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Disc drives of tWRITPHEAD/OOLLISIONCHETECTIONISINGYOR REATIFd  di sc
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of one or nore rigid discs. The discs are typically nounted for rotation

on the hub of a spi ndiROSPRAFERBNICE FCEREEAGTISAEFY TeRAdTORy ri eved from the

discs by an array of — Vertically allgned read/ Wite nead assenblies, or

heads, which are Thdnapplidationyclaimvethelprionityr Gearlie filede-gahdangact uat or
assenbly. The 25 read/ wite head assenblies typically consist of an
el ect r omagnedirevisional patent application No. 60/247,328 filed November 10, 2000

and entitled "Write Head Collision Detection Using the MR Read
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10 FIELD OF THE INVENTION

~The present invention relates generally to data storage devices,
and more particularly, but not by limitation, to an apparatus and
associated method that facilitate collision detection during write
operétions.
15
BACKGROUND OF THE INVENTION

Disc drives of the type known as "Winchester" disc drives or hard
disc drives are well known in the industry. Such disc drives record
digital data on a plurality of circular, concentric data tracks on the

20  surfaces of one or more rigid discs. The discs are typically mounted for
rotation on the hub of a spindle motor.

Data are recorded to and retrieved from the discs by an array of
vertically aligned read/write head assemblies, or heads, which are
controllably moved from track to track by an actuator assembly. The

25  read/write head assemblies typically consist of an electromagnetic
transducer carried on an air bearing slider. This slider actsin a
cooperative hydrodynamic relationship with a thin layer of air dragged

along by the spinning discs to fly the head assembly in a closely spaced



. transducer carried on an air bearing slider. This slider acts in a

* cooperative hydrodynamc relationship with a thin layer of air d14@@my gms
al ong by the spinning discs to fly the head assenbly in a closely space
"1 0 MAY 200§T§§$49974 -2 relationship to the disc surface. In order to
mai ntain the proper flying relationship between the head assenblies and
the discs, the head assenblies are attached to and supported by head
suspensions or flexures. 5 The actuator assenbly used to nove the heads
fromtrack to track has assumed many forns historically, with nost disc
drives of the current generation incorporating an actuator of the type
referred to as a rotary voice coil actuator. A typical rotary voice coi
actuator consists of a pivot shaft fixedly attached to the disc drive
housi ng base relatipashipgodhe discysuatiicec bnordey tomeaiotainthel propardiyiog t he
di scs. The pivot. shaft is unf ed. such that its central axis is normal to
t he pl ane of r?laba{l? Rtl?ftwﬁﬁ‘én?h‘?jf‘%%?ssﬂﬂ‘ ie6 andd eﬁ]&@ifg‘ﬁ}}e@dmunt ed to the
pi vot shaft, ' ' IS | n.the magnetic
Flerd of an' ARMPNRRREEhathed kb Bhbpdithd By el PRREITOM Bt ed To the
di sc drive 1Hekagtssi ng base nenber. On the side of the actuator housing

opposite to the coil, the actuator housing also typically includes a
pluralitysof verheactuatat agpentbly useld & movexhe headg fram tratkito heakl
mounting arng, to which the head suspensions nentioned above are nounted.

Wien  cont r ohpgassumnedipraant formspgrieally ovithanessidisc drivieggefethiec field is
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rotary voice coil actuator. A typical rotary voice coil actuator consists of
a pivot shaft fixedly attached to the disc drive housing base member

10  closely adjacent to the outer diameter of the discs. The pivot shaft is
mounted such that its central axis is normal to the plane of rotation of the
discs. An actuator housing is mounted to the pivot shaft, and supports a
flat coil which is suspended in the magnetic field of an array of
permanent magnets, which are fixedly mounted to the disc drive

15 housing base member. On the side of the actuator housing opposite to
the coil, the actuator housing also typically includes a plurality of
vertically aligned, radially extending actuator head mounting arms, to
which the head suspensions mentioned above are mounted. When
controlled DC current is applied to the coil, a magnetic field is formed

20 surrounding the coil which interacts with the magnetic field of the
permanent magnets to rotate the actuator housing, with the attached
head suspensions and head assemblies, in accordance with the well-
known Lorentz relationship. As the actuator housing rotates, the heads
are moved radially across the data tracks along an arcuate path.

25 . As the physical size of disc drives has decreased historically, the

physical size of many of the disc drive components has also decreased to



hedad suspensi ons and head assenblies, in accordance with the well- known
Lorentz relationship. As the actuator housing rotates, the heads aqﬁ;g y
noved radially across the data tracks along an arcuate path. 25 A; @5‘ 2005
physi cal si ze of disc drives has decreased historically, the physical

size of many Bt ®the disc drive conmponents has al so decreased to 1 0 MAY
2005 STL 9974 -3 accommodate this size reduction. Simlarly, the density

of the data recorded on the magnetic nedia has been greatly increased. In
order to acconplish this increase in data density, significant

I nprovenents in both the recording heagdls and recordi ng nedi a have been
made. 5 For instance, the first rigid disc drives used in personal

conputers had a data capacity of only 10 nmegabytes, and were in the
format conmeedommeidate tds sige redudiion. riiodlarly, dse demsityf of thelitght, 5 1/ 4"

format. Disc drives of the current, generation typically have_a data
capacity of r?ﬁi’ﬁ?‘*éf’&é&i?%ﬂ%‘céﬂ lﬂﬁﬁs%ﬁ%lgﬁ%}mcé‘?ﬁsﬁé- mpydeste fourth

the size or I of..t he | I i .51/ 4" format. Even spaller
standard phySrconoptEini fferidte indkeRbne B st inpe SYSRAR, ) 5

have been espaiy tl&'l@@ordiﬂgh@é&@én&?écdrﬁ AR have BEBrEhaAe, standards to
gai n mar ket acceptance, ven greater recording densities nust be

achi eved. s The recBodinsgarteatis firse digid ditcsiriviisiused ihpeesoradtoeguterem 15
monol i thic inductive heads to conposite inductive heads (w thout and wth
net al - i n- gaphedérdasa sgpacityoot only-Wimegahydes andbyersdndbe femat seri -

conduct o UeposALaD LECHDl AUESL LG FU Lall AIehalL g plLlir- (11 m
elements. Thigtsd SEHGLHONE LAt YaReABORTTpIAIF hal¥ ol difta REF5kikPof
many gigabytes in a 3 1/2" package which is only one fourth the size or
10 less of the full height, 5 1/4" format. Even smaller standard physical disc
drive package formats, such as 21/2" and 1.8", have been established. In
order for these smaller envelope standards to gain market acceptance,
even greater recording densities must be achieved.
The recording heads used in disc drives have evolved from
15 monolithic inductive heads to composite inductive heads (without and
with metal-in-gap technology) to thin-film heads fabricated using semi-
conductor deposition techniques to the current generation of thin-film
heads incorporating inductive write and magneto-resistive (MR) read
elements. This technology path was necessitated by the need to
20  continuously reduce the size of the gap in the head used to record and
recover data, since such a gap size reduction was needed to reduce the
size of the individual bit domain and allow greater recording density.
Since the reduction in gap size also meant that the head had to be
closer to the recording medium, the quest for increased data density also
25  lead to a parallel evolution in the technology of the recording medium.

The earliest Winchester disc drives included discs coated with



. 20 continuously reduce the size of the gap in the head used to record and

r recover data, since such a gap size reduction was needed to reduce the
size of the individual bit domain and all ow greater recording densj@ywﬁ,
Since the reduction in gap size also neant that the head had to be ciogém05
to the recor&?hﬁ”ﬁediunl the quest for increased data density also 25
lead to a parallel evolution in the technol ogy of the recordi ng nmedi um
The earliest Wnchester disc drives included discs coated with 1 0 8 20115
STL 9974 -4 "particulate"” recording |layers. That is, small particles of
ferrous oxide were suspended in a non-gmgnetic adhesive and applied to
the disc substrate. Wth such discs, the size of the magnetic domain
required to record a flux transition was clearly limted by the average
si ze of the SBpantictdatpardcocdiag layetshbhatds,cnedly pattedes afectoupaxidecl es were
spaced within the adhesjve matrix. The snoot hness and fl atness of the
di sc surf ace W8 suspensed i 3 apnynagnaticagihesiyganst appliesdtte theaisg ze of

d | | d . di d A | . Wit h head
Fl'vi ng” het gh BT retEn Ut el 05 B Bi4hEdbe rOrog AOmANTEayrst B oat or
the surface Q403 Aek GahsitionSwal cleBfly finsitad Bfrtﬁe eag@ts efdi‘rtp% he tines.

Disc drives of the current generation’incorporate s that y at

nom nal hei glbikideoparticlesunid liswiclaseBstiese brike. pdsbivies wedre spatddwiidih nal
flying heights in this range, the surface characteristics of the disc
nmedi um nust ke adbesivemattikodbepmonthness|aad flatassseftheidiscagbcerwys a 15

magnet ¢ modlie SRIERG e aHApEe o AnFebin Grnf FNET RN kept
wthin the gaps allowed data recording and retrieval with a head flying height of
about twelve microinches (0.000012 inches) or greater, the surface

10 characteristics of the discs were adequate for the times.

Disc drives of the current generation incorporate heads that fly at
nominal heights of a few microinches or less. Obviously, with nominal
flying heights in this range, the surface characteristics of the disc
medium must be much more closely controlled than was the case only a

15 short time ago.

To ensure that data is correctly written to a track of the magnetic
media in the disc drive, the recording head should be kept within the
center of the recording track and its flight height kept within desired
tolerances. While off-track errors can be detected by the servo

20  positioning system, flight height errors are less easily detectable. Flight
height errors are introduced when vertical vibrations are introduced on
the arm where the recording head is mounted. One of the possible
causes of such vibration is the collision of the recording head with
foreign objects on the disc media. Another possible cause of such

25  vibration is when the entire drive itself is subjected to a severe physical

shock. During read operations this problem is currently addressed as



v
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positioning system flight height errors are | ess easily detectabl
Flight height errors are introduced when vertical vibrations are
i ntroduced ofT™L?¥& arm where the recording head is nounted. One of the
possi bl e causes of such vibration is the collision of the recording head
with foreign objects on the disc nmedia. Another possible cause of such 25
vibration is when the entire drive itself is subjected to a severe
physi cal shock. During read operationsstihis problemis currently
addressed as 1 0 MAY 2005 STL 9974 -5 the thermal asperity (TA) synptom
This synptomis characterized by a sudden change in resistance in the MR
el enent that the tisethl asperiyd Tdgtsymptoan Thie sgigtoneidicharddenexe! by dur i ng
the wite operation, such head collisions wth foreign objects on the
medi a gener alsigdenehpngeinesistanse inshad/IR elementithatistused do wedd data t o t he
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Wi |l e attenpt's have been y C i S10 occur 0 during

write opesat i $results Hatil ik SFlRtten B8R @Mktia Withah¥ @eddttiaid M&dldy conpl ex
al gorithns that necessitate addition conputational overhead. For exanple,

Uni ted St at esséllating itla.vestid &ttertresuitingdna retomled sigiwalofi bes a system
and net hod for detecti ngBGea -to-disc contact _in-situ__for a direct access
storage devi dRCONSIStNtATR edreing resiordeds intp thepredigsghisregay descri bes

obtaining POgiL P LS beLifo3 HIRASHICHRM eSS Tor
While attempts have been made to identify collisions that occur

10  during write operations, such attempts generally involve relatively
complex algorithms that necessitate addition computational overhead.
For example, United States Patent No. 6,097,559 to Ottesen et al.
describes a system and method for detecting head-to-disc contact in-situ
for a direct access storage device using a position error signal. The '559

15  patent describes obtaining position error signal measurement values for
several revolutions and storing such values in memory. The patent
further describes using a processor to calculate the non-repeatable run-
out (NRRO) values associated with the position error signals. The
NRRO power ratios are disclosed as an indication of intermittent disc

20  contact.
| While previous attempts have provided some indication of head-
collisions during write operations, they have involved added complexity
and the associated performance decrease for processor overhead,
reducing their suitability for full-time use during all write operations.

25  Thus, there exists a need to provide simple detection of head collisions
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several revolutions and storing such values in nenory. The patent further

+ descri bes using a processor to calculate the non-repeatable run- %gtq)m
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(NRRO) val ues associated with the position error signals. The NR

rati os are disclosed as an indication of intermttent disc 20 contact.

VWi | e previ otis- B4 enpts have provided sone indication of head- collisions
during wite operations, they have invol ved added conplexity and the
associ at ed performance decrease for processor overhead, reducing their
suitability for full-tine use during all wite operations. 25 Thus, there
exists a need to provide sinple detecti®n of head collisions 1 0 MAY 2005
STL 9974 -6 during wite operations w thout increasing conplexity or

addi ng substantial conmponent costs. SUVMARY OF THE | NVENTION 5 An

appar at us andusingoeiite eperatiphs wiflmutdedressinggongdexitobdt addimg wi t h di sc
media, or other matter, in a disc drive during a wite operation is

di scl osed. ASHRHABHRLGOMPRNENY4ARE with one enbodi ment includes ronitoring
the resistance of an MR el enent on the head in order to detect a
tenperature increase indicative of a head collision. The 10 resi stance can
be conpared to a pre-sel eciggfMIMARYOF THRINYENACENAN output indicative
of head collision. BRI EF DESCRIPTTON OF THE DRAWNGS Fig. 1 is perspective
vi ew of asdisc driAreapparatiscindeassodiatehinetiodd fokaddtéating leeehtollisioant | on are
particularly useful. Fig. 2 is a systemblock diagramof a disc drive in

whi ch with disc media, or other matfer, in a disc drive during a write operation
s disclosea. A method in accordance with one embodiment includes
monitoring the resistance of an MR element on the head in order to
detect a temperature increase indicative of a head collision. The

10  resistance can be compared to a pre-selected threshold to generate an

output indicative of head collision.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is perspective view of a disc drive in which embodiments of
15  the present invention are particularly useful.
Fig. 2 is a system block diagram of a disc drive in which
embodiments of the present invention are particularly useful.
Fig. 3 is a chart illustrating MR resistance over time during which
a thermal asperity event was detected.
20 Fig. 4 is a flow diagram of a method in accordance with an

embodiment of the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

FIG. 1 is a diagrammatic view of disc drive 100, which is adapted
25  to couple to a computer. When so coupled, the computer transfers data

to and reads data from disc drive 100. Disc drive 100 includes discs 104,



. enbodi ments of the present invention are particularly useful. Fig. p@iﬁmpzmm
*char't illustrating MR resistance over tinme during which a thernal
asperity event was detected. 20 Fig. 4 is a flow diagramof a nmethod in
accor dance m%éf ﬁT enbodi ment of the present invention. DETAILED
DESCRI PTI ON ?L USTRATI VE EMBODI MENTS FIG 1 is a diagrammuatic view of
disc drive 100, which is adapted 25 to couple to a conputer. \Wen so
coupl ed, the conputer transfers data to and reads data fromdisc drive
100. Disc drive 100 includes discs 104, 1 0 MAY 2005 STL 9974 -7 spindle
106, spindle nmotor 108 (shown in Fig. 2Y5 transducer head 110, actuator
112, and board el ectronics 114. Board el ectronics 114 include ‘suitable
control circuitry, such as disc controller 116, for effecting contro

within driveSP .eé%@é@fﬁ%@f&%i@l&%b@ﬁi&Qbitms@lufst_%be ]lﬂd)m i s 108
| ed Walel 108 th | zation Ln not or
catses. spi ndPErE 107aRd oatd Sl Roped gady Bodsf e Paks 1T udarc, “heads
110 fly abovelitheleQWntich Eitcditsd, Qﬂ%ﬂ Q%His% 'cbﬁﬁ'ogter 4, £6f eéféc@]?\'gdco% jearry

transducers for comunicating“with the respective disc surf&ce. Several

10 al t er nat i wathinphéveoiOheads can be used, such as magnetic or optical
heads. Actuator 112 is coupled to electronics 114 and is adapted to nove

heads 118 rel at i WisesolMreae Sixed abeut spindies16, which is cagped s@spindim

actuation signal om.el.ectroni,cs, 114, W data is to be witten to
di scs 104, dFAOF 3 Pt bt pRETEeAtiAT0f sRiadlegppin l0bcatsesEPingler o6

r ea.d/ wite chfgWildsosts rbiEs eWheEHRL e rotate, heads 110 fly

above/below discs 104 on thin films of air or liquid and carry
transducers for communicating with the respective disc surface. Several
10  alternative types of heads can be used, such as magnetic or optical heads.
Actuator 112 is coupled to electronics 114 and is adapted to move heads
110 relative to the surfaces of discs 104 in response to an actuation signal
from electronics 114.
When data is to be written to discs 104, disc controller 116
15 provides appropriate signals to read/ write circuitry 118 thereby causing
read/write circuitry 118 to generate signals at the appropriate transducer
on head(s) 110. The transducer generates changes at individual bit
positions, as head 110 flies above disc 104, based upon the signals
received from read/write circuitry 118. Generally, the transducer
20  generates magnetic fields which selectively magnetize the individual bit
positions and thereby store data. |
When data is to be read from discs 104, a transducer (generally a
magnetoresistive element) on head 110 generates a signal based upon the
individual bit positions as head 110 flies above disc 104. The signal is
25 amplified by preamplifier 120 and provided to read/write circuitry 118.



. read/wite circuitry 118 to generate signals at the appropriate trarﬁdhi?r
"on head(s) 110. The transducer generates changes at individual bit 2005
positions, as head 110 flies above disc 104, based upon the signals

received fro /wite circuitry 118. Generally, the transducer 20
generates magnetic fields which selectively magnetize the individual bit
positions and thereby store data. Wien data is to be read fromdi scs 104,

a transducer (generally a nagnetoresistive elenent) on head 110 generates

a signal based upon the individual bit positions as head 110 flies above
disc 104. The signal is 25 anplified by8preanplifier 120 and provided to
read/ wite circuitry 118. 1 0 MAY 2005 STL 9974 -8 Data is recovered based

upon t he Sigf}%}t so received ga/ read/ wite_ ci rcyitrg 118 and i s provided
to disc cont Mgt isrecaveregdhased wpendhesignabspressisied bynveady/iveritet r ack t he

1 f. th . t durj wit ti d t det t
nead col |1t SeuEr {8 S Hroatdrd GEHEF pRyoRglloct on of recorded
information in a Jpoiiitiids Sitdbfthe ﬂey&\qé%ht%%fﬂﬁ gfstﬁ%%qlg Igeeffected

by neasuring a ange of resistance o glven Rtotat =

R + OR OR MReldnyeratcdutting Writhiope22idHts iR order tdétedt head do‘ihﬁlbﬁs
resi stance of the 10 MR elenent. In known read/ wite channel

i npl enent &t i BAth thﬂmed'@aﬁeltﬂraﬂypgletbamefrmwﬂiedmﬁomagmmah hi gh gai n)

preanplifier is usu turn off during wite gperations because the
magnet i c fi eMPEGER 5%8%#“’%?’1 MR e nl‘?é'gd‘eﬁg 1§§ff¢q¢g‘lgytrng@sqr1ng drces the

glr Sﬁg}jl : fsl ?realgamaéé ¥ raBis b 'o?%érﬂﬂ?elg&ént%ﬁvénhgyt Ime. Thus, the read
Reotal = Rmr + AR

AR usually occurs within 2% of Rmr, and Ruy is the DC resistance of the

10 MR element. Inknown read/write channel implementations, the read
channel back-end (second stage with high gain) preamplifier is usually
turned off during write operations because the magnetic field generated
by the write head is so large that it forces the preamplifier into a
saturation mode most of the time. Thus, the read signal is read as:

15 Rsignal = A Rmnax.
However, during the write operation, the interest in the MR element is
not in the signal content. When a.coliision of the head with a foreign
object or the media itself occurs, the sudden heat generated by the
collision increases the temperature of the MR element and thereby raises

20  its resistance substantially. Fig. 3 is a chart of an MR signal illustrating a
spike that occurs during a collision. Essentially, using the MR element to
detect the relatively large change of resistance (ARtemperature) during the
write operation provides a simple and effective method to detect, in
essentially real-time, head collisions. Thus:

25 Riotal = RMR + ARmax + ARtemperature



. 15 Rsignal = 0 R,,,. However, during the wite operation, the interest in
‘the MR element is not in the signal content. Wien a collision of th8 HaAQ(5
with a foreign object or the nmedia itself occurs, the sudden heat
generated by thg,,collision increases the tenperature of the MR el ement
and thereby raises 20 its resistance substantially. Fig. 3 is a chart of
an MR signal illustrating a spike that occurs during a collision.
Essentially, using the MR elenent to detect the relatively |arge change
of resistance (ORtenperature) during the wite operation provides a
sinmple and effective method to detect, -Pn essentially real-tinme, head
collisions. Thus: 25 Rtotai = RVR + ARmax + ORtenperature 1 ﬁ iAdY 2005 STLI
9974 -9 By conparing ORtenperature with a pre-selected threshold, a signa
can be ge%er at ed BYRUBPAIRE Aldrpaitanwithcr prasselected threshold hsigtiadc drive

f i at ti.on.i ; se,to the callisiqn. For exanple,
oSk o R R GRond BRR b, Bf hia TT
dat t ' ' r . ion on e disc
o cating « FETioBRt Sppiditiat® doth k1RsHbnte (ot bl REMRLLHCAN

actions. Engach aetiés cai irdhed resHAE the waiteioperatich, BRSiAE tHeawkive SUi t ed for
di sc drives that enploy giant magnegoresi st iO(\?eé (GMQ) hea‘(’gs. The read- back

vol tage af t Kataat an altemmatelacatien dettbe distestobingrnfdmpiticmen thedist0 MR

Guri ng w1t o IGRANG Bt EAtiag of he SOTESIARRERTY bfhes SpRvPHGRGtiRRS.

' Rtenperature) | (gypodiments of the present invention are particularly suited for
disc drives that employ giant magnetoresistive (GMR) heads. The read-
back voltage at the MR element can be determined by multiplying the

10 MR resistance with the current flow. Hence, the instantaneous voltage
V(t) during write mode is given as:

V(t) = Reotat®I(t) = (Rmr + ARmax + ARtemperature) ®I(t),
where I(t) is the instantaneous current flow across the reader element.
ARmax is generally approximately 2.5% of Rur for a GMR head.

15 When a collision occurs, it causes the MR resistance to increase
tremendously due to the abrupt temperature rise, thereby causing
current flow to decrease. This event is called a thermal asperity (TA) and
is illustrated in Fig. 3. Preferably, MR resistance is measured after the
preamplifier output. During a TA event, the sensed signal is generally

20 much larger than the normal signal amplitude. For example, as
illustrated in Fig. 3, the signal increased substantially to about VT Apeak =
702mV in the TA event (compared to the original 2T amplitude of Vo-peax
=61.5mV).

By using a preamplifier to sense the resistance change in terms of

25  voltage and current, only the minute voltage variation AV or current Al



. Where I(t) is the instantaneous current flow across the reader elenent.
+ARmax is generally approximately 2.5% of R for a GWR head. 15 Wen a ,
collision occurs, it causes the MR resistance to increase trenendbdeVW 2005
due to the abrupt tenperature rise, thereby causing current flowto
decrease. Thi3L nt is called a thermal asperity (TA) and is illustrated
in Fig. 3. Preferably, MR resistance is neasured after the preanplifier
output. During a TA event, the sensed signal is generally 20 nuch |arger
than the normal signal anplitude. For exanple, as illustrated in Fig. 3,
the signal increased substantially to glpout VTApeak = 702nV in the TA
event (conpared to the original 2T anplitude of Vo-peak = 61.5nmV). By
using a preanplifier to sense the resistance change in terns of 25

vol tage and edtlhertmphifiey. Cakubativrisgfoy obtaAfRgVAR kA1 afYillisteed ent DI 1
0 MAY 2005 STL 9974 -10 wll be anplified. Calculations for obtaining
O?terrperaturéséﬂPB?Wﬂil ustrated as follows: Case 1 Current-biased and

vol t age- sens earrpl ier nal DC Bias, FIXED 5
TA event O\IZE‘%%) @rh&@?‘%{%}% ﬂ -ﬁs?%dmrs*@apéf}zh t enper at ur e

AV, ARr MX substltutl ng ?ﬁ?e!f gnd 2T Vo-peak = 10 61.5nV, it
is observed that Rterrptla\;ratnyE I’OXI éﬂc)?‘astg’ﬁﬁ times larger than

ORmex. Case 2 Vol t age- hispsechtang, £(KR§aQT+ ARDS SR SBEBLIFES -

AVz = 1 + ARtemperature )
AV, AR

By substituting TA VT Apeax = 702 mV and 2T Vo-peak =
10 61.5mV, it is observed that Riemperature is approximately ten

times larger than ARmax.

Case 2 Voltage-biased and current-sensed preamplifier:
Normal signal AVpc Biased FIXED = ARmax®Al

15 TA event AVpc Biased, FIXED = (ARmax + ARtemperature) oAl

_é_'[_l_ = (1 + ARtemperarure]

where ARtemperature can be estimated from the ratio of Al to
20 Al Since ARtemperature i5 @ positive value, Al is larger than
Al.
In the above equations, it is observed that the large voltage and
current changes are fully reflected by ARtemperature. By monitoring the

resistance Reotal = Rmr + ARmax + ARtemperature during writing, a threshold



. Normal signal OVDC Biased, FI XED = ORmax'il11 15 TA event OVDC Bi ased, FI XED
= (ORmax + ARtenperature) *Al2 AI1 _ 1 + tenperature AJ2 ARmax . 112D MAY 2005
where ORtenperature can be estimated fromthe ratio of DI7 to Al 2. Since
O?terrperatur%TL%mg positive value, DIl is larger than Al2. In the above
equations, it bserved that the |arge voltage and current changes are
fully reflected by ORtenperature. By nonitoring the resistance Rtotal =
R-,r + ORmx + ORtenperature during witing, a threshold 1 0 MAY 2005 STL
9974 -11 Rth can be set to trigger the channel when a foreign particle
collision, or other collision type evadlt occurs. Preferably, in order to
obtain snoother TA event detection, a lowpass filter is added to the
reader to bl ock the coupled high-frequency noise fromthe wite
transiti on. Refgag beysetdodriggenthelvhannel when adoiaign partidlécollisizd, bhat can be
I mpl enent ed | Lve firmvare in or erf@tggﬂdetect Wi tgt head col |l i sions

in accor dancé?’ct %tor%'iléﬁ%ﬁaﬁ' RRATtaCcCte f5P ¥, rirelet foRbtaim emogthery
pegins o, B ok B A0RKert Biah b (SioYRREE Pl AR 0L 5,
T 8o LR RSRN R RSB iy cicess 1 ont
exceeds Rth. WelFigtdosalflexcheddll@thatindge nethbdd 28 xkatudaeshed! ock 128 where
2 implemented into drive firmware in order to detect write head collisions
in accordance with embodiments of the present invention. Method 122
begins at block 124 where the total resistance of the MR head, Reota is
monitored during the write operation. At block 126, Reota1 is compared
10  with a pre-selected threshold Ri. If Riotai does not exceed Re, control
returns to block 124 thus creating a loop that executes until Riota1 exceeds
Rin. When Riota exceeds Ru, the method executes block 128 where a
collision trigger fault is generated. This fault may take the form of any
suitable signal requiring any suitable corrective action. Once the
15 appropriate corrective action is taken, control passes to block 130 where
the write operation is terminated.
From the above description, a number of embodiments are
apparent. For example, in one embodiment an apparatus and associated
method of detecting a head collision during a write operation of a disc
20  drive includes the following steps. First, a resistance of a
magnetoresistive (MR) element is monitored during the write operation
to detect an increase in temperature of the MR element. Then, the
relative magnitude of the increase in temperature is measured. Finally, a
detection output is generated based upon the relative magnitude. The

25  resistance can be monitored in at least two ways. First, it can be

monitored by repeatedly measuring a voltage across the MR element



, collision trigger fault is generated. This fault rmay take the form of any

- sui table signal requiring any suitable corrective action. Once the.th
appropriate corrective action is taken, control passes to block 13 V\Mé¥e2005
the wite operation is termnated. Fromthe above description, a nunber of
enbodi nment s 5?’6”7%1pparent. For exanple, in one enbodi nent an apparatus and
associ ated nethod of detecting a head collision during a wite operation

of a disc 20 drive includes the followi ng steps. First, a resistance of a
magnet oresi stive (MR) elenent is nonitored during the wite operation to
detect an increase in tenperature of thi@-MR el enent. Then, the relative
magni tude of the increase in tenperature is neasured. Finally, a

detection output is generated based upon the relative magnitude. The 25

resi stance candielowatingthedresistaicel Sasind, wocasslysmdriitosed biytrepeatetiy
nonitored by repeatedly neasurin vol tage across the MR elenment 1 0 MAY
2005 STL 997@6@%@6@%@9@%&@%3&%&@@ Reglementard galculatingthepe

t db t t th th | t
and cal cul ot FROVERRE “Dlie PEERTE deledits Rl oo Rnenthebit o n t he
formof a si aaaéestm@am@acusfs& H@mq{eevog &Féﬁtﬁ%btoﬁfm\gg% geefat i on.

Enmbodi mrents of the 5 1 nventi o are ar | O drives

enpl oyi ngs GVBN‘Hmﬂ)n alegretitslarlym Héablfe&brc&dve%ré‘mpﬂb GMRé&enagni t ude of
the relative increase is neasured by conparing a resi st ance correspondi ng

with the i nelesagnds Iremef@mdeembocﬂnnaemr’émesaagnmdephtmmtwe | n anot her
illustrative. enbodi.nen Vg{)sc drive includes a 10 nunher of _.el enents and

can detect whH¥Aease s yaeaarlr RESMPAsINgG astesistance corresponding with the

increased temperature with a pre-selected threshold.
In another illustrative embodiment, a disc drive includes a

10 number of elements and can detect when a disc drive head collision
occurs during write operations. The disc drive includes at least one
rotatable disc adapted for storing data thereon. A spindle motor is
coupled to the disc to rotate it. One or more read/write heads, each
having a magnetoresistive (MR) element, are positioned near a

15 respective disc surface for reading and writing data. Read/write
circuitry is coupled to the head(s) to read data from and write data to the

~disc(s). A controller is operably coupled to the head(s) and is adapted to
detect a temperature increase on the read/write head(s) during the write
mode.

20 It is to be understood that even though numerous characteristics
and advantages of various embodiments of the invention have been set
forth in the foregoing description, together with details of the structure
and function of various embodiments of the invention, this disclosure is
illustrative only, and changes may be made in detail, especially in

25  matters of structure and arrangement of parts within the principles of

the present invention to the full extent indicated by the broad general



. occurs during wite operations. The disc drive includes at |east one
‘rotatabl e disc adapted for storing data thereon. A spindle notor is
coupled to the disc to rotate it. One or nore read/ wite heads, eat) MAY 2005
havi ng a magrgﬁ%rﬁsi stive (MR) el enent, are positioned near a 15
respective di Zhr face for readi ng and witing data. Read/ wite
circuitry is coupled to the head(s) to read data fromand wite data to
the disc(s). Acontroller is operably coupled to the head(s) and is
adapted to detect a tenperature increase on the read/ wite head(s)
during the wite node. 20 It is to be-13nderstood that even though

numer ous characteristics and advantages of various enbodi nents of the

i nvention have been set forth in the foregoing description, together with
details of tieeaningof thetermsdn fvehich ithmappended desneatecskipressed. &ort he
invention, this disclJosure is _illustrative only, and changes nay be nade
in detail, e§HREP. /Idj}e partalaxelementsymay vagy depending on theppstisnlarof parts

ithin th I .ok fo t t . ti to,.t | t ent
'ndi cateq- by “PROCHIGEE b RBE e GuRE i BstBsally the s g or e
terns in whi glindtishadppandashtd 'apﬁnagh%n?ﬁw &%@@Qndﬁg{iﬁig @%ﬁe&the

particul ar el enents y vary depending on the parti cation for

t he dri ves whiteentiimtlai additos dittagh thelpreféredanbodimerit dusatibed Wi t hout
departing fromthe scope and spirit of the present 5 invention. In
addi ti on, al heERIGAS divected dp sletestingrodiniopnduring sytiteeeperatiors ima s dir ect ed

to detecti | 11 .sSi dur i it, ti [ L g .di
Stor age. syst BIBTECAITS stBas e an o wAll By SPRecaate B Gley AkleRdar | ¢ hat
the teachi ngg,Ohrtlhg: Med8&Hins AN st InPentRRPLEle A8p IR other

systems that employ MR elements and write data magnetically to a disc,

10 without departing from the scope and spirit of the present invention.



systens that enploy MR elenents and wite data nmagnetically to a disc,

w t hout departing fromthe scope and spirit of the present |nvent|3 @Aﬁ
MAY 2005 - 14 WHAT IS CLAIMED IS: 1. A nethod of detecting a head cdi bi b 2005
during a wite operation of a disc drive, the nethod conprising: 5 a)
monitoring a resistance of a magnetoregjstive (MR) elenment during the
wite operation to detect an increase in tenperature of the MR el enent;
b) neasuring a relative magnitude of the increase in tenperature; c¢)
generating a detection output based upon the relative 10 magnitude; and
wher ei n t hgpdatecti ammytgut causes the drive to retry the wite

operation.” I5 2. The nmethod of claiml1l, wherein nonitoring the resistance
includes repeatedly nmeasuring a voltage across the MR el ement and

cal cul ating if r)@nfe%cﬁ&@&lﬁ@cm%aﬂggd H&hE&%ﬁ cﬂ.{ru’% Riflitd optfaGLG! d? rﬁ% Ltoring
the resistance jncludes 20 repeatedly neasurimg curr en passi ng rough
the MR el enent Hivg theamethosk somprisiegr esi st ance 4. The nethod of claim 1,
wherei i t he MR el gment I 25 5.
The method of ol arm 1. "ohsrark tcsisBRORSr drkakitb sl ARFUEREAL . TP e
conparing a resi st anc el WRg trewrita @l@?rﬁ\ﬁl?mtq ﬁeteph%mmefdse lnénpmemtur@ with

a pre-sel ected thresholfdne MR element;

b) measuring a relative magnitude of the increase in temperature;
c) generating a detection output based upon the relative
10 magnitude; and

d) wherein the detection output causes the drive to retry the write

operation.

15 2. The method of claim 1, wherein monitoring the resistance includes
repeatedly measuring a voltage across the MR element and calculating

the resistance.

3. The method of claim 1, wherein monitoring the resistance includes
20 repeatedly measuring current passing through the MR element and

calculating the resistance

4. The method of claim 1, wherein the MR element is a giant

magnetoresistive (GMR) element.

25
5. The method of claim 1, wherein measuring the relative magnitude
includes comparing a resistance corresponding with the increased
temperature with a pre-selected threshold.
30 6. A disc drive comprising:

at least one rotatable disc adapted for storing data thereon;



30 6. A disc drive conprising: at |east one rotatable disc adapted for
storing data thereon; 1 0 MAY 2005 -15 a spindle notor coupled to {ieMAY 2005
| east one disc for rotating the disc; at |east one read/wite head having
a magnetoresistive (MR) elenent, the head being di sposed proxi mte a disc
surface of the at least 5 one rotatabl gsdisc, and adapted to wite data to
the disc surface during a wite node; and read/wite circuitry coupled to
the at | east one read/wite head to read data fromand wite data to the
at | east one disc; and a controller operably coupled to the at |east one
read/ wite head 10 8 re jncrease on the
read/ wite head_ durﬁgnt ggrﬂ\%\fr%?tcé{}?r%ggs(‘t@e %%ﬁgﬁﬁ%ﬁﬂag?rexﬁ?to € the
temperature irdifGase, causes the disc drive to take an appropriate
correction action, Jgiypigahky d .QF ~data at an
alternate |l ocation or tsg%sto?%e&)/iwr_lr?acé)’; ﬁtgtai%%ﬁlﬁg%‘%gggogc&%‘& ating the

| ocation of a cd¢mens, dhe hsad heingriisndsed poorpmate adisd swwfarad the at [Bast di sc
drive of claimge WeabBie; emm% LSt i | ant _
Magnet or esi sti ve _e( GWR) eeihel%r%nt ) ?%&[ ﬁee"ﬁréél é%ta&?ﬁggﬁ:i)sfc %rgal‘c%%él,nn\ﬁnaer ein
the MR el enent Wt modesdAnst ance that varies with tenperature, and wherein
the controller is a : mq ' 0 . nt. 9.
The disc drive of cﬁgfp%ﬁg?{e\?%rer_el E%%Egg%??%%f%rggﬁc%ea; 5‘%?‘3’8%§%%ﬁ‘;ﬁare
25 the resi st arféad gathirampand weite datadtotthe &4 lesist onedisst ande and provi de an

output indicative ofy &pltdift 8PeRBELUPIAJ it £IERR NS Wad /write head

10 and adapted to detect a temperature increase on the read/write head

during the write mode: , wherein on detection of the temperature
increase, causes the disc drive to take an appropriate correction action,
typically to rewrite the data, or store the data at an alternate location or
to store information on the disc indicating the location of a collision

15 causing the temperature increase.

7. The disc drive of claim 6, wherein the magnetoresistive element is a

Giant Magnetoresistive (GMR) element.

20 8. The disc drive of claim 6, wherein the MR element has a resistance
that varies with temperature, and wherein the controller is adapted to

monitor the resistance of the MR element.

9. The disc drive of claim 8, wherein the controller is adapted to compare
25 the resistance with a pre-selected threshold resistance and provide an

output indicative of collision based upon the comparison.

10. The disc drive of claim 6, and further comprising:
a preamplifier operably interposed between the MR element and
30 the read/write circuitry, the preamplifier providing a signal indicative of

the resistance of the MR element.



10. The disc drive of claim®6, and further conprising: a preanplifier |
operably interposed between the MR el ement and 30 the read/wite | ( MAY 2005
circuitry, the preanplifier providing a signal indicative of the

resi stance of the MR elenment. 10 MAW 2005 -16 11. The disc drive of claim
10, wherein the signal provided by thqlépreanplifier is a vol tage signal

12. The disc drive of claim 10, wherein the signal provided by the 5
preanplifier is a current signal. 10 13. A disc drive conprising:. a

read/ wite head in a data reading and witing relationship with a data

storage disg, d,. f detecting.a tenmperature increase on the

read/ write P%ie’%% ?lggragg%(%ﬁélgl 016t Wzlegeéﬁﬁlﬁﬁm’]ig?@f?fé’gﬁieg&% i cal resistance
during the wipeeampldfier isalvoltagd sighdly as herein described with reference
to the acconpanying draw ngs.

12. The disc drive of claim 10, wherein the signal provided by the

5 preamplifier is a current signal.

13. A disc drive comprising:
a read/write head in a data reading and writing relationship with
a data storage disc; and
10 means for detecting a temperature increase on the read/write
head in response to the read/write head electrical resistance during the
write mode., substantially as herein described with reference to the

accompanying drawings.





