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METHOD TO MEASURE SIGNAL DECAY AND A DEVICE THEREFOR

Related Applications and Publications .

This application claims priority from U.S. Provisional Application Ser. No.

5 60/239,553, filed October 10, 2000, entitled “Method to Measure Signal Decay,” the entire
disclosure of which is hereby incorporated herein by reference. This application is related
to the publication entitled “Measurement of the Linear Density Dependence of Thermal
Decay of Square-Wave Recordings,” presented on January 11, 2001, at the 8® Joint MMM-
Intermag Conference, San Antonio, U.S. Serial No. 09/708,491, entitled “Apparatus And

10  Method For Measuring Magnetic Properties Of Recording Mediums,” filed November 9,
2000, and U.S. Pat. No. 6,166,536, issued December 26, 2000, which are hereby

incorporated herein by reference.

Field of the Invention
15 The present invention relates to an apparatus.and method for measuring signal

decay of magnetic recordings.

Background

‘While the areal density in magnetic hard disk recording has increased, it is
20 understood that thermal activation processes may impose a limit on the ultimate recording
density that can be achieved. Thin film media have a granular structure with grains well
below the single domain size. There is a general agreement that maintaining adequate
signal-to-noise ratio, SNR, at higher recording density requires a reduction of grain size.
Very small grains become superparamagnetic. See C.P. Bean and J. D. Livingston,

25  “Superparamagnetism,” J. Appl. Phys, vol. 30 Suppl., pp 120S-129S, April 1959. That is,
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Background Wiile the areal density in nagnetic hard disk recording has

i ncreased, fhb coeicivity BebsiRds HnRAepeniet addEy th¥deci8ddi iNBinhRitn BéORBSTBEbITRY
inpose a limt on the ultimate recording density that can be achi eved.

Thin film nee 8mbas& FJ. Rickod| “Bbngiiidibd keebRinglat 10 ©20GdR/iY¥A? dnd bBRIn@W t he
single domain size. There is a general agreenent that maintaining adequate

si gnal - t o- NEEFETHA Magn. SHIRS5, pb. 271006, SBCIOII MehsABOSobet CEARIf AR 2
reduction of grain size. Very small grains become superparanagnetic. See

C. P. Beap agigk fr hiEh ddnkivy REdieSmedDrell QAL EHOEIRES 1he BRubili) of hBp! . Phys,
vol . 30 Suppl., pp 120S-129S, April 1959. That is,
recorded information and achievable SNR.

Since a recording must not decay significantly over the lifetime of a recording
device, a realistic assessment of the stgbility requires an extremely precise measurement of
signal decay. If the signal decays at a rate of 1% per order of magnitude (decade) in time,

15  for example, a signal change of only a fraction of 1% has to be detected during a
measurement ranging from 0.1 to 10,000 seconds. In this invention, “long term” mezlms a
decade or more while “short term” means 10,000 seconds or less. The theory of thermal
activation predicts that elevated temperature accelerates signal decay. Magnetic fields,
such as demagnetizing fields, also accelerate signal decay.

20 For practical use, the information stored magnetically typically has a lifetime of
several years. The magnetization or signal decay varies in most cases logarithmically with
time. See R. Street and J.C Woolley, “A study on magnetic viscosity,” Proc. Roy. Soc.,
A62, pp 562, 1949. In order to assess a priori what the signal decay of recorded

information would be after several years, one has to measure the signal loss at a reasonable

25  time period after recording and extrapolate thereafter. Media that could exhibit a
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magnetically ordered, but |ose hysteresis. Wen the superparamagneti’c 2005
regine is a d, hysteresis vani shes gradually and ghserves a

decr ease in%g}?@?"si ty with grain sizg, as reported by Rﬁ@ﬁ?oé}ri”%d

Luborsky. See E. F. Kneller and F.E. Luborsky, "Particle size dependence

of coercivity and remanence of 5 single domain particles,” J. Appl. Phys.

vol . 34, ppsighificfbimoullbsfipndiWecay aftersevebd ek of recoRiiny 4 SFicRRPhétcat i ons, the
onset of superparamagnetismmanifests itself in two ways: (1) the

coercivity brefuaRpusefulieOsl e ohdehd apsbdl kdik Bt waAQEA@S: litnd dedn becones
unstable over tine. See H J. R chter, "Longitudinal recording at 10 to 20

Chi t/inch2 afd sBRbydrs of rdcbiding WoalddikellyRehibit dbst ndhigitlsigndl/@eayaf 85,  Sep.
1999. Thus, the proper choice of grain 10 size for high density recording

nedi a ref | eedasonably sideterefiéd aftpicsRifg.t TiRrdiérd Priot foYhi®invédidn, thedhangs

information and achi evable SNR Since a recording nust not decay
si gni fi cant faingueersirdieyihg focleveldd a0fgodtl” k6 RANE ni@iuntWdit6 Ralially f@uteSt i C
assessnment of the stability requires an extrenely preci se neasurenent of

si gnal decayhortibmi dignabdegiipto aceatdtPprédictahd 18kigtefh pekfo¥miRt ofhéiMedih. magni t ude
(decade) in tinme, 15 for exanple, a signal change of only a fraction of

1% has t o be@rickab éhd iackntod it Rgs Bot PHRiSIenErtibly maarsﬂ:iemgtrénﬁsgmnshubhﬁdgesl&f, 000
seconds. In this invention, "long term' nmeans a decade or nore while

"short ter ntheneetisd digndicane cithisfollswih@im. expéiinenbibgoMenas: t her mal
activation predicts that el evated tenperature accel erates signal decay.

Magnetic fields,(1) sudhemmnl detrDyadinie; the GeddintivesSacradb B0 waideetrak dhetosi gnal
decay. 20 For practical use, the information stored magnetically typically
has a | ilDet tempermfure changes af thy esvirenmebe nmagneti zati on or signal decay varies
in nost cases logarithmcally with tinme. See R Street and LC Wholley, "A
study on nmagneti@) vi Semsitivity cHanp¥sof the Ransdudsr)d.e.,the déotdingheadBRpicdl949. | n
order to assess a priori what the signal decay of recorded information
woul d be af sensitisitywehaades weaf the onlerofladew pacant dFhesesehditivity ichymgés add ok a
reasonable 25 tinme period after recording and extrapol ate thereafter.

Medi a t hat obfthé thesutemahil amd, therefore, one is no longer able to detect small changes in the

signal.

15 To eliminate the thermal drift effects, one has to reposition the head using a scan of
a reference track, which is also called control track (CT). To account for the transducer
sensitivity change, the prior art teaches the CT should be aged. See P. Dhagat, R.S. Indeck,
M.W. Muller, “Spin-stand measurements of time and temperature dependence of magnetic
recordings,” J. Appl. Phys, vol. 85, pp 4994-4996, April 1999 and Y. Zhang and H.N.

20  Bertram, “Thermal decay in high density disk media,” IEEE Trans Magn, vol. 34, pp 3786~
3793, Sep. 1998. The aging process assures that the signal change of the aged reference
track can be neglected and one has a stable reference signal.

However, the prior art teaches that the CT and the decaying track, also called the
track of interest (TOI), should be separate tracks. Therefore, by the prior art methods, any

25  correction of the signa‘1 of the CT requires swapping tracks and performing a track scan of
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decay after several years of recording are obviously not practicaﬁlﬂ APR 2005
useful. On 2Alher hand, "good" nedia that would exhibit Little signal
decay after several years of recordigg woul d |ikely ex AFBPP14P R0t
negligi bl e signal decay at' a reasonably short period after recording.
Therefore, prior to this invention, the challenge 5 facing a person trying

to devel op e 'catOAle at@6IO4cH HNSTROY HAHAMA Stobfed! Dlbifith P(@%%gtyg@%te -term

signal decay to accurately predict the |ong-termper

medi um  Pr bed felvQedoBdsS whéhiB4rdc® Soah bf B FONRYs bEQSsH éa?tﬂe%eédes%ﬂsﬁﬂkty measur e
extrenely small changes of the recorded signals because of the” foll ow ng

two exper i Nggul@dhaie0 MBS tﬁe]r)efer-gﬁﬁﬁoé@hn%é folprove¥ ffe gﬁxilﬁseof ﬁé'l{%ﬁagﬂngd nves

across the witten track due to t enper ature changes

envi ronnent gat4 il re8RA b&ﬁd{)‘t&d%ﬁ%@@@ﬂﬁ%mﬂi mhEHRti%aKkiBR SAHES Femsin Edetbdléd. F €COT di ng

head: Typical sensitivity changes are of the order of a few percent.

These sepsiti Vi thephRs Biveidd dbsRribte b R thod for hidGsuFRSSYY GARNhangeah:
therefore, one is no longer able to detect small changes in the signal.

15 To el i m RRéMed dighalsdaRBih-sihd febterthd RE4pParafl efdfde. FArticBRRS itk On t he head

using a scan of a reference track, which is also called control track

(CT). To acaRbon fsthseh Bf cdricamipteitRivity 1A Sds oF Mk trinsBiRN Ofhe ptdgt Pr i or art
teaches the CT should be aged. See P. Dhagat, KS. |ndeck, MW Miller,

" Spi n- st andinvadd delewiisa REhniduehatdlidwt BERRksAtHA &@%ﬂ_d%‘%@ mi{ch Fahet i c
recordings,"” J. Appl. Phys, vol. 85, pp 4994-4996, ril 1999 and Y. Mang

and H. N. 20gdsitivdlien that kB b6 forialt mbiHabs, AR B&dition, htSdouldddiadquired EEE
Trans Magn, vol. 34, pp 3786- 3793, Sep. 1998. The aging process assures

that theosi giedrdd Bomeghitale fafie 1R ht ek QLRHHS pribraRGketiafl be negl ected and
one has a stable reference signal. However, the prior art teaches that the

CT and the decaying track, also called the track of interest (TA),
shoul d be separate tracks. Therefore, by the prior art methods, any 25

correction of thsunshivalf dfIntdh@ioh’T requi res swappi ng tracks and performng

a track scan of
This invention is directed to an apparatus and a method for measuring the decay of

the magnetic properties of recording media. Particularly, the invention is directed to an
15  apparatus and a method for measuring the short-term signal decay of disk recording media.
One embodiment is a system for measuring signal decay, comprising means for
positioning a recording head and a recording track comprising a control track and a track of
interest located on a track of the recording track. The means for positioning a recording
head could comprise a head positioner such as that disclosed in U.S. Pat. No. 6,166,536.

20 Another embodiment is a method for measuring signal decay, comprising reading
an information signal from a control track and reading an information signal from a track of
interest, .wherein the control track and the track of interest are located on a track of a
recording track. The method could further comprise writing data onto the control track.
The method could further comprise recording left and right pilot tones on each side of the

25  control track. The method could further comprise locating a position where the left pilot



7 APR 2095 WO 02/31826 PCT/ USOL/ 18937 4 the CT while a track scan of the

TO has been stopped. During this tine period, typically, of a few [ APR 2005

seconds, wh rack scan of the TO has been stopped, the head
sensitivity%ny%éﬁﬁéchange. Al t hough the referencing tecﬁﬁpaggﬂpﬁ%roves t he
quality of the data, the data still remain corrupted by noise and smal
magneti zati on changes renmai n undetected. 5 The present invention describes

a method f OkonBRaGEs kd D% 6ff BB vARATURIeft Hllot fdRE %ﬁ&%g% %&ﬂ'{ﬁ%}l on a

spin-stand tester and an apparatus therefore. Particu S

| nvent | on. | Glue@t it SR foRGinkReR81304!of ¥ aXinhARE SE b nlGuldiaRodger - The
e

present invention deals with a technique that all ows neasur enent of

Si gnal chang@eoBusiid fRGE cBRPHElLME S cbiltDirdcd dherhAftfk BufrcfHle olEPT 0T art

nmet hods. In addition, data coul e acquired 10 on er of magnitude

faster thanhdratThe @ielod SoulfuthS chtfiprRb mdhitoriB iHaPand ﬁéﬂ?@ﬁ%oﬁgs whil€

I nvention This invention is directed to an apparatus a a nethod for

measuring t bginge aohtef track N'ehd FRGRSRA dofild B BRECOHpRS: éﬁ%niﬁEE%&hﬂg]ﬁ?g@i%é hod

Particularly, the invention is directed to an 15 apparatus _
for nmeasuri rgpéch tisdWhfrol i@k The gidfbd SRePHirtRdr cothprise WRGRY Eid i ®irdx One

enbodi nent is a systemfor neasuring signal decay, conprising neans for

posi ti oni ngofintefsso Ml HGHHE ashlPRFhaR coRsRE Slilting 8 Glnfa@sMsgailNg @ contr ol
track and a track of interest |ocated on a track of the recording track.

The means f §(TQYS(CT).ORid}gefeirddRaDBEE M of 1he AtHE B flis HR&RIoh SBe &

positioner such as that disclosed in U S Pat. No. 6,166, 536. Anot her
enbodi ment  sinformBioneEnilFon Baaislitagk MidIbTkadiRR)n infRARInSighe FoRfFi N an
information signal froma control track and readi ng an information signal

from a 6 ac kadkfof iritedése ire done withohRwapiddes reidifihead baFkendNE dftlaRnt r ack of
interest are located on a track of a recording track. The method coul d

further compordingttlisi The Hethedl cotld FurtHecoribd Bididefadfabic cenfEPﬁ’siﬂ%étﬁQEl coul d
further conprise recording left and right pilot tones on each side of the

25 control bdanekmpriking apositisithgaestion, f urther conprise locating a position
where the left pilot 7 APR 2005

Another embodiment is a system for measuring signal decay, comprising a control
15  track and a track of interest located on a track of a recording track. The system could
further comprise a read gate and a write gate. The system could further comprise means
for generating pilot tones. The system could further comprise a device for computing a
normalized signal S(TOI)/S(CT). The system could further comprise a recording head for
reading an information signal from the recording track. The system could further comprise
20  aspectrum analyzer for analyzing the information signal. The system could further
comprise a read-write head comprising a writer and a reader, wherein a width of the writer
is greater than a width of the reader.
As will be realized, this invention is capable of other and different embodiments,

and its details are capable of modifications in various obvious respects, all without



WD 02/ 31826 PCT/ USOL/ 18937 5 tone reduces to 30% of a maxi num val ue of
the left pilot tone and |locating a position where the right pil otrt\?npp(ﬁ 2005
i ncreases t%@&%%iﬁé a maxi mum val ue of the right pilot %?_irl]e 0The nmet ho
could further conprise aging the contgol track after wi ’H@lﬂg?é to the
control track. The nethod could further conprise nonitoring the left and
right pilot tones while 5 aging the control track. The nethod could
further CO”BéﬂaﬁﬁéﬁHnﬁlﬂbﬂﬂerﬁioﬁ.eﬁ%ﬂﬁﬂk@y,hﬁ%fhv@i‘ﬂg%%d&e@é@ﬁ%ar@% ghe control

track. The nméthod could further conprise witing data onto the track of
interest. Thaa&f 3AthseRivk th dattird MMCRTREARGe. Cal cul ating a nornal i zed
signal S(TOL)/S(CT). In a preferred enbodi nent of the nethod of this
invention, the reading of an information signal froma control track and
the readi ng of an information signal froma 10 track of interest are done

Wi thout swappi NoBref DR§PIpHbR Of the Beawmbyeen two different recording tracks.
The nmet hod coul urther conprise frnding a track center using a track
scan conprisi ng FhePRSdnt inQBiHAE wiESd el undQS A%y rSERALIERE Delafled® SYStem f or
measuring signal decay, conprising a control °“15 track and a track of

i nterest | opadecaptidards thelifyahtfonofheR tak B dlien Hith ﬂ:%%ach%aﬁmgé, Geul d further
conprise a read gate and a wite gate. The system could Turther conprise
means for generating pilot tones. The systemcould further conprise a
device for conmputing a nornalized signal S(TAO)/S(CT). The system could

further conpri seriguré Emmmgommdé%wsbﬁﬁﬁékriﬂeﬁﬁniemuﬁﬁ%aap&cﬁimal from

the recording track. The systemcould further conprise a spectrum

anal yzer f omeihbdbdiEis BFedtidg. | Nformati on signal. The system could further
conprise a read-wite head conprising a witer and a reader, wherein a
wi dth offjopthe witer 1is greater than a wwdth of the reader. As will be
realized, this invention is capable of other and different enbodi nents,

and its details Fige ZsHo#bhSectibn sicirgicamtlk eAGiriny séeonPoln Bl Hdsk, kespect s,
all w thout 7 APR 2005 WD 02/ 31826 6

track of interest and pilot tones.

Figure 3 shows a scheme of a track scan which contains a control-track and pilot

15  tones.

Figure 4a shows traces of signals recorded from a control track and a track of

interest.
20 Figure 4b shows normalized traces of the signals shown in Figure 4a.

Figure 5 shows a section of a single track containing a control-track section, a track

of interest section and a positioning section.
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and description are to be regarded as illustrative in nature and r(at'{aNDR 2005

restrictive | Description of the Drawings 5 The pr i.pventi on
will be bet tWeOrEHz}aﬁéGer stood by referencg to the Detailed (;@Q%ql%lﬁgﬁ on of the

I nventi on when taken together with the attached draw ngs, wherein: Figure
1 shows the top and side views of a disk used in neasuring signal decay in

a method of thi FiguraEdiowsthe nddhalihedtales 3f SRANTot SQRIbIAAPIdS thbpet € track
contai ning sections of a control track, a track of interest and pil ot

tones. Fi guihtrest thit ek racodded @130, 050 sad REGIA, Scan whi ch contains a
control-track and pilot 15 tones. Figure 4a shows traces of signals
recorded froma control track and a track of interest. 20 Figure 4b shows
normal i zed traces of the signals shown in Figure 4a. Figure 5 shows a

section of a si metafled Dagkiptiolbfth® Inv@ndoncONt rol -track section, a track of
I nterest section and a positioning section. 7 APR 2005 WD 02/ 31826

PCT/ US015 18937 K orfei egribbéinfantsthe decay Bta 1R GekeRitirdilteinpaante with axegiadie from a
control track and a track of interest that were recorded at 50, 150 and

250 kfci. E@N@iﬂe@dﬂll@ﬁtﬁéiophﬁrﬂﬁe@ﬁﬂlédﬁﬂcﬂm%&ﬂn%thﬁtdgwmﬁfﬁgb@ﬂiﬁﬁm, t he
decay data is taken at roomtenperature with a read-wite (RW head 11 on

the top surdeesnd rafl-virltehedid 45, flo¥maa tifbOwsm kide bitke dikd1 2y is@edad sdnsee 1. A
second read-wite head 13, flown on the bottom side of the disk 12, is

used t o sendisk tedaperatalieak sHoomaetha kide eiewsf Fig@an. Optidraky, HediskvD @ual®be Fi gure 1.
Optionally, the disk 12 could be
heated using halogen bulb 14 that is mounted in close proximity of the disk 12 as shown in
10  the top and side views of Figure 1.

Since the resistance of the write coil of head 13 depends linearly on the
temperature, it provides a convenient means to measure the disk temperature in-situ. The
temperature measurement therefore reduces to a simple four-wire resistance measurement
that can easily be calibrated to a commercial thermometer. It is estimated that the disk

15  temperature is within 1°C of the targeted value, e.g., the room temperature. It was also
checked that the temperature of the top surface of the disk is close to that of the bottom
surface. The resistance measurement is fed into a commercial temperature controller,
which keeps the temperature constant within +0.1°C during the measurement. With this
arrangement, decay measurements at disk temperatures as high as 95°C have been made.

20 In order to take high quality data, the inevitable variations of the head sensitivity of
the head 11 have to be compensated. An aged recording can be used as a reference as
explained above. In this invention, however, a unique approach is used, namely, that the

CT and the TOI are recorded onto one track. In the context of this invention, the phrase

“recorded onto” is analogous to “located on.” By this approach, using a spectrum analyzer
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disk 12 as shown in 10 the top and side views of Figure 1. Since th
resistance Qfqdligsrite coil of head 13 depends linearl t he

t enper at ur e, |t%provides a conveni entgnmeans to neasure %ﬁg%ﬁﬂéﬁn7

tenperature in-situ. The tenperature nmeasurenent therefore reduces to a
sinple four-wire resistance neasurenent that can easily be calibrated to

a COMMEr Ci ain ZAapdHiSie the ddth of the €B hidBd BOT debtfdhs &ah%e?éaaguiaéy&%p%% ure is

within 1 C of the targeted value, e.g., the roomtenperature. Tt was al so

checked t haheall BésitioiPRERAIH Bo Rhgdr QBtedRite MddsbRmBnQlatithe disk is close to
that of the bottom surface. The resistance neasurenent is fed into a

commer ci al. t e aka iibosRihy, oy Bide wrbhl Y60GRS o109 ohBD A ¥ mcOnst ant

within t0.1C during the neasurenent. W this arrangenent, ay

measur enent Bavabeediusdd. trRBRMAES both &% (ISnd BT Gre38 forgaMbyRGAY séRdRd 20 1N
order to take high quality data, the inevitable varla%’l ons of the head

sensi tiv§t yideks, hétéadi@afard dechiens@f b2 chiffro G:RCKRA B Fig¥e 22a8M f850h41 NY can

be used as a reference as explained above. In this nvention, however, a

uni que appr seehl Adfanttpes] The AR bi¢ acduliad vikthiily sknbiltadteusy) Heh@henditifity €COr ded
onto one track. In the context of this invention, the phrase "recorded

onto" is anciangeus the caughtaibed adfey caBBedative Shebd b hoHfdpping of tAGhddSpect rum
anal yzer 7 APR 2005 WO 02/ 31826 PCT/USOL/ 18937 8 in zero span node, the

data of thebeétfeed MOI bdttion T areaE]! sectivh 22 f Fipde RENGte @At il ITVI RGN doBat  head
sensitivity variations no |longer deteriorate neasurenent quality. In one

enbodi ment , CY edco i WeatbdEdrthé same@on-Whdkiblohg IR dswh daskitebtRADOE, nb2N)  have
been used. Therefore, both the CT and the TO are no | onger physically

separ at ¢0l Sor depsrlts dowdGhcka 0Thel diysy Ack swapiihdptScetiire BHO 1613kl Heesbdir@CK as
shown in Figure 2. This feature has several advantages. The data are

acqui red Vi Thetgbieya adwHifeABRHSH siownHE Fkufe@) séuld Mhd the TONAIATISsedtidhs t hus
caught as best as they can because there is no swapping of the head

bet ween TO eitheditaltaneohslgos with nsigibieQife i fepéncEwhild dterhativiBiradidpahe TE TO
section 21 and CT section 22 are |ocated on the sanme down-track al ong the
down track sghdrGItdettivhs.2Dmck sWabping introduces mechanical inaccuracies and is time
consuming.
15 Figure 2 shows reader 23 with a width smaller than that of a writer for writing the
written tracks, i.e., the CT and TOI tracks 21 and 22 shown in Figure 2. The written tracks,
which were written using a wide writer (not shown in Figure 2), have a certain track width,
the written track width. In one embodiment, the width of the reader is narrower than the
width of a written track. Also shown in Figure 2 are left and right pilot tone sections 24
20  and 25. The purpose of the pilot tones 24 and 25 is explained below in the context of the
experimental method of this invention.
In one embodiment, the experimental procedure is as follows:
(1) Record the CT opening a write gate and make a track scan, The read gate is

switched such that only the CT is observed (TAA measurement). TAA is a track average

25  amplitude, (as opposed to a spectrum analyzer which measures an unfiltered signal). Note



10 on separate down-tracks. The clunsy track swappi ng procedure is no

| onger necessary. Therefore, a read-wite head (not shown in Figuse]28PR 2009
could read %eo /I@z and CT sections either sinultaneously or with

negligible Vimg B ference while al tegnatively reading PHEUS®3hng CT
sections. Track swapping introduces nechanical inaccuracies and is tine
consum ng. 15 Figure 2 shows reader 23 with a wwdth smaller than that of a
witer for it ; ;M ' t t ks 21 and
22 shown i n%?%%?‘gn%%%ﬁ%ﬁﬂm% ?I?itil’eo%é ??J’;gi%‘i‘“ﬁﬁ}“éﬁgbvﬁ%‘eﬁ%q? %%ur?(gg?c ng a w de

writer ( nmss@?%ﬂﬁg Hroli] BUhdx é%int. %Yﬁstﬁ’na:t@ Bid ghﬁq&{d%& b4 R.7s hlEy Tt en

track width. I'n one enbodi ne the w 0 e reader 1's narrower than
the Wi dth yiudrolld EbaDokS S7K. ALHS Gerdd QMbed, e Bl oo £ 12 i d right
pil ot tone secti orﬁs 24 °20 and 25. Tﬁz pur péglg 0 %a%elggo?lt@tt’bﬁ)@e@§24 and 25
is expl ai ngghdiateqivol faliige context of the experimental nethod of this

i nvention. In one enbodi nent, the experinental procedure is as follows:

(1) Record the GFrananisagia ik 12 80 AUGHTHCTA: EPGH saktfe The T ead

gate is swtch such that only t i s observe measurenment). TAA

is a track RYARGEthedrotiRLd t ude, (as opposed to a spectrum anal yzer which
nmeasures an unfilteréd signal). Note 7 APR 2005 WD 02/ 31826 PCT/ US01/ 18937

9 that if the W3)tperfeiai teack Scah Bgdinyw] 4&!&&(&%?&%&?&?2}%&6&&9& he

beginning to the end (0 to 360) starfing froman index point. For
i nstance onﬁﬁsqaaoxfe%ﬁ%hmqmaﬁ’maﬁen& Rith) thé Pead LREIseREEd adé&'din%;lyf ecord from 90

to 270. As the nanes denote, the wite gate’Is for witing and the read

gate is for reag)Rebre e (cddtioRE HWHELHIRE bl tonb RIS tdlesk ADoK itPN €ach
side. The user can select the positions of the pilot tracks. (3) Perform

track SEAN mdkdhin W18 ﬁiaxmo&hamw&l%ﬁﬁiﬂnot {5nd inBr8sbed B)mdRd @ad RHHT ded.
This is done using a TAA neasurenent wt he read gates sel ected

accor di ngl yoftdedhaxhngh Qalbidie | ocations at which the left pilot tone reduces
to less than 30%of its

(5) Move the reader to the track center and the CT is aged. Since there is drift

during the aging period, the pilot tones are continuously monitored. Whenever the reader
picks up a pilot signal greater than a threshold of 30% of the maximum pilot tone signal,
15  the head is re~positioned.

(6) After the aging period, scan the track scan again. The current locations at which
the 30% points of the pilot signals are found. The difference between these positions and
the original ones serve‘to re-center the head for the following write process of the TOL It
is absolutely essential that the CT and the TOI are aligned as well as possible. In

20  particular, the head is moved back further than the newly determined track center and
moved to the right again to take out the effect of mechanical hysteresis. After this, the head
is kept for 3 seconds at its new position to make sure that eventual mechanical vibrations
have settled. Then, the TOI is written.

(7) Record data immediately after writing the TOI. The analyzer is set to zero span

25  and the entire traces are transmitted to the computer, In this way, one is able to record the



10 maxi mum val ue and the location at which the right pilot tone increases
to more than 30% of the maxi numvalue. (5) Mve the reader to tiye Tt ARRK2009
center and 2 sjss aged. Since there is drift during_the a&i n.(fzj‘peri od,
the pilot t eS8 continuously nonitored. Whenever t hECTUSHEIST bi cks up
a pilot signal greater than a threshold of 30% of the maxi mum pil ot tone
signal, 15 the head is re-positioned. (6) After the aging period, scan
the track Sgard.aeaiidb Tﬁlﬁ)r%lb[ﬁ@ it Jﬁ“@&[z‘g %al%ﬁ i e 300 i4At s of
the pilot si gna?l s ar eoﬁ‘ ound. The ceji eraen{(%e e%%gﬁt&%et%@gu%oa@@%ﬁs and
the origi nakigMNGY BT Fyigndl ib B1GRAIE ThE REmBERH s; TR ng write
process of t%demTO t 1élng“absol utely essent?%@ﬁ%?g{)ﬁsgbu yg{Iand the TO

are ali gnedcmamlfj,rea&tpﬁggigh&ml n 20 particular, the head is noved back
further than the newly determned track center and noved to the right

again to take Olﬁ'rsttfb?er‘ﬁflf‘igﬁ%Z,Q‘BQ\HBEE@{?&QQ‘C@E&%P%% cAbd Stinfd18e  hE

head is kept for 3 seconds at its new position to make sure that eventual

mechani cal whh@dtPauisiiay Foke Ista%;1 fitlowd. hﬁf&sgécﬁ‘@mlﬁ!lyﬂe?stw[s% frSureaf dn RECOr d

data inmmedi ately after witing the TO. The analyzer Is set to zero span

25 and the gqpddkPesdch a¢filedigal is FHARMIE SEG: RBing ; h§ WAy, one
is able to record the 7 ?APE\@ZOIOS WO 02/3??%8&%?%%5%&6%?%%5%%& dat um

at about 16&yRe ' N qg%g Eﬂ@fth r and
the CT si g%g}a a&%ﬁﬁ{gﬁiytbr%%hs’%‘gﬁaa%& Iﬁrgé‘eé a?lgﬁﬁégﬁglg : erﬁgarsrra_ | gg%lménal
(S(TA )7 S( Gifé&eivbﬁno&?'tﬁdﬂhs@%ﬁﬁpi@rmgﬁéﬂﬁtﬁ&%&?dsftﬁg sighfSas aidcfibn off €T €7 1O
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Figure 2, showi ng sections of CI and TO as a function of tine. The 5 way

the data acgié Sdihdedhe @PEMBTOIRrth thOdah@ Wack, ERfastiREGhY, I GPREY&E Starts to
nmeasure at an "index." Such an index signal 1s available on every

spi n- st and. arhdunt 6f tinek et S8E 1R pilGRighk18 (or PRitREInG sigﬁ‘ﬂT‘l'o_ URtwietn fhe (Gl V€ ON a
car wheel. The spectrum anal yzer neasures the signal in recei ver node,
that is zergmdSioaRectibh, ¥hidk &1gnokdddndithen iASATRSTOM So ShRiibpeddngitl Uncti on of
measures the CT first and the TOI subsequently, but with a very short time interval in
between these two measurements. The spectrum analyzer preferably does not measure
signals for a time period longer than the time for one revolution of the disk. In the
15  computer, data points from the analyzer within the periods that measure the CT and TOJ,
respectively, are averaged like that done by a read gate. After averaging, one obtains two
numbers: S(TOI) and S(CT). At the start and end of the data acquisition during each
measurement, the computer clock is interrogated. In this way, one assigns a time to S(TOI)
and S(CT). Next one takes the ratio S(TOI)/S(CT), which is equal to “s.”. One does the
20  above operations every time one measures a datum, In the ideal case, the magnetization
that creates S(CT) of the aged control track should be absolutely constant, but due to
sensitivity fluctuations, S(CT) is not constant. Since the sensitivity fluctuation is also
present while reading S(TOI), the sensitivity fluctuations in S(CT) and S(TOI) cancel out.

In accordance with other embodiments of this invention, the order of the segments

25 TOI/POS/CT could be changed.
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The spectrum analyzer has 601 points. In one case, the decay measurement relies
on 279 points. Typically, this number is reduced somewhat, because some safeguards need
to be left.

Figure 3 shows a scheme of a track scan which contains the control-track and the

10  pilot tones. In particular, Figure 3 shows the patterns of the recording of the TOI and pilot
tones. For the measurements reported here, the TOI and CT sections were recorded at 350
kilo flux changes per inch (kfci). The distance between the head and disk center, R, was
1.1 inch and the disk was rotated at 3500 revolutions per minute (RPM). The pilot tones
were recorded at 100 kfci each. It is a good experimental practice, to keep the harmonics
15  ofthe pilot tones away from the TOI and the CT frequencies. The pilot tone should be

selected such that it yields a high signal.

This invention will be better understood with reference to the following examples,
which are intended to illustrate specific embodiments within the overall scope of the

20 invention as claimed.



End left pilot0.49549.52970.4949294 Start right Pilot0.50550. 53030 5,1%@0@05
End right Pilot0.53553.53210.5353318 Start TA 0. 5454324 End ‘

TA 0. 99599. The spectrum anal yzer has 601 points case, the
decay neasu?@ﬁ%n %elies on 279 points. Typically, thlgéﬂﬂﬁ%@P3 I s reduced
sonewhat, because sone safeguards need to be left. Figure 3 shows a

schene of a track scan which contains the control-track and the 10 pil ot
tones. In particular, Figure 3 shows the patterns of the recording of the
TAO and pilot tones. For the neasurenents reported here, the TO and C
sections were r @&am@ked at 350 kilo flux changes per inch (kfci). The

di stance between the head and disk center, R was 1.1 inch and the disk

was rotated at JhB@xameploipplyingite @érinntiliprocddRhilindd Wowd, ves catritdest Were
recorded at 100 kfci each. It is a good experinental practice, to keep the

har noni cs 1o tesf sigrabdepay @ tooiiemperatu@y The CRukd TEOIMdre wiiflentafi@ read afftb@aluenci es.
The pilot tone should be selected such that it yields a high signal. This

i nventi ah Vieinperhterelae3 S0ekfci UMhkeilot tofek vk recordell @ FOOKE bath! fTRe duglbeOod N
exanples, which are intended to illustrate specific enbodiments wthin

t he over al | pto@tleaéd tythe shactiunymallyze vaf601C ITaé fciraces fdr tAEOBT 2RDFOME: 02/ 31826
PCT/ US01/ 18937 12 Exanple 1 This exanple applying the experinental

procedur e oshbwh infigabgare, was carried out to test signal decay at room
tenperature. The CR and TO were witten and read at room 5 tenperature
at 350 kfci. Th&hgewete ttvorreshanizme atvetiowhielimade atOatk neasuRmedts vekie nunber of
difficult. On the one hand, the head was slightly unstable and toggled between two
10  magnetic states. On the other hand, continuous drift of the signal was observed which
could be due to a variety of reasons. | Both changes affected the read sensitivity by about
+1%. Since the S(CT) and the S(TOI) were measured virtually at the same time, these
changes were mutally canceled very effectively, as shown in the plot of the normalized
signal ratio S(TOI)/S(CT) in Figure 4b.
15
Example 2
In this example, a measurement was performed using a standard head with a written
track width of about 1.23 um, which is slightly larger (~30%) than the reader width.
Instead of using pilot tones, a positioning section (“pos’) was used to locate the position of
20  the CT and TOI sections on the recorded track as shown in Figure 5. In this case, the decay
measurement was not performed over an entire track; instead, it was performed only in an
arc (“measurement-arc”). The arc comprises the CT, the TOI and a positioning section in
between them. The following steps were taken to carry out this example.

(1) A control-track (CT) was recorded according to the scheme explained above,

25  The control track was a section of the measurement-arc discussed above. Using a track



points collected by the spectrum anal yzer was 601. The raw traces for the

CT and TO are shown in Figure 4a. There were two nechani sns at V\DI’E APR 2005
whi ch nade accurate neasurenents very difficult. On the one hand, the ~
head was sl w@heBig2ainst abl e and toggl ed between two 10 nagresoi/asdst at es. On

t he other hand, continuous drift of tlhe signal was observed which could

be due to a variety of reasons. Both changes affected the read sensitivity

by about f1% .Sin t S(CT). and th TA) were neasured. vjrtually at
e e t 158 tEndeoti e R askif heithy Bl Rl el B PRS0
shown in th | ot .of the.gormalized signal ratio S(TA).LS in Figure
4b. 15I Exan%”fe(l[a)“’%‘}1 5 operof g??ﬁ?“lé?%m& ?F%iag‘tfrq’é%?ffﬁ m%fgﬁege%’éf’r )e‘ePlé‘#hgl gu
st andard he i th. itten track.w dth ..about 1.23 m which is
slightly I a’gégj%v\rﬁsgweéﬁ%%%’ﬁ!ﬁwtaﬁéu%@%@&W‘ﬁﬂﬁ)ﬁcﬂe{%ad of using pil ot
tones, a positioRi g iectio ("pos") was used to |ocate the position of 20
the CT and TO gégg?ll 8 &

e

BA%he recorded track as shown in Fi gure 5. In

this casg, t he % neasuy Wgtmvva ednot performed over an entire track;
i nstead,” it was FEi S Ph SR “ar e ("measurenent-arc"). The are

' h .h d.. I4 1 ani Q0. ' ' b h h
Fol | owi ng st ops B o afler AP Rafla AL 4 A ATk e bret BRI VS 1 1 ack

(CT) was re e r di. n t he,.schene expl ai ned above. 25 The control
track was a&g{esg?s?egﬁgggm% leep?T{etg%lﬁ?'eemﬁ%ﬁt-arc di scussed above. Using a track

e posi toned, (AT SRR LI ol Bt ik o RO Pale S lpd T BRAA B o

set in the r%%éi&{ne@f t he neasurenment-arc. The track scan was repeated in
short enoug Intefvals (waiting tine interval) such that no thermal drift

occurregy (2) The Gl 185 A8 ﬁ&naﬁzeﬁ@gmﬁ%u% rS(’ﬂ%/@&JT) & T esohl Feel 5GOT ded

using a head with a track width of ~ 1um.

In one variation of Example 2 this technique is a multiple linear density
measurement. In this case, several measurement-arcs around the disk would be dedicated
to individual linear densities. In this case, the CT’s can be aged simultaneously, which

15  savestime. Alternatively, one could also record the same density on each segment and
investigate the circumferential homogeneity of the disk.

The above description is presented to enable a person skilled in the art to make and
use the invention, and is provided in the context of a particular application and its
requirements. Various modifications to the preferred embodiments will be readily apparent

20 to those skilled in the art, and the generic principles defined herein may be applied to other
. embodiments and applications without departing from the spirit and scope of the invention.
Thus, this invention is not intended to be limited to the embodiments shown, but is to be
accorded the widest scope consistent with the principles and features disclosed herein.
This application discloses several numerical range limitations. Persons skilled in

25  the art would recognize that the numerical ranges disclosed inherently support any range



(4) Directly after recording, the CT and TO signals were neasurad?iAPRhHmﬁ
sane way as discussed in Exanple 1 of the invention. (5) After a waiting
time intervgl, track scan was repeated and the read ad was

re-positi ongh.m}i@%:i gure 6 shows the pornalized signal Fgf'}l%“/%b )/ S(CT)
from successful test runs wusing a head wth a track width of - 1m In one
variation of Exanple 2 this technique is a multiple linear density

measur ementwithinthé dikdosed fisneriesl\¢aiged evoR thSbighe Postise 2dngS 1iditation ¢ dobgatdd Sk woul d

be dedicated to individual linear densities. In this case, the CI's can
be aged si meibatid @06 kpecifiedtios BechiseSliy BSentibiitan bllpiattided tirdiphout fene coul d al so
record the sane density on each segnent and, 1nvestigate the

ci r cunf er endiscivkedimnegeahainges. Afholdieg tolis kontrbfiewaiid¥le fotasicitinpt ovan i S
presented to enable a person skilled in the art to nake and use the

i nvention, sabsthnte’ apd sitowcihe wiifter degeriptisy i@idiremibntdo padckiarulaittis thgtphipitati on and
its requirenents. Various nodifications to the preferred enbodi nents w |
be readid y nafrpwédaiuting ProseduticnGigply bdchise theiapplichitts Broddly disvtbsé thigeneri c
princi pl es defined herein may be applied to other enbodi nents and

appl i cat i orapplidatidnctiuit thehe mifght ham@withehroldite dw g hidsecatich. Fiafl, thd entifee | nvent i on.
Thus, this invention is not intended to be [imted to the enbodi nents
shown, but disslokre bfthe patenty aié gulilications tbedded Sthio @ppliostivh afedietebvi t h t he
principles and features disclosed herein. This application discloses
sever al nurirdoiadtedterefiebyl refetehed. | ons. Persons skilled in 25 the art would
recogni ze that the nunerical ranges disclosed inherently support any range
- 7 APR 2005 WO 02/31826 PCT/US01/18937 14 within the disclosed nunerical
ranges even though a precise range limtation is not stated verbatimin
t he specification because this invention can be practiced throughout the
di scl osed nunerical ranges. A holding to the contrary would 'let form
triunmph over substance"” and allow the witten description requirenent to
eviscerate clains that m ght be 5 narrowed during prosecution sinply
because the applicants broadly disclose in this



application but then mght narrow their clainms during prosecution.

Finally, the entire disclosure of the patents and publications refkrk%gﬂﬂs
in this application are hereby incorpgrated herein by reference. - 7 APR
2005 15 What is clained is: 1. A systemfor measuring signal decay,

conpri si ng Whatis clairhedigsi ti oning a recording head and a recording track
conprising a control track section and a track of interest section

| ocated on one track of the recording track. 2. A method for mneasuring

si gnal decay A geERIfoSheGuiRAiinAldesY, 'c&ﬁﬁ*i rhalas ?drgaaﬁomﬁgmad sgtnt r ol
track sectinead aﬁcﬁﬁédcﬂﬂh@rtrdcﬁfc%ﬁﬁéﬁgm cSHu@ fack sre&mnaanhr kQ) iledtb& " €St

section, WheERinNodaltd oa@hé itk Jof ERGKcopdiRS ﬂraQ:'R and the trac I nterest
section are |ocated on one track of a recordi ng track, and conparing said

information signal fromthe control track section and said information

fromthe t rﬁ%nﬁfhoh%ﬁh@&hnﬁge h@eda9, ¢ r{?sfn r i 5 {n%rglﬁ%n gﬁxgaﬁl y. f’ " a-(l:-Ee

':!

nethod of CGi&h D BnurdiUrdcR &6 1%9 Edﬁ ﬁ% P

5o R S RN

further cosbn &elt?a%ﬁ £ 2 gor&)l og ng%% 12 fon4t Tro{nog‘é r educes
Whiral B 86 d Q&* %IE ) JRRUE Hh?)% noé lfl%{:ezﬂ 45598 Bosi ti on

to 30%of g, B? {mg

where the right pilTo one P’ncreases to 30% of a maxi mum val ue of the
right pilot tone. 6. The nmethod of claim3, further conprising aging the
control tr aft n ata to. the control ck. 7. The net hod
of claim G%Cﬁ‘ Pd %ﬂ%f‘ﬂg’ %‘ﬁ’r‘ffﬁr‘é‘r“?%‘t‘f‘ﬁ atp gpep tt}fr?&“‘ir‘?%d‘ﬁf ‘pi | ot tones
whil e aging the control track. 8. The method of claim®6, further

conprisin ording head with respect to the control track.
P 9 4a Lthg er}%d of Cﬁl(l:m 3, furt%er comprising recorderg left and right pilot tones on

each side of the control track.

5. The method of claim 4, further comprising locating a position where the left pilot
tone reduces to 30% of a maximum value of the left pilot tone and locating a position
where the right pilot tone increases to 30% of a maximum value of the right pilot
tone.

6. The method of claim 3, further comprising aging the control track after said writing
data to the control track.

7. The method of claim 6, further comprising monitoring the left and right pilot tones
while aging the control track.

8. The method of claim 6, further comprising aligning a recording head with respect
to the control track.

9. The method of claim 6, further comprising writing data onto the track of interest.

10. The method of claim 2, further comprising calculating a normalized signal
S(TOIL)/S(CT).



9. The nethod of claim6, further conprising witing data onto the track

of interest. 10. The nethod of claim 2, further conprising calcul at?"#PRiZU[]S
normal i zed signal S(TA)/S(CT). - 7 R 2005 16 11. The nethod of claim

2, wherein said reading of an information signal froma control track and
sai d readi ni. The aethodl 6ff dTEitn BNwissr@if 3hid e QM gaoft srfkorRhtiod bighf Honfh® done

wi t hout  sweqopirsloraek raag @kid ireglidaesttanbigt B Ront dhall bl Rk SEGRFY A9 tracks.

12. The netdvae withowtlswhpping a fettrling headDRRIek tvitidifrbidst (Bbrdnd %K Center using
a track scan conprising a positioning section. 13. A systemfor neasuring

signal decay, conprising a control track section and a track of interest

section | ocal qfe AR MR/, Plritfdr E&f fsq{gn@ncfu{éag gr%x%l%ékyge}_ﬁﬁg%s&a%g‘em claim

13, furt hersca0iign3indd pasifiith Gaid. and a writ system of
claim13, furtherﬂng(l)lrgrprpi §sli ng reans for generating pilot tones. 16. The

system of claim 13, further conprising a device for conputing a nornalized
signal S(TQk)/ . e |l aim 13, further c rising a
recor di ng %;)@]13 R %ﬁﬁé&ﬁgﬁgﬁi}%ﬁ %‘n(gfmc tcl&(][)1 2251 ?1%1;“?1 (BIr?’fe]i Fﬁeégfr’qg%cfﬁi ng
track. 18 & OsySTEm 6T PAITh oL PR H & recRKs ng a spectrum anal yzer
for analyzing the information signal. 19. The system of claim 13, further

conpri si ng ad-wite he C rising a witer —and a reader, wherein a
width of tha The étremi°t§ Cﬁﬂzgé?‘algﬁéﬁnpéls%g&fﬁdcﬁmaﬂéaﬁ”é%l%ﬁl‘?-

15. The system of claim 13, further comprising means for generating pilot tones.

16. The system of claim 13, further comprising a device for computing a normalized
signal S(TOL)/S(CT).

17. The system of claim 13, further comprising a recording head for reading an
information signal from the recording track.

18. The system of claim 17, further comprising a spectrum analyzer for analyzing the
information signal.

19. The system of claim 13, further comprising a read-write head comprising a writer
and a reader, wherein a width of the writer is greater than a width of the reader.





