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MAGNETI C RE HEAD TESTER Technical Field The present i |

rel ates t?émk ratus for testi:ng heads on a Head Stack Asé%ﬁﬁ%{ﬁ?ﬁq%ﬁ')
or single head suspension. Mre particularly, the present 5 invention
relates to a nulti-coil ASSMBXYBNETICRECORDINGEHED TESRER ound of the

I nvention Each hard disk or hard file contains a magnetic recording head

for reading fromand witing to theT@éle_ﬁgﬂi Fﬁl'd The head is a part of a head
stack assenbly ("HSA") that contains e alr bearing surface that allows

the head to fl z'hg ?Qﬁfentt Inb i Ozl'elﬁ]t% % Qh%éaggﬁs r}S?geas?i%]x%g}e%%g;o ggﬁééa*ae

el ement s neede Wité nmagnetic transitirens on a

el enent s eded to.he mgheti c transitions previpusly witten_ by a head.
A typi cal SHERASEPUIE HEaY 8 Reeh ARST sHBraIThc VS RAOpUayBresert
magnetic pole pieces. Atypical read elenpnt is a magneto- resistive (MR
strip Fham‘{ﬂ?&?@e’é&?‘t@%it%?i‘gf’fwcg’i aﬁ%@ﬁ(@#ﬁ% heads. applied. 15 :
During the manufacturing of magnetic disk drives or hard files, the heads
must be tested to determ ne REgroune Qleagsinyeplipnnct i oni ng properly. A
properly functioning magnetic recordi ng head nust be able to read froma
hard di sk and wEatlehand diskeorchaiidsfile cBntainmaymygreetic, reeotdénghbadrignedading oi | s
have been used to test the read el enents of a head. These coils apply a

magneti ¢ frogh dnélOviitiAgheade RArd @isRIMeTHe headeis @hyar@of @ MHehH ReadkOas8a@bY} z€ t he
read el ements, which provides an indication of functionality. The €arly

- ent el SR B N R RS R S T F g8 @
| ; ) . ' l.eld f head
el emenps. wByl oleVTRONLda A el B SR TRRRELY Go LSk atpmene hea

when ead was Wwri arge colrs were 11T i n

capabl ||ty 2ot ek Sl SRS ULESRONRE AL TSN ol U Sitions

Bagd

structure.

previously written by a head. A typical write element contains thin film conductors
looped inside soft magnetic pole pieces. A typical read element is a magneto-
resistive (MR) strip that changes resistivity as a magnetic field is applied.

- 15 During the manufacturing of magnetic disk drives or hard files, the heads
must be tested to determine whether the heads are functioning properly. A
properly functioning magnetic recording head must be able to read from a hard disk
and write to a hard disk. For many years, external magnetic coils have been used to
test the read elements of a head. These coils apély a magnetic field to the read

20 element, thereby attempting to energize the read elements, which provides an
- indication of functionality. The early external magnetic coils were very large and
‘one p;air of coils would excite an eritire stack of heads. These large coils cbuld excite
the head read elements, but they could not read the small magnetic field from one
head when the head was writing. | 'fhe_large coils were further limited in capability

25 by the low frequency response inherent in a large structure.
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The next OgRfdsAbifAn of head testers were smaller and coul d f Lyees head
pairs in-a stasck zgf heads. Early versions of these head testgtrrls[ggo%d only -

excite the head's read elenent, |later versions could al so read as the head

woul d write. Mg nekt 'gbheﬁﬁbﬁt&mehaitgsta%&keﬂesaﬁmfériaﬁ‘m baad Aesdie nﬁ%'r\ahown

in Fig. 1, a printed-circuit 5 board with a coil wap having a plurality of

turns is e ri | i ¢ coil pads to
Faci 11t aPAus o AStediEel e MGy EMgRb ok uialitad BHRES, b b, PR 181
uncovereq W,th this type, of head test and sjm lLar, head testers ip the
duet ry hepd s Tend ehranttt 1roproiges St R Seach it HiheRLwou G S 1 he
read and wite el enents of a head, QZ) the head testers did not enable a 10
testing dévstrates thiadext genaration herditester; Has showndn gL, & printed depitv i t e

el ements of a head,; 83) the head tester could not be used to enable a

testi Ag deard withoa deil ovraprizaving aluralith of umsds attacheadetst the primted circdit t he
head tester could not be used to enable a testing device to determ ne

whet her thoard.pTheregaredivoeeil pads focfadilitatd cohredtion toantdsting hieettet est er was
wi thin an acceptable range of distances; and (5) the head tester 15 could

not be used t@ g@hiHelofeiniaidis weheuhi@dsed With NS 5d aEKeRP RAMR dhdier e

properly aligned. First, the head testers shown in Fi 1 and 2 are

gs
i nconven isﬁﬂh%xt Redtf Gosteéds i She E{P%ﬁl}rtféh il).r t‘f\%ﬁ]egaﬁeg\feg ﬁre‘?&% E‘F%Rbéni%ﬁt g? H?%go An

i mportant aspect to note in S orizonta cation MR
read el e S W4t h_respe 1.0 entral axi,s ,0f, 20, the cail. The

o} ament o EpoH B g RO forle oleiSerfieB) £ Mo di 23 o8 e belfea Bhe pof BlE et «
are st .responsi.ve.to the | ed.magnetic. field ,Howeyer,. the | ocation of
the oBi1 fSHTE GRiCs R AFrtiateBl HEtRminr BIeSPaity s Rhthe TEad (WHieh SlemamtuAER 1t he
head is iting.. If the coil in figure Is ysed to read the magnetic field
fromt he\iv%ééaég %Fﬁacr HasHRT, oM npt gﬁmdl @ endhle 3 testing %ﬁ\f}ﬁ? fo dettaming,e
magnetic field is 25 symetrical about the axis of the coil. This field

pr oduces veesher 4 bepdmeastingdzedtly wined2(4) the head tester could not be used to enable

a testing device to determine whether the spacing between the head and the coil on
the head tester was within an aéceptable range of distances; and (5) the head tester
15 could not be used to determine whether the heads in a head stack assembly were
properly aligned.
First, the head testers shown in Figs. 1 and 2 are inconvenient to use to test
both the read and write elements of a head. An important aspect to note in Figure 1
is the horizontal location of the MR read elemen.ts with respect to the central axis of
20 the coil. The MR elements are located on the axis and in this position the MR read
elements are most responsive to the applied m'agnetic field. However, the location
of the coil axis and the head, shown in Figure 1, needs to be changed when the head
is writing. If the coil in figure 1 is used to read the magnetic field from the head's
thin film write ("TFW") elements, the magnitude of the magnetic field is

25 symmetrical about the axis of the coil. This field produces electric potentials in the
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w ndi'ngs owadss7428i | that cancel each other. This cancel |l at iRGT/USTHRES | S
no vol tage being present at the coil pads when the head wites while the
head tester is positioned as shown in Figure 1. Figure 2 shows the

hor i zont alvindiogs iofthetoil likatheadeksedthWwtbens nEhis qancgﬁqﬁqm tesults ienelwoltage)
where the voltage read at the coil pads 5 is optinmum In Figure 2, the TFW

el ement iseihgGab&chtQ¥ ehe €6il pads ovhenothe Idadewritest while ehé head sistevis t he
electric potentials in the windings not to cancel each other. The distance

bet ween tg&%&%&% 'ag Eﬁg?}vg( fﬁlégiguxé he Piide® ShGWE The hBRgohtae I0REBhYFRRE (i - €.,

the read enent I's very small and for this discussion they

I

are assungd 1.0 . [ t : r ' : I, f
Dot h r eachefy HETh et 3 tae 4kl B eldBE yoliBe R ot thcail Bl
either_the heads or_the coi be rel acate orizontal bet ween e
Pwo mofleoB AP nn Ligre 2 e HEW geotdridt SoGFed Riref it ey gfe Sitof e
hori zont al l'il rel ocated when they are heing used in a test applicatign that
requires it ko ey therlectrivpotentipls i threwindingd not ¢p caneel gach sthery, ad
tester) between the two read nodes increases the overall test time and 15
negat i vel distdrfcechetwehn the SIAW mlethentc Gugr dby, write eleyenithsnd the MR lemgenthe
user. Second, the head testers shown in Figs. 1 and 2 can only mnake

appr oxi mafig. nbasead ehrhént) bf bhe heedds aary small ane forehissdisessiohi they yarelue t o
the uncertainty of the vertical spacing between the coil and the head's

read or whiden&] &IBEGLt tHd$ars® fscafbn kel e eRatinerHeaduRigl teRiif by feadir(htiBy t O
head tilt, separation of the head 20 fromthe suspension | oad dinple,” and

di mn%@gﬂ%ﬁ@iﬂ esgﬁiggt&)gg@ﬁ@ cbl1Grb €5 Be SRR RRE: {Hg%aa’glor dY@Ebi@d | ons

of 30 can n the voltage's being read as the spacing

changes, ¥l Sl G BOHNSPLCRUG Bl SRR bR BN o7
the read ﬁgaddswcrni' %hee c60|i R‘gergssthge I?or%,eo%(%alilf re gcszailtreg l%!lﬁen f?hey are being used in a
test application that requires both read modes. The time needed to move the heads
(or the head tester) between the two read modes increases the overall test time and
15. negatively effects the positional accuracy, thereby inconveniencing the user.
Second, the head testers shown in Figs. 1 and 2 can only make approximate
measurements of the read and write elements sensitiw)ity due to the uncertainty of
the vertical spacing between the coil and the head's read or write element. The
spacing between the head and coil varies due tc; head tilt, separation of the head
20 from the suspension load dimple, and dimensional tolerances between the head
separator and the coil. Variatiéns of 30 to 50% can be observed in the voltage's
being-read as the spacing changes over the range allowed by current HSA and coil
technology. Thus, a tester that caﬁ enable a more accurate determination of the

sensitivity of the read and write elements of a head is desirable.
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The third gy@bd/eimé s the use of one coil on a head tester f opctiGornsagds | f
the head selection circuitry is inproperly assenbled, the one coil can not -

detect the case where the two head selection lines are reversed at the sane

time the pol arfie/ttafd béblbRad tRé asebf ohé ch®VRISRERd tedte? £bY REo HeadsS SETRELY

error commonly occurs during 5 production. Thus, a tester that can enable a

det er m nat i her. " ' [ LLry.i s properly.assenbl ed

woul d be sl setqeGRSliny 16 AERhaf SSLrBRE E LR SVl iy qoiﬁﬁkgﬁamzaga o
: : . . : h

the ool | PR the 1w berd ftlon BRek tietapiied 156 sadndine o pelrey 2kban i n

Figs. 1 and can only 10 sense that a conbination of head sensitivity

ang/ or hgé‘?fdé?}ﬁa% 1§ ga"@é%?éii- n@*ﬂ? REpR ef resembly; e5¥OT| OB PRIYaPesuBeHugngead.

bet weeh cpmdikction. dHsad trest rat en cnsblecidbrinmatioobwhEtist ¢he head of

bet weeh agprogivction. d tesiex &Aan ena gterminationa e by o

di stances is desirable. The fifth probleminvolves the precise alignnment of

t he cent eselextiopaditutivy lis propksly @ssahbled wbuktbbé desifdide.coils are to be
co-axially aligned over the entire length of the stack of heads. A precise

al i gnment of tTie fnirkls problamséask wherl £ Hegl Ss MighhRBedat A edbyROSI ti onal
information relating to head alignnment in the HSA. Wthout™ precise

" EArenlngh kit vk S s o B Sl
oL e oSk AU TSRS RSy et T e ol
T LG R SRR ot AR 9B BESALSP! LR I L
high or low signals beiﬁg read. Thus, a tester that can enable a determination of
whether the spacing between a coil on a head tester and a head is in an acceptable
range of distances is desirable.
The fifth problem involves the precise alignment of the center of each coil in
15 astack of coils. The coils are to be co-axially aligned over the entire length of the
stack of heads. A precise alignment of the coils in a stack of testers enables gathering
positional information relating to head alignment in the HSA. Without precise
alignment, the coils can not be used to determine the mechanical location of the
head read/write elements in fhe plane of the ha.rd disk. The head tester shown in
20  Figs. 1 and 2 does not provide a "designed in" method of alignment. Thus,
producing a stack of head testers in which the coils are precisely aligned to enable
the gafhering of positional information related to head positions in the HSA is

desirable.



WO 98/ 37429, . .

PCT/ US97/ Ozﬁﬁﬁs/ﬁ‘amrary of the Disclosure The present inventipOT/AUSYR0266 t0 a
head tester for testing heads having a read elenent and a wite el enent.
The tester conprises a substrate on which a read coil is positioned to be

sensitive to the wite el enent Sainrhbry bfdie Disdosure coil is also 5 forned.

on the substrate and this coil is positioned such that the read el enent of

the head to berhept@dnt mveabidhireltted ® 4 heamaestt@f fb@ltbsnn@héadsemmg%t Rad
assists in the testing of head stacks (or single head suspension)

assenbl i eg, }P@%ﬁdtafeisvﬁ'ﬁe Qﬁérrﬁ%(tm?ﬂbeb%qfeli’ Qohipilst! aRuBYidR &0 le'ﬂ%’\ ﬁar%bc? Roftf

t he functlon

Descriptign of the u (o] tiyopal prlor
art co | BRSBTS B %}%&‘Fén% (i ity o RgReE, e e Lol o
a cross sectignal vie r.art COI| technol ogy for, testjng the head' s -
abi |13t e ﬂl%s%s%atg pagtmsecqa rpantioned sHeh Ahaf i Tead eldmest g8 fhe
assenbly. Fi ure 4 shows a sjde view a portion of the head stack assenbly
with as toobe fested issepsitivedn the avritgiedinsi on of the head stack assenbiy
and a stack of head testers positioned between the heads of the head stack
assenbl y. Fi guFkishestldestenassigss hp&t&@eeﬁngwéheaémamks {dresingletleadof t he
present invention. 20 Figure 6 is a block diagramof the testing

appar at ussispension) asgnibliesr chtse test@perfofmad byatle tedtgt peovide andindi@eién of
di agram of the testing apparatus for testing the wite el enent of a head.

Figure 8 ﬁ{éomcgoﬁﬂq;?sofs%thémgl view of the head tester of the present 25
i nvention with onl he wite coils shown and positioned between tw heads.

5 10 Brief Description of the Drawings

Figure 1 shows a cross-sectional view of prior art coil technology for testing
the head’s ability to read.

Figure 2 shows a cross-sectional view of prior art coil technology for testing
the head’s ability to write.

15 Figure 3 shows a side view of a head stack assembly.

Figure 4 shows a side view a portion. of the head stack assembly with a
separator located between the suspension of the head stack assembly and a stack of
head testers positioned between the heads of the head stack assembly.

Figure 5 shows a top, Ipers._pective view of the tester of the present invention.

20 Figure 6 is a block diagram of the testing apparatus for testing the read
-element of a head.

Figure 7 is a block diagram of the testing apparatus for testing the write
element of a head.

Figure 8 shows a cross-sectional view of the head tester of the present

25 invention with only the write coils shown and positioned between two heads.
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Figure 9 shg®wssay4$0ss-sectional view of the head tester of gt
i nvention with oﬁ?y the read coil shown and positioned bet V\eﬁeﬁﬁ'y&%ﬁ%eﬁds. _
Figure 10 shows a top, perspective view of an alternative enbodi mrent of the

head tester ofFigoe DI a bLid4eBétRAal Piew of the head tester of the present
Detail ed Description Figure 3 shows a head stack assenbly 10 f ﬁ%A")_ The

HSA 10 ge : ' ; al.1 h | s
att acheq P eavioh wARRUIP Afe fedl] LEFLhbunind BOfiohed pERRSELAAEIERIS 1 1) 1
electrically cgnn to the servo vpice.coil nmotor (\!VCM poils 16, and

t he associ at edel gg?ﬁ%ﬂf’&s alﬁp ’ @SFFUPF&%’?/ vieys of aﬁ@é@ﬁ%’vﬁ?n%’gg%?ntréﬁﬁ ng
from and ﬁ“&i%% to glhard di sk' s .magnetic surface. Continuing to refer to
Fig. 3, tRAedlestersobepresprt MYRNEANs 4 |ine that runs radial fromthe
center of the rotational bearings to the read/wite elenments on the head
12. Th® Y-axis 22 of the HSA 10 iBetailedddeschiptionuns tangential to the
rotation of the stack should the HSA 10 be rotated. The X and the Y axis
lie in the pl aFiguoé 3tshewsar kadl sthck EsembBlyi0 ¢"128ATs Tite HSAr Ihgerieralljie pl ane
of the disk. The Z axis ideally runs through the stack of read/wite

el enents ehepribéiea Emdﬁtﬁaf helsal2. el Headt1eis Ktadikdrtoti Eesdension W) eHpaad
12 is a part of a HSA 10 that contains the air bearing surface that allows

the head {sOnbliftedl BS£ coRbITRE Bahthadidste i_sEré’cfH@ﬁﬂr %&ngkga d‘f’g‘EE g%gﬁot {qtgi@e

el ements needed to wite magnetic transitions o

el enent s ~AOMS Btk ' b1 VL QUS htten the
head. A t%?gfﬁ%m te e?gﬁ%n EIS& Pgee%gsgpié?é%%g?z%ﬁélg%/%g t K alﬂ1yme %hb%‘?ﬁ’f{]ors
| ooped,i ngd de, soft ..magneti c pol e. pi eces. typical read el ement 70, (see
Fo a9 B Etel S BRI e il 4 Brns kB B Remas s trop s anaryadg o
magnetic field is applied.. Although_ in_ the description a MR read/inductive
wite t ypEef?Fe'é’d# 18s gd@‘aec%aﬁ’égoaé} tﬁﬁ gi% a8 is 96’6‘%@?&@1&%@@% frgm ithe centariobs
tester 30 of the present invention, other head types, including but not
limted t#e rotational bearings to the read/write elements on'the head 12. The Y-axis 22 of

the HSA 10 is a line that runs tangential to the rotation of the stack should the HSA
10 be rotated. The X and the Y axis lie in the plane of the hard disk. The Z-axis 24 is
15 normal to the plane of the disk. The Z axis ideally runs through the stack of
read /write elements when the heads 12 are aligned in the X and Y direction.
The head 12 is a part of a HSA 10 that contains the air bearing surface that
| allows the head to fly close to the hard disk. The head 12 also contains the elements
needed to write magnetic transitions on a hard aisk and the elements needed to
20 read magnetic transitions previously written by the head. A typical write element
69 (see Fig. 9) contains thin film conductors looped inside soft magnetic pole pieces.
A typical read element 70 (see Fig. 8) is a magneto-resistive (MR) strip that changes
resistivity as a magnetic field is applied. Although in the description a MR
read/inductive write type head is described as the head type being tested by the head

25 tester 30 of the present invention, other head types, including but not limited to,



6 I nduct.ive read/ wite head tyRe AT HKBIBEEN \servo read/wri te heapl
type may bewoessiesbowi th the head teskeptROEDF t hejipresent i nygnyismio2éesgur e
4 shows a side view of a porti h a head tester 30 _
positioned between two heads 12 of the HSA 10. As shown in Fig. 4, a _

pl ural i ty indudtbadreadgaite iRadaype und thdictivesdervd eedd Mt Koadofypbeagsbd2 in -
the HSA 10. Continuing to refer to Fig. 4, a separator 130 is placed

bet ween s ysNed it thd hehd st&UBPSF th entlidvbR@bnare facing each other. A
separator 130 is a nechanical wedge or taper that Is inserted between

faci ng suspensi r . gt ?ﬁgﬁ, PN th rator
130 o? a hgrd %l%i‘!r?}) a%éz?ldtéﬁ‘é eéz;(:?sll9 acl n%fztggc%gé %tqu\ﬁr{tgm%ﬁea&%%t%? gget her
due to the prelo fromthe.su si.gn 4. The sepagrator 130 jn this
di scl osur & oﬁguoagégbe[tge@iwgtlwgaﬁgg% alezﬁ;?g}“& é?&lp‘gwrb&}aflﬁe%;f&fﬁhﬁ’nzgz a
head tester 30. As shown in Fig. 4, an array of_ separators I s use o]
hol d t fe zﬁ?ﬁiF%St%ﬂarﬁfusﬁaéﬂéesi@%Bﬁ*‘ﬂh%‘i)g heads 12rinthedSAdAd testers 30
is inserted such that one head tester 30 is inserted between two heads 12
faci ng each ot wﬁnm tngefenhte Flga& asapanaior 436 ieplaced bebyestOsuspensioh Idead
12. After testing the read and wite el grrenéxs —%;'&heaplblz,ant hﬁeﬁheg:ﬂé;sherz
30 wi || behatsappedt heads 1:that are faeinghesatiother. afitoss 13is admecharli ea
tester 30 are mounted on a substrate 32 that is tﬁi n enough so the coils

34, 36 dowige! sruapet E&th@ﬁ@&rte&!&&h@e&f&hﬂ%@%eh@% 488 B to3Rolef theftRads
present invention. As shown in Fig. 4, the head tester 30 conprises a ag

bst r at i j il N | L , a
substr at € 182pa8 WWiildut Phd s%ﬁrat%?q\?@or Eg'%qggtﬁ%l% ﬁ@?c@n&gﬁﬁgﬁiﬁgggﬂb

second wite pad 40, and a center tap p 2 are
Connech ol Bk Sof ks 3 o8 A LRbGEAT A e 1Bl R0RL Y P
L Soh S PSR A obE ) BB et b AR A vl sbSBE, o,
been for miazcgseirtri]oxg 2 aim%gﬁttgsiatgre 3093 2As -gﬂgwn in Fig. 4, an array of separators 130 is used to

hold the entire stack of heads 12 apart while an array of head testers 30 is inserted
such that one head tester 30 is inserted between two heads 12 facing each other.

15  Testing the read and write elements 69, 70 of each head 12. After testing the read
and write elements of head 12, the head testers 30 will be removed from between
the heads 12. The coils 34, 36 of the head tester 30 are mounted on a substrate 32 that
is thin enough so the coils 34, 36 do not touch the heads.

Figure 5 shows a head tester 30 of the présent invention. As shown in Fig. 4, -

20  the head tester 30 comprises a substrate 32, a write coil 34, and a read coil 36. A first
write pad 38, a second write pad 40, and a center tap pad 42 formed on the substrate
32 are connected to the write coil 34. A first read pad 44 and a second read pad 46
formed on the substrate 32 are connected to the read coil 36. A Electrostatic |

- Discharge (“ESD”) pad 48 with a ESD land 50 leading from the pad 48 formed on the

25 substrate 32. Also, alignment holes 52, 54 have been formed in the substrate 32. The

This Sheet Has Been Replaced

IR
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PCT/ US97/ 02ge%shRepd tester 30 of .the present invention is us g 46856 (D
t he read/ver\?te capability of each head 12 in a HSA 10; and (g ng%—ern{sne
whet her the heads are positioned properly (or within acceptabl e ranges)

Wi th resphaeid tat@doptHegsresed ifventioni kSisdd to 3t QT thegeh®ihaite @%ab?l%ty of

Bef ore descri bing each of these elenents of the head tester 30, *w

referenceetd ij 4812 6n 3NG4 IO?SH&i(Q}f d&@ﬁ‘.gﬁiepévhgﬁe?fgaé %@ﬁse%tgiﬂg%ﬁq% ratus to

whi ch the head tester 30 Is adapted to be connec ed. The

testing a [ ' vice GQ Ises gircuitry and co er
connect ed B? %;{%kg ?og g‘i"fé‘gf%éég%g% xa%}ﬁle%ﬁw rgspse[cgtq(ead#x ?féﬁﬁa?% gli‘ee?‘g{)% 38nd
the HSA 10 tp test %&e heads 12 in the HSA 10. As 10 shown in Fig. 6, to
test the PBIBC&PHRFEYY's 70 of a head 12, each head tester 30 in a coil stack
100 is connected to an interface circuit 110. A current generator 111 and a
conput 8r 102 aPBeforesleseritingeach pkthese elements of the head teytersf; wittepaferkfice n
the HSA 10 is connected to the conputer 102 through an anal og-to-digital
("A/D') ctnbigst éand0B a iief desagmtiorhebithetdsting apyearkd®s thOvhicH thé Besd! testat
generator 111 are connected 15 to a phase detector 107. The output of the

phase det 80 igidaitéd its be ebneet@liwild be lles@sa)  Bie #88ng IPSara Qs BEHAL2 MY
be any general purpose conputer with a processor andgmam)ry. I n operation,

: ) ' :
I o tevkachthog st e dbesombiet, 408 AblomORI N 1S
gener at or st%é}% ((:)f h@%{l Secs?és}g ?g? 504 HIPHRUr f(fg)t Ee%yﬁlgl He%gs 49 61{1 B6e Wolal 9 2R cOl |

34, a magnet ned norna e surtace ane supporttTng the
it il 34, .11, t hi ic fiel th I t 70 .
sensedis thetagh HE IR AErad Hetral Dl biad 13,5360 HERU ST D50tk ach
read el enent 389Ln t he @éﬁplou ﬁ%@&% based on the output fromthe read
rgAne

el ement 78286 dUQ fRCHeS (FincuHt 1 10e b FHIERE generatond 1hpad @

detector 107 enabl es the conputer 102 to determ ne
computer 102 are connected to the interface circuit 110. Each head 12 in the HSA 10

is connected to the computer 102 through an analog-to-digital (“A/D”) converter
108. Also, each head 12 in the HSA 10 and the current generator 111 are connected
15  to a phase detector 107. The output of the phase detector 107 is connected to the
computer 102. The computer 102 may be any general purpose computer with a
processor and memory. In operation, in order to test the read element 70, the
computer 102 enables each write coil 34 in the coil stack 100 via the interface circuit
110 and 'the current generator 111. In response éo the current supplied to the write
20 coil 34, a magneﬁc field is formed normal to the surface plane supporting the write
coil 34. In response to this magnetic field, the read element 70 senses a voltage. The
computer 102 then receives the voltage sensed by each. read element 70 in the HSA
10. Also, based on the output from the read element 70 and the output from the
current generator 111, the phase detector 107 enables the computer 102 to determine

25  polarity errors or cross wiring errors of the head 12. In addition, as will be



25 polarity-errors or cross wiring errors of the head 12. In addi tion, as

- will be 8 -woWe3MH37429 . PCT/US97/02666
PCT/ US97/ 02666 expl ai ned i n det ai I lat er, the conputer 102 will also be
able to mani pul ate data received fromthe heads 12 to determne (1) whether

the read/ véxpl&ined eeietl Riter, dRebthpbana 102(3ill M8SbRGLI Renhie@sifadlaage 1 n
proper phase or polarity; and (3) whether the heads 12 are positioned

PropertY, AScdived HORR RS, 14 8'dekiiiEN | Phether the read ArSROMRd b | 7:

to test the wite enent 69 of . a e col

h head nt.erface ¢ircuit A e
Sg(r:lera'ta gr %i%%ﬁ%f %R%} {}beghetg%lt ealrFﬁ?é’F?Bﬁ?ep Slec,‘ﬁlﬁ'o][ilib’ aﬂﬁgéf each
head t tack 100 connected to the conputer 102
t ﬁ?ou;ﬁsaﬁr %GE glﬁ% BF”E‘ES?H:[ gge S&?IBH%%‘% IPE%R%& on the suspensiopssl4 (pr‘ih*b? H$Amleach
read coil 36 and the pul se generator 10 104. The phase detector's out put
i s confected t A% Pﬂ@%rﬁhﬁ% » 10 %est (the wirite slement G%hef « bapdif2s theG@ngmatot 862

each wite elenent 69 in each head 12 of the HSA 10 to wite via the
i nt er f ace isiconnedted 1@ eactdhedtb 1P of gee HiSdel@tlaough4n inferfeponat 110. tAQulse
pul ses generated by the pul se generator 104, the wite el enent 69 produces

a. magnet i Ggenletator | 104ri6 albo@anketeting tHBGtefhge kst IPI(pdA%d ekch hé”&‘d Wstdr B0
el enent 69, there is a current 15 flowing in read coil 36. A vol t age based

on this C%Vtﬁatcoil%tic%’ﬁlovﬁ‘iom{e &Bg t&@ﬁ@%xﬁ?#&%éﬂ!'tﬁrcﬁ% u?‘;f[? Q¥ﬁ{rér % 12152

Al so, based on the output fromthe read co rom

pul se geneg %Qe Jigf]éctc;rhfwmg@ecisesd tf?cgm]egl ?'na{acp BdS rrp glozattor
ﬁ‘é‘ HREPUISE B9Es

determ ne P I"ari Ity errors or Cros vv|r|n err

| at t hat d cr er to
et br nfthe 2 p&?ﬁeze%ss JERRLEYs Bt 3%9&?%“6—*4 th@}% i b%e?éﬁg Z@é’éﬁﬁrﬁwg e
h f head 30 Il be d e ubstrat e e
head t oot SomptenAThEnqhlas pach Waite Element 9 irdpch hesd it fho ok 10t wiite

via the interface circuit 110 and the pulse generator 104. In response to the pulses
generated by the pulse generator 104, the write element 69 produces a magnetic flux.
In response to the magnetic flux producéd by the write element 69, there is a current
15 flowing in read coil 36. A voltage based on this current is received by the computer
102 via the A/D converter 112. Also, based on the output from the read coil 36 and
the output from the pulse generator 104, the phase detector 107 enables the
computer 102 to determine polarity errors or cross wiring errors of the head 12.
The computer 102 performs manipulations that‘ will be described later to determine
20 whether the write element is functional. |
Next, each of the elements which form the head tester 30 will be described.
Substfate 32
The head tester 30 can be fabricated using variety of substrates 32. In the
preferred embodiment, low cost printed circuit board (“PCB”) technology is used to

25  form the substrate 32. A printed circuit board is a planar mechanism consisting of



preferred enbodi ment, |ow F crrcunt board ("PCB") technology ,is
used to 25L& gg){&ge subst [| akr8S SHEEAHAS BN lci rcuit board is_a planar
mechani sm c¢onarsting of 9 al tRERIAGER) | avers of a | ow conbaEUPY4)os
material and etched copper traces. The printed circuit board nay have a
plurality of |ayers incl.udin but .not limted to, a.top |layer, a mddle

| ayer, anﬁgﬁnﬁgﬁg&ﬁqrgﬂFQOY%?%X#’(EPY‘%%?]"EF%E@& etched coppex tragest Thaur f ace
plane. 'The traces .formthe gshape of the coils 34, 36 and formthe pads 38,
40, 42, 44PHBesRCirgt ge?ﬁﬁ‘e%‘@y Ve RePlumlity of Japs inguding: businet timitkd: to, a
conponents. The shape of the magnetic field is controlled by the precise
shape of topelayen rerniddigdayert and e dottounlayent Moreopdraeaahglagerisspus defféraat
techni ques can also be used in place of etching. A low cost substrate for a
PCB i s fifefafegslaner The tawesforni e shhpe of e BEB34286 ahﬂifﬂrrh%e?%ﬁs B8l 4w
gap between heads 12 in a HSA 10, yet small enough in size to be

di menss ongd, 43} 4Q|4Bfo¥Qbﬁﬁé(&m§ DRC3US 84! St GHRer Qﬁ}é&oﬁicpédﬁﬁ fdrifs.Ohb 2Y€r s,

the coils 34,36 may be forned on separate |ayers (as sho In Figs. 5 and

10). At rofl ﬁgx{% f SRl ' ' it b ] i d

to) form Pﬁa&g’guotflst%{?g{t? 3 f,éf%?\(g/%ﬁ%n- congtr@{]?‘vegp%é%grsﬁ%&é{&\Lr%%t‘é}ﬁocg‘lt'&??&\?i ﬂ;e

I d Lyt t. 32. Coils,34, 36 i bed

above, ottt TRBRER, MG P URRhEE IR nes Ren A e Belsee ko
il 34, | duct i t b te 32 that eith 1

Carri o5’ cHHEURB ATSRPRLHD LR AL R e IPERLNSS OF esamei awatialdr The)PCBs

produces a vol tage_caused by magnetic flux changes fromthe head' s wite
el enent s. aradhEhikthe nagqyy gap b@%@emwg&?am D 19.tpet suiallser®ighdit size
typically a flat spiral that exists on one side, both sides, or in the

m ddl & oftotheedimensional stable| Marepertsbeause thePCBe have explatalith aif lapas bk ng
each coil 34, 36 to drive and sensing circuitry or testing device, which in
turn i s coilsdds 86 may be fonmedt e sepfaate layer (as shown in Figs. 5 and 10). Although,

in the preferred embodiment a printed circuit board is used to form the substrate 32,
any non-conductive material or material having low conductivity may be used as a
substrate 32.
15 Coils 34, 36
As described above, each of the coils 34, 36 is formed with etched copper
traces. Each coil 34, 36 is a conductive path on the substrate 32 that either (1) carries
electrical current to excite the head's read element or (2) produces a voltage caused
by magnetic flux changes from the head's write ;elements. As shown in Fig. 5, the
20  configuration of the coils 34, 36 is typically a flat spiral that exists on one side, both
sides, or in the middle of the substrate. Solder pads, or other means exist, for
conneéﬁng each coil 34, 36 to drive and sensing circuitry or testing device, which in
turn is connected to a computer 102.
As shown in Fig. 5, the shape of the read and write coils 34, 36 may be

25  different. In the preferred embodiment, the write coil 34 has a generally circular
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As shown -in Fig. 5, the shape of Trﬁ'hég ﬁ%@qsvggwitm | s 34, 36 may be
i

di fferent. W@ohBanref erred enbod te coi | 34 hagcfn6964sdé! Y
circular 10 Spl2$a| shape and t has—agener al | ?/cquadrangul ar

spiral shape. However, the coils 34, 36 nay be for med in other shapes. As

will be d ﬁél é}ﬁﬂ;el éhdjﬂ{eateladk%lla:{aq S rﬂu@qqg 14 sﬁﬂ?sﬂ?ﬁ?@ Bpwerer, 30

use a c0|I half coil. A "half I's defined as“a co hat 1s on

f t t db tsel f
with the o Qéﬂ%ﬁffﬁéﬁé R Ened 'ﬁ’i’?ﬁ%o?sﬁ*gpéé on O fferont surfode piane. o
Wh [til fe I third
Cor s+t out ¢ AT bé 368 %‘F@edfﬁ‘ fﬁmﬁ Se%ﬁime GEPorinds of Ui Read. tedtareape

four external |eads three e eads dependlng whet her a center tap
connectloHS?éqﬁ’éleQFa&?l(fﬁoﬂefAe §° o‘slﬂ edms epib that fig onsone sugfsice of sheind
how it is used to test a read elenment 70 of a head 12 wll be descri bed.
Fi g. 85i ssubstrate {osBEB) andlit carewrige or reachbinitselé ot avitithesdtber hajf coid. Bath e
coil 34. In this enbodinent, the wite coil 34 is constructed of a first
wr i t e hal halfaiolil 16(inandl1fﬁaretamnfhcmplme hWHercoiultilager Asbstiatdsestenisedi thecoil. 2

"hal f coil" is defined as a coil that is on one surface of the substrate 32
(or PCB) aafl betmsdd upr oft @hird dosiet "Ryurih £6116" @fc. WIhé "hdle c@ﬂ heérs{aﬁi bt &%h
Each half coil 60, 62 is in a different surfacepa shown 1 n 8,

in this epbodbi®Bbur éﬂ@n{dl edds\Wrd trh?eé@itgnfaqq% c%OdéLp}rﬁdﬁgﬁﬁ\ tepg d{tgfn)t ayer

33 of the substrate 32 and the second wite
bottom | aygr., t&eedsubst rate 32. Although, in this enbodi rrent t wo haI f
coils are use ecause f wo heads 12 need to be tested, any type of coil

(i.e.,.a full coil C a.thirg oi a fourth coil, etc.)
may bd’used deg‘?el#bf%r%ﬁe £ %Soﬁ ﬁé*‘? SFitsc °Elﬂ’é‘ Hlé;ah% Wiib 15 35 t°tf8§*taed A
mul ti I ayer suqblstrat§ 3% gj'a usgwg coil nade up of "third coils", "fourth
coi I s",  efsad eigmeng 4P of adjepd | bmdescribedoig:chis aerpes-sestionalkviewnef theeads
or three external |eads dependi ng
head tester 30 showing the write coil 34. In this embodiment, the write coil 34 is
constructed of a first write half coil 60 and a second write half coil 62. As stated
previously, a "half coil" is defined as a coil that is on one surface of the substrate 32
15 (or PCB) and it can write or read by itself or with the other half coil. Each half coil
60, 62 is in a different surface plane. As shown in Fig. 8, in this embodiment; the
first write half coil 60 is formed on the top layer 33 of the substrate 32 and the second
write half coil 62 is formed on the bottom layer 35 of the substrate 32. Although, in
this embodiment, two half coils are used because two heads 12 need to be tested, any
20 type of coil (i.e., a full coil or éoil, a half coil, a third coil, a fourth. coil, etc.) may be
used depending on the configuration of the heads 12 to be tested. A multilayer
substrate 32 is using a coil made up of "third coils", "fourth coils", etc. The "half

coil” version of a coil can have four external leads or three external leads depending

‘whether a center tap connection is used.
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whet her a center tap connection is used. 1 1 WD 98/ 37429 . .
PCT/ US97/ 59MOre clearly shown in Fig. 5 each-of the | 60,
62 have aqgé?g’ﬁ a? spiral shape. In the preferred enbodi nenf&)t[’%%’ﬁ(%rﬁ#‘fe
coil 34 has a circular spiral shape. However, the wite coil 34 may be

formed in othgg ﬁ@@&éaﬂg%go% fiﬁhagrsqa&pgg&mw &ilk40, 69%hive §QrcPdrar e

el ectrically connected. hal f coils 62 are center tap connected.
In this di.sgl re, . ed,.coi " ' r enter tap connection
means on%&a%l S?‘%% ’ aIn 38‘? E’Qi&gﬁﬁﬁ%@:‘ﬁ‘%n#’gg‘s%é{%cﬁ%o%%h%l grf%liar gﬂ’égllnayer)
of the substrate and the other.1 | f otb tfhe cgi.l n the other side of the
subst r at 83RG HAWEVEF 1S MR L0t @cﬁ' Ry be fopmAe iR QT SNARES-same pad and this
electrical pad 42 is called the center_tap pad. The remaining end of each
hal f coil hasThe &irghanc spcopd write hadfcoils Qfgﬁglar%ﬁleFﬁFC@@Yéqoééﬁ‘?fﬁéaTh?)h@E
exist for a CTC (see Fig. 5 for sketch of the CIC configuration). The

cent e$ t eqilsphll] 62Aré aenter tap ennectede dhithis discloturera edrdet fappatl col(fYGEEN) s or

testing apparatus. As shown in Fig. 8, "k" 64 is the distance between the

two writer Aakhtegdhp TofiflectioR. méhutdone KA of @ doliles phybiralle 1ddated bheneeider of
the first wite half coil 60 to the MR 15 read elenent 70 on the first

head 72, (@ftshe Bger)i of thBGuBitsdtanad the OthérRalf 8PHRS coif oh 1k 5REPRIHMS @ hal f
coil 62 to the read el ement 70 on the second head 74. In operation, for

2 hal f coisrffe. Beldhd'6t LN RIS BALeRLE TS Me Aine PHETEN ] QUBY oUgh

e current causes a nmgnetic to formnormal to

0 AR DRI A U e A e PR LA by i o
obserye 2 (LA0c, g bhe ME Leathelemenie o i detect e, o 4l on
f ﬁgt o t%%ccgor}\r%iegct;[rggog)r.] dTl't\)g/ céjr{tiegl ’ga?)gpa;[dh 22 ff;crilsittatevgr (:ioggegt?clvr]: toC gtihler tZ(IJecf:a]:ri]o:gjalt hen
components or testing apparatus.
As shown in Fig. 8, “k” 64 is the distance between the two write half coils 60,
62. Also, “Z1” is the distance from the center of the first write half coil 60 to the MR
15 read element 70 on the first head 72, and “Z2” is the distance from the center of the
second write half coil 62 to the MR read element 70 on the second head 74.
In operation, for a half coil 60, 62 to write to a MR read element 70, current
flows through a half coil 60, 62. The current causes a magnetic field to form normal
to the surface plane supporting the half coils 60, 62 from which the MR read
20 element 70 observes a voltage. If the MR read element 70 does not observe a
voltage, then the MR read element 70 is defective.
in addition, as will be described below in detail, by using half coils 60, 62 that
all center tap connected and by driving the first write half coil 60 and then the

second write half coil 62 or vice versa, the following conclusions regarding the head

25  of the HSA 10 being tested may be drawn: (1) the head 12 is properly, electrically

12



second wite-half coil 62 or vice versa, the follow ng concl usions

regardi ng seosmrazh 25 of the HSA 10 being tested may be dr arer/u§d)ozeée
head 12 is properly, electrically 12 - WD 98/ 37429

PCT/ US97/ 02666 connected for actuation; (2) the spacing between coil's and
the MR r esrnettedeot adiratibng (2 thesphcli?g betweent exlsenhd thebiFhieadaglementpd abl e
range of distances; and (3) the read and wite sensitivity of the head

el ement ithe WehAil2 b’ﬂ&m%ﬁéé@&li RblEhincdi0fecep BN YarZe of distanddie aﬁ&l(ts)omrtaad
d| scussi on presents the theory used (1) to determ ne the spacing 66,

e, ity O 18 Refdkldrlerdl it Wik .pendency In
the Si gngﬁns reag ?nﬁ poses 5 get e?rgﬁlnl nlg tﬁg{%gcé?ﬁ%/?% of the MR read
el enent 7 e theory aI SO shovvs that the spacing 66, 68 (i.e., Z1 or Z2

in Fig. be cal culated fromthe vol tage readi ngs nmade at the MR read

el ement 70. The t ry. 1s,.10 presented . revi qusly and
as shown in FP@‘ g’%ouf’%ggm‘t‘ﬁg@&ﬁ’m@f‘tﬁgﬁeglee &dﬁ gﬁ‘ieg’i‘\%e&‘;ﬂf coils
60, 62 and has a center_tapped el ectrical connection. Figure 8 shows the

| ocat i on SPRCBEA6, BB I(Fe.c Bl 10T &8, indiig. §)mard: (2) &0 aliménatnithe spacing Hependensyfiaci ng

MR read heads 70 for the first head 72 and the second head 74 respectively,
15 and t hbe spglsn geadd it pragpobss othéetdimining dhe s@dsitikity afidh& MR Tead element

description here will be for the case where the half coil 60, 62 wites to
the MR read Fietheoty ZBo shbws tHatsibeisphiiag 68p68 (ies, ZoplZR yn Feg.Bheag dse wher e
the head 12 wites and the coil is reading (this operation will be

descri bedal@fiffedré thefwilege Qezldlngé thadd) at tBRINIRGRRE L1@hEntSH. t THe Yheo
addressed in one description by the reciprocity 20 principle. The na netlc

fieldg" 'ﬁrlesérlt@d of Cersteds) along the Z-axis 76 of any single coil
(hal f coi coil) is given by the foIIovm ng expression: :

As described previously and as shown in Fig. 8, the write coil 34 may be
constructed of two half coils 60, 62 and has a center tapped electrical connection.
Figure 8 shows the location of each half coil 60, 62, their relationship to each of the
facing MR read heads 70 for the first head 72 and the second head 74 respectively,

15 and the spacings defined by the dimensions Z1, k, and Z2.

The description here will be for the case where the half coil 60, 62 writee to
the MR read element 70. This description applies equally to the case where the head
12 writes and the coil is reading (this operation will be described later with reference
to Fig. 8). Both cases are suitably addressed in orte description by the reciprocity

20 principle.
The magnetic field (“"H”) (in units of Oersteds) along the Z-axis 76 of any

single coil (half coil or a full coil) is given by the following expression:

H=Ho *125 / (Z"2 + .25)7(3/2) Oersteds (Equation #1)

13



H= Ho *.125 /- (Z[err]2 + .25 )[err](3/2) Cersteds (Equation #1) 25 13 -~ WD
98/ 37429 _WO098/37429 _ , PE¢H/e897/06666 Z
is the distance fromthe center of the coil to the MR read elenment 70 that -
is to be tested. The coil dianeter is nornalized to 1.0 for the above
equation. Ho iZig the dintumee ifrorf ithd derter dhthecevil ®r thefMRhead @ildmukerPthards

Over the range of Z fromO to 0.75, the magnetic field H can the

appr oxi mat ed So be testedWi THe @il &Iahﬁai’teIOiE g falibafo 1 Q0fot itk labé&‘é‘bzgﬂ atiyh. t he

following |inear equation: H = (1.070 - 1.415 * Z) Cersteds (Equation
#2) The term Hgoii$tie ﬁ%@ﬁé@é‘helfdoa[t tae%ﬂ@e omélemptvh%?é 7-gi aneter and coi |
current. The expressionfor when the coil dianeter is 1.0 mmis given

bel ow. 10 Ho '05

coil in anperes ear_ntc}ilg angé g@ﬂ%ﬁqﬁo(rggga%‘?on #B%IF ffﬁ%% rr&r:rtgx’lgg?t Ho
ot el as s AP aReethon piepn et (el Seid tng b joutes ki JpeRERTIAtoRe Y. | The

magnetic field used in the definition of Sis the magnetic field that
exists at the MR read el enent 70. The voltage ("V') observed froman M
read el ement 70 placed along the Z-axis 76 of the coil isV=S* H=S*
Ho * (1.070 - 1. 415H*=Iig>*%8?%-t.gbﬁrémon-Gmstedm TEguatos#2) vity Sis a
property of the MR read element 70 and its associated anplifier gain. Sis
not afuncti offhefteZm Horis exconptant forha givenedive of kbil learapRlriagd @il dak@Vs,

in the case shown in Figure 8 where there are two half coils 60, 62 and,
for purposes Qheldiptession for Ho when the coil diameter is 1.0 mm is given below:
10
Ho=4*Pi*1 Oersteds (Equation #3)
I is the current in the coil in amperes and Pi = 3.1416.
For a current of 1.0 ampere, the term Ho is equal to 4 * Pi Oersteds.
Now, the MR read element’s 70 sensitivity is defined as S and the units for
15 sensitivity are Volts/QOersted. The magnetic field used in the definition of S

is the magnetic field that exists at the MR read element 70. The voltage (“V*”)

observed from an MR read element 70 placed along the Z-axis 76 of the coil is

V=S*H=5*Ho*(1070-1415*2) Volts (Equation #4)
20
The sensitivity S is a property of the MR read element 70 and its associated
.ampliﬁer gain. S is not a function of Z.
For example, this theory will be applied as follows, in the case shown in
Figure 8 where there are two half coils 60, 62 and, for purposes of this

25 example, the first head 72 is the one being tested (i.e., the first head 72 will be

14



25 " exanple, the first head 72 is the one being tested (i.e., the

first headwvi@osmsidbo be 14 WO 98/ 37429 PCT/US?7/02666
PCT/ US97/ 02666 reading via its MR read el ement 70). Wien first wite half
coil 60 wites (i.e, a current is driven through the first wite half coil

60, which caussmdingegnits MR fread dlealean J0J. hWHerakiist wingy af c4ib 60 Rexitedr(f.ace
pl ane supporting the first wite half coil) fromthe center of the fi rst

wite half coi ﬁcﬁ%tti@&n‘#@ﬁfﬂ%%gﬁ the f1rst wrfte‘lﬁlf)co‘ﬁb&ﬁrvﬂﬁ@h hgBstfe first
héad 72 is: V1 = * Vol t's. Equat i on #5)

S1, in Equatio teh r #’J? first
wite 10 Hm%ﬁaf‘% ?1(%‘??10?%[%% )‘e{%lg)(ﬂﬁ%ﬂ&?ﬁoemg e%%ﬁ%gﬁ artzg é}ﬁ&%eﬁh
wites (i.e, rre hr ou econ

whi ch causes P‘? hél? g’ll 35“0 Fh rffqgf’ f%‘gfﬁﬁ tfd:ofqahg@ ,S%Ffvéﬂegﬁ ane
supportin the { al 0il) fromthe center of the second wite
haF]l‘o coi | g62) (ﬁ\ﬁe?\?gf”?ré@é%( %?ﬁﬁéﬁaée% Biomthe first head 70 is: 15 V2
=Sl * Ho* (1.070 - 1.415 * (Z1 + k)) Volts (Equation #6) As in Equation
#5, in Equation #6, S1 is the sensitivity of the first head 70 when the
second wite half coil 62 wites. The two unknowns in Equations 20

#5 and 6 are S1 andVZIE SIThEosO(1W7Ded 416 Z) anVokd. ar éEqiatiom #51 ow. S1 =

(V1 - V2)/(1.415 * k * Ho) (Equation #7) zZ1 = (1.070/1.415) - k * V1 /
(V1 - V2) (Equation #8) 25

S1, in Equation #5, is the sensitivity of the first head 72 when the first write

10 half coil 60 writes. When the second write half coil 62 writes (i.e, a current is
driven through the second write half coil 62, which causes a magnetic field
along the Z-axis (normal to the surface plane supporting the second write half
coil) from the center of the second write half coil 62), the voltage (“V2”)

observed from the first head 70 is:

15
V2=51*Ho*(1.070-1.415*(Z1 +k)) Volts (Equation #6)
As in Equation #5, in Equation #6, S1 is the sensitivity of the first head 70
when the second write half coil 62 writes. The two unknowns in Equations
20 #5 and 6 are S1 and Z1. The solution for S1 and Z1 are given below:
S51=(V1-V2)/(1415*k * Ho). (Equation #7)
=(1.070/1.415)-k*V1 / (V1-V2) = (Equation #8)
. _
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WD 98/ 37429

PCT/ US97/ ngﬁ,ﬁgzgstat ed previously with respect to Equati orpciussherses =
1.0 anps, the value of Ho is 4 * Pi = 12.57 Qersteds, and for a k of 0.3

mm the equations for S1 and Z1 becone: 5 S1 =0.188 * (V1 -
V2)  vol ts/ oqssdiedd &&Eﬁi@l}* Rihidipect t&FﬁuKé@nﬁ #h3n'T /10(a¢ngs, the/Flue MM

(Equation #10) This exanple’illustrates at With a wite operation from
each half coil : O BO_ ' r | 1?{1 hrst
head 72, two ioﬁrp@gor ant i,gérlg[rrszt%lf}gtegg’n eﬂ)ger}‘td%rB ﬁ%’g’?&ﬁe?ﬁe‘? e é?%}ngef %15& S1,
which is the ?ﬁr,si tivity of the MRread.element 70 in the first head 72;
and (2) the pata 871, which is the spatial separation or distance from
the center of the fiorst wite half coil 60 to the MR read elenent 70 in the
first head 72, which is the corresponding read elenent to the first 15
wite half coil 60. The value of S1 is independent of the half coil 60 to
head $eparation (i S&=0.188* @A VBe vatolis/sarstespr dEguation i sane vol t age
that would be nmeasured if it were possible to place the MR read el enent 70
at the center of one of the half coils 60, 62 while it is witing.
Simlarly, the value of Z1 is independent of the sensitivity (i.e., Sl1) of
the MR read el emeniz1z0g66t b8 *v1 AV hewd) 72mm0 (EquaﬁEhlﬁO) t he center
tapped coil configuration with a half coil 60 on one side of the substrate
32 and the other half coil 62 on the other side of the substrate 32 all ows
both half coils 60, 62 to be used as one full coil or as one half coil at a
tinme. Also, k ' : i . t k , 02
(e, 7 one Thi} PR EBAARS AL dith L e el alfor BBal Alch St SO R0 627
coil is on the bottomlayer .of the supstrat 2, then the separation is
cqual 19 o 3L TIasBERA e YoRest Fd By e v HRef 7a wed TR BoiAgupaets
::)S;r{) Hﬁgt? {cg% 63@}%?}1%;'[@% E];? F v ngargg{e];:er(,: 8&) w(ﬁ)ii:h t?sz’chaet se%s%t{vri]t% c?fl tLg\%SIR read

element 70 in the first head 72; and (2) the parameter Z1, which is the spatial

separation or distance from the center of the first write half coil 60 to the MR read
element 70 in the first head 72, which is the corrésponding read element to the first

15  write half coil 60. The value of S1 is independent of the half coil 60 to head
separation (i.e., Z1) and the value 51 represents the same voltage that would be
measured if it were possible to place the MR read element 70 at the center of one of
the half coils 60, 62 while it is writing. Similarly, the value of Z1 is independent of
the sensitivity (i.e., S1) of the MR read element 76 of the first head 72.

20 Thus, the center tapped coil configuration with a half coil 60 on one side of
the substrate 32 and the other half coil 62 on the other side of the substrate 32 allows
both half coils 60, 62 to be used ‘as one full coil or as one half coil at a time. Also,

‘knowing the separation (k) between the two half coils 60, 62 (i.e., if one half coil is
on the top layer of the substrate and one half coil is on the bottom layer of the

25 substrate 32, then the sepération is equal to the thickness of the substrate) and being
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Separation.(i.e., the value of Z1 in the above exanple) between the half

- coi l: and- t hgoheady2a2 being tested by the head tester 30 to becdatfRrErdegd.
Knowi ng the separation between the half coil and the head 12 being tested
(i.e., the calculated 21 value), 5 allows conparison of it to the expected

range of gblettange diet MEeeo 606Ilad 2 idilaBows inBsRaRBh MBolR i Egshipl ement 70
for undanaged heads. The ability of the tester 30 to account for spati al

separ at i O ONEHGRTES ﬂ{bﬁﬁlf(}h loP WG @goﬂo%ﬁk?ﬁ%e)ﬁﬁégg%%ﬁ?éﬁ thta'fgfc%' ﬁ%{dg fle/

define the“sensitivity e MR read el emen

SRt SRR SEDg B Bl SR o % MR8 BB R AR
inin end aceentatl e arae, ol ALl pesh Bl mILIg Lhe precles
f

accepted ranges of sensitivity of read elenents; a determ nation nmay be
made ag t allowacamparisen of dtocthe rxpectad sange of distanas betweersa hiead {1 andvel . 15
Moreover, by driving a first half coil and then the second half coil, the
head sel ecomrespmdling MR akad elemardiYOtfer dadenmiged headiie Tiad Abitiey bf tHeogtert 0
the head will always have a higher response (i.e., detect a higher voltage

val ue) thamté Becdusittfbespdtidl fseparatiohhierédimégignt follawing prRmsa (Y Heitld 8l

This feature thus enables the tester 30 to be used to ggterm ne ‘whetther ihe

head sel eg hHHr;idel s karSibivi | ' : i on of
the pr ope? gfeégés)%!}ir ggf)l;r%g%ér Ibilr%é%‘g ngf g%lé Ml%tafééq glgn%%lwggtlgggﬁér\xg&\ﬁ%g’? E@% t he

two head . | ' . t same.ti he
ol ar ity SRR MM o B! YRR 208, Thg OFaPRTRIAS eI e
heads .to fhe hard file electroni.gs, .jncludin ut not limted to, e

o | olf ngt 6 ey berederBE Healnzand Fe it &f ol uthRmrdacsbeble w i ¢ o
polarity, fault Qbi nes, read unsafe, wite unsafe, data read, and data
wite., 17rangegh djatanees, By determining the precise sensitivity of the read element 70, by

PCT/ US97/ 02666 . .
comparing the sensitivity to accepted ranges of sensitivity of read elements, a

determination may be made as to whether the read element has an acceptable
sensitivity level.

15 Moreover, by driving a first half coil and then the second half coil, the head
selected and its polarity can be determined. The half coil closer to the head will
always have a higher response (i.e., detect a higher voltage value) than the further
half coil that is identical in shape and current. This feature thus enables the tester
30 to be used to determine whether the head seléction circuitry (i.e., the circuitry

20 that enables actuation of the proper head) is properly assembled. That is, to
determine whether the two head selection lines or wires were reversed and at the
same time the polarity of the head element is reversed or to assure proper wiring of

‘the heads to the hard file electronics, including but not limited to, the following

signal lines: head select, read/write select, MR polarity, write polarity, fault lines,

25 read unsafe, write unsafe, data read, and data write.
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Al so, described previously with reference to Fig. 4, a separator 130 is ,
used during . testing of a HSA 10. The separator 130 will hold the suspension
14 near th Qﬁ&?’?ﬂﬁgre the head 12 is attached and the head tBSTUPIT3646s :
positioned accurately with respect to the separator 130. This allows the
measur enent of ,di st ance, bet ween a.coil 34, 36_on the head tester 30 and
the read el eneht’S%@ies el?%fﬁpTerY"? Y\Wéﬁ’a’iﬂf‘@?nﬁﬁ PRI feiSeRazaton 130 s ysed

conbi nation of head tilt on the suspension 14 and di npl e separation between
the head &wvaingitestingiodn HrAM: ntherepgrater 130 willdwldrthesuspension Hweatithe can
identify a potential problemduring nerge or the potential of head flying
probl ens ahtlevhemerthe head 120e ntachedaandthedfieddotester 80ds positionediataratehysi cal.
di mensi ons ot her than the head spacing can be determ ned with the stack of
testers 3GvithsespeetitdtHeseparaos 130: kKThis dipadsthbnedifiroens ofidibt e Pek@herPn
how positional information in the plane of the hard di sk can be determ ned
usi ng Br eql Al 3¢, 36 EHE Kild @sted BE ad ¥he redte eleR SR &0 OHvhid i RixH éilx'gﬁ*% I'S
normal to the Z 15 axis. Wth the coil stack 100 having the capability to
nove in eigst t ' Al ' f: the heads
10 i t el b EirASpdbatint it doblrtoh Vh g W Bn, T BpLBRIR Th 01 igpR"°
t hese directions. ,The capabjli 0. nmake, accyrate head al i gnment )

neasur ene ﬁ?@aragﬁg REEWEER ?li\eehﬁac‘% %?é\é?sﬂ%lsm‘ cﬁ“PWén% 21? I Em?fnt%t ergipgt er

30 have bee,gh Iia_n d. The t,glster 30, ijse two alignment hol es 52, .54pgsee
figure 4) %l gfb% ’csicﬁﬁ'* Rtifyed perential preblag dudngprsrgeorithe possntial pfdwead
This alignment hole 52, 54 is fabricated in the substrate along with the
coi | s t hedyéng problemsiafter aaengest ack assenbly, an alignnent pin is used to
position the testers 30 one above the other in the X-Y plane. 18 W)

08/ 374289 Determination of Positional Information PCT/ US97/ 02666

Physical dimensions other than the head spacing can be determined with the
stack of testers 30 inserted between a stack of heads 12. Below is a discussion on how
positional information in the plane of the hard disk can be determined using
precisely aligngd coils. The X-Y plane (plane of the hard disk) is normal to the Z

15 axis.

With the coil stack 100 having the capability to move in either the X or the Y
direction or both, the alignment of the heads 10 in their head stack assembly 10 can
be determined in one or both of these directions. The capability to make accurate
head alignment measurements depends on the .accur'acy to which the coils on the

20  tester 30 have been aligned. The tester 30 use two alignment holes 52, 54 (see figure
4) to position each tester 30 during assembly of the coil stack. This alignment hole
52, 54 is fabricated in the substrate along with the coils themselves. During coil stack
assembly, an alignment pin is used to position the testers 30 one above the other in

the X-Y plane.

18



In order ta precisely align the centers of each coil 34, 36 on a tester 30,
al i gnment WoD883B29 54 are accurately placed in the PCB at aPCBEET/2666
relative to the center of the tester 30. Alignnent holes 52, 54 are |ocated
relative to the copper traces etched on each surface, and are defined by
etched copper it g8der taprReisely aligndhe centerspf padhecaikad) 36®rar testertife |
al i gnnent hole accurately within the constraints of the copper traces. The
cent ers oflighment blokas 52 5p ere acanetetpplasednin thé @CBeatt £ lexation trélatise itd lteel

hol es can be held to a tolerance of 0.01 mmor less. This alignnent of the

centers okettee of thd esbtarcAin eAliprment holeb 5254l atd o cated! Riaivefl totthe cdppést ed
al i gnnent holes 52, 54 is obtained using conventional PCB fabrication

techni quesracddgrchbd SAERRh shbfacd) 9.:1:135:11'5 defindd %ﬁ'eetéﬁ%ﬁj cﬁﬂiek' @ﬁc&i‘fs W ey Of

Pe
an array of testers (i.e., a coil stack 100)“to align“the coll centers one

above t.he ' | S: | ' |- i1t Lkhg pin
hrough odnl Fopsét B e gt ledEie Atcisdnly i Rpr 8 B3 SnE LS, £
The testers 30 are fastened in_.pl ace, and then the ¢lose, fitting pins are
oroved. - gapber Batesyy i toters i tas SChAT CRBPEOITRGE aotls S s eI DR oot s
30 aligned in the X and Y direction, the |ocation of the MR read el ement 70
can be me&&illeddholps gan bedgldite a talezance of 10 hsmwrdassat Thip alipnment ofighex or
the Y direction. The MR read el enent 70 voltage increases then decreases as
the MR el semters abthesetohed coppercizateseoilsfanchthecesinters iuftthe drilled taliggmmela holes
determ ne the nagnetic center point (i.e., peak voltage) by 20 perform ng
the write52aps4 & obtainad usiagameweationd] RGEB fabiddtiver techrigier ThBalignment
direction. Based on the determ ned nmagnetic center point, the two | ocations

wher e fohe holdst52064 iase G8% eﬁrﬁxgeh@géskmmjr bRgR adtdy ofiestde @eaned stk 10041 ng
the location of the two 50% of peak voltage points and cal cul ating the

average Oko bligA%nk ¥Bill RAfirs 3RS abbbe thbferOMBEnhBA: NRILAEE Uy indestRR I "

the direction novenent. 25 Based on 't eterm-ned locatl
el ements, oﬁ@%l&@%ﬁ%tﬂ}iﬂ' tﬂgmig% each hole 52, 54 while the pin is held by external gauge

blocks. The testers 30 are fastened in place and then the close fitting pins are
removed.

15 With the centers of the coils 34, 36 in the head testers 30 aligned in the X and
Y direction, the location of the MR read element 70 can be measured by writing with
a coil during movement in either the X or the Y direction. The MR read element 70
voltage increases then decreases as the MR element moves past the center of the coil
that is writing. To determine the magnetic center point (i.e., peak voltage) by

20 performing the write operation in incremental steps in either the X or the Y
direction. Based on the determined magnetic center point, the two locations where
the voltage is 50% of the peak voltage will be determined. By noting the location of
the two 50% of peak voltage points and calculating the average of these two
locations, the location of the MR element is known in the direction of movement.

25  Based on the determined location of the MR elements, any manufacturing
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PCT/ US97/ Ogﬁéﬁé/mﬁg ections necessary to align all the headsj.}g.ja,tyu§g,g,02‘566
i npl emented. Both X alignnment and Y alignnent of the heads are i1 nportant-

di mensi ons that require quantification for each head stack. Wiile this

pr ocedur eodRREbhS eecdssar % A1 @ Fedly &RBE impleriditede Bty WO e%gﬁ&té bed

using wite operation, a read operation 5 'may be performed incr ntal ly

i n eitheryddhg a}ﬁ?{méﬁtdéff #ElHeals tlﬁtagé BEAf: Hﬂ‘ﬁeﬁ%gﬂsetﬂag r&itg%}gr poi nt .

Testing Heads Ity to Wite W erence t he node

where the that oduce reaq, vo ge is
now descrq‘%ggﬁcéaoﬁf%} gfchhﬁ)ea% gtg%?o%ﬂf %fﬂc?%‘ﬁ’ifl (??FE&F% ﬂ?—:‘% tester
30 with the read co ‘é’g 8 theé%é nd, second read, pads 44 46. The
first heddiS3lignm ‘éf S YRS slesrribec using, Write APERLIAN, 6FeaAOPSFASION i n
Figs. 5 and 9, the read coil 36 _is Iocated in one of the inner |layers of a
mul t i -3 ayBdy bepesfprmedhinsrepentslii in gither the X38' ¥ alirestiondo [dstertrede dhe a | ayer
t hat supports the wite coil 34. The coil 36 is used only for reading and

i s posit imagnketincerBer phinthead wite el ements 69 are above (or bel ow) the

wi ndi ngs of the coil 36. As shown in Fig. 5, the read coil 36 has a

gener al | YTegting idewtisl Abilipits #righape. Al though the read coil 36 is depicted
as having a quadrangul ar spiral shape, the read coil 36 may be forned in

ot her shapes. WitHSefR@SRUDFifdS 41 b%h@ﬁo&@wﬂ{e %ﬁteeﬁéard @Wtﬂe&sﬁogg%fc? d

fromone another by 20 using nmulti-layer PCB technol ogy, one col

used for WiskiAg: gfb& sQ‘%@ﬂi @ﬁ@u\% 1§?~B§[ a&&ﬁg?hﬁ%&@ gﬁ%g\% %rgsreadl ng the

head's wite fiel as s t'e col

b 1 corre e il tﬂg LSS B 5 B B T 2 12 1
e e ool B o t«‘@f BE 2 Hhe Secsmid Goh iea e ot demsns 891 Aot oot
both the S{lgl?vgl i%l t-elg?nsf aZ«? 9, the read coil 36 is located in one of the inner layers of a
multi-layer PCB substrate 32. The read coil 36 cannot be located on a layer that
supports the write coil 34. The coil 36 is used only for reading and is positioned so
15 the head write elements 69 are above (or below) the windings of the coil 36. As
shown in Fig. 5, the read coil 36 has a generally quadrangular spiral shape.
Although the read coil 36 is depicted as hav;ing a quadrangular spiral shape, the read
coil 36 may be formed in other shapes.
Thus, because the coils 34, 36 are electricaily separated from one another by
20  using multi-layer PCB technology, one coil 34 is used for writing to the head and a
separate coil 36 is used for reading the head's write field. Also, as shown in Fig. 5,
the write coil 34 is positioned such that the read element 70 of the head is sensitive
to the write coil 34. Similarly, the read coil 36 is positioned to be sensitive to the
write element 69 of the head 12. Thus, neither the read /write elements of the heads

- 25 12 nor the coils on the tester 30 need to be moved to test both the read element 70

20
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and the w iteoggdmgaent 69. In fact, the coils are el ectrical | ycreseabhess by
the conputer 102 to permt rapid changes between wite and read nodes. As

stated above, in order for the coil 36 to read while a head 12 wites via

the wit earel ewtité8lentdre 600iThfadtfthedpilsraze ridctridallytheldtyed blthy colpliter
electrically switched 5 to operate the read coil 36. In operation, "the

wite el e 'iﬁraf‘?ié%ﬁﬂéés%é’b@v'efeﬁwx@ﬂ_&%‘ﬁeﬁ&&ﬁo@eﬁagneti.C flux. A

current flows through the read coil 36 in response to this magnetic fl ux

fromthe wite ALY l: LS 4 ' faZ
(oo the di SEpEERribolt i Brd ST eyL o0t [ad Btk dhedd 2 WERIE
tested 72 which is (1/.2*K) ). i s known fr t he it ration

(descri be ™ £ n'ieé‘t% eéﬁe%oﬂétéé’ I)ééa_re 5‘##%9%9‘#)%%‘&1%\{ §E?®&§§§%W&W@eﬁead
12 read). Also, the thickness of the substrate is known, For the distance Z
to be 71 tp qperatethe rpad jcgil 365 Jrperatian, the wrte ¢lement 6%isienables te waite | ayer
of the substrate. Based on the theory described earlier, the sensitivity
can be carslibutpads afmagreticefiax.ati onrérd flowswhrotigh the gead coid 36 ihyresgomse do |

36 can then be corrected for the known spacing loss to give the field 15

strengt h this triagnetic flexqpfodm thepsritd elehenbéad' While e keilS6tis ré&dinghthesi gnal
read by the coil 36 corresponds to the anount of magnetic flux produced

through thgusok Ze(iel, ehedistiie fommOie Tefd 2bil P8aRerebPahdidgStatthe AR WRInD '
flux has been produced by the head, which could indicate one of the

fol | owi ngepieqiteiRich(id)zZ1t b% P%ﬂﬁsv)% tkh%ﬁrﬁfr%ﬁ?&{ée@ﬁ]té Iagé;!ﬁgi\t@hggeg'&mdch

anount of flux produced; ( € magnetic materia as pernmeabl e;
and/ o L | R _1S.11 00 Hth Thus, .t he si.gnal ;,enabl e .

det er ;ﬁ g%ﬁé}%ﬁ?%ﬁg é’gﬁi‘selstihlevcl flyﬂg‘?}r?tﬁea%\?\iﬁﬁeg‘egﬁgl%eﬁ?ﬁdgﬁﬂ%t eg‘g’ﬁg‘ﬁs\ﬁft y

f th it I t,69 is based t he u of etic flux that is
cor ng odhesPBREEIs KBoP, TIRe citeaCZ IR AR (LA Rhntb I Ass bR L1
flux com ng . out of the p tip is chapging. This i-nformati on based on the

[
si gnal cafﬁg?l ﬁaﬂéapwmr\égﬂeedaw ofdhe substrafR. Sased prthe gy deseribad t he

elenments that |ead to poor performance in the 21
earlier, the sensitivity can be calculated if the separation is known. The signal read

by the coil 36 can then be corrected for the known spacing loss to give the field

15  strength at the write pole tips of the head's TFW elements 69. The signal read by the
coil 36 corresponds to the amount of magnetic flux produced through the write
élement 69. A low signal means that a small amount of flux has been produced by
the head, which could indicate one of the following problems: (1) the circuitry in the
head is slowing down the amount of flux produ;:ed; (2) the magnetic material is not

20 as permeable; and/or (3) the pole tip is too thin. Thus, the signal enables a
determination of the sensitivity of the write element 69. The sensitivity of the
write element 69 is based on the amount of magnetic flux that is coming out of the
pole tip and the rate at which the amount of magnetic flux coming out of the pole
tip is changing. This information based on the signal can indicate pole tip

25  saturation or other properties of the elements that lead to poor performance in the
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hard file. widsgi74ddhi s i nformation based on the signal can wpt-lq@gge/gz“ﬁ
saturation flux of the wite head pole tips with correction nade f

spacing | oss between the head elenents and the coil. Alternative

Enbodi meragdFile. Also, thid ﬁtﬂsﬁﬁ@ﬁ B | ﬁmﬁ i
of the hez;% tegter S%O w il be d(ggcgslégg%ﬁt%es g%/vn@ﬁl %d?:%ggé%‘xgﬁ

i s enbodt neRe R Po R iR RN gpteutn Mdd Ercl Bppei o Mbeeb e S Yo, '

and the wyite coil %ﬁlrm.)( be formed as one coil. As shown in Fig. 10, a
first rea&erﬂgﬁs%q 989 s formed on the top |layer of substrate 32, a

second 10 read he'f C(()f| 162 is formed on the bottom | ayer of substrat e
32, and t iy, formed in a mddle |layer of the substrate 32.
Al so, the two half coils 160, 162 woul d be center tap connected. The read
coi | 36 woul d Withseferense/to Fig. 1fearvaltemative earhoddment of the headitestat the
wite coil 34 would be positioned such that the read el enment 70 of the head

12 woul d will Isededcribed. tAs shosviviri Fig. £0)ithe 3#ad Héster 30 comprisdshi substiaadizyant ,
the read operations would be used (1) to determ ne spati al separatlon

(i.e., Zkyriketoibss dridea e€idt &il 4. Ixhﬂué eabodahbnG e readtoilds W folRed Nt
of the correspondi ng head 12 (i.e., the head 12 facing the read half CO|I)

and (2) ttwodmufwmmd he2 %ﬁ&%hé w&ttte%oﬂfszttltts Wei thfm&l G8BAE coﬁ’h s}t%

the read operations, when the wite coil Yi's flsed. “the sp at separ at| on
ot or m nd Eaen St R *P“?t’%%f ks "%ﬁ%ﬁt?ﬂg i a%ﬁapﬁiﬁggfatez 54 y
Dol i Bapirtad o -obie%%ssﬁt il BRihe bSrcrteies SErBRAR 1% @hdube 5B aall Hor
on o di 1 FEFGHSLH § R e B terbatint Far AlOsthedaro halt ol 1@rdgA ment,
the read vgc?tlﬂld b3e6a~mmeg1! tczi:tpbceon?tggtlezil QIQteedregg chiltf}%a&roj:fd t!,»essesngintistjet tiovt%ezvgrite
element 69 of the head and the write coil 34 would be positioned such that the read -
element 70 of the head 12 would be sensitive to the write coil 34.
15 In this embodiment, the read operations would be used (1) to determine
spatial separation (i.e., Z1) between the center of the read half coil and the write
elernent of the corresponding head 12 (i.e., the head 12 facing the read half coil), and
(2) to determine the sensitivity of the write element. Then, based on the read
operations, when the write coil 34 is used, the st)atial separation information
20 determined from the read operatiens may be used to determine sensitivity of the
read elements 70 of the head 12. The theory previously described with respect to the
- write operations is equally applicable to this embodiment.
Also, another alternative would be to form both: the read and write coil 34, 36

with one coil each. Each coil would be on a different surface plane of the substrate

25 32. In this embodiment, the read coil 36 would be positioned such that it is sensitive
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the wite W0e93T8290f t he head 12, and the wite coil 34 woulrchusgageéds oned
on the substrate 32 such that the read el ement 70 woul d be sensitive to the
wite coil 34. Manufacturing Process A coil stack having a plurality of

head t esttorthe 3@ritehéleinentinf e hend i ahdr the Writeletit B4 would e pusitionténbh e and -
| ow cost. The head tester 30 conprises a substrate 32 supporting the read

coi | 34 an@strhr 3 hid G0k thSfead dBmERET0 wiRlld PeReRGHIE tBANS wise AR 342, 44,
46. The nultilayer printed circuit board substrate 32 permts the coils 34,

36 to pl a&?%ﬁ%ﬂwi S between the top head 72 and the bottom head
74. The paths trom &ach coil 34, 36 are brought out to connection pads 38,
40, 42, 44, 46 -T £ d not shoyt.the read structure to
the weite st asehl etk haithe s Aty ok Bad Sl RIPhi G5 HeBrdiiciiee
bottom peri.neter .of the substrate 32 re the head 72, 74 passes in

o oxt A LTt oty iR s e Iv costs THe Beathiesies 0 commaises aovbsirat o2
acronym for Electrical Static Discharge. An ESD event can damage the MR
read or Wupperiing temreadzepil ¥band the waie coit 36rwith sheir erresparsling ipads 88, are
associated wth the HSA 10. Special handling is required to avoid these '

events. O 42,0t0dAd Thermdublaysrqrinted chraiittboand puindtente B peamibsthe coils EED -
event when the ESD pad 48 is shorted to ground through a resistor of |ess

t han one 3gegqtlated be avdodhionfaxisbewebn ehavtdp hbal MR uhHItAE BottBnd headdent it
does not induce excessive capacitive coupling with the coils. In the

pr ef 1 [ CaeNhatls R ealltoil6dlds a4t brbeiloutisonhBicilphds 98, 48] ki I ACLE! S-

This ESD ground | and nmaintains a ground potential arou e coil'sto

prevent ahdshing ueokoutdll bhdilRbAHEGLTRANRRYS AL WA Bhasght [ nvent i on

have been cribed, 1t shou e appreci ate hat™ various nodifications
o0 e Yk BPP i R isD i o Biea el BV SRABLASR: pelei o'
" substrate 32 where the head 72, 74 passes in proximity during insertion of the head
into the coil stack. ESD is an acronym for Electrical Static Discharge. An ESD event
can damage the MR read or write elements 70, 69 of a head 12 or the electronics that
15  are associated with the HSA 10. Special handling is required to avoid these events.
This ground land 50 provides built in protection against an ESD event when the
ESD pad 48 is shorted to ground through a resistor of less than one megohm. The
width of this line will be maximized to the extent it does not induce excessive
capacitive coupling with the coils. In the prefen-'ed embodiment, the width of the
20  ESD line 50 is .1 millimeters. This ESD ground land maintains a ground potential
around the coils to prevent an ESD event.
While preferred embodiments of the present invention have been described,
it should be appreciated that various modifications may be made by those skilled in

the art without departing from the spirit and scope of the present invention.
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Accor di ngl Yy Lé nce should be nade to the clains to detergane, scope
of t.he pre%ve%éﬁgﬁ%/inti on. 24 VWhat is clained is: 1. A%*@gﬁgr for’
testing nmagnetic heads having a read elenent and a wite el enent,

conpri sing. . (a ; ), d i1l Ve associat ed
wih the Sstihgy TeRORt Aldbia b maa£1d 8RR i R FPRPEE IS g
(c) a wite coil pperatively . associated with the substrate and

posi t i ondFeE YO r ead el enent woul d be sensitive to the wite coil.
2. The tester of claim1, wherein the substrate has a top surface and a
bottom surface. 3. The tester of claim1, wherein the substrate '
conpri ses nore than one layer. 4. The tester of claim2, wherein the
substrate is fornmed using nmaterial - having | ow conductivity. 5. The
tester of claim1, wherein the read coil is forned using a electrically
conductive material. 7. The tester of claim5, wherein the read coil is
formed using copper. 8. The tester of claim1, wherein the read coil is
a flat coil supported by the substrate. 9. The tester of claim8,
wherein the read coil is a generally quadrangul ar spiral
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The tester of claim1, wherein BRLAGED i s f t-at—coit- supported-by
the substrate. 25 WO 98/ 37429 '
PCT/ US97/ 02666 12.  The tester of clallairhi, wher ein H!kummﬂ]uum |
generally circular spiral shape. 13. The tester of c t he
wite coOiWhasid elafreddag t he ot her one the top and bottom surfaces of the
Substrate. 5 14. The tester of claim3 wherein the wite coil

-conprisesy, (@)A head t&étéﬁfor%éﬁ gheﬁé’ ﬁﬂhg Orelv élgﬁei}gﬁd ra_al_qﬁﬁ-g'te% and

(b) a second wite half c0|I rte strate ester
of claimg first and second vvrlte hal f coils are fornmed on

t he substré‘fn c‘%‘?ﬁg?'%f he coils are not on the sane surface plane. 10

16. The teste @:?P 15, wherein the first and second wite half coils
have é generaI(F{/ é? piral shape. 17. The tester of claiml5,
wherein the first and second wite coils are center tap connected. 18.

The tester of ) ai rread cRHerasitipnadator heysensifive fosa muiteelersemt; andur f ace pl ane

shaped coil.. "-10. The tester o T2 %ﬁﬁ@F@m-,—t he read coil is a flat
coil fornedvoos/amMe of the top :J%)%tsqgﬁé‘%ﬁf%&fésdof t he subpCT/@Be7/02866

of a 15 layer not supporting the wite coil. 19. The tester of claim 18,
further conpri(ei ng:a Waife coil ppsitionedssutie thaits readselemedt waulé beasbnsitive ta
center tap pad connected to the wite coil, wherein the first wite pad,

t he seconthewrtiteecgihd and the center tap pad are adapted for connecting the
tester to a testing apparatus for enabling testing of
2. The tester of claim 1, wherein the substrate has a top surface and a bottom
10 - surface.
3. The tester of claim 1, wherein the substrate comprises more than one layer.
4. The tester of claim 2, wherein the substrate is formed using material having
low conductivity.

5. The tester of claim 1, wherein the read coil is formed using a electrically

15 conductive material.

7. The tester of claim 5, wherein the read coil is formed using copper.

8. The tester of claim 1, wherein the read coil is a flat coil supported by the
substrate.

9. The tester of claim 8, wherein the read coii is a generally quadrangular spiral

20 shaped coil.
10.  The tester of claim 2, wherein the read coil is a flat coil formed on one of the
top and bottom surfaces of the substrate.
11.  The tester of claim 1, wherein the write coil is.a flat coil supported by the

- substrate.

This Sheet H

//n/l///ul/////mui'ii“" o



e

20 a head; and (b) a ”ﬂlﬂl“\@immnﬂmj a second read pad connected to
the. read C\&bl ' )&@grei nt I s P& and the second regdppag, ale
adapted fo 8RR i ng the*t st ér fo a testi ng apparatus for enabling

testing of a head. 20. The tester of claim1, wherein an electrostatic

di schargeg,l and,is for on.the.25. substrate. .26 21, 4., ahe test of

cl 2 m 20021 ur dhertettGh BF e g1 PaRein 8 R ool 8 et ally ciRler SBURL « pe

el ectrostatic discharge |and and pad are for naintaining a ground potenti al
around tBaB®&i |s to prevent an el ectrostatic discharge event. 22. A
tester, conprising: (a) a substrate having nore than one |ayer; (D) a
first witd® hdle tester of eleimdllpwhereinythe write eail isufosmedtan thejothenpnedhe or
operabl e communi cation with a device under test; (c) a second wite half
coi | fornedand bottoay surfatest dfethe shbstratee and adapted for operable

communi cation with a device under test, wherein the first and second wite

hal f @oi 113, ar Gheeaabief of ARiA®B)Velkdreth thedwrite Ebik coRpiriges:0f cl ai m 22, wherein
the first and second wite half coils are forned on the substrate such that

the coils are ot o‘pg{.ﬁg\,ﬁérﬁlﬁwﬁ lof?leﬂ"lf‘y the’bubstrdte€ah@st er of claim 23,

wherein the first and second wite coi’l are generally circular spiral

shape. 25. H’}e t%Ss%g%ncf\fmﬁ!e%L\fpc%ﬁ’sukgﬁtlgﬁrbyctﬂ%ﬁ# %g. a read coil forned

on a surface ane 0 ayer “not sup g’one o e first and second
wite half coil. 26. The tester aof claim25, wherein, t regd coll has a
gener al | Y51 ectligJEFtEF of ﬁgi}@.ﬁ? ’f"%ere’*f‘ﬁg‘e ?E%’i ad B?COE‘Fia‘?’ﬁfezg?elf fcﬂﬁi‘ RET formed
conpri si ng ég) afirst wite pad, a second wite pad, and a center tap
pad conn&t g substrate such that the coils are not on the same surface plane.

10 16.  The tester of claim 15, wherein the first and second write half coils have a
generally circular spiral shape.
17.  The tester of claim 15, wherein the first and second write coils are center tap
connected.
18.  The tester of claim 17, wherein the read coil is formed one a surface plane of a
15 layer not supporting the write coil.
19.  The tester of claim 18, further comprising:

(a)  afirst write pad, a second write pad, and a center tap pad connected to
the write coil, wherein the first write pad, the second write pad and the center tap
pad are adapted for connecting the tester to a tes;cing apparatus for enabling testing of

20 a head; and

(b)  afirst read pad and a second read pad connected to the read coil,
wherein the first read pad and the second read pad are adapted for connecting the
tester to a testing apparatus for enabling testing of a head.

20.  The tester of claim 1, wherein an electrostatic discharge land is formed on the

25 substrate.

26



the wite coil, wherein the filist, wd gtk gkbe {second wite pad and the
center tapxpedgsieyadapted for onneﬁ-pp,gct@e tesfer to a tedomgsIapsssat us
for enabling testing of a headil-ara=£ —a—f+F5t ' read pad and a second
read pad connected to the read coil, wherel n the first read pad and the
second read. padhariestatapcRemf 2y, FEARGeESch dpﬂsﬁxgaa éleetrSdtafi® disch@flel piil

apparatus for enabl I ng testi ng of a hea The tester of Tl al m 22

wher ei n ap,elect {'}édtﬁ)s‘i’é r Eob 80k had fRaEd fo‘nHﬁ‘?taﬁHﬂg é’r&l scharge

29. Thetestero I'm 28, urt rcorrprl I ng a el ectrostati

pad, wher t.f 0S n mai nt ai ni ng.

a ground g’gx eerhthll rSgﬁgtf\ %’ﬁ% 8??\% 5%&8 ‘{éa@%géﬁgggﬁ%&g’e&?l c di scharge
event . A tester, rising: (a) a substrate havi ng--nore. than one. ___ _
| ayer; (b)22 a‘afl‘?%?r'r‘:@ ¥ coil formed on a layer of the substrate and :
adapted for operable communication with a device under test; Umm”mmﬂaﬂmﬂlll
read h&l f coil (®or ned substeate hpwingsmore sham e dajes; and adapt e

comuni cation with a device under test, wherein the first and second rfead

hal f coils are(@ent eafitsl;mﬁtahaiﬁteidifoﬁﬂed ofiltbe tsebsteatepf cl ai m 30, wherein

the first and second read half coils are fornmed on the substrate such that

the first and ggcona deeond vt ledf ¢ail firendtdbn @Re blibstEAEEWhBEFeiRElke Brane. 32.
The tester of claim31l, wherein the first and second read half coils have a

general 'y M@é@?@%@fteﬁﬁ&%hﬁ?@@&ﬁe@% ddinelfeat er of claim3l, further
conprising a wite coil forned on a sur]Pace pl ane of a |ayer not supporting

one of thesfirsheaRttes 8F Afitn' 22U HML T $#@' ikt and second write half coils are formed

10 on the substrate such that the coils are not on the same surface plane.
24.  The tester of claim 23, wherein the first.and second write half coil are
generally circular spiral shape.
25.  The tester of claim 23, further comprising a read coil formed on a surface
plane of a layer not supporting one of the first and second write half coil.

15 26.  The tester of claim 25, wherein the read coil has a generally rectangular shape.
27. The tester of claim 25, further comprising:

(@)  a first write pad, a second write pad, and a center tap pad connected to
the write coil, wherein the first write pad, the second write pad and the center tap
pad are adapted for connecting the tester to a te.sting apparatus for enabling testing of

20 ahead; and

(b) a first read pad and a second read pad connected to the read coil,
wheréin the first read pad and the second reaci pad are adapted for connecting the
tester to a testing apparatus for enabling testing of a head. -

28.  The tester of claim 22, wherein an electrostatic discharge land is formed on

25 the substrate.
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34.. The tester of claim33 ngrsg_; R e MeLf e coil has a generally:.
The t

circul ar spidtal pe. 35. ef -~ claijm 33, further m% ylok "(a)
a first re%%’;@ ,{b: second t Repoic it er tap pad connec 92@54% t he -
read coil, wherein the first read pad, the second read pad and the center

ta ad a Q te h ter t 1,00, appar aj us for
engbloi nga%flst ?%gé gegt% #éaaggpgér:fcfh E%?} Coena‘f)?l?]f%ta %A%F&gétgé‘d d&%%}a%%mnd wite
ad connected,to . th ite.call, wherein the first wite pad and the second
Writo padWhFEbYAhR SlECERrRLS fishiEdrac SRS PACATS 108 SRANINRE 2 BHONRdY or
enabling testing of a head. 28 36. The tester_of claim30, wherein an

el ect r ost Botential axadythe coils tppreventen elgcrpytaticdéscharge e@nt. The tester of
claim 36, further conprising a electrostatic di scharge~pad, ~whereby;-the--

el ectrost3.i c Aitestenrapanpmsitigiand pad are for nmaintainin ar tenti al
around the coils to prevent an el ectrostatic di scharge gﬂi"ﬂﬂﬂﬂﬂﬂﬁﬁlmmd
for degerm ning)a spatubsiratecaing ntite MRinees laydal f coi I.0Nc s a
correspondi ng read el enment being tested, the nethod conprising the steps

of: (a)  drivpng aaffirkSieaHalCcdiPdcrmetdn &écdibshate;@ Magnetic field is

formed normal to the surface plane that 1s supporting the first wite half
ol ement: (b) Chot o hand sefd haff u BEEDA TR WG R B R8T
e BT SR Tt 10 IR

ol erent: 3hd (e testrat A H YRECELEi0 o, 5rd Ageond Fekhalt galcrie fommese, ng

t est ed. .
10 on the substrate such that the first and second read half coils are not on the same

surface plane.
32.  The tester of claim 31, wherein the first and second read half coils have a
generally quadrangular spiral shape.
33.  The tester of claim 31, further comprising a write coil formed on a surface
15 plane of a layer not supporting one of the first and second read half coils.
34.  The tester of claim 33, wherein the write coil has a generally circular spiral
shape.
35.  The tester of claim 33, further comprising:
(a)  afirst read pad, a second read pad, 'and a center tap pad connected to the
20 read coil, wherein the first read pad, the second read pad and the center tap pad are
adapted for connecting the tester to a testing apparatus for enabling testing of a head;
and
(b)  a first write pad and a second write pad connected to the write coil,
wherein the first write pad and the second write pad are adapted for connecting the

25 tester to a testing apparatus for enabling testing of a head.
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39. The net'hod of claim38, f
the first -woPssaddadnd vol t ages r e ;
the half coil and the correspo pert—Dei ng tested. 40. A
met hod for determ ning a spati etween a tester and a
correspondé.ng The tested efrelaim 136) wiretais tandele¢thmstatit Hisdhangedand iis fpriniesd ehreps
of : (a) driving the wite elenent to be tested such that nagnetic flux is
flow ng fgahsdbyeraes.i te el enent; (b) determning a first voltage at the
first read half coil based on the current flowing in the coil in response

to the magpeti ghf hdbter OHLING6 iriter SoRIPHMINS &I M tRBIRAisditakge Pgai ving the

wite element to be tested such that madnetic flux is flow ng°ffon the

wite ele , : L.y econd
Fead hal f Hreoiafle Stroplelt dischahid Bl 1 Bad SEDRSE QAR Sriind POOT)
magnetic flux fromthe wite el enent. bei tested,. 41. The thod of claim
200" uP  nEPRESRb ARG ol GBSk AR SCACPI HECHIBE YRR second
voltages to determ ne the spatjal separation between the half coil and the
correspondfng ¢ methed Erdatenpining aspatial separation hetyren 3 balf eotlama tester a
sensitivity of a read el enent being tested, the nethod conprising the steps
of : (a) aundiaviorgespohiding read elemint being testedcthet mathad eomyprsing theesteps of:
formed nornmal to the surface plane that is supporting the first wite half
coil, whereby (d)e ndgririg & firsteveite haliceH sachithst a weignatie field & foeagkdel enent ;
(b) determining the first voltage at the read el enent; (c) driving a
second hal f coi | SusHrhiIpfo therBagfaet iplartd Blad i§ SupS6RG MOITE! wifte half coil;

e step of manipul ating
atial separRGT/U$P7HR66%cen

10 (¢  determining a first voltage at the read element being tested;
(¢)  driving a second half coil such that a magnetic field is formed normal
to the surface plane that is supporting the second write half coil; and
(d)  determining a second voltage at the read element being tested.
39.  The method of claim 38, further comprising the step of manipulating the first
15 and second voltages to determine the spatial separation between the half coil and
the corresponding read element being tested.
- 40. A method for .determining a spatial separation between a half coil on a tester
and a corresponding write element being tested, the method comprising the steps of:
(a) driving the write element to be tes.ted_such that magnetic flux is
20 flowing from the write element;
(b)  determining a first voltage at the first read half coil based on the
current flowing in the coil in response to the magnetic flux from the
write element being tested; -

()  driving the write element to be tested such that magnetic flux is

ey

(T

placed
|

i

s

25 flowing from the write element; and
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.2l ind : d)
determ ni n'g@%@gge;cond {ol t_,agfb,EPa\-tACtEPe: reati el ement. 43. - Tw&%f

claimd42, further conprt rg-tne step of manipulating the first and second

- voltages to dgjern LLLYI e bei, n ested -
| ndependent o@f)t hga %g%?g?égnnsigéft\%réﬁagégf ﬁ%l %Eg oci1 ?ésacgﬁ%tftcﬂg btag%%ogltﬁ?rent
bei ng tested. 44. A nethod for dete{m' ni ng a se{f_éitivity gf a%rvvrit{}e
el ement being t est SR Eowne Bythescnil Isresponsftasihejaagretiq tyx fromithe ng ¢ he
wite elenment to be tested such that pmagnetic flux is flowng fromthe
wite el ement; (b)writgelesmentheing tested-st voltage at a first read hal f coil
based on the current flowng in the coil in response to the magnetic fl ux
from t he4lw i t Fhemeetbad dfeilaitn 4@ sfusther 30mprisimg the step\dfrganipelatirig thecfimtrent
to be tested such that magnetic flux is flowwng fromthe wite elenent; and
(d) sdebadsetimp veltsgssaodetainhingdhakpatislaeparhtiondsbtivabh thei halpasibangn t he
current flowing in the coil in response to the nagnetic flux fromthe wite

el ement lpgd E&réﬁﬁﬁ-ﬂ% dEite el&h@nﬁ@éiﬂ%@eﬁ&dﬁ' aim 44, further conprising the
step of mani pul ting%he first and sécond voltages to determ ne the spati al

separati be I :he. r | L bei ng
Cested T e o Wkinifing AMnbTH M LRAE MiedlEnt boih EEd Rl OL [T
el enent usi a head.te tert having a first wite half coil, a second wite
hal f coi rr}etgﬁﬁcgmrpégg%gl}q?e%g{-ei n the first and second wite half coils

are center tap, conpected, .the net . e qa s
. 811) dgvmg 4 first write Qﬁ? coil such that a magnetic field is formed-

the surface plane that 'Wecond wite half coil, whereby
t he magnet L{:é’%&Sb&éEbHd WiEtagde at the read el e

10 normal to the surface plane that is supporting the first write half coil;
(b)  determining a first voltage at the read element;
()  driving a second half coil such that a magnetic field is formed normal
to the surface plane that is supporting the second write half coil; and
(d) determining a second voltage at the read element..

15 43. The method of claim 42, further comprising the step of manipulating the first
and second voltages to determine the sensitivity of the read element being tested
independent of the separation between the half coils and the read element being
tested. |
44. A method for determining.a sensitivity of. a write element being tested, the

20 method comprising the steps of:

(a)  driving the write element to be tested such that magnetic flux is
flowing from the write element;
(b)  determining a first voltage at the first read half coil based on the

current flowing in the coil in response to the magnetic flux from the -

25 write element being tested; ' | l l“l“l "II" “I" "III ” lm
* [ L M s *
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conpri sing..t he. steps of: (a) frrst_wljte half coil such that a
magnet i ¢ fwel siaraef or med nor mal| TSt ‘@'M@%QEE%I ane that i spctpssobégag t he
first wite half coil, wherebyilthe nBEREATE i el dl i nduces a first vol t age
at a read elenent; (b) determining the first voltage at the read el enent;
(¢) drivingca seebrifg\the waitbldmetito rdittddnaichathan gtginetic fflad i@ 1 s
formed normal to the surface plane that is supporting the second wite half

coil, whereby the l}ﬁgﬂgtgiﬁoﬁ,i Bledviipdeatend sggond vol tage at the read
el'enent; (d) determ ning the second voltage at the read elenment; (e)

based on the fjy st e , ol | L L4 I e
read el enent; (gj;]d %@ﬁgxgg% s%é%h%iﬁsgﬁ%gregaﬁttg%gé "'gié:\c@lgrr1ea fd\s}ﬁff %%%géé%e%ﬁn%] ni ng
a spatial separatiaon be en read. el epent _and a .cqrrespondi hal f coil.
37" The et hod of SEIeR HEYANS £ 1T i 4O e AR figyn BRe
driving the wite elenent to Be_ tested such that magnetic flux is flow ng
from the wite el elfgite elgment being testgdsed on the first and second vol t ages,
determ ning a spatial separation between wite elenent and a correspondi ng
read hal #5coi [Theagethodrpt claimidd fisthey comprigings thetstep of ormipslatiggt the fisstps
of : (a) driving a wite coil such that a nmagnetic field is fornmed nornal
to the sanflaszeondamitaghato detesminpotiel spaitiahsepuration betweer( the hatfedotk adii ng a
first voltage at the read elenment; (c) determ ning the spatial separation
of the withé eofrebporidiog Whee ekanebeiiigfesktal. ng tested based on the _
determ ned spatial separation of the wite elenent and the correspondi ng

read hal fggCoi IA #ith8d $of tQBRE PRIMERIVINBS read element and a write element using

"~ 10 a head tester having a first write half coil, a second write half coil, and a read coil,
wherein the first and second write half coils are center tap connected, the method
comprising the steps of:

(a)  driving a first write half coil such that a magnetic field is formed
normal to the surface plane that is supporting the first write half coil;
15 () determining a first voltage at the read element;
(c) driving a second half coil such that a magnetic field is formed normal
to the surface plane that is supporting the second write half coil;
(d) determining a second voltage at the read element;
(e)  based on the first and second voltaées, determining a sensitivity of the
20 read element; and
63 based on the first and second voltages, determining a spatial separation
between read element and a corresponding half coil.
47. The method of claim 46, further comprising the steps of: |

(a)  driving the write element to be tested such that magnetic flux is

T m— I
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corresponding read half c

and ) o Ssabng the BIRINIHIMIIL: oo stement. Shembsfiiss

conprises: (a) a substrate; (b) a read coil operatively associated with

t he substrate ,and M I L v Lt Rt .(C)
a wite coil (@er aﬁ% ?/éé#ﬂ;ﬂg\gsd%%?g?éed&&@\%hfe? ﬁgoglﬁqbag?%#\ eﬁg%‘f‘%@g{ﬂpwﬁﬁgéﬁ such
that a read el.enent would be sensitive to the wite coil. 51. The coil
stack of Bf&PHhIBFESPREL Sdﬁ‘iﬁr}%ﬁcr@x %rPFEFheaW ite Slemnrptheign FRsHRY hol es
formed on the substrate to facilit,aie al i gnnment. of coils on each tester.
52. A met hodof or detergHnmg teripagdal seraseiion of the Fesheot from Meayrie ack
assenbly, conprising: (a) positioning an aligned coil stack for testing
heads i n eementibatedctn dke determinashspatial separatichqfdbie cead elemernit andsthe
plurality of head testers having at |east one wite coil, wi th center of
each w i t@rfespbndingehalh coid addtedistancs besvent tha correspogdirg half boil kadchat er s
of the wite coils of the other head testers in the head stack assenbly;
(b) Wb G0 4dd each wite coil on the coil stack; (c) noving the coil
stack along at |east one axis; (d) nonitoring the voltage observed at

o e S T a6 i (cpsEabbpohe sty o dnbocr ved
element.
48. A method for testing a head having a read element and a write element using -
10 ahead tester having a first read half coil, a second read half coil, and a write coil,
wherein the first and second read half coils are center tap connected, the method
comprising the steps of:
(a) driving the write element to be tested such that magnetic flux is
flowing from the write element;
15 (b)  determining a first voltage at the first read half coil based on the
current flowing in the coil in response to the magnetic flux from the
write element being tested;
(¢  driving the write element to be tested such that magnetic flux is
flowing from the write element; a1;1d
20 (d) determining a second voltage at the second read half coil based on the
current flowing in the coil in response to the magnetic flux from the
write element being tested.
(e)  based on the first and second voltages, determining a sensitivity of the

write element; and
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53. The method of claimb52, where|nTHIBSHEEFHAS BBBMIjf ori ng the vol tage
- conpri ses tvoposiyg of determ ning A peakRERPLAGER. 54. The nmifroshrmbedsl ai m
53, wherein the step of nonitoring S€s~the step of

determ ning 50% of the peak voltage; 55. The nethod of claim54, wherein

the step of dgfer niaked ohhhe|fﬁ§taéﬂd3@ec@hdt\hﬁtarg©§,0ﬁe§éﬁﬁﬁﬂﬁ/g e ¥pRtihP&pariifon
steps of: (a) determning the two | ocations of the 50% peak vol t'age

readi ngs;peden Mivite A¥RIAYLAY at&b%résgenaﬁrg(af QL eoig.eterm' ne the |ocation
of the head. 56. A tester, conprising: {a a substrate having nore than

one | ayergg (b) TheQné%\rg?tof\’m&ﬁr?4§,2%{r$h%%ic{c;\ﬁn{q%{s;ﬂ?%t]:?@st%pg?ﬁ"er of the substrate

and adaptéd for oper e conmnuni evi ce*under test; (c) a
second wite f coil. formed an,a l.ayer, of the.subsirate and adapted for
oper abl e com‘nllﬁi catt o™ & W e&%‘éz?&‘éh@ﬂfear HP&&F"}C%@ bﬁaf‘?f’t“ﬁa 19 tathe
second wite half cqils are center tap conpected; whereby the first wite
hal f ci |sua§&em%@n%é%ﬁﬂswwré%¢? WHte cboperate to conpensate for
spatial separation variations between the tester and a device under test. .
57. A t est er(p) cordeterphining @ dirst veoltagebat thetreadl @lémentaor e t han one | ayer;
(b) a first read half coil fornmed on a |layer of the substrate and adapted
for operabl e domurdetetnining\tienspmtiad geparatioder thesitite(@il from grcrad read
hal f coil fornmed on a | ayer of the substrate and adapted for operable

conmuni caflémenvbéiigaestiedi KaBed Beathe ((R¥rmiNEa sBhfal patitici ofBd wegond read
hal f coils are center tap connected: whereby the first read half coil and

the secondesgtladlihe ColresiRRARE AL&T HALCOIPRREAUSLALe B! mEEPAr atl on

vari ati ons between the te evi ce under test.

10 corresponding read half coil and the write coil; and
(d) based on steps (b) and (c), determining the sensitivity of the read
element. |
50. A coil stack, comprising:
a plurality of head testers, wherein each tester comprises:
15 (a)  asubstrate;
(b) a read coil positioned to be sensitive to a write element; and
(© a write coil positioned such that a read element would be
sensitive to the write coil.
51. The coil stack of claim 50, further compr'ising:' _
20 | first and second alignment holes formed on the substrate to facilitate
alignment of coﬂs on each tester.
52. -A method for aligning heads in a head stack assembly, comprising:
(a)  positioning an aligned coil stack for testing headé in a head stack

asserﬁbly, wherein the aligned coil stack has a phirahtyofheadtesters_
I
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WO 98/ 37429 PCT/ US97/ 02666+« wi t h
center of € || on efichubendet sBBEENIst antial |y align i

centers of 28/%9#& head testpEm AQED he hg¢lad stack assenbly; %J)//otzg'a%i ting-
with each wite coil on i “  nmoving the coil stack al ong

at | east one of the axi s and YraxiS; d nj. £0r | t he .

vol tage observed at Wé)%\c%n?%ra%deealcééfgﬁtdr\ «%a%e etgéte)g P‘é%%g%t&lgynﬁﬁg‘,‘e‘{lgﬁuh
based on t he observed volta%? val yes d&;ﬁerm’ nin thge | ocation of the read
element. 53. The MasodersPf dhe phes headfestersinithe head stask asepmblyyi ng t he
voltage 10 - conprises the step of determ ning a peak voltage. 54. The
net hod of cl ai f)53, Wkittngewithtessh viaie ¢siil omthe epil plgckiur t her conprises the
step of determ ning 50% of the peak voltage; 55. The net hod of cl ai m 54,
wherein the stép) of mibwing thendailystaticalongatileast ofie ol ¢he Xeakistmdrdfaxisonpri ses
the steps of: 15 (a) determning the two | ocations of the 50% peak
vol tage readi ngd), aptbnitering thearciaigs bsarvetivat dachiabad eferientdattherticad t he

| ocation of the head. 34 '

stack assembly;

e - —— m—

() based on the observed voltage values, determining the location of the
read element.
53.  The method of claim 52, wherein the step of monitoring the voltage
10 comprises the step of determining a peak voltage. -
54. The method of claim 53, wherein the step of monitoring further comprises
the step of determining 50% of the peak voltage;
55.  The method of claim 54, wherein the step of determining the location of the
read element comprises the steps of:
15 (a) determining the two locations of the 50% peak voltage readings; and

(b)  averaging the two locations to determine the location of the head.
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