrate t hrough the spark gap

devi ce 208, 208', the distal end 215 of thé’'spark gap device 208, 208" nust
have features that concentrate the electric field. That is, by fabricating

the dist aI zﬂ?nﬁsl l%af be Mlﬁ t5 ?a%n%%tg% éélgyt{'a?eg rtl?egr?z;/gnégg sh1£18 Q’in 0# %Lljné/nt

poi nted structures ures avi ng a ra I Us

t han about rr the el ic fie d that IS t e difference
in potenti ﬁ%@?‘%ﬁ%rfmy HETH F’%&e 397 %ﬂa?th% (ﬁl?%t pd Q%ﬁ'h%%pﬁrge’ag X%y ap
devi ce 208, concentrated in arelati smal | er, ar Lt will

nder st od dsfaed b be SRR IRVSRHOR HulSe A MERE OF AEre SR heprigiral eas ey Wan
1[err] m However, the greater the radius, the | ess concentrated_the charge.
Such concensedhin Whichtherrlativg pasitionof thespamponentnef # Fradihgadare yggedy That isneng e
that the sparkover occurs between the spark gap device 208, 208 at a | ower
el ectri cal opmieremiagheticishieldssnayebrituraet foowrap mmﬂl&bweqnswettlman ‘Thee posticulpre
magneti c shields 113, 115 and the.sensor elenent 111, or between one of the
magnet i ¢ shhgedsf He3senidkSeleinentt ey Swaby tifaa ahat Showhbiar thef acesinpahyiss figuek. t he
present invention 'have been described. However, it should be understood

that each dessEiides RADGAHIBES divicd REPAKE BERRASHI GuchRleiRrRSs 8 RURBAAT ,

and is not intended to l'imf the scope of protection provided. Accordingly,

only those hﬂt’&“ BYu8RESii iithek, babl SpaP GARAR i 184 By SRk eibe pltf o

to define a

Furthermore the stud may be formed from any essentially conductive material. With respect
to the embodiment of the present invention in which parasitic shields are provided, a number
of methods have been deecribed above for fabricating a read head. with parasitic shields.
However, a ntxmber ef alternative methods exist for fabricating such parasitic shields. It
should be clear that any of these methods would fall within the scope of the invention
described in the present disclosure. Also, while the present invention is described generally
in the context of a slider, it will be understood that a read head may be installed or fabri;:ated
upon a variety of platforms. Still further, the present invention is described in the t:ontext of
a read head only for ease of understanding. However, the present invention is applicable to
any device which requires protection from electro-static discharge between components that
are not electrically coupled, but which are so close that a sparkover may occur between the

components at relatively low voltages due to contact of one component with a charged body

which transfers charge to that component. Accordingly, the present invention is not to be
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scope of. the present invengjon. A nunber of additionakl. variations may be
made to the present invention w thout departing fromthe present invention.
For exanple, a wide variety of - 27 - materials my be used to fabricate
the substrate, the nagnetic shield, and the sensor el enent. Furthernore,
any particul ar shape may be used at the distgl _.end of the spark gap devices
defined by the present invention. Al so, a nunber of different general
configurations my be used in which the relative.position of the conponents
of a read lifidd &y ehe/pdrti@far ehitdidirhénts thatar@rdistlvsel hargingebutcrathiat by dise fetiyation
curved to wdp around the sensor elenent. The partieul ar shape of the
sensor el eppite fBBYwiackirks,OM t hat shown in the acconmpanying figures.

Furt hernore, each spark gap device may neke contact with each el enent of
the read head at any point of contact. Still further, each spark gap device
may follow any conductive path. Furthernore, the stud may be formed from
any essentially conductive material. Wth respect to the enbodi nent of the
present invention in which parasitic shields are provided, a nunber of

nmet hods.- have been descri bed above for fabricating a read head with
parasitic shields. However, a nunber of alternative nethods exist for
fabricating such parasitic shields. It should be clear that any of these
nmet hods woul d fall within the scope of the invention described in the
present disclosure. Also, while the present invention is described
generally in the context of a slider, it will be understood that a read
head may be installed or fabricated upon a variety of platfornms. Still
further, the present invention is described in the context of a read head
only for easeaqf under st andi ng. However, the present invention is
applicable to *



any. device which requires protection fromelectrostatic di scharge between
conponents‘that are not electrically coupled, but which are so close that a
spar kover may occur between the conponents at relatively | ow voltages due
to contact of one conponent with a charged body which transfers charge to

t hat conponent. Accordingly, the present 4 ®8ertion is not to be - 28 -
limted by the particular enbodi nents that are di scl osed herein, but rather
by the recitation of the follow ng clai ns. - 29 - CLAMS A read head

protection circuit, for discharging el €8dMS charges accunul ated on a
conponent of a read head, the read head having at | east a substrate, at

| east one magnetic shield and at | east- one sensor el enent, including: at

| east one parasitic shield placed in close proximty to the magnetic '
shi el d; andjnmeang fegd he@ ploddcibmgirédie foi disclmsding riecpir claiges acslrnelatdd on a
substantially at an electrical potential of the sensor elenent. 2. The

;ﬁ?gl gead pr-ot ecld Monbt’ U tea@hetd, 2h8Nrdad HRARVIR! AiCleddt al RBSTatONR Ipast dEE L1 C
magnetic shield and at least one sensor elex.nent, including:
at least one parasitit; shield placed in close proximity to the magnetic shield;
and . : : -

means for maintaining the at least one parasitic shield substantially at an

’f'”*gg.elec_trical potential of the sensor element.

2. The read head protection circuit of claim 1, wherein the at least one parasitic shield

and ;the at least one magnetic shield is formed from substantially the same material.

The read head protection circuit of claim 1, wherein the means for maintaining the at

(VS )

least one parasitic shield at essentially the electrical potential of the sensor element

includes a resistor coupled between the parasitic shield and sensor element.

4. The read head protection circuit of claim 1, wherein an electrical potential required
to cause'a sparkover between the magnetic shield and the sensor element is greater
than an electrical potential required to cause a sparkover between the parasitic shield

and the magnetic shield.
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and the at | east one magnetic shield is forned from substantially the sane
material. -3.. The read head protection circuit of claim1, wherein the
means for maintaining the at | east one parasitic shield at essentially the
el ectrical potential of the sensor elenent includes a resistor coupled
between the parasitic shield and sensor elenegy._4. The read head
protection circuit of claiml, wherein an electrical potential required to
cause a sparkover between the nmagnetic shield and the sensor elenent is
greater than_an electrical potential required to cause a sparkover between
the parasitié shi Eheireash éeﬂmmmmw%msq% cdaimg 4, whereirgthe elepical pofgntipd geguired
protection circuit of claim4, wherein the electrical potential required to
cause a spar kover toratsecsespatkosentetiesnithe mhgneti shicld ant thessuburatenis greater ghandther
than the electrical potential required to cause a sparkover between the
magneti c shi el d aelecttited ppentaliréquired b eduse a EparkoverThrweanattle inegubtiorsbielicandathe
circuit of claim 1, further including an electro-static discharge circuit
el ectrically couppggsifein@en the magnetic shield and the parasitic shield.
7. The read head protection circuit of claim®6, wherein the

el ectro-static discharge circuit includes at | east one active device. 8.
The read head protection circuit of claim?7, wherein the at |east one

active devi Cg. 'S $nd rr?iashéatdof)rotectim circuit of claim 1, further including an electro-static
discharge circuit electrically coupled between the magnetic shield and the parasitic

shiéld.

7. The read head protection circuit of claim 6, wherein the electro-static discharge circuit

includes at least one active device.

8. The read head protection circuit of claim 7, wherein the at least one active device is
a transistor.
9. The read head protection circuit of claim 6, wherein the electro static discharge circuit

includes at least one passive device.
10.  The read head protection circuit of claim 1, wherein the means for maintaining the at

least one parasitic shield substantially at the electrical potential of the sensor element

includes a circuit element coupled between the parasitic shield and the sensor element,

opr——- -——
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9. The read head protection circuit of claim®6, wherein the electro
static discharge circuit includes at |east one passive device. 10. The
read head protection circuiT’of claim1, wherein the neans for naintaining
the at | east one parasitic shield substantially. at the electrical potenti al
of the sensor elenent includes a circuit el enment coupl ed between the
parasitic shield and the sensor elenment, - 3131 - and wherein an

el ectrical potential required to cause a sparkover between the sensor

el ement and the nmagnetic shield is greater than the sumof an electrical

pot enti al dr oppegndawhersis anledectiicatipotemtil aequirkd tt ¢aused Spaskeser betweem thei seasbrt o
cause a sparkover between the parasitic shield and the magnetic shield. 11.
The read head pr elemedti and the meagnétiooshiell Hb rgrdater ihar thersuth ef en retegtricak petemidl | S
a diode. 12. The read head protection circuit of claim1l1, wherein each
parasitic shiel ddﬂ%ﬁ?edaad?é.@)ihéf&iode Reld iah élécdisdal Po@Niidli reyuited tohQusEns BBdrkéver
shield, the proximal end having high electric field density inducing

structures. 13. .. Jb& &@?Qragﬁé‘ghz@fd «'ﬁxld%mgxéeﬁ\e’%fefij.n the high electric

field density inducing structures have a radius of |ess than about 1[err]m
14. The read head of claim1l, wherein the sensor elenent is a
magnet o-resi stive sensor elenent. 15. A nethod for manufacturing a read

0ead POt eOlon Fhd fobdt head foBlellich SRR dFeIm®s) wheReiD e’ Glcie el ARl £hobl®

12.., The' read head protection circuit of claim 1, wherein each parasitic shield has a

%,
proximal end in close proximity to the magnetic shield, the proximal end having high
electric field density inducing structures.
i

13.  The read head of claim 12, wherein the high electric field density inducing structures

have a radius of less than about Ium.

14.  The read head of claim I, wherein the sensor element is a magneto-resistive sensor

element. .

15. A method for manufacturing a read head protection circuit within a read head on a
substrate, inciuding the steps of:
applying a first gate structure to the substrate;

applying a layer of removable material over the first gate structure;

PY &4
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applying a first gate structure to the substrate; applying a |layer of
renovabl e material over the first gate structure; - 32 - renoving a
portion of the renovable material which is not coplanar with a plane that
is parallel to an interface between the substrate and the insul ator;
renoving the first gate structure; applyi ng material to forma first
magnetic shield and a first and second paré3itic shield. 16. A net hod
for manufacturing a read head protection circuit within a read head havi ng
at | east one magnetic shield, and at |east one sensor.el ement, including
the follow ng steps rerp@nmmmecmmno%thsubmpva&i@mﬁppﬂ yhich is npy eaplanag path af
insulating material; applying a first gate structure; applying a | ayer of
renovabl e materi al (pme thidoés paralidl tg ah éntedfacedietvaen thesnbxtmgaad#@rimtdatonf t he
renovabl e material which is not coplanar with a plane that is parallel to

an interface betweeRehéitns theSirkidate ststtirbe i nsul ator; renoving the first
gate structure such that at |east one vertical wall remai ns; appl ying

material 1o forma gk WMARI © fina firftWladen 28R4 Bod bifhs: BAT Sbohd ©

shield; and renoving exc8ss nmaterial fromthe surface of the first magnetic

shield and parasitic shield.

16.. A method for manufacturing a read head protecti;)n circuit within a read head: }}aving
%at least one magnetic shielc-l, and at least one sensor element, including the following
gA;‘teps, performed on a substrate:
applying a first layer of insulating material;
applying a first gate structure;
applying a laj.rer of removable material over the first gate structure;
removing a portion of the removable material which is not coplanar with a
plane that is parallel to an interface between the substrate and the insulator;
removing the first gate structure such that at least one vertical wall rem‘ains;
applying material to form a first magnet.ic shield and at least a first parasitic
shield; and
removing excess material from the surface of the first magnetic shield and

" each parasitic shield, such that there is no conductive path between the first

magnetic shield and any of the parasitic shields.
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each parasitic shield, such that there is no conductive path between the
first magnetic shield and<any of the parasitic shields. - 33 - 17. The
met hod of claim 16, further including the follow ng steps perforned on the’
substrate: applying a second |ayer of insulating nmaterial over the first
magnetic shield and each parasitic shield; applying material to forma
sensor el enent over the second |ayer of -id3ufating material; applying a
third layer of insulating material over the sensor el enent; applying
material to forma second magnetic shield and a third and fourth parasitic
shi el d; apflyi Adeamethebafl clpim ol 65 tfagther Lineluding shey follpwang sigpy PerformedRmmBice

mat eri al over the second gate structure; renoving that portion of the
renmovabl e mat ersubdtratehi ch is not in a“coplanar to plane that is parallel to
the substrate/insulator interface; renoving the second gate structure;
applying naterial t applpigrassess@oagerafdnaildting shdatenal oxexdtha firfti mhakrtic shieldr t h
parasitic.shield; and renoving excess material fromthe surface of the

second magnetic shi ghfleAGarasitic shield;
| applying material to form a sensor element over the second layer of insulating
material;
applying a third layer of insulating material over the sensor element; _
‘applying material to form a second magnetic shield and a third and fourth
parasitic shield;
applying a second gate strucfure;-
applying a layer of removable material over the second gate structure;
removing that portion of the removable material which is not in a coplanar to |
plane that is parallel to the substrate/insulator interface;
removing the second gate structure;
applying material to form a second magnetic shield and a third and flourth
parasitic shield; and
removing excess material from the surface of the second magfxetic shield and
the third and fourth' parasitic shield, such that there is no conductive path
between the second magnetic shield and either the third or fourth parasitic

shield.

AR



the third and fourth parasitic shield, such that there is no conductive
pat h between the second magnetic shield and either the third or fourth

parasitic shield. - 34 - 18. A read head protection circuit, for
di scharging el ectric charges accunul ated on a conponent of a read head, the
read head having at least a substrate, at |geast one magnetic shield and at

| east one-sensor el enent, including: at |east one spark gap device, having
a proximal end electrically coupled to the magnetic shield, and a di stal

end formed . jn close,proximty to.the substrate. 19 . The read hea

prot ect i on_1$:i”r cthi rt“%?‘e”é{( BOMCTen <HRsk e@ﬁ %fsﬁ%”%ff‘% teiﬁc—trgn a&gresaﬁc%ggttego"ﬁ‘ea of
the at | east one spark gap devi ces_ has | east one high electric field
density i nduci ngPRRORERPT Dgead hqr&,ethp é&ﬂfhﬁa&dhamx@t dclersh ﬁ%F%?’tatc}FaSE P8F m
18, wherein the proximal end of at |east one of the at |east one spark gap
devi ces i s coupinaghetip shisld andnaydeask pagrsensor glement, jnchding: hatdepsppat spark gap
circuit, for discharging electric charges accunmul ated on a conponent of a
read head, the devid, heving dprokimpl end ¢lectacally coupled tocthe maguneticshistd, emda disghet i c
shield and at | east one sensor elenent, the read head protection circuit

i ncludi ng: at | risfonekinedlestproxinlityto elgnslibstdtsse st ud coupled to the
substrate; at |east one spark gap device, having a proxinml end
el ectrically coupled to the '

19.  The read head protection circuit of claim 18, wherein the distal end of at least one of

the at:Jeast one spark gap devices has at least one high electric field density inducing

N
M
device.

20.  The read head protection circuit of claim 18 , wherein the proximal end of at least one

of the at least one spark gap devices is coupled to the sensor element.

21. A read head protection circuit, for discharging electric charges accumnulated on a
component of a read head, the read head having at least a substrate, at ieas; one
magnetic shield and at least one sensor element, the read head protection circuit
including:

at least one electrically conductive stud coupled to the substrate;
at least one spark gap device, having.a proximal end electrically coupled to the
magnetic shield, and a distal end formed in close proximity to at least one of

the studs.

.
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magnet’ic shield, and a distal end fornmed in close proxinmty to at |east one
of the -studs. - 35 - 22. The read head protection circuit of claim 21,
wher.ein the distal end of at |east one of the spark gap devices includes at
| east one high electric field density inducing device. 23. The read head
protection circuit of claim21, wherein the proximl end of at |east one of
the spark gap devices is coupled to the se¥sor el enent. - 36 - 24. A
data storage systemincluding: a magnetic storage nedi um for recording of
data al ong data_tracks; a magnetic transducer maintained in cl osely
spaced pog’f—t i onfhedrag hegd PFQSeCt“ﬁ% ciieihet ¢laims b pegeinihgidistal sod .oﬁgt least gn¢ of
noti on between the magnetic transducer and the magnetic transducer
i ncludi ng: a nabnsteds gapi devicessinslodesat l¢astdngdiigheleciric fitid tdentity ihdwdinggdearice] east
one layer of insulating material; a nmagnetic shield disposed within the
insulating material; at |east one sensor elenent disposed within the
i nsul ati ng :

23.  The read head protection circuit of claim 21, wherein the proximal end of at least one

of the spark gap devices is coupled to the sensor element.
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mat erfal; a transducer protection circuit disposed within the insulating
material, for discharging-electric charges accunul ated on a conponent of

t he.magneti c transducer, iiicluding: at |east one parasitic shield placed in
close proximty to the nagnetic shield; and nmeans for maintaining the at

| east one parasitic shield substantially at an electrical potential of the
sensor el enent; actuator neans coupl ed to ¥he nagnetic transducer for

movi ng the magnetic transducer to selected data tracks on the magnetic
storage nedium and - 37 - detection neans coupled to the '

magnet or e@fst i Yedatestonee systppoirslyding:o magnetic fiel ds representative of
data bits recorded in the magnetic storage nediumintercepted by the
magnet or esi sti ve seasmgnetic storage medium for recording of data along data tracks;

' a magnetic transducer maintained in a closely spaced position relative to the
magnetic storage medium during relative motion between the magnetic transducer and
the magnetic transducer including:

a magnetore;istive sensor including;
a substrate having at Ieast: one layer of insulating mater_ial;
Ty a magnetic shield disposed within the insulating material;

,h .
at least one sensor element disposed within the insulating

material;
a transducer protection circuit disposed within the insulating
’ i
material, for discharging electric charges accumulated on a component
of -the magnetic transducer, including:
at least one parasitié shield placed in close proximify to
the magnetic shield; and .
means for maintaining the at least one parasitic shield
substantially at an electrical potential of the sensor element;

actuator means coupled to the magnetic transducer for moving the magnetic

transducer to selected data tracks on the magnetic storage medium; and
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- 37 -

detection means coupled to the magnetoresistive sensor responsive to magnetic
fields representative of data bits reécorded in the magnetic storage medium intercepted

by the magnetoresistive sensor.
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