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| MPROVED ELG W RI NG CONFI GURATI ON BACKGROUND COF THE

| NVENTI ON The present invention relates generally to the

bat ch f alwo sppigkogn of sliders whi ch carry 5 ,;@ﬂg.@@ st?ﬁ' stive
(MR) and/or inductive transducers for data storage applications.

More particularly, the present invention relates to an inproved

el ectrical |ap guide (ELG wring caonfiguration which allows nore ELGs

to be included on a row or bar of transdicers to be 10 nachi ned, and whi ch
reduces the nunber of el ectrimeRovep eLcwrRNGsoNAIGBRATERAEd bet ween t he bar and

t he | appi ng machi ne for a given nunber of ELGs on the bar.
During the fabrication of %mmryi ng sliders for use
in magnetic data storageris preyshenmventianrmlatiessgemiersl 1y tbatte cat ed on

¥ CommnTypl ca?fégéhr o %&l%a%%s' orS) o g?&g{m%]l ¢ %chonrreéggga% ively

| ayers resigtive of ot her el emd ooper
function as el e@gnpéareqsa?)t@{ﬁ d&R )( EEGé?r lnducé?rlé'ealtgéﬂﬁdbﬁeéat%q}' in the

deposi tion of H&lﬁrss'l{c%ag*ésea 1¢aﬂ:10’iﬁp| ngm&emg&wﬂdmatﬂg,sltmrs ELGs

of wvari ous are the art. for exa
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Patt erning of the bé'irﬂﬂ.ﬁﬁed( loRClaihdg depar ofBEF@iddfuddr@KBIofs s) and
ELGs is accorrplls i nation, wth etching

tolith
and lift- % 8§es§g§ w’f’ﬁggofgfllgﬁgggé\ggei{mf‘%e’f h‘gﬁ SHEFEEFTRY and
electrically i mpaet:edoaﬂd neebedquretrveenc the nbar santll éthe30lappimys, known

as 1ows of Dar SachbR¥! fok @ §lniBkr of eRGY S0kt hdels are machined,
at a surface which wll % { f ace the recor.di ng rredl um (i.e.,
Apisbr {cn B

the air beari ng sur?%jet‘%lt HraPh RagRESice g pReducer

carrying sliders for use in magnetic data storage

15 systems, an array of sliders is fabricated on a common
substrate in a deposition of metallic and nonmetallic
layers. Typically, resistive or other elements which
cooperatively function as electrical lap guides (ELGs)
are also fabricated in the deposition of layers for use

20 in lapping or machining the sliders. ELGs of various
types are well known in the art. See for example, U.S.
Patent No. 5,023,991 entitled ELECTRICAL GUIDE FOR TIGHT
TOLERANCE MACHINING which issued to Alan Smith on June
18, 199%1.

25 Patterning of the sliders (including the
magnetic transducers) and ELGs is accomplished using
photolithography in combination with etching and 1lift-
off processes. The finished wafer is then optically and
electrically inspected and subsequently cut into smaller

30 arrays, known as rows or bars. Next, the individual
bars of sliders are machined, at a surface which will
eventually face the recording medium (i.e., the air
bearing surface or ABS), to obtain a desired MR
transducer height (sometimes referred to as the stripe



transducer height (sonetinmes referred to as the stripe WO 98/ 18596

PCT/ US97/ 01324 - 2- hei ght SH) or to
obtain a desired inductive transducer hei ght (sonetinmes referred to as
t he throat wWipéspiosTH) . During machi ning or | apping ofp@rharbisedll ar bar
of transducers and ELGs, the machi ned surface noves froma 5 begi nning
position to a final position, while reducing the hei ght of the
transducers. The primary function of the one or nore ELGs | ocated on
the bar is to control t he machi ni ng?process such that the desired

t ransducer hei ght .J | eved. .Affe t.culat _bar_of sliders 10 is
machined to Pﬁggggegil{?e%dﬁor g%g leic?\e‘tri ‘5?1%%18% mggcavgc%ﬁ%r‘%i -\ by the

ELGs, the bar height Osomptdaesi referred jtedpe| Hhathycageheigtr Ty thi s
process, the Epdgigagn machiBeéngeslr OVashinly desi segagicRealbhe vagr pose for

whi ch t hey exish has be%p géco Iish% . 1? Tygically, each
ELG i ncl udes of&2BPIRGFES N ELep s TRR MECHABRE SHIHASE HP¥ePabf?Rdted in the
deposi ti on fof begénsingopesiicn theasfivel positipa,ywhilesregheind G design
has one resi st @heWhesght ofkha@NeFaNdddters. arThé PSMAGH raHeRibNA s t he
machi ni ng process reduces the 20 height of b%Eg he {ransducer and the

resistor at th&t® ONeQReMPreLLGS i 8Pa Prth® HRcRPHEP T esi st or
(frequently refuer mdchinisg thmcess egcheshat ditje idesired hoansduesc to
deternine whenyhgndessr gdhiiidill Atk partihABeduae’ opas) besks achi eved
so that the nachlnlng 25 _proces cag be Q$lt6d at, this point. More conmon
ELG dedl gndsi nPRABened %St PELTSY | VEFAGIHGRENt RE1GRE 25 nachi ned
(anal og) and t ypntabllyednbyothé WBLEoN- time tbaredis cutr eberdhosd riastst ors.

Two or three rqgig3tQhuakl fers. ' BULihE Ailid §AYcesl! ceng! BEEL I &al access

termnals on a .
be destroyed if desired since the purpose for which they

exist has been accomplished.

15 Typically, each ELG includes one or more
resistive elements which are fabricated in the
deposition of layers along with the sliders. A very
simple ELG design has one resistor which is aligned with
a transducer such that the machining process reduces the

20 height of both the transducer and the resistor at the
same time. The resistance of the machined resistor
(frequently referred to as the analog resistor) is
monitored to determine when the desired height of the
transducer has been achieved so that the machining

25 process can be halted at this point. More common ELG
designs include at least two resistive components, one
machined (analog) and typically one or two non-machined
reference resistors. Two or three resistor ELG’s
require at least three electrical access terminals on a

30 surface of the bar in order to monitor the resistance of
the ELG resistors. In some ELG designs, the resistance
of each of the reference resistors is measured prior to
lapping and used to calculate the local sheet resistance
Q for the bar. The resistance of the machined resistor



30 surface of the bar in order to npnitor the resistance of the ELG

resistors. In some ELG designs, the resistance of each of the
reference resistors is measured prior to | appi ng and used to cal cul ate
the |l ocal s 8/16&%1 St ance Q for the bar. The resist

machi ned reg‘iq?t or WD 98/ 18596 %%é;fmb&e

PCT/ US97/ 01324 - 3- Is conpared to the
constant resistance of one of the reference resistors during the
machi ni ng process. Wen the resistatice of the machined resistor equals

t he resi st:anc ef.ere LS ining. .5 rocess is
hal t ed, presumalgﬁn &él?‘;atrtﬁgep%i r?"‘t%m%%?’é tgﬁl‘é Eggiﬁ%?‘g%%ﬁ%’? The ?rfacﬁﬁ’%ed
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d i fi ' I hi 15, fl le b h l'id
et bar. - The Harte deatidfy RrelPRadRs heldnt o ek FORLREAPIOA IR bar
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for new hi gher lgngitli¥n!, " 36REHGRIS refer?@d LECLs S&f idoehibgpt ened. In
order to nig_t t hese 20 equ;lreégant ss, it gs,lgyeratl,ve t hat, rrgrell ndi vi dual
ELGs btli ncl uded on BSchP®f21% S§QFaget FRAVSHH i FPHELRUCUSLY ¢ hat
sensor hei ght chrivies torkowscnaghehing @oistel, | €tbre hasHowvey er stéeddy need f or
nore ELGs is i leMan@Ct fof IHiGher dWEbGtth?itégpir@ﬂ@ntnﬁﬂ@ér”Q%P sliders
be p! aced on easﬁﬂd%?s/%%ghsducers per wafe;l'- eanl?;lI %ﬂ%gt gx“ ri)gal S .I t?isl ment to
pl aci ng nore ! P )
increased bar densification leads to thinner and more
15 flexible bars with more sliders per bar. The bar
stiffness bears a cubic relationship to the bar
thickness. At the same time, the sensor height
machining tolerance for new higher density transducers
has been steadily tightened. In order to meet these
20 reguirements, it is imperative that more individual ELGs
be included on each bar to guide the lapping process so
that sensor height can be more accurately controlled.
However, the need for more ELGs is in direct conflict
with the requirement that more sliders be placed on each
25 bar.
The biggest single impediment to placing more
ELGs on each bar of sliders is the space required for
electrical connections needed for accessing the ELG
components. Typically, for a two or three element ELG,
30 three electrical connections (sometimes referred to as
terminals, pads, or studs) are required. Also, as the
number of electrical terminals on each bar increases due
to an increased number of ELGs per bar, the number lead
wires needed to access the ELG components increases



ELGs on each bar of sliders is the space required for el ectrical
connections needed for accessing the ELG conponents. Typically, for a
two or three element ELG 30 three electrical connections (sonetines
referred tay@sosnsses t€rminals, pads, or studs) are requiregerpkemisgs the

nunber of electrical termnals on each bar increases due to an

I ncreased nunber of ELGs per bar, the nunber |ead W res needed to
access the ELG conponents increases WO 98/ 18596

PCT/ US97/ 01324 T -4- significantly.

Frequently, | em d qui sid4:Qn, und A freat each
ELG as i ndivi d%gpg%‘?,gc%%%’l?'qf coﬁ{-po %ﬁtslaﬁThe%eéﬂol%g’, ;B o’irs?:éegrg h t traee

t er mi nal ERCABRS Ehtompnits  DAYSYi fgeatsearhr BHai resipdividyadads 5 for
paissi ng gur r enketsrof Honipoteht &. c arEvesore, Hoel eachf thiree teasitndlor sensing
vol t age drops o e G e £or e i stor
ELG current EEE& St %Mﬂ]er F’% 's%tﬁ%rr]i(;agﬂ}rlg%uP%gt%’ﬁ%\?gnuérr%sN%P%Qéqﬁ% QE;'stso t he
number of BLG $opePaAFind cagseptt kdEaughe thay egreporeEntFar and wor k

piece. As thethuabeneafisEEss beftislg@dvoltage @sys hidrdss i easeed, the

scal e factor of 6 _inposes signifigant increases.J cost a npl exity
CoTthe DAL coReRBRERY o ghues, Ak e EAFe rRFAEEER it REkeBE RO

the DAU channeWdriggblsehemee, regairei 6¥uilwhedesiX y1s 18quailr &oborus, and
carrier size). numbBRSEEUSIY 18/ peRNbEES leads HidtiBaphithl OXET SRdBEOT

2 0 BRFCEE SogEidee. dd ISLIARE-RY BB SealgmligE
An el ectrical leaphgivade is( EnGreagedentidscale nbadioak ok 6 swpossd for use
in lapping a b@&gaificanﬁr%gﬁ%teiagegrﬁg%&&eana%ém%wﬁy ¢8" enk Ay desired
transducer hel gt Dt il Benenial et M S eRheion (ive.,

the DAU channels, cable size, flex-circuit dénsity '

15 wire—-bonds, and carrier size). Consequently, an ELG
system which overcomes or minimizes the effect of these
limitations would be a significant improvement in the
art.

SUMMARY OF THE INVENTION

20 An electrical lap guide (ELG) system and
method are disclosed for use in lapping a bar of
magnetic transducer carrying sliders to a desired
transducer height. A first ELG contained within the bar
has at least two first ELG resistive elements. A second

25 ELG contained within the bar has at least two second ELG
resistive elements. A first of the at least two first
ELG resistive elements is electrically coupled to a
first of the at least two second ELG resistive elements
to thereby reduce a total number of leads needed between

30 a data acquisition unit and the bar during lapping. The
reduction in required data acquisition unit leads allow
more ELGs to be included on each bar in order to more
accurately control the lapping process.



has at |least two first ELG resistive elenents. A second 25 ELG contained
within the bar has at |east two second ELG resistive elenents. A first
of the at least two first ELG resistive elenments is electrically

coupl ed towosnssdsi rst of the at |east two second ELG r esySigde@eBbement s
to thereby reduce a total nunber of |eads needed between 30 a data

acquisition unit and the bar during | apping. The reduction in required
data acquisition unit |eads allow nore ELGs to be included on each bar
in order to nore accurately control>fhe | appi ng process WO

98/ 18596

-5- I n t]hn tl}—_:'LGELG %Stent"he}:hfel géuégl nf:)réL dses"at"’1 | east
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ELG 15 re5| stive ele ver
of the at YeastffiFe r‘%e %Z‘? E"}_tG\AgFEEFHJL}‘é'Iee flrﬁter al %lﬁ?fs’bl%nctlons as
the first of thkerminadtesis connechedetsecdnusElaE dhecati taast erthregal s to

thereby reducegeconqfei@ledlechyIbel QfrrifhlknN@ TnHRRebY 806G LlbA 151 face of
20 the bar. couple the first of the at least two first ELG resistive
elements to the first of the at least two second ELG
15 resistive elements. However, in some embodiments, the
first of the at least three £irst ELG electrical
terminals also functions as the first of the at least
three second ELG electrical terminals to thereby reduce
a total number of terminals positioned on a surface of
20 the bar.

In preferred embodiments, ELG system of the
present invention includes a total of N ELGs contained
within the bar, with each of the N ELGs having at least
two resistive elements. A first resistive element of

25 substantially each of the N ELGs is connected to a first
resistive element of the adjacent one of the N ELGs to
thereby reduce a total number of data acquisition unit
leads needed between the data acquisition unit and the
bar to determine the resistances of each of the

30 resistive elements of each of the N ELGs to a number
substantially no greater than the number represented by
the expression 4N+2.

In more particular embodiments of the present
invention, the at least two ELG resistive elements for



In preferred enbodi nents, ELG system of the present invention includes
a total of N ELGs contai ned wWithin the bar, wth each of the N ELGs
havi ng at | east two resistive elenents. A first resistive el enent of
25  subst 3y bgrsbes each of the N ELGs is connected to a fhéshsomeisza
resistive elenment of the adjacent one of the N ELGs to %e reby reduce
a total nunber of data acquisition unit | eads needed between the data
acqui sition unit and the bar to determ ne the resistances of each of
the 30 resistive elenents of each of t1& N ELGs to a nunber

substantially no greater t . er resent ed t he expre55|on
o, ach ¥ Hing, K LAy SR D TR st 55 S5
i nventi on, the othelreatt atw&@m@singt pre ef dhamdesf dpcated withim 98/ 18596
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connected in th| n

er to duce .the total nymher of ,data acquisition
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nmagneti c transdiCreaterythgn S imeterwirephesantediasyy ahe expuabsionf three

resistor ELGs fgy,.use in controlling the
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagrammatic view of a bar of
15 magnetic transducer carrying sliders which includes a
number of three resistor ELGs for use in controlling the
lapping or machining process and which can be configured
in accordance with preferred embodiments of the present
invention to reduce the number of lead wires needed
20 between the bar and the lapping system DAU.

Figure 2 is schematic view illustrating the 6N
lead wires typically necessary to couple the N ELGs on
the machined bar to the lapping system DAU.

Figure 3 is a table illustrating the manner in

25 which the 6N lapping system DAU lead wires can be used
to access the ELG resistors on a bar utilizing a three
resistor ELG design without the benefit of the present
invention.

Figure 4 is a schematic view illustrating a

30 first wiring scheme in accordance with preferred
embodiments of the present invention which reduces to
2(2N+1) the number of lead wires needed between the
lapping system DAU and the bar to access the resistors
of N three resistor ELGs.



| appi ng or machi ni ng process and whi ch can be confi gured I n accordance

with preferred enbodi nents of the present I nvention to reduce the
nunber of |lead wires needed 20 between the bar and the | apping system DAU.
Figure 2 isweofreesgic view illustrating the 6N | ead Begmsooydaucal 'y
necessary to couple the N ELGs on t he machi ned bar to the |apping
syst em DAU. Figure 3 is atable illustrating the manner in
25 which the 6N | appi ng system DAU | ead, Wi res can be used to access
the ELG resistors on a bar utilizing a three resi stor ELG design

wi thout the benefit of tRE PFELECDE a tablbMAUHBting the manner in Figure 4

is a schematic yiewillustfatjng a 30 first w.rin schenme |
accordance Wi t“ﬁ‘lc\gr §PEr?é%N+i) glaé’r?&BGi FEREEm JHAY H§%ﬁ’r YILRE Fﬁ%g‘?ﬁi on whi ch
reduces to us2d? el acckhes ntin®eEL®f réwicatovisr es aebdedubil ivimg tde

| i t t i h
rgg?'st“gr Séi Ggf“%‘é&?%%?g?%&g%%%ithh&é BehekPESor the Rirlhg Nree

PCT/ US97/ 01324 scheme illustrated in Figure 5. -7- Figure 5
is atable illustrating rheurendeis i@ schemdtiich viike 2(20htratihppiarg system
DAU | ead wi res € ririMSE CCESS LG L esl.stor r
utilizing a 5% rnge Vlégfﬁo%cégagdeﬁgﬁtc\%gf ) ﬁée ?érsfg‘r i Prg?e’faﬂée)@vm ring 5
scheme il ustr &mb¢dineptgupé the present inventipy,weighi segdueehicktic vi ew
il lustrating a2(n+l9ecghiyl whribéry SEhaead wizeso uua Wétwaurel €< ed

of Iead wiT2s Aoinano37akeh WAL 415 e BRrcES ERSeat e nEbTRESEL o
access the resiost ot $hree peshstaw ddGsesi stor ELGs. Figure 7
is a table illustrating Fhgur@mnes 4 Rable VMNudtraend(tHd nahdRRi ¥ System
DAU | ead mﬂres‘éﬁylhp%he 2(N+1) lapping system DAU lead wires can be
used to access the ELG resistors on a bar utilizing a
15 three resistor ELG design with the benefit of the wiring
scheme illustrated in Figure 6.

Figure 8 is a schematic view illustrating a
third wiring scheme in accordance with preferred
embodiments of the present invention which reduces to

20 2(N+1) the number of lead wires needed between the
lapping system DAU and the bar to access the resistors
of N three resistor ELGs.

Figure 9 is a table illustrating the manner in
which the 2(N+1) lapping system DAU lead wires can be

25 used to access the ELG resistors on a bar utilizing a
three resistor ELG design with the benefit of the wiring
scheme illustrated in Figure 8.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 illustrates bar 10 of magnetic

30 transducer carrying sliders and ELGs. The ELG wiring
schemes of the present invention can be used to reduce
the total number of lead wires necessary between the
lapping system DAU (shown in Figures 2, 4, 6 and 8) and
bar 10. Reducing the number of lead wires makes it



used to access the ELG resistors on a bar utilizing a 15 three resistor

ELG design with the benefit of the wiring schene illustrated in Figure
6. Figure 8 is a schematic viewillustrating a third

W ring schegmsiisegccordance with preferred enbodi mentgg oot S Pr esent

I nvention which reduces to 20 2(N+1) the nunber of |ead wres needed

bet ween the | appi ng system DAU and the bar to access the resistors

of N three resistor ELGs. Figure 9 is a table illustrating
the manner in whi ch the 2(Nt+1) Iapb‘?ﬁg system DAU | ead wires can be 25
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Fi gure 1 illustrates barBak0 1 imgha&ddL 80latganadmber o&r ralidgrs! i ders and
ELGs. The ELG,\w {J . h f p | ' e used to
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reduce th nunber W rés necessar
| appi ng sy$t emi8pes (§aBln dicEFi hanas B, 43,6 dndrg) dn@re showap -10.

Reduci ng the npgber off thea® WLGeS (GAHQSELEL and ELGYOa28/ k82@8 in
PCT/ US97/ 01324 i

. . - 8- passi hle to
i ncl ude nore EFCEUER YaoR BaF 1% MBE taree resisk Fgf B R anwg process.
Bar 10 incl udeBon Pakgeofiunberity, sit detsr be undaysgosHi bt ¥2is14 and 16
are shown) sepasagetebyifli 68 8 deb dONfr dbdeh | aes ibha1ldelS and 17

are shown),. Each of. th EL nly EL and EL&2 are own .in

Figure 1) i&n bg?rl?i‘w&et'hgﬁé P gys,né[uglgrs] ?eﬁ%ﬁ“ﬁs gﬁdslgf &PFY . For
sake of clarit®y.itInmsomebpredriorest epbodhments i yesistarar), el @iachas a

desi gnator forggachd ngdjVigaabgElG@sitlor FBHoDLAMLE, thkChatineh! v

i ncl udes resistors err], e,rs] and
surface, and resistors Ry and Ry of each ELG are

reference resistors used for either comparison to the

15 resistance of analog resistors Ry during machining, or

for the computation of sheet resistance Q of the bar.

Placing at least one resistor of each ELG in

a dice lane, while the other resistors of each ELG are

placed within the sliders adjacent the dice 1lane,

20 reduces the space required for each ELG. While this

’ configquration is a preferred configuration, the present

invention can be used with any of a wide variety of ELG
designs having at least two resistors per ELG.

To access the resistors of a two or three

25 resistor ELG, at least three electrical access terminals

are required. As illustrated in Figure 1, each ELG on

bar 10 includes electrical access terminal Ty, connected

to resistor Ry, access terminal Ty, connected to

resistor Ry, and access terminal Ty connected to

30 resistor Ry. In some embodiments, access terminals Ty,

and Ty; of each ELG are implemented using bond pads 18,

on the surface of each slider, which also function to

provide access to the MR or inductive transducers

located on the sliders. After machining bar 10 to the



Rlerr]. I'n sone preferred enbodi nents, resistor R err] of each ELG is

an anal og resistor exposed to the machi ned surface, and resistors
Rlerr] and Rl err] of each ELG are reference resistors used for either
conpari sonwgosiib®e 15 resistance of anal og resistors R egdduddbizio
machi ni ng, or for the conputation of sheet resistance Q of the bar.

Pl acing at | east one resistor of each ELG I n a dice lane, while the

ot her resistors of each ELG are Sced within the sliders adjacent the
di ce lane, 20 reduces the space required for each ELG Wiile this

configuration dzsilfgéeﬁe%cgh%dugeﬂ{, @H:Tr aéf%%éa!%% PLESEM par, bbPVﬁﬁt ion can

be used with any o e varie esi gns havi'n | east two
resistors per EEGdiced into lndl"l dualcebidense (R RGNS JaF’t‘%b or three

25 resistor Gceds, | Bstdilder eanelseaféldbsﬂtra@e:asanaefmm&&s Ry, are
required. As i lés rat ed |c Elhgurea eac{;h SO on bar 10 |ncI udes
el ectrical acc8% nzﬁ co%e%rfé‘g © ‘%o ré’smc}tlSP %‘??ﬁ access
t erm nal T[SerrPU(tohmtr@dftlDther uSIeesumvm'vqa[,em]oth%m@osaebésslﬂbq er m nal

T[err] connect %@511395305111 lo¥S LAk OF e Aotk arkM SeEeETROdl BBNI SneiCCESS
of each ELG are inplenmented using bond

term nal s T[err r
pads 18, f'ﬁe%h&?%?fe%d‘fé BRERIE | PYR- which al so function to
provi de access to t he MFiguren@uillwstitatassthe ssannectionscaeqdimoed t he

sliders. After | S
BCT/ LS9 7/ 013241:@9@&9 A9pP il g 18v4 et NSau 50 and V@.tg %é@ﬁg&erssl roefd Nhel aht

usi ng t he . Gs BL§€8aP8d Bokarh@ih st 1d6EF $9 Pe mpghipedy | m’BlF%)d)rX/'l dual
sliders. Duri rigppbmgdsyxm DAUs prt:rea&sead:lhe:m:i ae amnsslisniduddssetoyed and

resistors RN2 oBL.ﬁFE] Qbp&ste Ebfad SRl Nedihd &orégs 1 ng

sliders, 5 but hav urt her use. However, 1n ot 8055| ELG
designs, all oFELCAeCReERSRA% afBUfecARBRARG) RHSEM Qﬁ“gss re%‘l‘“ﬁ? sliders,
but not in botkhree leads Ly,, Ly; and Ly for each of the N ELGs on bar

15 10 in order to selectively pass current through the ELG
resistors. Lapping system DAU 50 also requires three
leads L,,, Ly; and Ly for sensing voltage across the ELG
components. Thus, lapping system DAUs require six leads
for each ELG in conventional ELG wiring schemes. As an

20 example, for a bar containing 14 three terminal ELGs,
the DAU will require 84 total leads, 14 sets of three
leads for passing current through the resistors of the
14 individual ELGs, and 14 sets of three leads for
sensing voltage across <the resistors of the 14

25 individual ELGs.

Figure 3 is a table which illustrates the
manner in which a lapping system DAU having six leads
per ELG can be used to control the lapping process for
a bar having a conventional ELG wiring scheme. At the

30 start of lapping, current is applied across leads Iy
and Ly; for each of the N ELGs on the bar (e.g. across
lead wires L,, and L;; of ELGl). Simultaneously, the
voltages is sensed across leads Ly and Ly, for each of
the N ELGs on the bar (e.g., across leads L, and L,, for



Figure 2 illustrates the connections required bet ween | appi ng system
DAU 50 and the resistors of N 10 ELGs on a bar of sliders to be machi ned.

Typi cal |y, | appi ng system DAUs treat each ELG as an i ndivi dual set

of conponegigosngfparate fromthe conponents of other P&?&;W B,4 he bar.
Thus, | apping system DAU 50 requires three leads L[err Llerr] and
L[err] for each of the N ELGs on bar 15 10 in order to selectively pass
current through the ELG resistors. LJj_appl ng system DAU 50 al so requires
t hree | eads L[err], L[err] and L[e%’r] for sensing voltage across the
ELG COMPOReRt 5, Twéangl AR EQr§¥§£eHh@A£€n£é‘cﬂU€r6Pt£dé< vEALSs, for
each ELG in conventiona Gwri ng sche exanpl e, ‘for a bar

mes.
cont ai ni ng 14 FRFABEPEr RinndPTEEESH™ ELG ©n8- E)A@2 r}EF’F LG £984 Kot al
| eads, 14 setscafichbhated prior eadsrfatt thasstagt caff leppihbr ougkritﬂge

resistors of t : 1 i dyalg of;, thpgs heads for
sensi ng vol tagggggﬁ'ggé téﬁgpgfé%él gtgorggigéd %’2:%2%551%%%13(1' Wi duaﬁ Es.

Figure 3 i$ a tabBe, wheath Wiregskn A% Lph&or ELGL)yidd e Rhahyek-ags appi ng
syst em DAU haV'ngséhéeheﬁéﬁween 16 ELzGaﬁaan.e(usgd t Deg@ott 0l astche | appi ng

process for n onven ELG sche { the 30
start of | appi lrl‘g %86 EEQ? %’9%3’51 w&?n § {"’éaﬁg‘\ﬂ%’é ? nP ‘?’f@ Ll err]
for each of th&NaBdGEs0fior hELGRY fox gaacacml@s TheSdaeawrmmEfs dricerr] and

L[err] of ELGly, taéegulat@ees@aytot h@alculat\@l'Eﬁ@esre's%s%ﬁﬂéég agf oss | eads
L[err] and L[err] 1T0r each o across

e bar (
| eads” L[ erd aR§sLEEPFS lf‘rorand B (€. \% 08 Figgg‘bx and Ry of ELGL} o
PCT/ US97/ 01324 each ELG. - 10- ELGL). Using the

571 01 B ELG. G :
current and senced vol 940 WSS pors WBLSLES Sl chOBPIENLC (o0

Duri ng | appRRginguPFRPRSS s t&ﬁ?plsicééleaé"r‘%%%r IoéaﬁéxLFEPﬁiT 120085 1'1:_I|f(‘er r

imposes significant lapping system costs and

15 limitations. The wiring schemes illustrated in Figures
4, 6 and 8 require fewer DAU leads per ELG, and thus
allow more ELGs per to be included on each bar without
increasing the number of 1leads required. The only
hardware changes required to a typical lapping system

20 DAU are related to relay switching logic for four-wire
resistance measurement control.

Figure 4 illustrates an ELG wiring scheme or
configuration, in accordance with he preferred
embodiments of the present invention, which reduces the

25 leads or connections required between the lapping system
DAU and the resistors of the N ELGs on a bar of sliders.
As was the case in Figure 2, each of the N ELGs included
in bar 10 in the configuration illustrated in Figure 4
is a three resistor ELG. However, a new wiring

30 configuration between ELGs reduces the total number of
lead wires necessary between lapping system DAU 100 and
bar 10.

As can be seen in the ELG wiring configuration
illustrated in Figqure 4, at least one access terminal of



5 (e.g., lead wires L[err] and L[err] for ELGL) while the voltage S

sensed between leads L[err] and L[err] (e.g., leads L12 and L[err] for
ELGl) and between leads L[err]and LN6 (e.g., |eads Llerr] and L[err]
for ELGL) fsospasds ELG These currents and vol t ages p

cal cul ate the resistances of 10 resistors R err] and R[er ,?w?e g., Ieads
Rlerr] and R err] of ELA) of each ELG As nore and
nore ELGs are needed to guide the |.appi ng process, the scale factor of
six | eads per ELG i nposes  si gni fircant | appi ng syst em costs

and 8 require fewer and "t hus er to
be included on féhcf@nbalacﬁPﬁﬁou'@ermlnali n€BeadnnedRcainb ELGef | eB®ls
required. The.\.nﬁis}trated had ks Qe&h\aaaesml emJELed i® obntn‘éwteal td appi ng

system 20 DAU are relat ed to_rel y for
resi stance neasuf@eient e&’)‘ﬁf‘?% T" of aéja nq: rkq"(%‘—zl gurél @ePFFﬁétra?Es an ELG
Wi ring schebe ®#LGs Oth@@‘nthgantIJGbnand BIEN ,adeymdnat eTNwiish cohplegr ef er r ed

enbodi ment s of tiéﬁnﬂ{aqsﬁ'”t '%&%' QEmMICfTN{ Ei@“&éﬁpié‘k? t%5ter}n%ﬁ£|§ or
connecti ons required t %h the éadpcp %Agé/ the resistors

of the N ELGs amba cOPpgEted %atlﬁefEESé:‘ YEFES 2, each
of the N ELGs icuxl heedoupled itngbaheﬁmsnng bietbenfiiger bénding Ialtuthe ated in

and 15 "mtaéa{&{‘%BAﬁﬁg ?Lr s”QnEﬁi&Srﬁ‘asr s Hféé@ff&lll{} 'oﬁHESéﬁGS p4 6

Figure 4 rest sthor LEL L [
configuration betl‘\?\f/eazec'fng‘Izﬁ b?& Béeggtﬁg }tig r‘gr&%\gfs\%b EQFéQ S
necessary B8t wedPRPDitHE ﬁ%r@ﬁpmél&@orawtors interpglly within' As

can be seen in pdre H.G Gfr cogrsenfifuwmt iconnection | idisiadat adtepn&l gure 4,

gtCT} LngStw 8]”_322(3@06%%11 ?f)mcﬂ?é o@fthe two comgt_gédl%?%%ss termlnals carfx the N

ELGs on the barbe £ldmdaptpd Altpaeshesciren the surface of bar To. In
either case, the leads from lapping system DAU 100

15 normally coupled to one of the two access terminals can
be eliminated.

Figure 5 is a table which illustrates the
manner in which lapping system DAU 100 is used to
control the lapping process for a bar having the wiring

20 scheme illustrated in Figure 4. At the start of
lapping, the resistances of reference resistor R, of
ELGl1 is calculated by applying current across leads I,
and L;;(i.e. across terminals T, and T;; of ELGl) and by
reading the voltage across leads L, and L. For each of

25 the remaining ELGs, the resistance of resistors Ry, are
calculated by applying current across leads Lg,; and Ly,
and by reading the voltage across leads Ly, and Ly.
buring lapping, resistances of resistors R;;and R, of
ELGl are calculated and monitored by applying current

30 across leads L;; and L;; and by sensing the voltages
across leads IL,, and L, and between leads L, and L. 1In
order to monitor the resistances of resistors Ry, and Ry
of each of the remaining ELGs, current is applied across



to an access terminal on an adjacent ELG As i1 lustrated,
access termnal T[err] of ELGL is connected to access termnal T[err]
of adjacent EL&. In general, for 5 ELGs other than ELGL and ELGN,
termnal T, s coupl ed termnal T[err], vvhilet Terr] S
coupl ed towtbgt;hn%sggl T[err] The connected access term r@s% or4[ adj acent
ELGs can be coupl ed together using either wire bonding at the

surface of bar 10, or using wafer proce55| ng steps to 10 connect the
correspondi ng resistors internall y wi t AR~ bar 10. Of course, if the
connection is de, | ternal of th ppnect ed access
termnals can "feda A, Fowar | H1% e P fc')?oge Q’rg ?Q%fn é"csﬁ’rs ajéég% r 10. In
either case, thg #eddewfaninbetysenglegds dm e 169 15 normally coupled to

one of the two access tegRhpghg QdBds amchh% ehdfa e dELGs in the
Figure 5 is a table V\,hifgllllustra_tes manner in whic aplng

syst em DAU 100 f&Mfed strated, % ofl‘ﬁfée I ﬁpﬁ?ﬁ&lﬁ?ﬁcé‘sst?‘iﬁm a®bar havi ng
the wiring 20 2gMNdie lidadsstoateonect Rilgre BLGs At Jialp@mgalsysoém

| appi ng, the reﬁA tances mihs! S aENGR rua%git eumﬂ rd4 &fads beferr

cal cul ated by ap current across |. .
across terni naI%her[Jé?lgﬂln&ndY’FFE’t“r?ABfaIE{CE})e li’fe"m“s'll@aaleﬁﬂgtﬁe vol t age
across | eads L[rimitimylfhfesr] anFinceeade dh 2he totiad nemeenicfgERLEs, the
resistance of rgsigLor ﬂ@éﬁ] b8’ &chie gegal CU'rgIequl@ie Vg%(yﬂé)tge CyErent

across leads L[err], an err, tage_across | eads

L[err] andlﬂ[er‘l"]n iguratpgp; lPﬁBﬁ‘FT’u@d %’gsrég‘éﬁ%eé S 1PUE| QPoﬂ-é‘R[ err]and
Rl err] of Hidépeardentameakbat eentrl gbnitreectdmpoappkyi figrceacknt 30

across Leads Ligre] idesher hoadfibibhi3C0s! P! FerdflialeSesiptolf 055

|l eads L[err] an etween leads Lferr
to nonitor the Fesind Znc & 8RR G AEPSUFRE Y] caheum'@@ r1]°¢"=ll shgeteach of

the renaini ng BdsistiidecQ] wichppsiadtaehoifinbined wit\Red@uienfit
PCT/U897/0}§24'0f resistor Ry (the exposed and ﬁ%%hlned resistor of
each ELG) to estimate the transducer height during

lapping. The transducer height estimation is
insensitive to feature size variation (edge movement)
caused by wafer processing. Continuously monitoring

20 each of reference resistors Rgallows compensation for
resistance measurement variation caused by thermal
effects or other sources during lapping. The 1links
shown in Figure 4 among adjacent ELGs are preferably
simply implemented by wire-bonding.

25 It is possible to calculate local sheet
resistance Q with only one reference resistor using the
following resistance equation given that Wiz >> A.
Equation 1

R - QLRET ~ QLREF
REF WegeA  Wige

Where,
30 Lger = length of the reference resistor;



| eads L[err] and L[err] while sensing voltage across |eads L[err] and

L[err] and between leads L[err] and L[err]. Shari ng | eads
anong adj acent ELGs in the manner illustrated in Figure 4 requires a
total of |) leads to connect the N ELGs to | appi DAU
100. Thus?wvovigfg’gét e total nunber of |eads between th(lla’e lg%%rl’cotrl\%msystem
DAU and the bar previously being a limting factor, an increase in the
total nunber of ELGs on bar 10 can be achi eved. The wiring schene or
10 configuration illustrated in Figure ¥ allows on-line i ndependent

neasurenents of three conponents r h EL Lnifi . urenents of
W el ab B of Nilhrsseronte Lt 500

the references resistors "R ] an G are used to
cal cul ate | ocal sheet A resi guantéty) ofieidgle movementiyrn conbi ned with

measurement 15 of resist@1dBh@thibnkt NBas&@OSes apgfepciiidd I eiitst or  of
each ELG to estimate the transducer hei ght durin l.appi ng. The
transducer hei §h lc%%‘?i%ti gﬁig?ﬁence %ﬁ%wggﬁsé tqaaﬁngtha‘?%}’ég&w?e
variation (edgerwmbecerce )resistormudedeby Rugdmst Ryscasdi @digealcdateidnuousl y
moni toring 20 gach.obnief BhencerEAShSd OF s Reh! 1idl 1S caimenpalyi.on for

o stance oLy ) O e i ot
ELGs are preferghbyth varistiphyof pleross dhrisy witlke-thendangatan in
It i possible chgntelell Gt t Aacro el peing EFBLELPIFQGQNdiAON! Y one
ref erence resistor usi ng the o(j oW ng g stance €quation given that
Werr] 10Equafi- org bar densification increases [(dy.€., more sliders
Were, 30 and ELGk[ are] inkeaged pértberyof o ehseunimsdedsary to
estimate Q for each ELG. A local 0 can be calculated
and shared among adjacent ELGs.
Figures 6 and 7 illustrate an ELG wiring
15 configuration and measurement scheme based upon the
above discussion. Each of the N ELGs on bar 10 is
paired-up or coupled to one adjacent ELG through wafer
links B-B at the node connecting the three resistors of
each ELG. In other words, NODE, of ELGl is connected
20 via a wafer link to NODE,of ELG2. The remaining ELGs on
bar 10 are connected in pairs in the same manner. Also,
one terminal of each ELG 1is connected to the
corresponding terminal on the adjacent ELG with which it
is not paired. In other words, as illustrated by way of
25 example in Figure 6, while ELG2 is paired with ELGl via
a wafer link B-B between NODE1l and NODE2, access
terminal T, of ELG2 is coupled to access terminal T; of
ELG3. As can be seen in Figure 6, this ELG wiring
configuration requires only the 2(N+1) leads between
30 lapping system DAU 200 and bar 10 for N ELGs.

Figure 7 is a table which illustrates the
manner in which lapping DAU 200 is used to control the
lapping process for a bar having the ELG wiring
confiquration illustrated in Figure 6. At the start of
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- 13- Werr] = width of the reference resistor; and
[err] = quantity of edge novenent. Cal cul ati ons based on

waf er - pr obge ogaksse i ndi cate that difference between Qﬁl,lgyhﬁgﬁd usi ng
two 5 reference resistors (i.e. RN2and RN3) and Q cal cul ate usi ng

only one reference resistor is less than 0.5% Al so, cal cul ations based
on waf er - probed data shows a snoot hléa“ ation of Q across bars, with
the variation in magni t ude of Q for~é&ach bar being typically | ess than

10 2% As balraggﬂﬁif'ﬁ@EéPnshQE’Ee?éng.st(én@e ‘0 "BE Ccal Lilpke bfed erépd ELGs

are included pe I S unnecessary t estinmate each ELG A
local O can be iddtdalareasurenents ofHu% r&ﬁﬁﬁﬁnﬁﬁj%&%ﬁt"ﬂ@r each
Fi gures 6 and paikl uft EBt®. arFrdx Gnettanng, 1bes ity @y ki ealandateadsur enent

schene based URy gn %‘B?Xm? %tdla%(i. ggigg?dsELr_tEt‘ag%do tggd sgxlr&né’” bar 10

S paired-u 0 one a Jacen h waf e nks B-B
at the nodé comé?é@lagﬁga?ﬁés*’t hetdreesslepgf sligfand Lypac lEEEéLseP nEes her

wor ds, NODE, OfthEL(ﬁje:étS ;S‘dlﬁ:ﬂfwﬂ GEL(?&Q ﬂé@ls&:d&aflﬁ{ id n&al@nm&{ ey | of ELG2.

The remai ni ng EL bar, 10 onnec | air he same manner.
Al so, one &P ,}grs SPTRERh 37 ss Cl g‘[ﬂe& oe‘tshgﬁlie 88??%%%ond| ng
term nal on theoddjpgeedeads GReross V\hjschndt L. Measurement edf thimt her

wor ds, - as i"u%%rf%tr%ﬂcayr WRYsLbr 280r €¥RER! gmae Blied TR0 umsl,@d%ﬁ s
pai red with EL a wafer, |ink B-B_between NODEl and NODE2, access

t er m nal T][Qarr]ca&FuEEEQ ?%e%%tﬁﬂsét?%cﬁcgeggrtfé}%ﬂ%r *T31 of ELG3. As
can be seen in Figure 6,Dhhirgg Happiing,n@nalog cesistorr aRy,ofioregack es only

Lre AL | 2ags, Rty iy pbpecatary R COLLIL %y Dgbpldider N FLC,
200 is used to S¥EwERS| agress leqdfhphmgapfodesAibrsansiid h¥9l k9% he ELG
Wi ring confetyent Leads |1 ysdndatg] theFrgsisdncelioft kesikact Ry
15 can be calculated and monitored. Likewise, by applying
current across leads L;; and L,, while reading the voltage
between leads L, and L,, the resistance of resistor Ry
can be calculated and monitored. The local sheet
resistance Q for each pair is combined with the
20 continuous measurement during lapping of individual
machined resistors Ry, for each of the N ELGs in order
to estimate the height using each ELG.
One advantage of including three resistors per
ELG even with the wiring configuration illustrated in
25 Figure 6 is that the integrity of individual ELGs can be
verified for wafer level ELG reliability testing.
wafer-probed resistances of resistors Ry, and Ry can be
used to predict the resistance of Ry for each of the N
ELGs with the consideration of feature size variation,
30 and then compared to the actual measured value of
resistance Ry for the corresponding ELG to detect the
existence of possible non-functioning ELGs. A
significant difference in the calculated and measured
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- 14- | appi ng, | ocal sheet resistance Qis calculated from
initial measurenents of one reference resistor for each pair of ELGs.

For instanewoogigsisstor Rl err] is cal cul ated by appl yprgussdhizent acr oss
| eads L[err], and L[err] and sensing 5 voltage across between | eads
L[err] and L[err]. Likew se, for the next pair of ELGs, resistor R33

i s cal cul ated by applying current across leads L[err] and L[err] while
sensi ng vol t age | eads across L[er?}5énd L[err] Measurenent of this

reference resisigl [ofcEaUk PRI LoffeddhCh,) SedioS i G0l ate sheet
resi stance Q for tRePaTT. “‘d&rlng apping, analog resistor
Rlerr] for eachndicatgve tofe thieEEGE heimg grantfuncedengndnpl e, by appl yi ng
current across |eads L[ efidct3neah| @bhhedffosenst NOime tRdfbted a-Retween

| eads L[err] and L[‘?{ﬂy&a f he tesist%nce of resis&or I{e{ar# 15 . can be

cal cul at ed and®R8ni% A0 FRElFRe By hpbtyAAgLemented PENtYHS 0ss | eads
L[err] andSL[ ebohdwhgl e Erechmicaitheongecsigens or binkectenatzs B{ferr] and

L[err] the resigt-apeneit ifs HOjUARbhs of tR@Nrd&i Sl atband
noni t or ed. ocal sh

The | ee resistance f.0 ach pair is_ conbi ned
b Thetse  BER TRAGES. ntsraRLiy it: e amBniPhetor te Na i tAEs
machi ned resi spopseREing] f dlovexel,ofViASe MArE)® bnidtdewer thease estinmate

the height usiggnea¢BnEl@i.e. over NODE, foPNCRGY a4 agReOly iidd)di Ng three
resistors per - ELG even with the w.ing configuratiop illustrated in 25
Figure 6 i@th&%@hé#‘ﬁ%ﬁrﬁ% BatefiNAFGUAr RBRE: PolepRlaced NiFS i ed for

waf er | evel EL@Ganhebeabsédtypo tfiestn mye links \afteemajidgbed tksiwdferwes of
resistors Rfer a €3 d redi t resisst ance of
Rlerr] for eacE\r}nce)f m?ﬁ@;ﬁs&dlfﬁgf&?ﬁ%%r t%ﬁg lé%é\)esila erg?iggngg fl&eiltssfjre Si ze
variation, 30 ©farRP¥ heRARehAiG eWT b t KEARBEVCHT SredR usdFhy of LA -

resi stance R[ emilpof,ostiuide opr tespbndl sgcdredtedlaicc tthddee nodes e St ence

of possible {}%gbfnﬁgﬁéi e0h"He EhéSa such thdt wire-BdHYiWF UYn ¢d ference
i n the calcul ated an rreasur_eﬁ
used to form links B-B externally on bar 10.

Figure 8 illustrates an ELG wiring
configuration similar to the configuration illustrated
in Figure 6, but which can be implemented without wafer

20 modification. Links B-B between pairs of adjacent ELGs
are established using the terminals connected to
resistors Ry, for each ELG (i.e., terminal T, and T, for
ELGl and ELG2). Thus, both links denoted A-A and links
denoted B-B are formed externally by wire-bonding.

25 However, this wiring configuration requires feeding
forward wafer probed Ry,readings in order to calculate
resistances of resistors Ry (i.e., Ry, Ry, Ryy. This is
illustrated in the table of Figure 9. Like the wiring
configuration illustrated in Figure 6, the wiring

30 configuration illustrated in Figure 8 requires a total
of 2(N+1) leads between lapping system DAU 300 and bar
10).

Although the present invention has been

' described with reference to preferred embodiments,
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- 15- resistances of a resistor Rerr] for a particular ELG i s

i ndi cative of the ELG bei ng non-functi oning. El ectri cal
connect i ongygdgibiogks denoted A-A and shown in Fig“relﬁnﬁﬁﬁwiﬁh4

i npl emented by wire- 5 bonding. Electrical connections or |inks denoted
B-B for connecting the junctions of the resistors to form ELG pairs
preferably is acconplished using mafer_ls_ processi ng. However, VI AS can
be built over these junctions (i.e. over NODENfor each of the N ELGs).

10 Then, sharqgbdkeh@ Bkaiesy I\ixFe;uy a&ﬁpﬁilpof&d&rﬁtz%dt%gechan &an be used
to forn1the Ilnks i,nter aII fer uld_then either

i,nks
run under or oJ¥Y fife orﬂfa ??ﬂﬁ&nﬁ%ﬁngFl SP?FQDE%UEE?% in each
sli der. Al gihe Mitoandesmpﬁalosf dibnngnve@lt:tcm t hese nodes or 15
junctions can be added such that w re-bondi ng can be used to form
links B-B externally on bar 10. Fi gure 8 illustrates an
ELG wring configuration simlar to the configuration illustrated
in Figure 6, but which can be inplenented without wafer 20 nodification.
Li nks B-B between pairs of adjacent ELGs are established using the
termnals connected to resistors R err] for each ELG (i.e., term na
T[err] and T[err] for ELGL and EL®&). Thus, both |inks denoted A-A and
| i nks denoted B-B are forned externally by w re-bonding. 25 However,
this wiring configuration requires feeding forward wafer probed
Rl err]readings in order to calcul ate resistances of resistors R err]
(i.e., Rerr],Rerr],Rerr]). This is illustrated in the table of
Figure 9. Like the wiring configuration illustrated in Figure 6, the
wiring 30 configuration illustrated in Figure 8 requires a total of
2(N+1) | eads between | apping system DAU 300 and bar 10).
Al t hough the present invention has been described with reference to
preferred enbodi nents,



WO 98/ 18596 PCT/ US97/ 01324

- 16- workers skilled in the art will recognize that changes may be
made in formand detail wthout departing from the spirit and scope of
the inventiwgssisses . 7 pcrutonngsza In
conmbi nation wth a bar of nmagnetic transducer carrying S|I8€FS, an
electrical lap guide (ELG systemfor use in lapping the bar to a desired
transducer height, the ELG system conpri sing: a first ELG
contained within the bar and havi ng at TEA4st two first ELG

resistive el ene a second ELG contained within the bar and

. d .
havi ng at RhiT P8 cranmp 15 second ELG resistive elenents, wherein a

first of the at ll-east twohrdialectEicalebartduigle (ELG) system fait aients i s

electrically coypl BsbpinalbdSlofOhadhetic transducer cardyih§asiidase second
ELG resistive elgnegtsdes
r

first ELG furthé conpri s%%é%t ?%ags%dq‘%ﬁgggh%;ség’mé%?%: 2%{% |1cséfs %(r%“?%nn;rg
coupled to comprising:

a first ELG contained within the bar and
having at least two first ELG resistive
elements; and

a second ELG contained within the bar and
having at least two second ELG resistive
elements, wherein a first of the at
least two first ELG resistive elements
is electrically coupled to a first of
the at least two second ELG resistive
elements.

2. The ELG system of claim 1, wherein the first
ELG further comprises at least three first ELG
electrical terminals coupled to the at least two first
ELG resistive elements, wherein the second ELG further
comprises at least three second ELG electrical terminals
coupled to the at least two second ELG resistive
elements, and wherein a first of the at least three
first ELG electrical terminals is connected to a first
of the at least three second ELG electrical terminals to
thereby electrically couple the first of the at least
two first ELG resistive elements to the first of the at
least two second ELG resistive elements.

3. The ELG system of claim 2, wherein the first
of the at least three first ELG electrical terminals
also functions as the first of the at least three second
ELG electrical terminals to thereby reduce a total
number of terminals positioned on a surface of the bar.
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the at least two first ELG resistive elenents, wherein the second ELG
further conprises at |east three second ELG electrical termnals coupled to
the at |least two second ELG resistive el enments, and wherein a first of the
at | east tRye@abigsst ELG el ectrical terminals is connect eg. 4 st of
the at |least three second ELG el ectrical termnals to thereby e?ectrlcally
couple the first of the at least two first ELG resistive elenents to the
first of the at |east two second ELG reféstive el ement s. 3. The ELG
systemof claim2, wherein the first of"the at least three first ELG

el ectrical tern nal's al Send ug{gél gggtgﬁ Ege flh t jof dﬂ%eﬁhnuﬁzr att hree

second ELG el ectrical termnals to there ce a total
terminal s posi tYeSf&JtEA Lixgh F&Ger%‘?litﬁ‘é’eo&}emenﬁs are conngfeg Lt@ syst em of
claim 11, whereigachhetaerl e’as& fivetf BLEt nbdéS Yoastsid wathinnehe sbar,e

connect ed to e%%*& %QP& % Ei,ésénvgﬁeﬁ E@P&éﬁo%ghggt Cé gkl and

wherein the EL system rses a ont al neg vmthln t he
bar, the third "‘E’L“Galar&ﬂinﬁl%{‘tl’} &her Petio the tHiEE e d1asingeat| ¥t s

positioned Wt hiwe therbagrc wesiaitivehelaheheaJodiniohedr diEhhress stive
el enents are

8 n each
other at a thi r&rELé“rl]%rd%n} oC ?eg Jf é|1‘€'r}-'t Y thlra cFLﬁegglg%g Jh‘%aépfl rst ELG
node i s coupl eleyenks ¥ rQS’nEEGtﬁéd"é? eacB.Other atT'het"EL@ ELGtROADT claim
1, wherein the llacGt%)ﬂSfﬂiﬁhiwrﬁmﬂba&qﬁﬁhﬂsﬁﬁeﬁeirﬂtﬁie girbtEEfs wede ai ned

wi thin the bar, M?d&ﬂér%éﬁﬁsﬁ)g@e' H&S’e"ﬁ&ﬂn& lnéﬁ?ggf havi ng at | east

two resistive elle resi st each of the N
ELGs is connect®ed to a fhetER@spEsten of eabsim of, awhews gt ctite ofle of the N

ELGs to ther ebysyReuc Eurthetalonpieés o Hatal asfluNSkELEONcURtLid&nds needed

between a data a(;ﬁ]lUI Sll:i'xeagarl{metac nd ttt_}le RlaELISs contained within the
bar having at least two resistive elements, wherein a
first resistive element of each of the N ELGs is
connected to a first resistive element of the adjacent
one of the N ELGs to thereby reduce & total number of
data acquisition unit leads needed between the data
acquisition unit and the bar to determine the
resistances of each of the resistive elements of each of
the N ELGs to a number no greater than the number
represented by the expression 4N+2.
6. The ELG system of claim 5, wherein for each of
the N ELGs contained within the bar, the at least two
resistive elements are connected to one another at a
node associated with the particular ELG, and wherein the
node associated with each of the N ELGs is connected to
the node associated with another of the N ELGs to
thereby reduce the total number of data acquisition unit
leads needed between the data acquisition unit and the
bar to determine the resistances of each of the
resistive elements of each of the N ELGs to a number no
greater than a number represented by the expression
2N+2.
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determ ne the resistances of each of the resistive elenments of each of the
N ELGs to a -nunber no greater than the nunber represented by the expression
AN+2., 6. The ELG system of claimb5, wherein for each of the N ELGs
cont ai ned wyé bdrfgsgghe bar, the at |east two resistive el enpafdsshfszgonnect ed
to one another at a node associated with the particular ELG and wherein

t he node associated wth each of the N ELGs is connected to the node
associated with another of the N ELGs tc gthereby reduce the total numnber of
data acquisition unit |eads needed bet vveen the data acquisition unit and

the bar to detegm ne theAr nggggacg§stggm%qhugg g_ﬂelélgﬁiﬁlavq,a@ ggent s of
each of the N ELGs to nunb greater. than][a nunb represented by the

expr essi on 2N+2magn?tlc trans‘fi‘hc%mﬁar’r'értyﬂ'ﬁﬁ Jﬁj"?fsba?x’of""‘ &t i 8
transducer carrgesiredi deranpsdutceppi mepightt emtfher udeppingappEysgemhe bar to

achieve a desirg nxg fpﬁ@:cer hei ght, the | apping system conpri sing:
a data acquisition uni't Thavi r;g@current generat| ng and

vol tage sensing circui By 98 8upREINLEltion ougit having curregtectri cal
| eads to the bar for use in dgéﬁéﬂaﬂimgand voltage sensih@Stidaiiesy of

el ectrical lap guide (ELG Eg é,,?%%ble ﬁhr%uaﬁh e ect‘i‘i’?:%ial' ri%gd}gﬁ Q:El n the

bar ; N ELGs cont ai ne er el eac
ELGs includes at |east two re&h8ti Ra%| eABRts BFRI in determining I east
three electrical terninals ass-eeiieteﬂlcd& tbf electrical lap gquide
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the at |l east two resistive eI acquisition
unit leads, wherein a first r&8rstive el enent of each of the

N ELGs is connected to an ELGs contained fnh.[:ﬁinrtﬁﬁai Slary ewBt 8B tea@h an

adj acent one of the N of the K-Gick® HNALGRY T&HUGE.Bc! QA nunber

resistive elements and at least three
electrical terminals associated with the
at least two resistive elements for
connecting the at least two resistive
elements to the data acquisition unit
leads, wherein a first resistive element
of each of the N ELGs is connected to a
first resistive element of an adjacent
one of the N ELGs to thereby reduce a
total number of data acquisition unit
leads coupled between the data
acquisition unit and the bar needed to
determine the resistances of each of the
resistive elements of each of the N ELGs
to a number 1less than the number
represented by the expression 6N.
8. The lapping system of claim 7, wherein the
first resistive element of each of the N ELGs is
connected to the first resistive element of the adjacent
one of the N ELGs to thereby reduce the total number of
data acquisition unit leads coupled between the data

R ) hllﬁ?llttilllﬁﬂllﬂ [m




acquisition unit |eads coupled between the data acqui sition

unit and the bar needed to determ ne t he resi stances of each
of the resistive elenents of each of the N ELGs to a nunber
| ess than tWwos/18s596 nunber represented by the exgiasdneR2OoN 8.

The lapping system of <claim 7, wherein the first resistive elenent
of each of the N ELGs is connected to the first resistive elenent of an
adj acent one of the N ELGs to thereby reduce the total nunber of data
acquisition unit |eads coupl ed between 1%e data acquisition unit and the

bar needed 1o deRELEL Bfer s Sl ARLDHA! ARSI d Neddaliald Yol eTonts

of each of the to a _nunb no greater than the nu er represent ed by
the expressi on¥gffpotances of cach ﬂ#etpﬁﬁﬁsﬁ(j‘téyﬁ"e}ﬁ’ﬂﬁm@ gfne®ch Wferein for
each of the N thés NOELGS ned W trhinberhendagreater atharathet Wounbesi Ssti ve

el ements are cggggggﬁﬁté b&“ @ngt She o s3Ade associated with the
t no

particul ar ELG ole associ at ed with each of the N ELGs is
connected to tBe node as@lﬁzl%ﬁ%nﬂ t9YS488t 186 FRimhE /N Hemeito f9Fer eby
reduce the totahchusiierhel NdaEIEsacphtaiihe@n wiBhinl eaésmeuplteé ket ween t he

data acquisiti 90, Ent nd L_Q Spiq;e nﬁegﬁ%&%gﬁgergd}e cte% si st ances of

each of the resF8five el ehents of t 8 a num no grezﬁer than a
nunber represeahethey ghea expteBRancianed withothe Partlwkﬁmtﬁmét ion with

?Eﬁg of tmagnfehha &mef@ﬁuec% ﬁ@df%d%ci'a{t@ﬁrﬁétl@réaﬁikﬁ%r tﬁé'N'B’ims%E'Gde t
sys em fQr use | P e, par 0.a r system
conprising: 13 conne r\:qqag:gt Qﬂié%ﬁéfﬁ&ﬂ%f J'rﬁ"[ ﬁ8°tg?r ?%BS'FI rst ELG

20 N Ri@®prtei nhereby reduce the total number of data
acquisition unit leads coupled between the data

acquisition unit and the bar needed to determine the
resistances of each of the resistive elements of the N
ELGs to a number no greater than a number represented by
the expression 2N+2.
10. An electrical lap guide (ELG) system for use
in lapping a bar of magnetic transducer carrying sliders
to a desired height, the ELG system comprising:
a first ELG contained within the bar, the
first ELG comprising:
at least <two first ELG resistive
elements positioned within the bar;
and
at least three first ELG electrical
terminals positioned on a surface
of the bar, the at least three
first ELGC electrical terminals
being coupled to the at least two
first ELG resistive elements for
coupling the at least two first ELG
resistive elements to external
circuitry;
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at least two first ELG resistive elenents

positioned within the bar; and at least three first ELG
el ectrical termnals positioned on a surface of the
bar, the atwoosngsos least three first ELG el ecpéigahniags m nal s
bei ng coupled to the at least two first ELG resistive
el ements for coupling the at |east two first ELG
resistive elenents to external circuitry; a
second ELG contained within the bar, the second ELG

conpri sing: a @kcoh@aBLG tvhtaseedwitidC theshat] Vehe €l enent s

positioned within the bar; an east three second ELG
electrical term nals é%cond ELG comgr% ﬁ%d on a surface of the bar,
t he at | et tlpast setd'{md seicond| eELFi capsisthvhal s

being coupled to the at |east tw sexendsEbdaitioned within the baf£Si stive

el ements for coupling the at Iea.stand two second ELG
resistive elenents to external circuitry;

wherein a first of the at |ecast tlemst fthree HBegond ELG electratektrical
termnals is coupled to a first oftéﬂgnals os;tloneda@,nlgaghrgge@e second

ELG el ectrical termnals to ereq¥ a to%ﬁ nunber of

| eads between the exd%r hif (9aFCU| TS 5 d P %HaF*h&Cessary to
coupl e the at | east aqqpmd r BLGELE eettigtaly e tekrmimats and

the at | east two second ELG resi styasg, ka8 Eg the at least thbe
external circuitry. 11. The EL s em o in the
first of the at |east three first €Y ﬁ%%% Qﬁﬂlsgéyﬁ1ﬁ F@ePESC bl ed to

the first of the at |east three seompdiBgGthleccitr i tadst etwonaksohgd a wire

bond connection external to the baéL(p e’E&QE?%Ceiér@é‘r?&U‘%%r Sxtertal The
ELG system of claim 10, wherein the first
circuitry;

wherein a first of the at least three first
ELG electrical terminals is coupled to a
first of the at least three second ELG
electrical terminals during lapping to
thereby reduce a total number of leads
between the external circuitry and the
bar necessary to couple the at least two
first ELG resistive elements and the at
least two second ELG resistive elements
to the external circuitry.
11. The ELG system of claim 10, wherein the first
of the at least three first ELG electrical terminals is
coupled to the first of the at least three second ELG
electrical terminals by a wire bond connection external
to the bar of magnetic transducers.
12, The ELG system of claim 10, wherein the first
of the at least three first ELG electrical terminals
also functions as the first of the at least three second
ELG electrical terminals to thereby reduce a total
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21 | east three first ELG electrical termnals also functions as the first
of the at least three second ELG electrical termnals to thereby reduce a
total nunber of electrical termnals positioned on the surface of the bar.

13. Wisoshbdggsystem of claim 10, wherein the at |easferd@7disist ELG
resistive elenents are connected to each other at a first ELG node | ocated

within the bar, and wherein the ELG system further conprises a third ELG
contained within the bar, the third ELGhaving at |east two third ELG
resistive elements positioned within the bar, wherein the at |east two

third ELG resi sfuntereberalriciraegl awinaakes gositdcheat erendl sarfddée d ELG
node | ocat ed vm'ot irg1 tpg bar, and wherein the first ELG node is coupled to
the third ELG f8d& §u |ﬁg | appi ng to thereby further reduce the total
nunber of | eadstdet ween The BLEesystewiofuriaim ok, tWeetmin ndesttary to

couple the at lash twe firsd EEEGréebdétsives e1ehenedtsre doRndtb@asd two
second ELG resisiive elements and fhealLeaplo i kg Fhirgsl stive
and wherein the ELG system further comprises a third ELG

contained within the bar, the third ELG having at least
two third ELG resistive elements positioned within the
bar, wherein the at least two third ELG resistive
elements are connected to each other at a third ELG node
located within the bar, and wherein the first ELG node
is coupled to the third ELG node during lapping to
thereby further reduce the total number of leads between
the external circuitry and the bar necessary to couple
the at least two first ELG resistive elements, the at
least two second ELG resistive elements and the at least
two third ELG resistive elements to external circuitry.
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