DATA HEAD WRI TER CO L TESTING FI ELD OF THE | NVENTI ON The" pr esent--i nuanti: gib
rel ates generally to data storage systenms and 5 nore particularly, 1 ﬁuMAR 05
by limtation, to testing witer coils in data heads of a data storage
system BACKGROUND OF THE | NVENTI ON Dat a storage systens often utilize a
data head having an inductive wite tragsducer to store data on a surface
of a recording nmedia such as a disc. 107For exanple, in magnetic disc
drive data storage systenms, the data head associated with each di s;:

surface will frequently i‘mm resistl\ﬁ%ﬁ(él\/R or a gian

magnet oresi stive (GWR) tr g' "(ﬁ&gﬁ'ﬁggocgﬂr N& whi ch reads

magnetically stored data fromthe disc and a wite transducer (wite head

or witer) which is used to wﬁﬁﬁmmme wite 15 _
transducer of this type of da des a netallic coil
through whi ch cur B picsend anRAtlof PelfIE)ERHSy WD GalTBRNELS Gufdngl iy necessary
to wite data toasurface of the disc: lyhe witer dat a
head, the éoi Imwﬁrmtaﬂzréy|butlnqué:yrlinyltatmlop@rtésltl(ngaxbrnfeﬁcélhﬁnré!dfm&%radpf turns
in the coil, and js detpendent upon the 20 materials used and the

conduct i ng curol?é‘r‘r*l”‘ta FOT@8T IYSHi™h an open CI rcw t (eI ectrical discontinuity)
w Il have zero adm ttancep, : . : al |y shorted coil

will have infinite admttar s~~—=of turns in the
coil can result inDwt §t@rafgaIs&ddéxﬁ§oﬁé&ﬁuﬁﬁ>zewe&4f§ﬁeafdhﬁ 1@%%8@6 tie TBONELIC
fields. 25 Lower than desired inductance val ues for witer COI| are
typically cavedd transdupend stoieatata mwmmfa:e@f a(renolrdmgrmmha dualiiang dacparti al

ortlons of .t oi | y other manufacturing faults.
?2]9 Ir tm f Ier ﬁﬁp e fgﬁ gxample, in magnetic g1sc drive data storage systems, the data head J

associated with each disc surface will frequently include a magnetoresistive
(MR) or a giant magnetoresistive (GMR) transducer (read head or reader)
which reads magnetically stored data from the disc and a write transducer
(write head or writer) which is used to write data to the disc. The write

15 transducer of this type of data head typically includes a metallic coil through
which current is passed to generate the magnetic fields necessary to write data
to a surface of the disc.

In the writer coil of a data head, the coil inductance is linearly
proportional to the number of turns in the coil, and is dependent upon the

20  materials used and the conducting current. A coil with an open circuit
(electrical discontinuity) will have zero admittance, while a completely
electrically shorted coil will have infinite admittance. An insufficient number
of turns in the coil can result in write failures due to weaker than necessary
magnetic fields.

25 Lower than desired inductance values for the writer coil are typically
caused by insufficient numbers of coil turns, having a partial short circuit in
portions of the coil, or by other manufacturing faults. Infinite impedance is
the other common symptom in writer faults, when the metallic coil becomes

discontinuous and does not generate magnetic flux. Contemporary
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the other common synptomin witer faults, when the netallic coil bm&%R 2005
di sconti nuous and does not generate magnetic flux. Contenporary 16

2005 -2 application specific integrated circuit (ASIC) technol ogy has been
used to produce nunerous integrated circuit (1C) configurations which are
capable of detecting witer coil open circuits (discontinuities), because
of the sinplicity required to detect this type of defect. However, it is
far nmore difficult to detect short circuit defects in the witer coil.
Since it is very desirable to filter out undesired witer conditions in
head gi nbal assenblies (HGAs) before be_'%‘ng built into the finalized disc
drive, an apparatus and associ ated nethod of detecting both electrical
short circuits and discontinuities in the witer coil wuld be a

si gni ficant i mpphueivanpedific iftegratet cirSMMEIC) Qchhbogh WYEDNeFhodi ment s

of the present invention relate to data storage systems which utilize a
dat a head haviRigdgceirumespugisitegrataddircwt dEpeonfigusatan vetseloaieanpable 6t hods
of identifyin | ectrical faults.in.t wri.t er, il. I'n_accordance with
one enbodi rrengl_ egefgﬁ%g' rBFre%oéﬂ?f_’elnrﬁ%H’ttf Gﬁ@%ﬁ%ﬁﬁg‘ﬁé?%@é%mb%m at ed
method of 1 eslreqral didet@t tfiPbjpeldt dgfeliARoNER, s Ay nfipl Gichbl aP° System

i ncl udes the steps of couplindg detection circuitry O TREW ¥Br coil and
driving thé wdeteet shoot tirauit defectpinrthe diritepedik Sirkk @iahegehtsiale b filtyy t he
detection circui tra. .Ngxt, a vo.tage is%ge,nerat ed, wth the detection
circuitry, as O4tPOReSEOAIHEr eanditionsdn heedgiorbal ssembliasdHG@AS) befoFaen, an 20

i nduct ance of dter coil #s,calculated as a function of the generated
vol tage. El ectbtre{h%aq%% I&fgtf) ttﬁ% Fl%lﬁﬁ_efi ?‘%&?&“’&i A APRETAR ﬂﬁé’ésqcﬁt? e%thq(}r coi |
are then i dewmeiettifgbath dedHi Share cREuitshad ORI ALIEEs In VY GFARE Soil AN

i nductance detection
would be a significant improvement in the art.

10 SUMMARY OF THE INVENTION
Embodiments of the present invention relate to data storage systems
which utilize a data head having a writer coil, and to apparatus and associated
methods of identifying electrical faults in the writer coil.
In accordance with one embodiment of the present invention, an
15 apparatus and associated method of testing a writer coil in a data head of a
“data storage system includes the steps of coupling detection circuitry to the
writer coil and driving the writer coil with a periodic pulse signal generated
by the detection circuitry. Next, a voltage is generated, with the detection
circuitry, as a function of an inductance of the writer coil. Then, an
20 inductance of the writer coil is calculated as a function of the generated
voltage. Electrical short circuits and discontinuities in the writer coil are then
identified as a function of the calculated inductance. An inductance detection
circuit and a disc drive iricorporating the circuit and the method are also
disclosed.
25 These and various other features as well as advantages which

characterize embodiments of the present invention will be apparent upon



circuit and a disc, drive incorporating the circuit and the nethod are

al so disclosed. 25 These and various other features as well as acv\/ﬁnpgﬂezmﬁ
which characterize enbodinents of the present invention will be appareht
upon 16 MAR 2005 -3 reading of the follow ng detail ed description and
review of the associated drawi ngs. BRI EF DESCRI PTI ON OF THE- DRAW NGS 5

FIG 1 is a plan view of a disc drive in accordance with ganbodl nments of

the present invention. FIG 2 is a diagrammatic illustration of a data

head and a witer coil inductance detection circuit which can be included
in the disc drive illustrated in FIG L.3 10 FIG 3 is a diagrammatic
illustration of the data head and detection circuits shown in FIG 2, but
showi ng the detection circuit at |east partially inpl errpln]t edtl ntjthe e
channel i nt egr pdadiheGifithél] i 1d ' Jg r i llustrating
embodi ment 019 t he ggdéttgtj{dillgr?g %ﬁ%ﬁliliﬂe?ﬁrfpg{oﬁgntg {(I?igllﬂq&? asﬁo%{ﬁtﬁg_?,. 15 FIG
5is a plot i | Axpsingst i ng an input waveformto the circuit shown in FIG
4. FIGS. 6-9 are plots illustrating output waveforms fromthe circuit
shown in FIG 4, in response to the input waveformshown in FIG 5, for
various witer coil indu ,

illustrating a nmethod of

5 FIG. 1 is a plan view of a disc drive in accordance with embodiments

of the present invention.

FIG. 2 is a diagrammatic illustration of a data head and a writer coil
inductance detection circuit which can be included in the disc drive illustrated
in FIG. 1.. '

10 FIG. 3 is a diagrammatic illustration of the data head and detection
circuits shown in FIG. 2, but showing the detection circuit at least partially
implemented in the channel integrated circuit.

FIG. 4 is a circuit diagram illustrating one embodiment of the
detection circuit illustrated in FIGS. 2 and 3.

15 FIG. 5 is a plot illustrating an input waveform to the circuit shown in
FIG. 4.

FIGS. 69 are plots illustrating output waveforms from the circuit
shown in FIG. 4, in response to the input waveform shown in FIG. 5, for
various writer coil inductances.

20 FIG. 10 is a block diagram illustrating a method of the present

invention.

25 FIG. 11s a plan view of a disc drive 100 which includes a housing with
a base 102 and a top cover 104 {sections of top cover 104 are removed for

clarity). Disc drive 100 further includes a disc pack 106 which is mounted on a



Al LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS 25 FIG 1 is a plan view
. (E))FTa di sc drive 100 which includes a housing with a base 102 and a top_ﬁ MAR 200!
| cover 104 sections of top cover 104 are renoved for clarity). Disc drive
1 100 further includes-a disc pack 106 which is nmounted on a -4 spindle
nmot or (not shown). Disc pack 106 includes a plurality of individual discs
107 which are mounted for co-rotation about central axis 108. Each disc
107 has an associated product head 112 which carries one or nore read and
wite transducers (read and wite heads) for comunicating with disc
surface 5 109. Each product head 112 is sypported by a suspension 118
which is in turn attached to a track accessing arm 120 of an actuator
assenbly 122. Actuator assenbly 122 is rotated about a shaft 126 by a
voi ce coil not epindR4nowari(adt shewny. Misé &q@ebﬂdﬁ@gg@l&aﬁ{ Qﬂ[ingl‘,ﬁ@%ﬁt ry
Wi thin internal,.ci uifl, %8, to nove head 112 in &an ar uate pa 130
between a di sc9SFY Whisheremonrrd fodcaratitim mtemmtﬂ‘saq-&l]’é‘{c}l'}gﬁée

i rents of esent .inventian i ude a new witer induc

Ere? gglti on cir Ctlj?}t]ﬁ%sﬁaél a%‘%’[cha&%f?pr Q“Gﬁg}eﬁd gii v @FEFONERY mrieaghad and

. P i . i i nduct anc et ection
Tt Chnd ot o aseed i ehd Qe B0k LohalIRIERE i 055 Siace e

i npl errent ed 151Q% Fagh prasluchhendel12 iGuppoitbd byl $Espdhdive 198 whits 9% diser et e
Icimr)cuitry separ at rom the channel IC or a cgénbl nation o t%nese two
nmet hods. G r cu?tﬂ"@e‘ii%a aekaccessmgrIrm, 120 dfsndi:talgmmm_bi)a:llzyd_ﬁce@dtﬁsent ative
f various cirgu i d Wt [ drive 100 including the
ionduct ance det ESe\sszgtrfl[(;)l 1???§ﬁqt?t%§?b?%é sBFEﬁZéPy ;I"e}cetl;ﬁ r%@?;/kéé‘bd%ugb_ls
circuitry, andcansolledbsrsesiof @utidol Vir@SE9Shiatig dnihd ok | v Y §
Elnbodi rre%ts of th,igO pr Ig?és;t i nvention cgn 'be i no earrgnpgﬁ TN %mcfvﬁlhle?‘for

partial ly assehid|igdndirantelpithd3Q berwebnn dise dnmdreliarhdtel BITRRGA A oG
10 diameter 134.

Embodiments of the present invention include a new writer
inductance detection circuit and method, as well as disc drive 100 which
incorporates the circuit and method. The writer inductance detection circuit
and method in one embodiment of the present invention can be implemented

15 using the channel IC of the disc drive or, using discrete circuitry separate from
the channel IC, or a combination of these two methods. Circuitry 128 shown
in FIG. 1 is diagrammatically representative of various circuitry associated

with disc drive 100 including the inductance detection circuitry, the channel

IC, the servo control circuitry, and any other circuitry associated with the

20 disc drive. Embodiments of the present invention can be implemented in a
fully or partially assembled disc drive 100. For example, implementation can
occur after the HGA fabrication stages of the disc drive for purposes of
identifying writer coil short circuits or discontinuities, as well as for
identifying the writer coil inductance for purpbses of optimizing write

25  current control settings.

FIG. 2 is a diagrammatic illustration of writer coil inductance

detection circuit 220 operably coupled to writer coil 210 of product or data



occur after the HGA fabrication stages of the disc drive for purpos s o@ R 2005
identifying witer coil short circuits or discontinuities, as well f A
identifying the witer coil inductance for purposes of opti m zi ng vvrlte 25
current control settings. FIG 2 is a diagrammatic illustration of witer
coil inductance detection circuit 220 operably coupled to witer coil 210
of product or data 1 6 MAR 2005 -5 head 112 in accordance wth enbodi nents
of the present invention. Witer coil inductance detection circuitry 220
provi des an apparatus and nmethod of testing the witer coil 210 for both
el ectrical short circuits and discontinujgties. |In enbodinents of the
present invention, witer coil inductance detection circuitry 220 is
operably coupled to witer coil 210 via the electrical contact pads 215
posi tioned on keadud? aweccotdanead ithleznbddimeiits of e rehaiiverads. Wigecan be
the sane el ectri. contact pads,used by the channel 1Cto control the
wite transdd® lnFJHCté?‘Efé@thB‘OWC}fF‘@tWa& ﬁptr@Vldessamra‘p@eleltMand rdethad of or age

di sc. Thus, i r.esent inventiaon, detectjon
circuitry 220%?%%% cﬁ?fﬂgrkoil}é “2 ﬁ*@ g\‘glt @rﬁ‘é‘éso““%dil?cﬁﬁpé%ﬁf t he
channel 1C  Thinsemissti@dhi®Athd Sre E};H%fc J1G 3,

wi th detection C|rrr1 cuitry 220 %rglér?gﬂﬁ%ﬁgﬁed%ﬁgggém@t n{aﬁgé hﬁg t@ of channel
| C 310. FI & A&licyityy glChermtrabl}dczcamladrmo&mancmhﬂlﬁ:hﬁlﬂl@daeletﬁheakbﬂﬁcﬁl rcuit
220 i n accordange t h.one enbodi of the present invention. As shown
in FIG 15 4, Bf éﬁ PoYRedan 4 sutge P%he&éa%@ e@té‘%l;s\@nam pads@dpican t 0
witer coil 2 C 5, t he i,cul ar

confi gurati on]Bs%ht})(l\l;:vl;%a mglﬁlg&} IC%P Fal%gg%cﬁg%% ﬁw i1 mﬂgc K C8Eﬁﬂ eSO node
407 (M eft) i nrasdedtrtin22@er tolirdie datd¥@ 0kubRte @ae&atti ioRlge ARRT Rl Aad 215 is

coupled to ground or, to a reference

some embodiments of the present invention, detection circuitry 220 is

10 implemented within the same ASIC used to implement the channel IC. This
embodiment is illustrated diagrammatically in FIG. 3, with detection circuitry
220 being implemented within the ASIC of channel IC 310.

FIG. 4 is a schematic diagram of an inductance detection circuit 220 in

accordance with one embodiment of the present invention. As shown in FIG.

15 4, detection circuit 220 is adapted to operably couple to writer coil 210 via
electrical contact pads 215. In the particular configuration shown, one
electrical contact pad 215 is connected to node 407 (Vleft) in circuit 220, while
the other electrical contact pad 215 is coupled to ground or to a reference
voltage used in circuit 220. Circuit 220 includes input 402 (Vin), pulse

20 generator 404 (V1), switch breaker 406 (S1), voltage source 408 (V2), resistor
410 (R4), node 407 (Vleft), diode 416 (D1), resistor 418 (R2), capacitor 420
(C1), node 422 (Vright), resistor 424 (R5), capacitor 426 (C2), absolute value
converter 428, and output 430. Circuit 220 can also include comparator 440
and inductance determining and fault identifying circuitry 450. In an example

25 embodiment, the above listed components have the following values: resistor

R4 410 1s 1000 kohm; resistor R2 418 is 1 kohm; capacitor C1 420 is 300
picofarad; resistor R5 424 is 100 ohms; and capacitor C2 426 is 300 picofarad.



voltage used in circuit 220. Crcuit 220 includes input 402 (Vin), pu{/ eMAR 200!
20 generator 404 (V1), switch breaker 406 (S 1), voltage source 408 ( §) ‘
resistor 410 (R4), node 407 (Meft), diode 416 (D), resistor 418 (R2),
capacitor 420 (C 1), node 422 (Vright), resistor 424 (R5), capacitor 426
(C2), absolute value converter 428, and output 430. Crcuit 220 can al so

i ncl ude conparator 440 and inductance determ ning and fault identifying
circuitry 450. In an exanple 25 enbodi nent, the above |isted conponents

have the follow ng values: resistor R4 410 is 1000 kohm resistor R2 418

is 1 kohm capacitor Cl 420 is 300 picofgarad; resistor RS 424 is 100

ohns; and capacitor C2 426 is 300 picofarad. -6 However, the present

invention is not limted to any specific conponent values. Inductor 414

(Li) representEopieser, tithpresanc envehtion ist et lesitdd 24y spadfic E&ﬁg@ﬁéﬁrt 412 (R1)
represents the \1vriter coil resistance. As an exanple, typical 5 values for

i nductor L1 414"%fd resistor Rl 412 are 25 nano-Henry (nH) and 6 Ohms,

respectively. Howe ' vial ues can, var reatly,. and,. this enphasizes
a benefit of errbod;/l?rrlgﬁ(‘ftgpgifgﬁzr??rr%sggﬁtth? fﬂ?%‘ﬁ'%f‘&en‘?# ‘%/‘H@réelllzl%mﬂdent can
normal |y be nemsistord1 DR 1) ntproees the wiiteLEdiERsistfS]. S e witer.
However, the series r.egi{ s)t OEEI’ fimts the cddlralr%tsalﬁ{aﬁ % oévggnn%fgma‘ge’atﬁléﬁlts t he
ri sing and 5t alValyeg ten indugter LorihandresibeorR Ir €12uré 25 hiveo-Brédiy gf}g? £d @

2

resistor in sepies with.coil 210 is Qot preferred. CGrcuit 220 provides an
appar atus and nBtROGHEHVHEL SYeh ghesp ¥alupsaatvanc greatly vanditbis coi | 210

Wi t hout | oadi RendHASIZY d b&lefil\ si conmponent s. whi ch can degrade

the el ectrical pﬁerfgr naneg{eef%\%f{]ﬁ%n}gﬁé qﬁ\égwre%?ﬁve@nb@fli odi ¢ pul se si gnal

used to drive wi t &heomil cudft caﬂn&&m%ly%ﬁﬁéa@ﬁired‘ﬁytim&dﬁ&ﬁgHisériegzo’ or can
or

be provided to circuit 220 via input Vin 402. F
resistor to the writer. However, the series resistor limits the current flow and

10 affects the rising and falling time performance. Asa result, the addition of a
resistor in series with coil 210 is not preferred. Circuit 220 provides an
apparatus and method for determining the inductance of writer coil 210
without loading the writer With any passive components which can degrade
the electrical performance of the write head.

15 The periodic pulse signal used to drive writer coil 210 can be generated
within circuit 220, or can be provided to circuit 220 via input Vin 402. For
example, in embodiments in which circuit 220 is implemented at least
partially outside of the channel IC, the periodic pulse signal can be generated
by the channel IC and supplied to circuit 220 via input Vin 402. In one

20 embodiment, pulse generator V1 404 generates a five volt periodic square
pulse with a 20 nanosecond (ns) pulse width (for example, having a delay of
zero ns, a rising time and falling time equal to 1 ns, and a period equal to 30
ns). Voltage source V2 408 is a DC supply voltage coupled to switch breaker
S1 406, and resistor R4 410 is an isolation resistance for the non-ideal switch

25 406. Like the periodic pulse signal, voltage source V2 408 can be supplied by
the channel IC. Switch breaker S1 406 serves to protect coil 210 from over

voltage situations.



exanpl e, in embodinents in which circuit 220 is inplenented at |east
partially outside of the channel IC, the periodic pulse signal can Heb MAR 2005
generated by the channel IC and supplied to circuit 220 via input Vin
402. In one 20 enbodi nent, pul se generator V1 404 generates a five volt
periodic square pulse with a 20 nanosecond (ns) pulse width (for exanple,
having a delay of zerons, arising tinme and falling tinme equal to 1 ns,
and a period equal to 30 ns). Voltage source V2 408 is a DC supply

vol tage coupled to switch breaker Si 406, and resistor R4 410 is an

I sol ation resistance for the non-ideal sﬁjtch 25 406. Like the periodic
pul se signal, voltage source V2 408 can be supplied by the channel IC.
Switch breaker S1 406 serves to protect coil 210 fromover voltage

situations. 1 6 MARKBROS RY 4 FEkinstiéts tBZpAﬁ%vBHEl{édrBPWr’i@tf@E, . vol tage
drop Vright 422, and capacitor Cl 420 is used 1o store the charge

resul ting frorffP¥IEr (dl428deuseddp stor@edwsi chnrge rRﬁl}}t&%ﬂrallmdhtsa{nﬂ&' géh dfopC|2 426
nmbi to f tion | ow pass filter 27 fo i.Itering the voltage
i gnal i ght Nt RS eTad GBRr CotBoutbias Tupriam fov i piefibet put  of

the | ow pass f4 k& id : out 430. [ ode D1
416 i sol gt es v‘\;/rQ %7:fgﬁ%%iu}gt%iggg%ﬁﬁg@%@pu 2 3%}'%"{8 F‘%‘F\V%{Pe URETEF %:igl t, thus

prevent i ng5t heransfopus thé owpit of theow adifilger td &s WbsolE vaIAE bt ob@r Resi stor
R2 418, capaci 420, low pass filter 427 and absol ute value

or Cl :
converter 428 %ﬁég@repl‘?‘iﬁ@iﬁé lsabt%mrpt@tc@lZ&Jﬁr«lpmyhdmtpm[pbh@mrgﬂd_t o
te 10 430. HIG ;5 1s a.plot,.illustrating .a periodic
gﬁlngrea_i ﬁput %%gggcru%e%lﬁs BfpYenting 4he owpy f‘\‘?%“‘/\fr?'fnelf’a B¢ Fhez‘YUt"dlfPﬂng a test

phase. FIGS. @10 Re€istbt RDSI10] caBhtitdWIC1 W@V%f“ﬁp% NOME27ARE W ViR
i nduct ance L1 414 of coil 210 is 5 nH, 25 nH

converter 428 together function as output circuitry 419 configured to generate
10 output Vout 430.

FIG. 5 is a plot illustrating a periodic pulse input waveform Vin 402
used to drive writer coil 210 during a test phase. FIGS. 69 are plots of output
waveforms Vout 430 when the inductance L1 414 of coil 210 is 5 nH, 25 nH,
60 nH, and 100 nH, respectively. These plots are useful in understanding the

15 operation of circuit 220, which is described as follows. At the rising edge of
Vleft 407 (i.e., Vin 402 unless switch S1 406 has broken the circuit), coil 210
begins to store magnetic energy until reaching its saturation point. At the
same time, capacitor C1 420 is charged, producing voltage Vright 422. The
charge stored in capacitor C1 420 is discharged through diode D1 416 and coil

20 210 on the falling edge of Vright 422 and Vleft 407. However, the magnetic
energy stored in coil 210 limits the discharging current on the falling edge.
The higher the inductance L1 414 of coil 210, the smaller the discharging
current will be, and the higher voltage Vright 422 will stay before the next
rising edge occurs. Thus, circuit 220 forms a ladder circuit which stacks up

25  charge on Vright 422 on every rising edge.

As can be seen in FIGS. 6-9, any change in inductance of writer coil

210 causes significant changes in output voltage Vout 430. By comparing



respectively. These plots are useful in understanding ,
?gen;% gggr;??ogsz ciPcuit 22%, which is described as follows. At tﬂiﬁ MAR 2005
rising edge of Meft 407 (i.e., Vin 402 unless switch S1 406 has Ero ent
the circuit), coil 210 begins to store magnetic energy until reaching its
saturation point. At the same time, capacitor Cl 420 is pharggghzo .
producing voltage Vright 422. The charge stored in capacitor . }
di scharged through diode D1416 and coil 20 210 on the falling edge o_I 210
Vright 422 and Ml eft 407. However, the magnetic energy stored |nhc0|
limts the discharging current on the falking edge. The higher the -
i nductance L1 414 of coil 210, the smaller the discharging current w
be, and the higher voltage Vright 422 will stay before the next kr|S|ng5
edge occurs. Tmylsputc‘i’mmmﬂ ta2&nbwrnrmriab1ba@kdx%rnc&%1€d§btvr\éhmhaa ffiis chug o
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coil

10 Circuitry 450 then compares the calculated inductance to a first
threshold inductance, for example 10 nH, to determine if the writer coil

contains a short circuit. If the inductance L1 414 of coil 210 is less than the

first threshold inductance, then the data head 112 is identified at output 452 as
having a short circuit in the writer coil. Circuitry 450 also compares the

15 calculated inductance to a second threshold inductance, for example 30 nH, to
determine if the writer coil has a discontinuity. If the inductance L1 414 of
coil 210 is greater than the second threshold, then the data head 112 1s
identified at output 452 as having an electrical discontinuity. If either of these
defects are detected, appropriate action can be taken. For example, the head

20 gimbal assembly (HGA) containing the defective data head can be replaced, or

the entire drive can be scrapped or reworked.

In summary, embodiments of the present invention include an
apparatus and method of testing a writer coil 210 in a data head 112 of a data
storage system 100. A method in accordance with an embodiment herein is

25 shown in FIG. 10 and includes step 610 of coupling detection circuitry 220 to
the writer coil 210 and driving the writer coil with a periodic pulse signal V1

404/Vin 402 generated by the detection circuitry. As shown at step 620, then



ntains a short circuit. If the inductance L1414 of coil 210 is less than
fge first threshold inductance, then the data head 112 is identifi eis%tMAR 2005
out put 452 as having a short circuit in the witer coil. Crcuitry
al so conpares the 15 calculated inductance to a second threshold
i nductance, for exanple 30 nH to determne if the witer coil has a ]
discontinuity. If the inductance Li 414 of «coil 210 is greater than the
second threshold, then the data head 112 is identified at output 452 as
havi ng an el ectrical discontinuity. If either of these defects are —_—
detected, appropriate action can be takeng For exanple, the head 20 gi tﬁ
assenmbly (HGA) containing the defective data head can be replaced, or ] e
entire drive can be scrapped or reworked. In summary, enbodinents of the
present i nvent igorerating udeltage Vappao,avids tMté@BhQﬂ'CQﬁr};i ast h%&ti%{x‘r’%ﬁrf :%B.er
coil 210 in a data head %#é of a data storage system’100. \ et ho |3
accordance wit FP%“&%BGY SHkiter 6pidi ekt ag Shoshown step 6B0,@alchRtiapdni ncl udes

. . . ) : . q
610 of co i circuitry 220 to e witer coil 210 an

3: ie\ei ng the WIH'FJ edrC &%S?F'tl\%\n&% ﬁf)%epv-gp}%&?liamf%t@p 6}1 e ggmerageglayolfage 482

generated by t Neude3@CTha) af iluetthle Yr std)S 6@(5]“?&(\4?1t@;9in Eﬁ?tr&%&potng‘gp%ﬁtﬁ (i

generating a voltage Vout 430, with the detection €ircui : unction

of an indutt afeddiseontinmitigsiio ehe waitdr.coN210 as AfurcHONRS e GIGREB0.

cal cul ating an~d nduct ance L1 414 of the witer coil as a function of the

gener at ed voltgbgcmﬂﬁht 430. Then, as illustrated athstep_640, |an;hgyggg

lectrical short ci i S tinuities i e writer coi

: 1? unction of the cgﬁ%{l i@(@%@&ﬂxﬁ tsc%%gﬁ%&ve?%o%dﬂﬁﬂg%%agﬁ%&H‘%h%’f_ t he )

i nvention, netinchidst gy s60 of bopating tH’éthéQB&dtiggu&;&g%gffirgggﬁgegh{) {&? t he

cal cul ated inductance to a first threshold inductance, and T yi ng

the writer coilid4ctapesnend identifyang therwriter coilia¢ cdrftainhig a short circuit if the

10 writer inductance is below the first threshold inductance. In one

embodiment, the first threshold inductance is approximately 10 nH. Step 640
can further include the steps of comparing the calculated inductance to a
second threshold inductance, and identifying the writer coil as containing a
discontinuity if the writer inductance is above the second threshold

15 inductance. In one embodiment, the second threshold inductance 1s equal to

approximately 30 nH.

In some embodiments, method step 610 further includes coupling the
detection circuitry 220 to electrical contact pads 215 positioned on a surface of
the data head 112, with the electrical contact pads 215 being operably coupled

20 to the writer coil 210. In still other embodiments, method step 610 includes
coupling read channel circuitry 310 to the electrical contact pads 215, wherein
the read channel circuitry includes at least a portion of the detection circuitry
220.

In some embodiments of the invention, a method further includes the

25 step of establishing write current parameters for the data head based upon the

calculated inductance in order to optimize the write current for the data head.



10 witer inductance is below the first threshold inductance. In qu 005
enbodi nent, the first threshold inductance is approximately 10 nH. tMﬁR 2
640 can further include the steps of conparing the calculated inductance
to a second threshold inductance, and identifying the witer coil as
containing a discontinuity if the witer inductance is above the second
threshold 15 inductance. In one enbodinent, the second threshold
inductance is equal to approximately 30 nH In sone enbodinents, nethod
step 610 further includes coupling the detection circuitry 220 to

el ectrical contact pads 215 positioned op.a surface of the data head 112,
with the electrical contact pads 215 bei ng operably coupled 20 to the
witer coil 210. In still other enbodinments, nmethod step 610 i ncl udes

coupl ing read channBmbodinenics 6fithad Iftedent frhgn@d)@ﬂtscls hfcﬁ{decaqmétﬁbr @dfs tZ%g
wherein the read channel circuitry includes at least a portion o
detection ci r YSERy100mguding adyraheadtddinaving ¢ voiter bl 210@mbéddad a net hod

[ : f. establishi i t ent paraneters for
the data head et bivEk bt Pty 2R a0 bl Smklethadre Potametn 7e
the wite curradtcohfifutei€o @ﬁhﬂaﬁé‘%andJ&arN@%f a‘gaoérifel‘goﬁngxggdnﬂg nts of the

present invention also include a data storage system1 I'ncl udi ng a data

head 112 hdvi regakodimients; the data sedragesyisedrifenithet iredwlena pasiodiopulsag det ect i on
circuitry 220 o to the witer coil_and configured to

cal cul ate an ﬁ‘?géé?ogln%e&g# I{eﬁg’lﬂxﬁ‘f pd tvibe writer seihdl Ganshusafignesdite, t he4
oper abl y couplaR ik sty LR BT RRE U T PRI e e
witer coil wihdudespaitpadieuiity $8 Sletdbd codpled #Atha wik 8ge28YsiEm al so
configured to generate an output signal Vout 430 as a function of the
10 inductance of the writer coil, and inductance determining circuitry 440,450
operably coupled to the output circuitry and configured to calculate the
inductance of the writer coil as a function of a voltage of the output signal.
The data storage system can also include condition identifying circuitry 450
operably coupled to the inductance determining circuitry and configured to
15 identify electrical short circuits and discontinuities in the writer coil as a
function of the calculated inductance. The condition identifying circuitry is
configured to compare the calculated inductance to a first threshold
inductance and to identify the writer coil as containing a short circuit if the
calculated inductance is below the first threshold inductance. The condition
20 identifying circuitry is also configured to compare the calculated inductance
to a second threshold inductance and to identify the writer coil as containing a
discontinuity if the calculated inductance is above the second threshold
inductance. Once again, the data storage system also includes, in some
embodiments, read channel circuitry 310 operably coupled to the data head
25 112, wherein the read channel circuitry includes at least a portion of the

detection circuitry 220.



i ncludes output circuitry 419 operably coupled to the witer coil 8 @MAR 2005
configured to generate an output signal Vout 430 as a function of th

i nduct ance of the witer coil, and inductance determning circuitry
440,450 operably coupled to the output circuitry and configured to
calculate the inductance of the witer coil as a function of a voltage of
the output signal. The data storage systemcan al so include condition

{ identifying circuitry 450 operably coupled to the inductance determ ning
1 circuitry and configured to 15 identify electrical short circuits and

| discontinuities inthe witer coil as a _fjunction of the calcul ated

i nductance. The condition identifying circuitry is configured to conpare
the cal cul ated inductance to a first threshold inductance and to identify
the witer coil as doisttaibeiunderatondahit evis etivghi furkdtBus ARkl Jf’s L%Qan

i nductance is bgl ow the_ first threshol d i nductance. The conditl on

i denti fying ci PEYARSPS PEvariaus emborimenteaf the lnmnpl@ndlatfhbeemdecfdrdi ﬁdthe

i nductance to hal d,i nduct to identify the witer
coil as cont ai é?rﬁgﬁﬁgglg scﬁvg'ht% ?ht?lggthef W“f‘ﬁgt@éPgﬂ}%%Wrﬁaaétfm@nuoé above
the second thr esxho‘hsckmbdﬁiﬂﬁhﬁimehe@a Fagesystem al so
i ncludes, in so enbodi nent s, read&glﬁﬁgﬁdﬁl}r&gﬂ?ﬁm@%% ‘?goq‘l rﬂ?i
coupled to ?heC ggs macbezeadtm detal gespeatallynia maredts 6f1§tﬂ&ﬁ|1re0ahHCU' try

i ncl udes at ort on of . det ec circuitry 220. -11 It is to
be under stood 151 ?ge hWN@Cmﬁﬁﬂzéheptesmtmvan tadh«aﬁi}hges of
vari ous enbodi gaeiSs 0 been t forth i f or egoi ng
descri ption, toget hlgrarc\?\fepﬁ) glp‘%dd %PQ%K rf‘%(?fﬁ}eée%mﬁmf‘ﬁﬂ’é’ tg‘i‘ﬂ

vari ous enbodi amrmded)ﬂahﬂwuee §sed@NFof é)da?n;ﬂlé ke Pe?rﬁEﬂaf Sletle HA%{ t ' ve
only, and 5 change be na in detail, In m

structure and V3V en ge mw@awgplhmmm r[Dh¢ mclmpdaeSe ddtedcion pr esent
invention {p t Hl%tﬁolal dnd circuit while maintaining substantially the same functionality

without departing from the scope and spirit of the present invention. In
addition, although the preferred embodiment described herein is directed to
an inductance detection method and circuit for a disc drive data storage
system, it will be appreciated by those skilled in the art that the teachings of
15 the present invention can be applied to other systems, like magnetic tape data

storage system, without departing from the scope and spirit of the present

invention.




extent indicated by the broad general neaning of the terns in which the
appended cl ai ns are expressed. For exanple, the particular el enents Hag -
vary depending on the particular application for the inductance detedt e LUl
10 nethod and circuit while maintaining substantially the sane
functionality wthout departing fromthe scope and spirit of the present
invention. In addition, although the preferred enbodi nent descri bed
herein is directed to an inductance detection nethod and circuit for a
disc drive data storage system it will be appreciated by those skilled
in the art that the teachings of 15 the ppesent invention can be applied
to other systens, |ike nagnetic tape data storage system w thout
departing fromthe scope and spirit of the present invention. -12 WHAT IS
| CLAIMED IS 1. MHATESCIAIMERIS:ng a witer coil in a data head of a data
| storage system the nethod conprising the steps of: (A) coupling
det ection ci rcH]i try B‘efhféid%t?-%"@lg acwiiter aoidl iz dat hgad biea dassi toedgecoi | with a
periodi c pul se ed by the detection circuitry; (B)

SR e AR S plink

generating a vol t age, e OFeRi%cuitry, as a function of an

i nduct ance of the WA}&upliab deteé | i nce of the witer
coil as a functi onW(()f)thgﬁ_ %enertgneg%\}@lﬂ%%E@Zn%rf@gﬁ%gﬁﬁvfw fg

el ectrical short circuit#raencadi stbaiperiodicipaise signil@n¥atdddy Heoi | as a
function of the calculatgd i nduct ance. 2. The nmethod of claim1, wherein
step (D) further conpri s8¢ LYPEY: of ;-

(B) generating a voltage, with the detection circuitry, as a function of

an inductance of the writer coil;

(C) calculating an inductance of the writer coil as a function of the

generated voltage; and

(D) identifying electrical short circuits and discontinuities in the writer

coil as a function of the calculated inductance.

2. The method of claim 1, wherein step (D) further comprises the steps
of:

(D)(1) comparing the calculated inductance to a first threshold

inductance; and

(D)(2) identifying the writer coil as containing a short circuit if the

writer inductance is below the first threshold inductance.

3. The method of claim 2, wherein the first threshold inductance is equal

to approximately 10 nH.

4, The method of claim 1, wherein step (D) further comprises the steps
of:

(D)(1) comparing the calculated inductance to a second threshold

inductance; and



(D) (1) conparing the calcul ated i nductance to a first threshold

i nductance; and (D) (2) identifying the witer coil as containing a fgﬁi@“ 2009

circuit if the witer inductance is below the first threshold induc

3. The method of claim?2, wherein the first threshold inductance is equal
to approximately 10 nH 4. The nethod of claim 1, wherein step (D) further
conprises the steps of. (D) (1) conparing the cal cul ated i nductance to a
second threshold inductance; and 1 6 MAR 2005 -13 (D) (2) identifying the
witer coil as containing a discontinuity if the witer inductance is
above the second threshold inductance. 5.,;The nethod of claim4, wherein
the second threshold inductance is equal "to approximately 30 nH 6. The
nmet hod of claim1, wherein step (A further conprises coupling the

detection circuitry (D)2pldentifyigodhe Goriensdil W&%tﬁﬁﬁg%ﬁgggﬂ? @iéﬁgﬁgrface of

the data head, the electrical cont act Eads bei ng 8 to the
witer coil. 7. The net Wodtebinductane 82 owreethe isetoat @Pres9ld findddigice CONMPr i SES
coupling read channel circuitry to the electrical contact pads, wherein
the read channel circuitry includes at Ieast a portion of the detection

circuitry. 8. TBhe nmithaqherbd 6f dfth 4, wh tlﬁrtspc%r ‘%g’Eﬁlé%@' cgéctep (E) of

establishing wite current parameters orEReCd ECEpon t he
cal cul ated i n6gealamepproximately 30 nH.

6. The method of claim 1, wherein step (A) further comprises coupling
the detection circuitry to electrical contact pads positioned on a surface of the

data head, the electrical contact pads being operably coupled to the writer

coil.

7. The method of claim 6, wherein step (A) further comprises coupling
read channel circuitry to the electrical contact pads, wherein the read channel

circuitry includes at least a portion of the detection circuitry.

8. The method of claim 1, and further comprising step (E) of establishing

Wwrite current parameters for the data head based upon the calculated

inductance.

9. A data storage system comprising:
a data head having a writer coil embedded therein; and
detection circuitry operably coupled to the writer coil and configured

to calculate an inductance of the writer coil.

10.  The data storage system of claim 9, wherein the detection circuitry

comprises:
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9. A .data storage systemconprising: a data head having a witer coil R 2005
enbedded therein; and detection circuitry operably coupled to the w tBerMA
coil and configured to calculate an inductance of the witer coil. 10.
The data storage systemof claim9, wherein the detection circuitry
conprises: -14 a periodic pul se generator operably coupled to the witer
coil and configured to drive the witer coil with a periodic pul se
signal; output circuitry operably coupled to the witer coil and
configured to generate an output signal as a function of the inductance
of the witer coil; and inductance det Q{A{]'i ning circuitry operably coupled
to the output circuitry and configured to calculate the inductance of the
witer coil as a function of a voltage of the output signal. 11. The data
storage system of Cdpéribdl@puledﬂgknfeth%ﬂ@ermy@é%[ﬁéd‘& RNl P8 apglent 1 T yi ng
circuitry operably coupled to the inductance determning circuitry and
configured to identify ejoséiguredap dsivothe wiitargbil svitngl petiadio ptilsasighales i n
the witer coil as ! function of Ellhe catsgul aI%ed Jndugtance. (12. The data
storage system of claPlh FEMEHEPERARYIREPIEE LR BHISr feH@pd gomfigured e ui try
is configured to conpar [ a fiirst threshold

i nductance and to ident %e&&?ﬁééﬁﬂﬁbgé&%&ﬂ F@g@g{gﬁ gllrﬁ}eﬁrgldléa%rhc&c’(ftﬁ%i rcuit
if the cal cul ated i nductwenee cod; 4ndl ow the first threshold i nductance. 13.
The data storage sy.sitiem of claim,Z11, wherein the condition identifying
circuitry is confi dlfudancs detsrmsniag ciseuitryiapatablieehuphrduotthacetguw a second

threshold inductance an%ixlcgitl'yda?nrg c':ofn¥ig{[nhe8 t\é\ﬁcalgl?lratectﬁle En uscta%(gg E) tlhr;,I ng a

writer coil as a function of a voltage of the output signal.

11.  The data storage system of claim 10, and further comprising condition
identifying circuitry operably coupled to the inductance determining circuitry
and configured to identify electrical short circuits and discontinuities in the

writer coil as a function of the calculated inductance.

12. The data storage system of claim 11, wherein the condition identifying
circuitry is configured to compare the calculated inductance to a first
threshold inductance and to identify the writer coil as containing a short

circuit if the calculated inductance is below the first threshold inductance.

13.  The data storage system of claim 11, wherein the condition identifying
circuitry is configﬁred to compare the calculated inductance to a second
threshold inductance and to identify the writer coil as containing a
discontinuity if the calculated inductance is above the second threshold

inductance.



di scontinuity if the cal culated inductance is above the second threshold

i nductance. 1 6 MAR 2005 14. The data storage systemof claim9, afd MAR 2005
further conprising read channel circuitry operably coupled ' to the data
head, wherein the read channel circuitry includes at |east a portion of

the detection circuitry. 15. A data storage system conprising: a data head

having a witer coil; and detection neans for identifying electrical short
circuits and discontinuities in the witer coil in response to a
cal culated inductance of the witer coil. DATA HEAD WRI TER CO L TESTI NG

ABSTRACT OF THE DI SCLOSURE A writer coil d.n a data head of a data storage
systemis tested by coupling detection circuitry to the witer coil and
driving the witer coil with a periodic pulse signal generated by the

detection circldit r yThé\data stoesgelsystem\cilclaafl®, hid HRARY @Bﬁlﬁiris\ﬂgtrpa& he :
detection circyitry, ~as, a function of an inductance o th witer coil.

An i nduct ance réleirgpitryeppesably cosplediatheataochad, whereimndiciresd efanhbie
generated voltage; Electrical short.circuits and discontinuities in the
SR by

witer coil are rashtcY ShAPaHeY detepdon girewitr®t ed i nduct ance.
Figure 4

15. A data storage system comprising:
a data head having a writer coil; and
detection means for identifying electrical short circuits and
discontinuities in the writer coil in response to a calculated

inductance of the writer coil.





