WO 01/ 04655 PGI/ USOQ 19286 -1 1 TITLE: METHOD AND APPARATUS FOR TESTI NG
MAGNETI C HEAD ELEMENTS TECHNI CAL FI ELD 6 The present invention relates to
an apparatus for testing nagnetic head elenments in a head nbl y
("HSA") or WRMMEHgl e head suspension. Mre particularly, Pﬁ@%?@i‘ﬁt
“invention relates to a method and appajatus for the neasurenent and the
eval uation of a pseudo-asymetry characterization of a nagnetic head

el gment TrpAEK TAGD-AND APPARAFUS FOICTESENRG NMAGNETIGHEAD Negnet i
head for reading gi9WRNgsWiting to a magnetic recording element ("hard
di sk"). These heads are typically part of a head stack assenbly ("HSA")
and contain elenents needed to wite nmagnetic transitions on the hard di sk
and el enments needed to read mag o I1iQns previously witten by a
head.. A typical wite el emntﬁmm@m*fﬁfi | m conductors | ooped inside
soft magnetic_pole pieces. A typical read 16 elenent is a net Q-resi stive
("MR') or gi dhe presentinventienselaes e an apperatys fof teptingmagnetic,hgad elementsdn a; j vty
as it experiences changi ng nmagnetic fields. Manufacturers generally test

t hei r HBaad stacki assembly (HEA™) beip aningle headguspegsion " Mpemartiqularky, the presettacks and
hard drives. One conventional testing nethod identifies "bad" heads using
expensi \ifgventih feldiésan d metlesitand gpparsaths foe the méristlemestcanid tles dviahiatiomhef aHSA be
nmerged into a "disk test 21 stack” nounted on the tester. One of the key
attribu d%@éy%id@&sﬁ&mmﬁa@eﬁch&awn&nts the track average
asymmetry, ("TAA " also known as Track Average Anplitude Asymmetry, or
"TAAA"). TAA is a neasure of the %Rémbmharacter of the positive and
negative portions of the anplitude response of the head to a series of

oot ry of COmRNR e A bn g i srhdltpi e R rking oty WRABHG 'S,
Zﬁrgf |kt u%@gcﬁéﬂ&r&%g leYen?e)zg {“Easra%gsk@)s. ﬂaegg Le%gg ;rg%?pigafllytp% o?g %léidt sct)écgeak

assembly (“HSA™) and contain elements needed to write magnetic transitions on the hard disk

and elements needed to read magnetic transitions previously written by a head. A typical write
element contains thin film conductors looped inside soft magnetic pole pieces. A typical read

16 element is a magneto-resistive (“MR”) or giant magneto-fesistive (“GMR>) strip that changes
resistivity as it experiences changing magnetic fields.

Manufacturers generally test their HSAs to insure that they only merge “good” HSAs
into disk stacks and hard drives. One conventional testing method identifies “bad™ heads using
expensive “spin stand” testing machines, which require that the HSA be merged into a “disk test

21 stack” mounted on the tester. One of the key attributes measured by these spin stand testers is
the track average asymmetry, (“TAA,” also known as Track Average Amplitude Asymmetry, or
“TAAA”). TAA is a measure of the asymmetric character of the positive and negative portions
of the amplitude response of the head to a series of magnetic transitions written on a test track.
That is, TAA measures the asymmetry of read back signals from a pre-written track of a test

26 disk stack. TAA is generally expressed as a percentage of the peak-to-peak amplitude of the

track (“V, ). A head is labeled “bad” when the absolute value of this TAA exceeds a specific



track ("VP.,"). A head is | abeled "bad" when the absolute value of this TAA
exceeds a specific WO 01104655 PCT/USOQ 19286 -2 1 pre-established val ue,
typi cal | ywipofoabas TAA of greater than about 15%is genera?,k 6 for
concern because the asymmetry could affect the drive performance by
requiring excessive use of error ce2+ection code algorithnms and/or causing
the product to fail a pre-set soft error rate criteria. One problemwth
clonv e rpré-estatllisiedi value] typidallye st 15% AJT AL of grediarthan abouhe-Y5%is geferallyycausal 6
damage to the HSA and/or the disk stack any tinme a nmerge is required. This

pr ob! gbf dofiSdth bécaist thyasyhinetgcouldadestahsdbetpafoniiiiué B teqiiing Sxdedives. Anot her
problemwith this.solutionis that the nerge process is tinme consum ng.

Thi s heb o Bfisin® ' ced by
0 a5 o R Burken LR MBI T DRling bR o A o U R B
test gachines in parallel. | 1 Clearly there is a need for an inproved
testing nethod that does not require a nerge operation or an expensive
spin stand tester. S RY .Th resent Jjnvention includes. hardware, a
nmagnet i c e?&??ﬁfﬁegh P?Fbvaﬁ?%@?&%ﬂﬁ“d&mg ‘%'S‘Pq ‘E%ff’ iHie %EJ“HQ’XF‘ | ation
process and software that will permt the identification of heads 16 with
i ob| Samage fe theHSA gad/er the disk stagkany|jime.a merge is requirnd; Jhis preblempesykts iy enent s
to create a nethod of testi ng an HSA t hat does not require a nerge

oper atyielhlosy andiraisessheunanufaciyyer's eastsn dnothenproblepewith this sohitionisthetrthé on i s an
apparatus for testing a magnetic head el enent conprising an el ectronmagnetic
st r uc merge groocessg timeconsuming. pThis ploblemn eithercdeduces thealumbemnafidniyes thatvdn be  ai r
gap adapted to receive a magnetic head el ement. A power source may be

oper aiadudel BynAsRhdY it dr'ﬁ@gﬁbsl_thai thé yaifatthiefinkiall Me oBlly Spimfest a series
resonant driver may be operably connected to the power source. Sone
embodigRRhes iRbadall. Present invention may further conprise a controller
operably connected to the series resonant driver and adapted to

11 Clearly there is a need for an improved testing method that does not require a merge

operation or an expensive spin stand tester.
SUMMARY
The present invention includes hardware, a magnetic excitation methodology, and data
collection and manipulation process and software that will permit the identification of heads
16 with problems such as those described above. The invention uses these elements to create a
method of testing an HSA that does not require a merge operation or an expensive spin stand.
One aspect of this invention is an apparatus for testing a magnetic head element
comprising an electromagnetic structure having a core, a plurality of electrical windings, and an
air gap adapted to receive a magnetic head element. A power source may be operably
21 connected to the plurality of electrical coils and a series resonant driver may be operably
connected to the power source. Some embodiments of the present invention may further
comprise a controller operably connected to the series resonant driver and adapted to

compensate for a variation in a magnetic field strength across the air gap.
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conpensate for a variation in a magnetic field strength across the air gap.

WO 01/ 14655 PCTI USOO 19286 -3 | Another aspect of the present invention

. inavol ves a of testing a magnetic head elenent. Th y
conpri se tl’fi@é‘?@gsé of applying a nagnetic field to a magng‘t’(:f‘@ﬁ'ﬁ“eaiai?im51

el enment, measuring an output signal f3om the nmagnetic head el enent,

calculating a power level for a fundanental signal and for a plurality of

har noni ¢ si Al asprbrbfulid prgsenhinvemioninvobves lasndtind af¢sting amgoeticticad :

i ndi cative of distortion. Sonme "enbodi nents of the present invention may 6

fur t hediei P ThS RethBd nfdy LBmpFisc®e Sipd digappl?'iﬂg_ﬁd egrietigfitlieo aggniticheddad
el enent based on the value indicative of distortion. The step of applying

a magngiih G Q,,-lgas, GRFR'S] rnc)agfn : nt, ShIB@AHRY PEIVRr 16vel
struc?eﬁ%ﬁel&ﬁ’aréigdﬁg core, gig%?u%iﬂ{tay 0 éﬂéé;iisblagfeleg%d an air gap;. and the
generatio of urrent, d L1V [ ' urce
conn e?{"éﬁ M@%@WS@E%#M %WF gigﬁ%l?’haéra u%? éﬁ% trﬂ)(‘)"}f}p héls gdr)es ent
invention is a system, for,festing,a magpelic he | elenent, This system
conpr | Selate %ﬁ%’“ﬂwﬁﬁe‘ffé‘t‘%‘?‘mﬁ Some gredipe tF8flg'° F"ﬁﬁ'ﬁdnﬁ ic head
el enent, a conputer processor neans for_ processing data, a storage neans
f6r st furthensothprise thesten of acrepting oraeiptting the magnetic emexit bassd o dhe Yalpedat a
froma magnetic head el enment, a second neans for processing data to

pr oducindigativerdfeistortipn. cElerstept ofiapplyingz rdagnetic field mayreomprise thg provisiemefzan
magneti c head elenment. 16 Still another aspect of the present invention is
a et hgletinagfétRGtruttgredrivingta coe, apiumality of cdilspahdanairgapsanddircgenatation ment  of
whi ch conprises inserting a nagnetic head el ement inside magnetic

St 1 UCt & FouriehiCin MROSIERIIE oFlcbikEhsiicla poveer S6irBEicohnEQETHoG SeMes rRéddaRbriver. nduci ng

a current 1n the conductive el enent, whereby the magnetic structure

ot o YU 6 R SRS el o b

t he generat ed magne I's relate current, and

s| mul t gneouysly. contraolling the ingu rre ' ut put
sk gnal éle ?‘ﬂmﬂ'ﬁéy ﬁg?ngeﬁgé‘EFagf g’ﬁéﬁf@%%@ :P%%’? !u?‘?g&g%%“ég\ga%n@a%% of the
present invention is that it proviges a " g]oodg/ bad" .

head element, a computer processor means for processing data, a storage means for storing data

on a storage medium, a first means for collecting data from a magnetic head element, a second
means for processing data to produce a number representative of a distortion in an output from a
magnetic head element.

16 Still another aspect of the present invention is a method of detecting defective magnetic
head elements, one embodiment of which comprises inserting a magnetic head element inside
magnetic structure, the magnetic structure including a conductive element, inducing a current in
the conductive element, whereby the magnetic structure generates a magnetic field around the
magnetic head element, and whereby the generated magnetic field is related to the induced -

21 current, and simultaneously controlling the induced current and measuring an output signal
from the magnetic head element.

One feature and advantage of the present invention is that it provides a “good/bad”
assessment analogous to the TAA without having to merge the HSA with a disk stack and

without requiring an expensive spin stand tester. This and other features, aspects, and



assessnent anal ogous to the TAA without having to nerge the HSA with a disk
stack and w thout requiring an expensive spin stand tester. This and ot her
features, yasffedss: and WO 01/04655 PCT/US00119286 -4 ad f the
present invention will becone better understood with reference to the

foll ow ng description, appended. cl&-ns, and acconpanyi ng draw ngs.. BRI EF
DESCRI PTI ON OF THE DRAW NGS Figure 1 is a perspective view of one
dnbodiadeantages ofthé\prasent inyrention y6 B bbdomet hetteramdestoot avithirefleregosetoithe dri ve devi ce.”
Figure 2 is a bl ock diagram showi ng one data collection and:data anal ysis
enbodifgliuwing ddstription, dppended clyirag land oinpanydiedrawings. of a time varying
magnetic field curve. Figure 4 is a graph showing a first buffered head

vol tage out put curve produced by a magnetic head el ement in response to
the magnetic field of Figure 3. 11 Figure 5 is a graph show ng a second

buffered head vol t agg ) PIRON OFY ‘mnetic head el ement in
response to the magn C 11 [ . TEé 0 IS a plot conparing
the resultg. of the "% di rtign" test..of the.present inyention with the
resul ts fr@ﬁ"ﬁe lslﬁial?e'és{’ifh%é%ﬂ(’?é’g??ﬁ Fteh2 B _'.ﬁﬂ@b 6% i nventi ons
disclosed in this defajled description allow many of the final head tests
ual FWW% i9¥%¢-and to be acconplished without the necessity of
merging the HSA with a disk stack. It was realized that if a magnetic
field wer eFigueed is @ blackdiagram shewingang datapaledtion and data analysisembedimantcor di ng
di sk and applied perpendicularly to the HSA in an appropriate (sinusoidal
for exanpl Eguresiis ergraph shewwiag one ¢yiclenfiagime wirgng magespicifield gurvel ght  be
extracted by 21 mat hematical analysis of the analog buffered head voltage
(" BHV") ouFiguie 40 algfephrhowiag b firdt ®aficred heudaoliage otgpm cative gloducediby apr esent
I nvention can be used to provide a. "good/bad" assessnent analogous to the

TAA WirdaBiftélc hedlPelEtBO inl RsPBREIR thdiBagiehc Heldbf Fighsk st ack.

11 : Figure 5 is a graph showing a second buffered head voltagg output curve produced by a
magnetic head element in response to the magnetic field of Figure 3. -
Figure 6 is a plot compaﬁng the results of the “% distortioh.’_’ test of the present
‘invention with the results from a Spin stand TAA ftest. |
DETAILED DESCRIPTION
16 The inventions disclosed in this detailed description allow mény of the final head tests
usually run on a spin stand to be accomplished without the necessity of merging the HSA with a
disk stack. It was realized that if a magnetic field were used to simulate the data magnpetic
transitions in a recording disk and applied perpendicularly to the HSA in an appropriate
(sinusoidal for example) manner, a measure of output signal asymmetry might be extracted by
21 mathematical analysis of the analog buffered head voltage (“BHV™) output of the magnetic head
elements. Accordingly, the pre;ent invention can be used to provide a “good/bad” assessment
analogous to the TAA without the need to merge the HSA with a disk stack.
The present invention can be broken down into three principai parts: (1) an

electromagnetic drive structure that stimulates the MR device undei'_ test and the necessary

- AT A £ oy e e SN



The present invention can be broken down into three principal parts: (1) an
el ectromagnetic drive structure that stinulates the. MR device under. test

and the ne 01/ 04655 PCT/ US00/ 19286 -5 1 el ectr onj '
circuitry tc‘ga§§w6?n¥ge the desired performance; (2) a net ho%b?g{%%ﬁsm zing

the sanple data collection, includingsthe software necessary to acconplish
the amassing of the MR device outputs affected by the applied field; and,
(3] a neledqthicdriveroircaityito gptithize tetdesited perforinanee; (2) amethod déndptimizipg thef r om
the test that is related to sone attribute of head performance. 6 I.

El ect r oggmgiledats céNeciién, Hichuding the séftvwité Becksdaly f aREdnaplRE the/dnaskiap/opthe MR
el ectromagnetic device 10 designed to excite an SAs under test. The

nd o plORa g bt il B8 e ) B b proc iR P e Bty 15
I ' ' ' ' . . d C f
it uf Badihetl &fom &% nRERTARRE R e P or e AR, Y PC,

and wel | -known magnetic characteristics. However, other el ectromgnetic
structures capable of generating a magnetic field in an air gap are within
the scope of this invention. In operation, the power source 16 generates
anbel ecl Blectromagnetie Rrive SUURAIS i ndi ngs 14. This, in turn, generates
magnetic flux through the nagnetic core 12 and the air gap 13. A 16

manuf act ur er Figase 1i is s pexspectivéigiawi ofiap elehtromagnetjadevice ndesigued tolexcitaamet i ¢
field to sinmulate a nagnetic recording elenent. The el ectromagnetic device
10 enmboHSAB Rhdetedt.CTiRoelédrohiaghetie dévica$0 irfchidesa fagidiivicore, 12 hading adairgapi ned
by the height of the HSA under test plus a small clearance allowance; (2) a

pol e f af?mﬁréﬁmﬂi& of ViR8ing RfcdnBediéDidl dlfowr Sorte1 68 M cRbRagrtic Ueviad | vel y
undi storted flux I'ines 21 between themto permt easy placenent of the

2L 2 O gt S g o Sl sl it e T,
954! ©©to s Yo AR nd et sl Sk ShAEIA S bl Mot W5 (1)
| electromagnetic structures capable of generating a magnetic field in an air gap are within the
scope of this invention.
In operation, the power source 16 generates an electrical current in the windings 14.
This, in turn, generates magnetic flux through the magnetic core 12 and the air gap 13. A
16 manufacturer may insert an HSA into the air gap 13 and use the magnetic field to simulate a
magnetic recording element.
The electromagnetic device 10 embodiment depicted in Figure 1 has: (1) a dimension,
“A,” determined by the height of the HSA under test plus a small clearance allowance; (2) a
pole face area, “B,” designed to provide a large enough area of relatively undistorted flux lines
21 between them to permit easy placement of the active portion of the HSA under test inside a
straight flux line column; area “B” will also establish the maximum cross-sectional area of the
HSA devices; (3) a dimension, “C,” determined by a balance between: (i) maximizing the

length to minimize the direct effect on the gap flux lines of the field generated by the coil, and

(ii) minimizing the length to reduce the total reluctance, thus enhancing efficiency; and, (4) a



l ength to mnimze the direct effect on the gap flux lines of the field
generated by the coil, and (ii) mnimzing the length to reduce the total
rel uct anceyg gifaggs enhanci ng efficiency; and, (4) a WO 01/ @¢8RRe0/19286

PCT/ USOO/ 19286 -6 1 dinension, "D, " determ ned by a bal ance between: (i)
maxi m zing the length to provide for6éa dimension, "E " sufficient |length
to avoid distortion of the flux |lines between areas "B," and (ii)

M ni nidimensiony@.I" detgmmined by @ balancebraveewt(Rmaxithizingthe lsngth to provide forat ure. |t
is desirable that the material for the core 12 have the foll ow ng

char acdlimension] ‘6" suffigientiength tpeavoisdabistbition ofithe flok dinestxtweentareas “Bignd (if)zat i on
for high efficiency and adequate flux 6 carrying capability; (2) high

el ect migidizihg tedérpe® reduckithi toial eletitlye 6fithé fRichir@sses when driven in an AC
node; and, (3) | ow nagnetic remanence to mininze the exposure of the HSA

conponent s iiodéirakle it ive nhdrdiall i W' @R 1 e BRI 116 %hmfaﬁsﬁéﬁgé: (9 i nserted

or renoved from the test fixture. One suitable n‘g?grl]al 'S

| ¢ . . . : : 2 | ¢
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i nvention, The e tromagnet 10 in sone, enboﬂ_iﬁmants may. be driven by a 600
Her t z #/yympde; ap Bdruar PUfTAManeIGE oaimmize theexposies ofdbe HEA 16. This

si nusoi dal signal is desirable because it can enulate the flux density
seen lsgmponeatsdo amapnetisficld-betweenthepele facescwhenzheingtinserted ervemonedifrem 16 and
because it permts the extraction of dynam c responses fromthe heads under
t est . thehtest fi@@re. Hinef suitable nateriakis dgwlycryistaliinb dereiteseaterial ihavioghight i bl e wi th bot h
60 and 50 Hz sources and because it is high enough frequency to elimnate
DC bagkgeabilifh ndilew tedhdnent Magnktitivir Thio at¥ial WdesfableBecausé!it Berksally Square or
triangul ar signal, and other frequencies are within the scope of this

ATbodisaRALs thd dbolR @rifiAAS highly #aildbld, dhd' relatiVely MELRsve. NBoWERE ofpBINet i C
device 10 is arbitrary. wever, those skill'ed in the art wll realize

that  erpfdrfaghet At fi18 bR Svitieme Bospe of i 1R Gntich.

‘The electromagnet 10 in some embodiments may be driven by a 600 Hertz (“Hz”)

sinusoidal signal produced by the power source 16. This sinusoidal signal is desirable because
it can emulate the flux density seen by a head as it pasées over magnetic transitions on a media
16 and because it permits the extraction of dynamic responses from the heads under test. The 600
Hz frequency is desirable because it is compatible with both 60 and 50 Hz sources and because
it is high enough frequency to eliminate DC background noise/effects. However, other
waveforms, such as a square or triangular signal, and other frequencies are within the scope of
this embodiment.
21 The number of coil turns, “N,” around the electromagnetic device 10 is arbitrary.
However, those skilled in the art will realize that Ampere’s Law relates the chosen number of
turns with the desired gap field “A” and with the desired power supply 16. Thus, increasing the

number of turns “N™ will increase the magnetic field produced by a particular power supply 16.



turns with the desired gap field "A" and with the desired power supply 16.
Thus, increasing the nunber of turns "N' wll increase the magnetic field
produced byydoeDgsed cul ar power supply 16. WO 01/04655 PCT/ pSfiosdesfis -7 1
Simlarly, decreasing the nunber of turns "N' will decrease the magnetic
field produced by a particular power-5upply 16. The peak magnetic field
strength is controlled by the drive voltage ("Vp-p") produced by the power
solir ce Sitnibagsij desreasing theawimbernefdums N mall desreaspiheanagnstic field Pﬁ@é‘é%‘éﬁfr%/ drive
voltage nmay be mnimzed in sonme enbodi nents by applying a series resonant
driver paticda powensupply B.Figure 1. This driver 22 allows the el ectromagnet
10 to be driven in a manner yielding higher field strengths at a given
vol tage. Sorgn athgacticHiEd stfehgthlis Sorfirolled by Heltigie a6kige (TVp-pMiproducedd si ze
and wei ght of driving power supplies; (2) the ability to use non-custom

drive eiguzﬁﬁiur&rl% dodinstthd felisaRc Jrl HiBHireNd. aneQussetly lRcidimpagnet i c

I nterferenc Ich are” frequently of concern when other sensitive

el ectroni c,devi.ce . ' ; L\ a
capaci t 8% E%"{db&%%gpqé g%'ﬁ?%@‘(y)drlm%%& wgﬁg‘éﬁ%ﬁ 9%&%}& dgiglér?@lig%ﬁgﬁﬁe core
12. The_capacitance, "C " shoul d be chos 0 that.the circui rates at
reéonangtﬁupe%hafh‘?é‘?"efﬁga’d%% eg E‘F‘?,’Ba@ﬁfﬁﬁ‘?z’e %HWUF@“@@ €T14, and
the core 12 forman 1 "RLC' circuit. The circuit will operate at resonance
i f C=L( Geld stropgthscat 2 givenyoltage. Samgkey advantages qfithis dgve method agt (L:t ure and "w!
I's the frequency of the power source 20. At this capacitance 16 val ue, the
i npedannninfized Isize end weighbef driying nower supplits; (2)ah¢ ahilitytta nsenapfcustom divel / cor e
structure, which mnimzes the total inpedance of the el ectromagnetic

devi ce afplifites;and (3)gniaimized fadiateld and cdimiicted elecisdmagneticinkérfpronee, whithwre
magnetic field strength across the air gap 13 may vary wth verti cal

pOSi t i Ofequbliilf ofécnBérh WHRH oftfef stnsitiveelb@irdniCdevaes trefesbby] i Ne | 0ss as the
vertical center of the nagnet is approached. To conpensate for this effect,

sqpe 21 e”b%{%ﬂ §re i QRRE PPLRE 8 capac AR T8 |cBinpéiiafe/tat the HAE@AS JEBR

vol't age produc t he power
coil 14 and the core 12. The capacitance, “C,” should be chosen so that the circuit operates at

resonance. That is, the power source 16, the capacitor 18, the coil 14, and the core 12 form an
“RLC” circuit. The circuit will operate at resonance if: C=‘il;' , Where “L” is the inductance
of the coil/core structure and “®” is the frequency of the power source 20. At this capacitance

16 value, the impedance of the capacitor 18 will cancel the inductance of the coil/core structure,
which minimizes the total impedance of the electromagnetic device 10.

Referring again to the embodiment shown in Figure 1, the magnetic field strength across
the air gap 13 may vary with vertical position. This effect may occur due to increased flux line
loss as the vertical center of the magnet is approached. To compensate for this effect, some

21 embodiments may incorporate a controller 20 that controls the voltage produced by the power
source 16 depending on which head in the HSA is currently being tested. Some controller 20 .
embodiments may be a feedback device that implements a standard analog or digital control
algorithm. However, other devices capable of adjusting and maintaining the peak to peak

voltage of the power source 16 are within the scope of this invention.



source 16 depending on which head in the HSA is currently being tested.
Some controller 20 enbodi nents may be ‘a feedback device that inplenents a
standard woiagessr digital control algorithm However, etf@Kod@¥EsCES .
capabl e of adjusting and naintaining the peak to peak voltage of the power
source 16 are within the scope of t s invention. WD 01/ 04665

PCT/ USOQO 19286 -8 _Sone enbodi ments of the present invention use a

dal i br at i ofome gmhodjments of thepessertieventien ussasglibrationivchniqusde detormingihe.  These®
enbodi mnents nmay use an i ndependent device to neasure the nmagnetic field at
var i opsopeopsak topeak yohtages These enibodigagntsiBayouse ap indspendent devige tumeasareof a

ref erence HSA assenbly. The data fromthis calibration process nmay be

provi dedmignetidficld abvdrioas pasitiodd acrassaheisiegag 18 ardp mehsurdthe vofputefa of t he power
source 16 depending on the head's 6 position. That is, an appropriate

COr I egdferefice/HSA aisefiBly. [The Gata Grohpihftalibrafiéh FrosRSRIAY BE pRividd téihdl | ar devi ce
and used to ensure that the vertical conponent of the magnetic field at the

hor | 2 QAier S0 sl usf to/dAfst 8 V6HgE of Dotser it I8 adRliflnt ARSARYs ' egar d ess

of a head's vertica ocation Int ose SKi int art will

real i ze..hatyt e t e i f; th netic fieldis 11 a
Cnct PO Tk ropBafd SBieiob Btale ) el Au AR NSl & OB ¢ 1l 0
strength tqg whic t he devi ce under, test is e sed in thjs enbodinent wll
7ol 1 o semiss Sesbtn e e 5 sy et (e erins) CoEPREREOIRe BoetoHe BRI Bt Sour ce. 16
and w Il be proportional to the voltage applied to the coil 14. Because
each pewzontalcenteriof the magsetigjawa is appieximately constayt regardlesy efwhead’ swertisel it i s
nost sensitive, some enbodi ments of this invention nmay adjust the peak to
peak lshtionge thef H8Ae power 16 source for the particul ar device under test
using the controller 20. The specific value of this bias current is

det er m nedThose skitlediwthe artiindll replizecthattthd yeakl toopedk strengtnofithe inagrexis fidkids gn  of
the head structure. H Data Sanpling and Collection 21 Figure 2 shows one

19ui t aplfshciod of BRI drive’sqieek oPeblG6liaRs. ThBOMhe niihetid!fidld ftfhigho whith

the device under test is exposed in this embo&iment will follow the sinusoidal voltage pattern
generated by the AC power source 16 and will be proportional to the voltage applied to the coil
14. Because each particular head design has a particular bias cmrenf _ét which it is most
sensitive, some embodiments o_f this invention may adjust the peak. to peak voltage of the power
16 source for the particular device under test using the controller 20. Tﬁe specific value of this
bias current is determined by the particular product héad and/or manﬁ_facturers design of the

head structure.

I1. Data Sampling and Collection -

21 Figure 2 shows one suitgble data sampling and collection algorithm. At block 50, an
operator may place the HSA under test between the faces “B” of the electromagnetic device 10.
At block 52, the operator may activate the pc'>'wer source 16. This generates a magnetic field in
the air gap between the faces. The induced magnetic field for one embodiment of the present

invention is shown graphically in Figure 3.
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Some embodiments of the present invention may include an optional time delay at block

54. In some instances, this time will allow the total system to settle down to the degree
necessary to provide acceptable accuracy and repeatability of the measurement. The time
required to settle the components is generally inversely proportional to the field strength

16 required to excite the MR device and to the accuracy required produce an acceptable,
analyzable, BHV analog output. Some embodiments of the present invention will also control
the frequency and the phase of the sampling to insure that “n” arrays in the data matrix each
represent an actual cycle. These embodiments may also use hardware to synchronize the start of
the data set with a particular point in the magnetic field’s cycle or may use software to adjust

21 and sort the collected data. One suitable method is described in copending Provisional
Application Serial No. 09/120,995, filed February 19, 2000 (now Patent Application Serial No.
09/505,033, filed February 16, 2000), and entitled “Method and Apparatus for Analyzing Rotor

Imbalance,” which is herein incorporated by reference. Other methods of ensuring that the data



the data set with a particular point in the magnetic field s cycle or may
use software to adjust 21 and sort the collected data. One suitable nethod

i s descri R@gloigaessopendi ng Provisional Application Serialpdias 9%%620 995,
filed February 19, 2000 (now Patent Application Serial No. 08 , 033,

filed February 16, 2000), and entit4l@d "Method and Apparatus for Analyzing
Rotor inbal ance,” which is herein incorporat_edzgi reference. O her nethods

df enduptnixeoselyrepresratsihe actygbtiSry Qupy sreradsry poswibie 2od within thescepe of thisc| osel y

represents the actual HSA output are al so possible and within the scope of
thi s inventdomi on. M Di-stortion Measurenent: Referring again to Figure 2,

the. average output data array may then be replicated at block 62 into a
'T' s EtdistottionMeésaementand subj ected to a Fast Fourier Transform ("FFT") 6
anal ysis by the conputer's central processing unit. This analysis produces

a power va iohgaifl 96 Fig@leD, e aveidge oudthlit datalaray aaY Medlbedbplicaed hes Of

harmoni cs. At block 64, a "% Distortion" val ue can be conputed by
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erformthi,s . task. However, it is desitable t.hat .the fornula used be

ol at PRASTSES Wt FRampulgres Celiel processing it ThIS anglysis Bredhoss & PogFr YIRAQA an

wei ghi.ng function that uses selected ]ower. order harnonics, Exanples of

t he iﬁ?‘&eﬁsrﬁra(’%?)af@bﬂ %%ﬁ&?ﬁ“*ﬁa%#@ﬁ%‘c%r%t?)‘- Uheede Pistotionr es 4 and
5. These figures display two averaged data curves having a "%distortion"
of 27Yalee eandegomputed\by peraparing @il of pelectedipogtions of thedikF Tharmenierdata pithgkeed t o
-accept or reject an HSA. Sone enbodi nents of the present invention utilize
t he FFR\dats ftiefuindamenita) signgl. thowitle vpeiety of formulds may bé esclldo performt thisnsf or m
using a conputer. This subroutine library is produced for the "C'

pr ogr askn Hewdver) dois desitable e tivfomauliused bt feldtivelyl simple, sukh deahanhmese, and i s
avail abl e, wunder the GNU General Public License, ‘at

10t P: pdonlRBRY, Wr fefuSsidh WeiBhlHf filrctivd thathitesRlceteld 16w ordir hitgnonfts! ExfiApeyer, Wil
recogni ze that other discrete Fourier transformalgorithms are wdely
of the interim averaged time domain waveforms are presented in Figures 4 and 5. These figures
display two averaged data curves havmg a “% distortion” of 27.48 and 4.96. At block 66, this
% distortion value may be used to accept or reject an HSA.
Some embodiments of the present invention utilize the FFTW subroutine library to

16 perform a discrete Fourier tmsfoﬁn using a computer. This subroutine library is produced for
the “C” programming language by the Massachusetts Institute of Te;:hnology and is available,
under the GNU General Public License, at http://theory.lcs.mit.edu/f'vfﬁw/. Those skilled in the
art, however, will recognize that other discrete Fourier transform algorithms are widely
available and potentially applicable.

21 Figure 6 shows the relationship between the “% distortion” ca_iculated using one
embodiment of this invention and the absolute value of the TAA meésured by conventional spin
stands. The general trend is noticeable, and quite good when the vastly different measurement

systems are taken into account. Of significance, if one assumes an absolute TAA measurement

of <~15% is a “good” head and also a “% distortion” of <~10 is a “good” head, is that most
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This feature is al so desirable because manufacturers can bin-sort the
dréves. ThatThepresentrinventiomissiso desicablrbechusetitdetgstsanarginahlpads adichiaspin s hi gh
capacity drives and the poorer-preform ng heads heads in its | ower
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Some embodiments may also measure the phase difference between the excitation signal

and the resultant electrical signal from the magnetic heads. These embodiments are desirable
because heads that have been damaged by electrostatic discharge (“ESD”), or by improper
process control, may exhibit a significantly different phase than the desired population of heads.
16 This is especially true of GMR Heads. No know test on a spin stand clearly diagnoses this
important problem. Still other embodiments may analyze the relative strengths of various
resultant signal harmonics to detect ESD damage.
The present invention offers many advantages over known HSA testing methods and
apparatuses. For example, the present invention includes a method of assessing MR or GMR
21 head element performance, comparable in results to a TAA measurement on a spin stand,
without the necessity of a spin stand tester or the necessity of a merge operation at the HSA .
level. Another advantage is that the present invention may use a sinusoidal magnetic strength
curve, unlike conventional non-merged testing of HSAs where the drive field is applied using

stepped DC drive source (commonly referred to a “quasi static” testing). The resulting “quasi-
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wires, flex lines. In addition, although the enbodinments in this

di scl ! ' ‘Hgﬁa Qe Sih Mhwer IGRIITALviBd dsBaakly. TREPUL er
connecg:)l ed%teo é}ﬁ%%nég%é%ﬂl}tg ig’ii}’t%[i converter and a da‘t'la stora%e devi ce, the

Ll . 10 . evice e

Vot el b M T ok B SARRS Sl sl Rl H M R 8 T o r i O
dedi cat ed tus. 16 Th g {d . and: 1 hiz: i pti

Wepi cEPPTRTAIFACRPRIS SO EEcoRret ot 1o vites, ASKTinES, 1o ddlafiigSCT | ption

present  Tnvention, and features and

com OQI?hT)LZh 'Ehg gn%%iﬁeﬂsth?thgsecgsacigméeogeggrgﬁ}? utgl?zre afp?gérgtrq{ng&é, general purpose

computer connected fo an analog to digital converter and a data stor:agc device, the present
invention may be implemented 'qther using other hardware. Some high volume manufacturers,
in particular, may wish to réplacé the computer with a dedicated apparatus.

16 The accompanying ﬁmsﬁmd this description depict and describe embodiments of the
present invention, and features and components thereof. With regard to means for fastening,
mounting, attaching or connecting the components of thé present ihy’e_ntion to form the
mechanism as a whole, unless specifically described otherwise, such means were intended to
encompass conventional fasteners such as machine screws, nut and bolt connectors, machine

21 threaded connectors, snap rings, 'sci'ew clamps, rivets, nuts and bolts, toggles, pins and the like.
Components may also be connected by welding, friction fitting, adhesives, or deformation, if
appropriate. Electrical connections or position sensing components may be made using
appropriate electrical components and connection methods, including conventional components

and connectors. Unless specifically otherwise disclosed or taught, materials for making
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| i.ke. Conponents nay al so be connected by welding, friction fitting,

adhesi V@gpoféntsl6f 186 Fitbén® inveirion 2O Sl€ued 1R apftopiidts nafetiale GRGIARIhAAlS O
position sensing conponents may be nade using appropriate electrical

COWO”%&&Hl@Qﬂoﬁoﬂﬂéﬁtﬂlﬁﬁcﬁﬁdeﬁk@ BA AR R iteCRM R MR pfddiBRENt S and

connectors. Un ess speC|f|caIIy otherMAse di scl osed or tagght materi al s

Heiedd, hABRPESED!
Tﬁ&entlon are é@gg?é§n5r0n1ap ropri fe #éﬁggggggséuc as tallic
ot oduciTFFRHP L At Ry neep 118 en ot B R R AT R T g rmmy

be used. In_ addition, any references to front and back, right and left,
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description, not to limt the present invention or its conponents to any

on@ 6 gumtnonaimlspmal opientation. Thereforea itiindesirgdhthatthe embodiments ddsegibedbereinat t he

enbodi ments described herein be considered in all respects as
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clainms for determning the scope of the invention. WO 01/ 04655

PCP/ US(h%ﬁéﬂ&é&@lalmslfbrﬁktHn&ﬁnglthddcb pd ofthdiblddibhll C L " S Wat is clained
n apparatus for testing a magnetic head el enent, conprising: an

electronagnetlc structure having a core, a plurality of electrical

wi ndi ngs, and an air




gap adapted to receive a magnetic head elenent; 6 a power source operably
connected to the plurality of electrical coils; and a series resonant
driver opgigtsessonnected to the power source. 2. The apRfiisisndds C! ai m 1,
further conprising: a controller operably connected to the series resonant .
driver and adapted to conpensate fdd-a variation in a magnetic field
strength across the air gap. 11 3. The apparatus of claim 2, er

t he
dontroller is adapted to optinm zeCLAIME|tivity of lwm '
magnetic head el enent. 4. The apparatus of claim2, 11* ﬂmmﬂmﬁmrol | er
conpr ket iscldimedisack | oop adapted to apply a presel ectéd maghetSc*field to
each magnetic head elenent in a head stack assenbly. 5. The apparatus of
cl ai ml, wAarapparatu$ifor eisting 4 mapgstic head élémeitidofprisiagladapt ed to maxim ze 16
efficiency, mnimze eddy current |osses, and mnimze renmanent
magnet i zat wam&ma&&&ﬁaawww@fa&i@hm&aﬁmw%' sCaridSnaRde from a
polycrystalline ferrite material having high perneability and | ow remanent

magnet i zat #m&%%?wkpmé%%hl wherein a nunmber of w ndings in

t he plural by the air gap, the power supply,
nd a desired magnetic field. 21.8 T tus of .clai,m1l, wherein
§I ect r omaghBIYE Qpergbly We@%ﬁimgp@ﬁﬁcﬁ@ﬂ@&@& resonant driver
conprises a capacitor adapted.to bal ance the inductance. 9. The apparatus
of cl ai m 12 SefiseFespnant driven gpgIably gonnested 10 the ROWI §OWIEE-del i ver a si nusoi dal
vol tage. WO 01104655 PCTI USQ00/ 19286 , -15 1 10. A nethod of testing a
magnegi c hébspporetis of claip tafprtheriegmprising:| (1 1 11011 VI 12121 11 111
applying a magnetic field to a magnetic head el enent; ¢ M neasuring an
out put si gaeinttolernpetablyregueeteddo theadries resopant driver and ladapitedtozompemsate| evel for
a fundanmental signal and for a plurality of harnonic signals; and

for a variation in a magnetic field strength across the air gap.

11 3. The apparatus of claim 2, wherein the controller is adapted to optimize a sensitivity of a

response from a magnetic head element.
4, The apparatus of claim 2, wherein the controller comprises a feedback loop adapted to
apply a preselected magnetic field to each magnetic head element in a head stack assembly.

S. The apparatus of claim 1, wherein the electromagnetic structure is adapted to maximize

16 efficiency, minimize eddy current losses, and minimize remanent magnetization.

6. The apparatus of claim 1, wherein the core is made from a polycrystalline ferrite
material having high permeability and low remanent magnetization.
7. The apparatus of claim 1, wherein a number of windings in the plurality of windings is

determined by the air gap, the power supply, and a desired magnetic field.

21 8. The apparatus of claim 1, wherein electromagnetic structure has a inductance and the

P S -

series resonant driver comprises a capacitor adapted to balance the inductance.

9. The apparatus of claim 1, wherein the power supply is adapted to deliver a sinusoidal

voltage.



6 using the power levels to calculate a value indicative of distortion.

11. The nmethod of claim 10, further conprising: rejecting the magnetic head
el-ement baaﬁg e val ue indicative of distortion. 12. [hg.ontbad of
claim 10, paMs the step of applying a magnetic field conprises:

provi ding an el ectromagneti c structurks-having a core, a plurality of coils,
and an air gap; 11 and generating a current in the plurality of coils

udi ng power Asaethodofostingcd magrictic headl elenwent, comprisiagt - drl verlﬂll“““lﬂ!nlmwncml

of claim 12, wherein the step of applying a magnetic fiel

conprises: ik dsidghetd fiad G4 megHetib AeddasagAt € for a positiof of
magneti c hea%lzilﬂgmentgEi 14. The nmethod of claim 12, further conprisi ng.

pl aci ng a hgﬁg g%;ax The nmet hod of cl ai m 10,
wherein the step g%haggjlﬁ? goﬁ‘a%ﬁglta?ﬁéﬁfl eld %rﬁrther conpri ses:

optimzing t erranetlc | e rti.cul ar { rrent

The met hod Ryver %8*%&%@%%@%&3335“”&%%8@% i el d
further corrprl ses conpensating for magnetic field variations using a
control | er. sS4 et hod of claim 10, wherein the step of neasuring an
out put signal conprises: WO 01/ 04655 PCT/ US0Q0/ 19286 -16 sanpling a

pléural ity oﬁsmaﬂ@ngmehleyelama\kgﬂaie@Vduemrltcyhvﬁofcd;ssm@gn and storing the
plurality of sanples in a data storage device. 18. The nethod of claim 16,
wher ei 11t he Tae aethofl ofrelaim i 0, fgrther comppisibg:si gnal further conpri ses:

rejecting the magnetic head element based on the value indicative of distortion.
12.  The method of claim 10, wherein the step of applying a magnetic field comprises:
providing an electromagnetic structure having a core, a plurality of coils, and an air gap;
11 and
generating a current in the plurality of coils using power source connected to a series
resonant driver.
13.  The method of claim 12, wherein the step of applying a magnetic field further
comprises:
16 adjusting the current to compensate for a position of the magnetic head element.
14.  The method of claim 12, further comprising:
placing a head stack assembly in the air gap.
15.  The method of claim 10, wherein the step of applying a magnetic field further
comprises:
21 optimizing the magnetic field for a particular magnetic head element.
16.  The method of claim 10, wherein the step of applying a magnetic field further
comprises:
compensating for magnetic field variations ﬁsing a controlier.

17.  The method of claim 10, wherein the step of measuring an output signal comprises:



synchroni zing a frequency and a phase of the plurality of data points. 6
19. A systemfor testing a nmagnetic head el enent, conprising: a neans for
gener ati ngorpr/eRg@set i ¢ field around a magnetic head el enepiruséin uter )
processor nmeans for processing data;, a storage neans for storing data on a
storage nedium first nmeans for coldléeting data froma magnetic head

el enment; and 11 second neans for processing data to produce a val ue

ilndi cat i vesanipling aphurglity ofidata peinisduring a plutalitinefipycles;antiead el ement. 20. A °
met hod of detecting defective magnetic head el enents, conprising: inserting
a magnet i csthwisgithe phmnadity of samiplbs ima date storage devied. ur e, t he nmagnetic structure

I ncl udi ng a conductive -elenent; 16 inducing a current in the conductive

el emens, WiNes 196hod BECIABOIE; Wherefii the!Stbp 6EmER TR AASutsut sigRalTaithe fiel d around
t he magnetic head el enent, and whereby the generated magnetic field is

related to isegduced current; and sinultaneously controlling the induced
current an asuring an output signal fromthe nagnetic head el enent. ~I

~r 1l sly}lcl&rorldz{ng ly éeq{telfcy anda thalse &t tnb 'piurrﬁhtf of data points.
6 19. A system for testing a magnetic head element, comprising:
a means for generating a magnetic field around a magnetic head element;
a computer processor means for processing data;
a storage means for storing data on a storage medium;
first means for collecting data from a magnetic head element; and
11 second means for processing data to produce a value indicative of an output distortion of
the magnetic head element.
20. A method of detecting defective magnetic head elements, comprising:
inserting a magnetic head element inside magnetic structure, the magnetic structure
including a conductive element;
16 inducing a current in the conductive element, whereby the magnetic structure generates a
magnetic field around the magnetic head element, and whereby the generated magnetic field is
- related to the induced current; and
simultaneously controlling the induced current and measuring an output signal from the

magnetic head element.
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