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 ttancegp : . : al |y shorted coil

will have infinite admttar ~of turns in the

coil can result inDwt §t@rafgaIs&ddéxﬁ§oﬁé&ﬁuﬁﬁ>zewe&4f§ﬁeafdhﬁ 1@%%8@5% magnet i c
fields. 25 Lower than desired inductance val ues for witer coil are

typically cacsed tiansdupcnfd stoieatita omabenfae of aceaiordihg mieslja duakiang dascparti al

short cir qY 't Plor example, in magnetic disc drive data storage systems, the data head

associated with each disc surface will freqﬁently 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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portions of the coil, or by other manufacturing faults. Infinite i %aﬂﬂﬁ 2005
Is the other comon synptomin witer faults, when the netallic coi
becomes discontinuous and does not generate magnetic flux. Contenporary
16 MAR 2005 -2 application specific integrated circuit (ASIC) technol ogy
has been used to produce nunerous integrated circuit (I1C 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 nore difficult to detect short circuit
defects in the witer coil. Since it is yery desirable to filter out
undesired witer conditions in head gi nbal assenblies (HGAs) before being
built into the finalized disc drive, an apparatus and associ ated net hod of

det ecting bot happliextioni spatifis negraed irtiit $ASIT) tebhse 'Hﬁk’b&éne&e&@ot he writer
coil would be a_significant |nprovenenf ?Egthe a??& SUMVARY OF THE
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appar atus and associ ated neth of testing head of
a data stér agietesyshoemlrmtl defass inhvhe &tr&ﬁﬁccﬁl‘ Sﬁilwﬁﬂ 1ls ﬁ&ydﬁ%x@ﬂﬂé %‘fxﬁétr cuitry
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cal cul ated as datetting bbt‘hrhl&ftnéél' sh&te @R'E\ﬁﬁseﬂd discontinuities in the writer c01l
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



voltage. Electrical short circuits and discontinuities in the mwiter coi |
are then "identified as a function of the cal cul ated i nductance. MAR. 2005
i nductance detection circuit and a disc, drive incorporating theci rc&Bt
and the nethod are also disclosed. 25 These and various other features as
wel | as advantages which characterize enbodi nents of the present
invention wll be apparent upon 16 MAR 2005 -3 reading of the follow ng
detail ed description and review of the associated draw ngs. BRI EF
DESCRI PTION OF THE-DRAWNGS 5 FIG 1 is a plan view of a disc drive in
accordance wth enbodi nents of the pres% invention. FIG 2 is a

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. 10 Fl GreadidgSofahéid f t(g at a .head and
detection circui t§ shown ?’ﬁa thlge,ddetkjt S ovdn(raligr}e?ﬁw %Pgeicﬁslgﬁte ircuit at

| east partial I9faw‘ln$ﬂ enented in the channel integrated circuit. FIG 4 is
a circuit diagramillustrating one enbodi ment of the detection circuit
illustrated in FIGS. 2 and 3 15 FIG 5 is a plot illustrating an input
waveformto the circuit pl ots illustrating

out put Waveforrrsfromth PR T PESponse to the
i nput wavefsor m shovwRIG.n 1E|a(§lan5v1ewf/(b|fadxsc 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



lous witer coil inductances. 20 FIG 10 is a block diagram
. ?/?Irug?rati ng a nethod of the present invention. DETAILED DESCRI PTI ON 6FMAR 200!
| I LLUSTRATI VE EMBODI MENTS 25 FIG 1 is a plan view of a disc drive 100
1 whi ch includes a housing with a base 102 and a top cover 104 sections of
top cover 104 are renoved for «clarity). Disc drive 100 further includes a
di sc pack 106 which is nounted on a -4 spindl e motor (not shown). Disc
pack 106 includes a plurality of individual discs 107 which are nounted
for co-rotation about central axis 108. Each disc 107 has an associ ated
product head 112 which carries one or norg read and wite transducers
(read and wite heads) for communicating with disc surface 5 109. Each
product head 112 is supported by a suspension 118 which is in turn
attached to a spiadle mowegsomnponnnidOpak 128 1@&&&@%?1%ﬁﬁ§?5@h8w}3
Actuator asse 122 js rotated about a shaft vVoi ce nmot or
124, which is EB%%WOW”@E apy/meunied fener-ravtian aboui t:er;traMakiaI108lEHcﬁrd'@|

[ [ 8, 1g n e path 130 between a disc inner
gl: gfnl;ltter 1532 an sc 5bteq'1pr°fBCt§Teé&é%WH’ chucarmssipsgioramers redd atk pr esent

t | g [ tien .circ and _net hod,
:igv\(/avetll : Ogsl stc g‘r3 ?sgﬁf‘g%wsv@]e?%ﬁnd %}gglﬁporaf gg&?‘ﬁmnﬁapgﬁl“fl&a #fased. The

dutt ah% Edeh dewnh&drldluisu Ofted'BY BQGspesiONEG 18 gf the
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drive or, usinff ‘ﬁ#‘g‘?F%? é‘aﬁlﬁ Aecassingareicl28redan aftuator assembbh a2 elctidfor OF A

f b hod 128. sho in FIG 11is
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controlled by servo control circuitry within internal circuit 128, to move head

112 in an arcuate path 130 between a disc inner diameter 132 and a disc outer
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



with disc drive 100 including the inductance detection circuitry, tqeﬁ MAR 2005
channel IC the servo control circuitry, and any other circuitry .
associated with the 20 disc drive. Enbodiments of the present invention

can be inplenented in a fully or partially assenbled disc drive 100. For
exanpl e, inplenentation can occur after the HGA fabrication stages of the
disc drive for purposes of identifying witer coil short circuits or

discontinuities, as well as for identifying the witer coil inductance
for purposes of optimzing wite 25 current control settings. FIG 2 is a
diagrammatic illustration of witer coil_sinductance detection circuit 220

operably coupled to witer coil 210 of product or data 1 6 MAR 2005 -5
head 112 in accordance with enbodi nents of the present invention. Witer
coi | i nduct anckeaddil@ et hanrduince wiithreyn ddmprite vf tiRsprasene fReRAbSWaRE Met hod
of testing the.witer cojl 210 for, both electrical short circuits and
di sconti nui ti el infpctangs tesEAn sirepity 20 prevdes an apparstisomd methbdof coi |

i nduct e det . . 20 i,s operahly coupled to witer: coil 210
Ve the ol eot reculethe s Kl 2 o5 BelSRArS shd St elitCind redmiipiiien 112
El ectrical corfnaghbqiiéntd b3 tkPresdd® iveRtiSA Frifk 864 'iﬂ&ﬂ%an%@&ét@&io&?‘ds used
by the channel IC to control the wite transducer in order to wite data
to a surfade dfircaittn2?) stopermbly civpted tohvaster toil 2mme|' twﬁgtiaﬁ{&tﬁﬁta@ﬂ; ht he

toi ti etectiaon circuitry 220 is_inplemented within e sane
E’\rs??;eﬂseh”tvﬁnié%ﬁr” 8?@3‘?“‘6%‘—’ athtetace @?’ hepgl; 142. Blagtpigslivontact padsi2ibsan at ed

ol emonted. i Fhs ot he R e e FEM B SihtdtG 208l Hl v
di agram of an tramdedenriaerdet 0ol fiRMatd toGbutfad ¥ d dhta storage disc. Thus, in
- 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 beiﬁg implemented within the ASIC of channel IC 310.
FIG. 4 1s 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.



accordance with one enbodi ment of the present invention. As shown in ﬁ!BGMAR 200!
15 4, detection circuit 220 is adapted to operably couple to witer cbil
210 via electrical contact pads 215. In the particular configuration _
shown, one electrical contact pad 215 is connected to node 407 (Meft) in
circuit 220, while the other electrical contact pad 215 is coupled to
ground or to a reference voltage used in circuit 220. Grcuit 220 includes
i nput 402 (Vin), pulse 20 generator 404 (V1), switch breaker 406_ (S 1),
vol tage source 408 (V2), resistor 410 (R4), node 407 (Vieft), 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. Circuit 220 can also include conparator 440 and inductance
det er ni ni ng ankomgu¢n, thejenesent yrivegtion ﬁmtﬂixﬂiteﬁﬁg-an?rﬂf)@dﬂfi_@&?rﬂeJ)&n%S
enbodi ment, the,above |isted conponents have the follow n al ues:
resistor R4 410"$s 1000 kohm resi stor R2‘;118 is 1 kohm.;:apatc::lzt 2r26cils420
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speci fic conpareistor 4V2(RBFepreetscthe writdAcdildedistaflY. eﬁﬁm éxﬁ{pqe,'tgg@t ance of
writer coil 210 agg(r. resistor 412 (Rl) represents the witwer
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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.



resistor in series with coil 210 is not preferred. GCrcuit 220 provides an
apparatus and method for determning the inductance of witer coil 2416 MAR 2005
wi thout |oading the witer with any passive conponents which can degrade
the electrical performance of the wite head. 15 The periodic pul se signal
used to drive witer coil 210 can be generated wthin circuit 220, or can
be provided to circuit 220 via input Vin 402. For exanple, in enbodinents
in which circuit 220 is inplenented at | east partially outside of the
channel IC, the periodic pulse signal can be generated by the channel 1C
and supplied to circuit 220 via input Vigp 402. In one 20 enbodi nent, pulse
generator V1 404 generates a five volt periodic square pulse with a 20
nanosecond (ns) pulse width (for exanple, having a delay of zero ns, a

rising time and falResngortRmmemuadioﬁsctoJfoﬂﬁavanglgeadregr\m&t%z', hdt © 30 ns).
Vol tage source V2,408 is a DC supply vol tage coupled to swtch breaker S
406, and resi $eBacirg (J1470iisused 1o swrathiemhargesesd dmgfrofothistwudtagedrdpdeal

switch 25 406., Li ke erj odi ¢ se signal, voltage source V2 408 can
be suppl i ed byReS&Sﬁ% %ﬂ‘g%“fﬁé’ld ‘i@“@%ﬁ%’-%@g&k@r todynefgh aset lpsspass fiseot ect
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functions to forma voltage dro capaci I s used

to store the chasfpemsebabtpngof thetowpas filedr taite abkolite valie st S&@hr R5 424 and
capacitor C2 6 conbine to function as a | ow pass filter 427 for
filtering the \RtétageDiodpial 416 isglates amer paib 310 fremithe outreo poetidreof 428

out put * vout et ol dre s e BT Reut ik Srprding oha VerreRd out put
portion of 210. Resistor R2 418, capacitor C1 420, low pass filter 427and absolute value
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
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absol ute value converter 428 together function as output circuitry & R
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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



i i i dcircuitry,
which can be a suitably progranmred processor or other dedicat e
5 then uses the difference voltage Vdiff 444 to determ ne the IndUCt?rﬁ:mAR 2005

i [ [ ' t hods or functio
of coil 210. Using |ook-up tables or by algorithnmic ne or f
circuitry 450 can convert voltage Vdiff 444 into a witer coil inductance
value, differentiating the witer coil inductance to within an accuracy

of at least 1 nH 10 Crcuitry 450 then conpares the cal cul at ed
inductance to a first threshold inductance, for exanple 10 nH, to
determine if the witer coil contains a short circuit. If the inductance
L1414 of coil 210 is less than the firstgthreshold inductance, then the
data head 112 is identified at output 452 as having a short circuit in
the witer coil. Circuitry 450 al so conpares the 15 cal cul ated i nductance

to a second thgerdrating 4 moltage drae 430,0vitle Warddc& i34 cﬂjﬁ'uitlt}ﬁ a5, Qﬁxﬁ;{iggﬁ? ahf the

witer coil has di scoPti nui.ty. |If the inductance Li 210 is
Fti

greater than t Boshat theredisscell. Nean as Hovdatan steap 480, kARulasinglagent i f i ed
at output 452 gsyha icglglqrhgk ctrriical igi sconti.nui é@rglf either of these
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620, then -9 inductance, and identifying the writer coil as containing 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 is 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.



generating a voltage Vout 430, with the detection circuitry, as a'{%nﬁkh%%ﬂ5
of an inductance of the witer coil. Next, as shown at step 630,
calculating an inductance L1 414 of the witer coil as a function of the
generated voltage Vout 430. Then, as illustrated at step 640, identifying
el ectrical short circuits 5 and discontinuities in the witer coil 210 as
a function of the calculated inductance. In some enbodinments of the
invention, nethod step 640 further includes the steps of comparing the
cal cul ated inductance to a first threshold inductance, and identifying
the witer coil as containing a short cifguit if the 10 witer inductance
i's below the first threshold inductance. In one enbodinment, the first

t hreshol d i nductance is approximately 10 nH Step 640 can further include

the steps of conparEmbodinencsofoht giregni heatianaleo irkhale 25REPRGrALbT eshol d
i nductance, and identifying the witer coil as containing a di'scontinuity
if the witer Yi§Ect%ne ua@ga‘tfb%hqaﬁélgbé‘anﬁamtestml ASnbeddadt ance. |1 n

nmbodi t tihreshold i.nd ance,js e | t approxi mat el y
30 nit in somshelBSAEAPEs ReFRoh-EriiTe2h SPtinbhioup haiiaabe wEBtNg t he
detection ci rcamidtdonfig@&dtt@cﬁka%rahqeau&mk%@Ehepﬁﬂfer%aﬁ. BP?A&&O“EO' on a
surface of the data head 112, with the electflca conpag pads 215 being
MRS ARy acimeoiviger i il g ad i

t te | NnC coupgl.ing re ] . ] _

gF ec? ri ial pcorﬁeﬁ%?mﬁﬁﬁi%‘?fergﬂhéf‘é‘i‘mﬂf E%él_e:"éfafdf wgﬁﬁndfomm zﬁgg! 2; In;Jgegf
t | t Ordy| | drcuity )
The i nvent on.ryera? el AR aloBicpite tgal, it SREE it alipg

wite current ipdndaseivepd diRuitk#1 90 etablR asuflab e iRttt B&I 210 and

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.



cal cul ated i nductance in order to optimze the wite current for the ﬁt@\R 2005
head. 16 MAR 2005 -10 Enbodi nents of the present invention al so inC|lll
data storage system 100 including a data head 112 having a witer coil
210 enbedded therein, and having detection circuitry 220 operably coupl ed
to the witer coil and configured to cal culate an inductance of the witer
coil. In sone 5 enbodi nents, the data storage system further includes a

{ periodic pulse generator V1 404 operably coupled to the witer coil 210

1 and configured to drive the witer coil with a periodic pulse signal. The
| data storage systemalso includes outputjjcircuitry 419 operably coupled
to the witer coil 210 and configured to generate an out put signal Vout
430 as a function of the 10 inductance of the witer coil, and inductance
det er ni ni ng ci r cui t Ayis4d be 45dersyperthi @e@ﬂi&igﬂ%ﬁ&rbb@clﬁ%&éﬁsu& £r?ou' try
and configured to cal cukate t he i nductance of the witer coil

function of a \?8?’3[”:5@?@58 varus smbedimentgy abithe invemeioddtaze bean&gfbrs}yﬁiﬂm can

al so include c f Citk operably coupled to the
i nduct ance det g(?&(r%?&hggegcc?iﬁéh% &gﬁﬁ“’&ﬁrﬂﬁa@%@qwﬁlrpa@%ﬁ I?Cyloelctfct rical
short circui t s varduskimistifrentsiof kISinkBndi I (N 'dis@l s6Rlid i1RScrivel o Ct' d.9n of

t he cal cul at ed i nduct ance. The condition identifyling circui {5

configured {o EPESY Baybe madedn Idaﬁaddespemhlbftmnﬁﬁtdreoﬁstfudwﬁe anfr es h0| d

i nduct ance and {r |edent|¥ t he. er cojl as containing a short circuit
if the calcul AtePTHALE ?fE%Wft r’o @Finctpdesiaf the prepens dmvendionniduhe fdce. The

condition 20 i gapht configured to c are the
cal cul ated i nduct an@glce&dcﬂgrtgglgééna?% ﬁr es%%frang ﬁgﬁ’&tﬁm%"’a‘ﬁgngéf"? dentify
the witer coitppendedcinmnsiregxisrested.CBOE &iHiple] thd piritulaALIEHRlGY,) Nduct ance

is above the second threshold
vary depending on the particular application for the inductance detection

10 method and 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.




i nduct ance. Once again, the data storage system al so includes, in sone
enbodi nents, read channel circuitry 310 operably coupled to the data,hgad -
25 112, wherein the read channel circuitry includes at |east a portian Jfar Ul
the detection circuitry 220. -11 It is to be understood that even though
nuner ous characteristics and advantages of various enbodi nents of the

i nvention have been set forth in the foregoing description, together with
details of the structure and function of various enbodi ments of the
invention, this disclosure is illustrative only, and 5 changes may be nade
in detail, especially in matters of strugbure and arrangenment of parts
within the principles of the present invention to the full extent

i ndi cated by the broad general neaning of the terns in which the appended
| clains are expressell CAAIMEIS:e, the particular elements may vary

| depending on the particuyl fapincati_on for the inductance detection 10
met hod and circuit \ﬁ}qmeg‘ﬁﬁ esingiafgrieen beil sma dath hyad dfea dagsrobapact i onal ity
wi t hout depart.i r e.and spirit .of the present invention. In
addi ti on, althgﬁgﬁ£i g“%%@?%%&@ﬁ“@ﬂ% YeRiOfdescri bed herein is directed
to an inductance d uplifig dEfe i i ot b a di drive data
storage system itetfffPgegapp?g§}§?§g§%§&t‘%zégéﬁsﬂgéggpﬁnﬁﬁ €art that
the teachings of 15 the prdercuil Witk eperiodic palse bignanphi@etdly, glher systens,
| i ke magnetic tape data ,storage system w thout departing°fromthe scope
and spirit of the pr esenfeeSHRATIEUER; - 12 WHAT 1S CLAIMED IS: 1. A net hod

of testing a witer (B)Qeherhiinga Yt R "GRH L1 de%ec(%%[nacirschlot;}%%?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



system the nethod conprising the steps of: (A) coupling detection .
circuitry to the witer coil and driving the witer coil wth a perichim\K 2009
pul se signal generated by the detection circuitry; (B) generating a
voltage, with the detection circuitry, as a function of an inductance of
the witer coil; (C calculating an inductance of the witer coil as a
function of the generated voltage; and (D) identifying electrical short
circuits and discontinuities in the witer coil as a function of the .
cal cul ated inductance. 2. The nmethod of claim1l, wherein step (D) further
conprises the steps of: (D)(1) conpari ngt he cal cul ated i nductance to a
first threshold inductance; and (D) (2) Tdentifying the witer coil as
containing a short circuit if the witer inductance is below the first

hreshol d i nd idehefy Qer 6iPheBoAtaiNE i A
t hreshol d i nduct anceD)@) idEhefyims thedy ik %@hsmol%t 12{%@%&1&%&%@@@500' of

threshol d i nductance is equal 6 to approxi mately

claim 1, wherein step (D)VHF tiductaponyrboestht becoatl ehteshdlfl indddtarcd)
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

di scontinuity B5f the&he method of claim 4, wherein the second threshold inductance is

equal to approximately 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
write 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:



4

writer inductance is above the second threshold inductance. 5. The tdﬁmR 7005

of claim4, wherein the second threshold inductance is equal to
approximately 30 nH 6. The method of claim1, wherein step (A) further
conprises coupling the detection circuitry to electrical contact pads
positioned on a surface of the data head, the electrical contact pads
bei ng operably coupled to the witer coil. 7. The method of claims§,
wherein step (A) further conprises coupling read channel circuitry to the
el ectrical contact pads, wherein the read channel <circuitry includes at

| east a portion of the detection circuityy. 8. The method of claim1, and
further conprising step (E) of establishing wite current paraneters for
the data head based upon the cal culated inductance. 9. A .data storage

system conpri si ng: ®petiddic pelsdgdharittidoper Wl L& l@tdrh@%‘ﬂ@%&h& rein; and
d)ét ection circuitry oper ab?@l coupl ed t% thj(’a vvr| ter coil and co ll&fl gur ed to

cal cul ate an inductance %R lgh@ wp idriare theowriter £0il wittea geiadis polsegignaly st em of

claim9, wherein the detection cir |tr rlses 14 a periodic pul se
generator oper ably Cotpi S PR Eleéa?r eamteféaﬂﬁpéa%ﬁmredmu ve the

witer coil with a peri %h@ra@gﬁs&t?hgﬁ@ai asozpmldﬁo& e'l}xdé{céﬁﬁ e bé%/ gnal as

coupled to the witer coll and con ed to enera
a function of the inductenecoil; dnde writer COI| and

inductance determining circuitry 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.

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 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.



i nductance determining circuitry operably coupled to the output circuitry
and configured to calculate the inductance of the witer coil as 46 MAR 2005
function of a voltage of the output signal. 11. The data storage system of
claim 10, and further conprising condition identifying circuitry operably
coupled to the inductance determning circuitry and configured to
identify electrical short circuits and discontinuities in the witer coil
as a function of the cal culated inductance. 12. The data storage system of
claim1l, wherein the condition identifying circuitry is configured to
conpare the cal cul ated inductance to a fjgst threshold inductance and to
identify the witer coil as containing a short <circuit if the calculated
i nductance is below the first threshold inductance. 13. The data storage
system of claihh11, Thﬁéﬁtﬁbﬂbrig@%yﬁ@rﬁdﬂfﬁ:laﬁﬂg e Furf Rk BOmpFisin g%ic{]y i s
configured to %tagpare the calcul ated i nductance to a sécon reshol d

i nduct ance andhaang Gerﬁmtlryyopmblmpu[ded vwille dam losad whevieitgehe resH dgantl nui ty
if the cal cul att‘:ef t| n1 u 8 | s above t second threshold inductance. 1
6 MAR 2005 14 %aﬂ” fﬁtr L2 QORI pihe detertiomCirgli|yf ur t her conpri si ng
read channel circuitry operably coupled ' to the data head, wherein the
read channel circuitry includes at |east a portion of the det ection
circuitry. 15.15A daialaetswramysnpﬁtmpmmgl sing: a data head having a
witer coil; and det 110 means for identifying electrical short circuits
and discontinuiti hheagdayigracy ritesicpili andr esponse to a cal cul at ed

I nductance of the Véfetecﬁgn GQdahs for identifying electrical short circuits and

discontinuities in the writer coil in response to a calculated

inductance of the writer coil.



DATA HEAD WRI TER CO L TESTI NG ABSTRACT OF THE DI SCLOSURE A writer COIi 6 MAR 200!
a data head of a data storage systemis tested by coupling dﬁt ection odi o
circuitry to the witer coil and driving the witer coil WltI a pelr![a :

pul se signal generated by the detection circuitry. As a resg t, vo g

is generated, with the detection circuitry, as a function o ar

i nductance of the witer coil. An inductance of the wrlter_co: |hs t
calculated as a function of the generated voltage. Electri _cad shor

circuits and discontinuities in the witer coil are identified as a

function of the calculated inductance. Hggure 4

DATA HEAD WRITER COIL TESTING

ABSTRACT OF THE DISCLOSURE

A writer coil in a data head of a data storage system is tested by

5  coupling detection circuitry to the writer coil and driving the writer coil with

a periodic pulse signal generated by the detection circuitry. As a result,

voltage is generated, with the detection circuitry, as a function of an
inductance of the writer coil. An inductance of the writer coil is calculated as
a function of the generated voltage. Electrical short circuits and

10  discontinuities in the writer coil are identified as a function of the calculated

inductance.

Figure 4






