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FIELD OF THE INVENTION

10 The present invention relates to qualifying heads for storage
devices. In particular, the present invention relates to qualifying heads
based on the PES linearity produced by the head.

BACKGROUND OF THE INVENTION

In mass storage devices with movable heads, the position of the
15 head is determined based on a position error signal (PES), which is
generated from one or more servo fields on the storage medium. Ideally,
the PES is a linear function of head position. In actual drives, many
factors can adversely affect the linearity of the PES.
One of the major causes of non-linearity in the PES is the
20  performance of the head. In the past, the benchmark for determining
whether a head would produce a linear PES has been the reader width of
the head. In the past, if the reader width was below 45 percent of the
nominal track width for the medium or some other minimum reader
width specification, the head was assumed to provide a non-linear PES
25 and was rejected.
With every new generation of disc drives, the track width on the
medium decreases. This reduction in track width can only be achieved

with a similar reduction in the size of the head. However, as head sizes



medi um decreases. This reduction in track width can only be achieved wth
a simlar reduction in the size of the head. However, as head sizes WO

02/ 17306 WRC2/US0dL/ 10796 -2 have decreased, the ability tpCTERUI®@CIUr e t he
head within tol erances has been reduced. Because of this, when a batch of
heads is produced, nore of the heads fail the test for being | ess than 45
percent of the nomnal track width. This has resulted in a reduced yield
of heads, 5 thereby increasing manufactii-i ng costs. One way to inprove the
yields is to change the tests for non- linearity from being based on the
reader width to being based on the actual linearity produced by the head.
One way to do hawe desraased,ethe abibty headawsfectuge shevinead atithiantdlereneesasur e
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head over a servo field and to measure the linearity of the PES generated
10 by the head.

To perform this test, the head would be placed on a spin-stand
tester where it would write a servo field and then read from the servo
field to generate the PES. This option is unattractive because spin-stands
that are able to write servo fields are extremely expensive and difficult to

15 implement.

In light of this, the art has suggested that the PES linearity could
be modeled based on track scan data. Track scan data is determined in a
spin-stand tester by writing a single track of data. The head is then
moved across the data in a radial direction and the amplitude of the read

20  signal is recorded at each of a set of positions across the track. This
provides a read profile that can be used to simulate the read profile that
would be read from servo bursts in the servo field. By combining these
servo burst profiles together, a PES model can be generated.

For servo bursts that have a width that is less than the writer

25 width of the head, accurate track scan data can be produced by writing

the track and then trimming it to the width of the servo burst. Thus, in



servo burst profiles together, a PES nodel can be generated. For servo
bursts that have a width that is less than the witer 25 wdth of the
head, acovoar/e3v6 ack scan data can be produced by writi ngPCT/801Y029k and
then trinmming it to the width of the servo burst. Thus, in W 02/17306
PCT/ US01/ 10796 -3 drives that use the common ratio of three servo burst
widths to two nomnal track widths, track scan data can be produced that
allows for an accurate estimate of the PES that woul d be produced by the
head. However, this suggested technique has not been successful at 5
accurately pr edl cting the linearity of the PES generated by a head when
the servo bursdsveatkatausé dhé cohenonatatives! threersemvadiust ackthe do Hwo
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10 SUMMARY OF THE INVENTION

A method and apparatus to qualify heads to be used in disc
drives. The method and apparatus collect a set of track scan data by
moving the head across transitions in a track on a medium. The track
scan data is changed based on a difference between a writer width of the

15 head and a nominal track width to produce modified track scan data.
Position error signal data is then determined from at least some of the
data in the modified set of track scan data. The linearity of the position
error signal data is used to qualify the head.

Additional features and benefits will become apparent upon a

20 review of the following figures and their accompanying detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a disc drive storage device in which heads
qualified through embodiments of the present invention are
25  implemented.

FIG. 2 is a depiction of a servo area.



description. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a plan view of a
di sc drive storage device in which heads qualified through enbodi nents of
the presewoor/mmsenti on are 25 inplenented. FIG 2 is a depCTubanmozd6 a servo
area. WD 02/17306 PCT/US01/ 10796 -4 FIG 3 is a depiction of a head within
a track on a nedium FIGS. 4, 5 and 6 show the appearance of a servo burst
during the various stages of construction of a servo burst. FIG 7 is a

fl ow di agram under a nethod of the presem- invention 5 for qualifying a
head. FIG 8 is a block diagramof elenents used in the nmethod of FIG 7.
FIG 9 is a block diagramof a spin-stand tester. FIG 10 shows the | ayout
of a track used in Fladkisscdapitiisn phg hepd hwithin aatradadntiraedhes. a witer
width that is smaller than the ngm nal w dth of he track. FIG 11 shows
the track scan dataf -%ﬁeaﬂ@é&%’m%%mwﬂm a sgryo pytest M mghtigs ¢ he

| ayout of a trag
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5 for qualifying a head.
FIG. 8 is a block diagram of elements used in the method of FIG.

FIG. 9 is a block diagram of a spin-stand tester.
FIG. 10 shows the layout of a track used in track scan testing with
10 a head that has a writer width that is smaller than the nominal width of
the track.
FIG. 11 shows the track scan data for the head and track of FIG.
10.
FIG. 12 shows the layout of a track with a head that has a writer
15 width that is larger than the nominal width of the track.
FIG. 13 shows the track scan data for the head and track of FIG.
12.
FIG. 14 shows the track scan data of FIG. 11 expanded with
additional track scan points.
20 FIG. 15 shows the track scan data of FIG. 13 with the removal of
track scan points.
_FIG. 16 shows a PES signal generated through the embodiments
of the present invention.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

25 FIG. 1 is a perspective view of a disc drive 100 in which the present

invention is useful. Disc drive 100 includes a housing with a base 102 and



additional track scan points. 20 FIG 15 shows the track scan data of FIG
13 with the renoval of track scan points. FIG 16 shows a PES signal
gener at edvo hz/o3gh t he enbodi ments of the present inventi POT/UBHETAIYED
DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS 25 FIG 1 is a perspective view of
a disc drive 100 in which the present invention is useful. Disc drive 100
i ncludes a housing with a base 102 and WO 02/ 17306 PCT/US01/ 10796 -5 a top
cover (not shown). Disc drive 100 furthet5-i ncl udes a disc pack 106, which
is nounted on a spindle nmotor (not shown) by a disc clanp 108. Disc pack
106 includes a plurality of individual discs, which are nounted for
co-rotation abatep cever @ot akown)oDiscEdidhe dDE turtle:rf imclideas disc gpaslhdlat ed 5

head slider 110 \Mi]ich is nounted to disc drive 100 fQ%éCO, g{'cati%l W th
the disc surfat®ich i mpanist Ap) SRR MAHOI(ret shovay); Riepsisq glagp 108.
supported by suspensi .1 I e in.tur tache essi ng
arns 114 of anﬁzsgt%aé:kg@%ﬂéﬁd%%%g%%&%f 8?]1%5. X% i r??SIEP’Gg h%&l %egﬁg?ﬁ%at ype
known as a 1ot g \olRytitsh £t REHUPEEE 1890 HaPR ldiestirfhcl Has SirCisbcigRidor 10
(VCM, shown generally at 118. Voice coil notor 118 rotates actuator 116

with its atiached bhdeis110lvidbdout naoypitedttosdiad idriv201A0 fqrosormhnamidetimas 110
over a desired data track along an arcuate path 122 between a di sc inner

di ameter 124 awithathsi discouricedilanteerxapzple shomae i dilfs. Aosbders 1B aredr i ven
by Servo of oot o o a0 based 20,0 Aol asncral o6, by Meads, L0 g 2. 15
reader width, 2.POY$4 6fhn actuator 116. The actuator shown in FIG. 1 is of the type
known as a rotary moving coil actuator and includes a voice coil motor
10 (VCM), shown generally at 118. Voice coil motor 118 rotates actuator 116
with its attached heads 110 about a pivot shaft 120 to position heads 110
over a desired data track along an arcuate path 122 between a disc inner
diameter 124 and a disc outer diameter 126. Voice coil motor 118 is driven
by servo electronics 130 based on signals generated by heads 110 and a
15 host computer (not shown).
Each head in the disc drive has a physical reader width, a physical
writer width, an electrical reader width, and an electrical writer width.
The physical widths are the widths of the reader structure and writer
structure in the head. The electrical reader width is the span on the
20  medium over which the head senses transitions. The electrical writer
width is the width of the transitions written to the medium by the head.
In the discussion below, references to the reader width and the writer
width are to be understood as references to the electrical reader width
and the electrical writer width.
25 The heads in the disc drive of FIG. 1 are positioned based on servo

fields stored on one or more of the discs in the disc pack. The servo



witer width, an electrical reader width, and an electrical witer w dth.
The physical wdths are the wdths of the reader structure and witer
structur avon2/113e6 head. The el ectrical reader width is therpepasoa7sche 20
medi um over whi ch the head senses transitions. The electrical witer wdth
is the wwdth of the transitions witten to the mediumby the head. In the
di scussion below, references to the reader width and the witer wdth are
to be understood as references to the elgstrical reader wwdth and the
electrical witer width. 25 The heads in the disc drive of FIG 1 are
positi oned based on servo fields stored on one or nore of the discs in the
di sc pack. Thefigldsvaanv¥cbriel ngtieyperergn fields7 06 splibfist atopbifdd pefviade

nul | -type servq fields or split-burst anmplitude servo_ fields. An anpl e
of a split-bur Selddi exarep L ba SPiabwrer amutide repticlds shaiy SpFI- bur st
anplitude fielg consists of four servo bursts areas 5 202 (A), 204 (B),

206 (C) and 208 (D). Each burst contains a series of magnetic transitions

that are one track ywhegplit-Bufdt@mglituda&idlatdofsRls SEFHR sebbb Blurdts Giad O
nomnal track width is gne-to-one such that the edges of the A and B

bursts are sl i 20idAyl20d4g9(B)h206 (@s lancleP@®(S).WwiHach hiret edgadnob sdrfes & and D
burst are aligned along the track edges. For exanple, the 10_edges of the C
and D transitiBrgngte tarsiicss thrbig aneerclendde 2bpFIG. Zithe ratio oAseSugh

e BRI L FIRE LR KU STV
that is only 8§ RGNS bAksth Afe ARFAARMIIHARE YAK ntdidIWWhilé the edges of
the C and D burst are aligned along the track edges. For example, the
10  edges of the C and D transitions are aligned along track edge 200 in FIG.
2.

Although each burst consists of transitions that are a full track
wide, the read/write head is typically constructed to have a nominal
writer width that is only 85 percent of the nominal track width. This is

15 shown in FIG. 3 where the writer width of head 300 is shown to be
smaller than the nominal width of track 302. Because the writer width is
less than the nominal width of the track, the transitions for each servo
burst must be written in stages. These stages are shown in FIGS. 4, 5,
and 6.

20 In FIG. 4, the head forms a series of transitions 400 that constitute
a part of a full burst, in this case a C burst. The head is then radially
shifted to form a second set of transitions 500 that constitute a second
part of the burst. This second set of transitions is aligned with the first
set of transitions 400 to form a total set of transitions that extends over a

25  track width. Next, the head is passed over the portion of the transitions

that extends beyond the nominal track width to erase that portion,



15 shown in FIG 3 where the witer width of head 300 is shown to be
small er than the nonminal width of track 302. Because the witer width is

| ess t hawohz11306m nal width of the track, the transiti onsP€DUSEAOMGSEr VO
burst nust be witten in stages. These stages are shown in FIGS. 4, 5, and
6. 20 In FIG 4, the head forns a series of transitions 400 that constitute
a part of a full burst, in this case a C burst. The head is then radially
shifted to forma second set of transitidgns 500 that constitute a second
part of the burst. This second set of transitions is aligned with the first
set of transitions 400 to forma total set of transitions that extends over
a 25 track w dieavingexburstief tenitipns pe} seshovar in RIG porthabis efactlfieone
transitions that exéends beyond the nom nal track width to erase that
portion, WD 02/r2e8BadeCT/ US01/ 10796 -7 | eavi ng a burst of transitions 600,
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wi dth, each segite dErRImiias ttciviidinf Bh deSvE Bét haz 4 Wilihe tHans Bghal r ack
wi dt h. Because of the need to align the transitions when witing the servo

bursts, the eqtd theardmited tedktvadgkener ate a servo area on a nedi um out si de
of a disc drive is expensive. Because of this, the art does not use actual
servo fields when dBewusepinthevmeeheio alignrthe clipngitipeadvhen Wwritingef® ate a
| i near PES. Instead, the ﬁ{t est i mat es i near i tg on_sone ot her
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medium outside of a disc drive is expensive. Because of this, the art does
not use actual servo fields when determining whether a particular head

10 will generate a linear PES. Instead, the art estimates the linearity based
on some other attribute of the head.

The present invention provides an improved means for
determining whether a head will generate a linear PES signal. This
improved technique is shown in the flow diagram of FIG. 7, which is

15 described below with reference to the block diagram of FIG. 8.

In step 700 of FIG. 7, track scan data is collected by a data collector
804 using a spin-stand 800 and a head 802 of FIG. 8. An example of a
spin-stand 900 is shown in FIG. 9.

Spin-stand 900 includes a disc 906 mounted on a spindle 902,

20 which is rotated by spindle motor 904. Spindle motor 904 rests on a
platform 908 that moves between two guide rails 910 and 912. In one
embodiment, platform 908 is supported by a cushion of air during
movement and is stabilized in a particular position by the application of
a vacuum between platform 908 and a granite face 914 directly below

25  platform 908. For purposes of reference, movement of platform 908

along guides 910 and 912 is considered to be in the “X” direction as



determ ni ng whether a head will generate a linear PES signal. This

i nproved technique is shown in the flow diagramof FIG 7, which is 15
descri beaver/omsoen t h ref erence to the bl ock di agram of FIBET/8Solw7st ep 700
of FIG 7, track scan data is collected by a data collector 804 using a
spi n-stand 800 and a head 802 of FIG 8. An exanple of a spin-stand 900 is
shown in FIG 9. Spin-stand 900 includes a disc 906 nounted on a spindle
902, 20 which is rotated by spindle not@ 904. Spindle notor 904 rests on
a platform908 that noves between two guide rails 910 and 912. In one
enbodi ment, platform908 is supported by a cushion of air during novenent
and i s stabil isheivibyarpews 9t dy ppasonieonoder WHeisdppited alonghgeide WOvacuum
between platform 908 and a_granite face 914 directly bel ow 25 pl atform 908.
For purposes of® F@Wé‘#"e%é‘}dlﬁ%@%@gfheo?o%m%PgP[ﬁtgﬁ@9&~ong gui des 910 and
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-8 shown by arrows position encoder ong gui de 910

to provide an j ndi 66 ia@@ 9b0 tiketiROsYt | Afe@fonPkREWAS BY 988 owaPb1z st Bk 900
al so includes a carriage 916 that noves between raifls 918 and 920 in the
"Y' directison sltenmbp08y cambagel 916 Lis kerpporfdatblonnti@dion cafr niradeari®g6 i s
supported by a cushion of air during novenent and_is | ocked into position

by applyi ng a Wavaemensangeisnlocked iptypositienabid agphiinge Wasewmketweeposi ti on
d 923 is | t | i 9 t .d indicati f th

bosi tion of preTan Boeind Eisie distahent PEHIPRagRosEs A pRstrgr m 908
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rails and
In one embodiment, carriage 916 and platform 908 both move

10 using electromotive motors mounted between one of the guide rails and
the respective platform or carriage. Other types of motors, such as a
stepper motor for example, may be used in place of the electromotive
motors.

Carriage 916 supports a printed circuit board 930 and a support

15 platform 924. Support platform 924 includes a pair of support brackets
932, 934 that are connected by respective pivot pins 936 and 938 to a pair
of support brackets 931, 933 on a pivoting platform 926. Through
support brackets 931, 932, 933, and 934, suppdrt platform 924 supports
pivoting platform 926 so that it may pivot about pivot pins 936 and 938.

20  Support platform 924 also supports a pivot motor 928, which has an
eccentric cam 929 that is in contact with pivoting platform 926.

Pivoting platform 926 supports a mounting platform 939 that
provides a base for a piezo platform 940. Piezo platform 940 is
connected to a suspension chuck 942 that holds a disc drive suspension

25 944 as shown in more detail below. Piezo platform 940 is connected to

suspension chuck 942 through piezo elements that are able to move



the respective platformor carriage. OQther types of notors, such as a
stepper notor for exanple, may be used in place of the electronotive
notors. Cadpr/ages 916 supports a printed circuit board 930randsa/®awport 15
pl atform 924. Support platform 924 includes a pair of support brackets

932, 934 that are connected by respective pivot pins 936 and 938 to a pair
of support brackets 931, 933 on a pivoting platform926. Through support
brackets 931, 932, 933, and 934, support-9pl atform 924 supports pivoting
platform 926 so that it may pivot about pivot pins 936 and 938. 20 Support
platform 924 al so supports a pivot notor 928, which has an eccentric cam
929 that is i rsuspansion chiuck Pvotthed Xﬁlchrefccbuom 210w bytarnewpOadf chhm 926

supports a nounti ng, pl atform_ 939 ovid a base for a pie | at f orm
940. Piezo pl aPiE3P Flesaents of pé%@-@tfgam Qyarg %ﬁ%%vecwngggq hol ds

a disc drive sypPeISkan.28: 944e8e sl LihdREe sk Alobelow Fikany

platform940 iS¢ spenS| oneh pi ezo e errents

that are able glgng@ygcmcpyoggggngg&g@g@/ 10796 -9 suspensi on chuck 942

in the "X'" direction as shown by arrows 915. The piezo elenments of piezo
platform 940 are abDering Imdeloadipensérationuymikot Sdob 928l sthtasceserdticl ess
than 10 nanoneters in response to electrical signals received from.a

control circui Qam§2mauﬁggﬁba@aﬂéaadmj Ripeing PhHErD g6 to ety upPBIHot at es
Goverd | about Bt SRR dse BharesE sebpeRalh skl b oh g fxvile i oo
suspensi on 944 us'p%ngllaﬁrgéﬂl, 2NN PLER REA bRIBrAf 94@AHd TPkt H&nBRIOT
904 is activated so that disc 906 rotates at a desired speed. With the
10  suspension loaded, carriage 916 is moved forward so that a head at the
end of suspension 944 moves under disc 906. Support platform 908 is
also moved so that the head is positioned at a desired radius along disc
906. When the head nears the desired disc location, motor 928 rotates
eccentric cam 929 back so that pivoting platform 926 returns to its level
15  position and the head is brought into proximity with disc 906. The head
on suspension 944 then flies over the surface of disc 906.
The head on suspension 944 is connected by electrical leads to
printed circuit 930, which has further connections to a test box 948. Test
box 948 controls the types of tests performed on the head. In particular,
20 test box 948 designates the location for the test track, the data to be
written to the disc, and the position of the read head within the written
track during read back of the test data. Using the piezo elements of
piezo platform 940, the read head can be moved to a number of different
locations within a track during read back, so that the profile of the read

25  head can be determined.



904 is activated so that disc 906 rotates at a desired speed. Wth the to
suspensi on | oaded, carriage 916 is noved forward so that a head at the end
of suspemwe®on1Bdél noves under disc 906. Support pl atform BOBUS&/10296s0 noved
so that the head is positioned at a desired radius along disc 906. Wen

t he head nears the desired disc |ocation, notor 928 rotates eccentric cam
929 back so that pivoting platform926 returns to its level 15 position and
the head is brought into proximty wth-@gsc 906. The head on suspension
944 then flies over the surface of disc 906. The head on suspension 944 is
connected by electrical leads to printed circuit 930, which has further
connections to a tethe lbmckm dass colldsted M&epc%ﬂomfl EG. eist groelsiced b(yest S
performed on the head. In rtic
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than the nom nafidth 1206 that is greater than the nominal track width 1202.
10 After the tracks have been written, the head is placed on one side
of the nominal track so that the head does not overlap the transitions in
the track. The head is then moved radially in steps across the track while
the amplitude of the resulting read signal is recorded. As the head
enters the transitions written for the track, the amplitude increases until
15 the head is centered within the track. As the head moves past track
center, the amplitude of the read signal decreases until it reaches 0 when
the head moves outside of the written transitions.
Examples of the track scan data 1101 and 1301 are shown in FIGS.
11 and 13, respectively, for the heads and tracks shown in FIGS. 10 and
20 12, respectively. In FIGS. 11 and 13, the amplitude of the read signal is
shown along vertical axes 1100 and 1300, respectively, and radial
distance is shown along horizontal axes 1102 and 1302, respectively.
If the writer width matches the nominal track width, the track
scan data will reach its minimum when the center of the head has moved
25 away from track center by a distance:

min_dist, = N—TW7“-L£ FQ.1



track width 1202. This produces witten transitions 1204 that have a wdth
1206 that is greater than the nomnal track width 1202. 10 After the tracks
have beewow?113eh, the head is placed on one side of theraDwsozlo746r ack so
that the head does not overlap the transitions in the track. The head is
then noved radially in steps across the track while the anplitude of the
resulting read signal is recorded. As the head enters the transitions
witten for the track, the anplitude incrgases until 15 the head is
centered within the track. As the head noves past track center, the
anplitude of the read signal decreases until it reaches 0 when the head
noves outside of the witten transitions. Exanples of the track scan data
ectively, for the heads

1101 and 1301 are shown jin FI QG?S‘Ri 11 and 13 g

and tracks showihere mungdisty ¢ ey pong qtthvé%ﬁ 8t aré|r3¢a0h1¢$ ﬁﬁ@lmﬂurand 13,
t he anplitude he.read sign S 0 vert al and
1300, respecti&gFWI %nPgHPg]I &af}(g\flgﬁ}f Q\%I%ﬁdo% W‘r?gﬁi zont a’xes

1102 and 1302, W}@ﬁ%%tdviﬁ%‘érYWﬂtfh Hb& Wi %rPJtc}WtHé Boﬁﬁh&f“ﬁ%cl& Q@id@l@ ”!Iﬁ'@hs track
wi dt h, the track scan data Wil reach its mninum when the center of the

head has Moy e dnoR rueweaSorf esmmplleammemeemm widiihsisasmallerNhah+hR thadk di st ,
=2 EQ 1 WD 02/17306 PCT/US01/10796 -11 where mn_dist. is the point at
whi ch the dat aWﬁ@f:hz Hbs tradk shapi dafi; reanliey itg mﬁ@nmwhen tthadieadi igtlass and R

5 Ml Teader ytdth HoMEYer . MeD.She M1 REMALY, Socs gk TELERIT
I's smaller t h%ah%etﬁwwidth, the track scan data reaches its minimum when the
head is more than this distance from track center.
10 These two situations are shown in FIGS. 11 and 13. In FIG. 11, the
narrower head produces track scan data that reaches its minimum at a
point 1104 well before point 1106, which is at the distance indicated by
equation 1 above. In FIG. 13, the wider head produces track scan data
that reaches its minimum at point 1304 after point 1306, which is at the
15 distance indicated by equation 1.

The present inventors have discovered that the point at which the
track scan data reaches its minimum affects the ability to model the PES
from such track scan data. Under prior art techniques that attempted to
use track scan data to model PES, it was assumed that the track scan data

20 could be used directly to model the behavior of the head over the PES
fields. However, as shown above, for systems with one-to-one ratios
between the servo track widths and the data track widths the PES fields
are written to ensure that they have transitions that cover a full track
width, even if the writer width is less than or more than a track width.

25 Thus, under the prior art, track scan data which was collected for a track

that was either smaller than a track width or larger than a track width



wi dth, the track scan data reaches its m nimum when the head is |less than
this distance fromtrack center. Wien the witer wwdth is larger than the
track wi av@p2/113e6 t rack scan data reaches its m ni mum whenP€h@&sotwash i s nore
than this distance fromtrack center. 10 These two situations are shown in
FIGS. 11 and 13. In FIG 11, the narrower head produces track scan data
that reaches its mnimumat a point 1104 well before point 1106, which is
at the distance indicated by equation lLi12bove. In FIG 13, the w der head
produces track scan data that reaches its mninumat point 1304 after

poi nt 1306, which is at the 15 distance indicated by equation 1. The
present i nventwas beingappledie neatld hateatlségmadithat wouldhibergeriezatedfaek scan
data reaches its mninumaffects the ability to nodel the PE from such
track scan dat&angiRaes thal vrera cxaete RRF Wﬁ‘g"ih- at gt befageeny ook

scan data to del  PES, it s_assuned that (fh r can t O,coul d be
used directl ynﬁe %aalgﬁiq eﬂ\é\%hg\sefr%rmo Slfnlh% ﬁé%f}h%vg((rﬂ(etcﬁ%&ﬁég %‘é%ﬁ?
Hovever, as shounsigBaY &hat WedY & SEBMWdeONGedRdORRCERLCRS inDEiOVPHS t he
servo track widths and the data track widths the PES fields are witten to
ensur e thats t hityedritye As anebtiitothe prliad ataoeid aot gehetat@aKPESvhdide] thaten i f
the witer width is |less than or nore than a track wdth. 25 Thus, under
the prior art,provaded stpmgdearzelafipe efser dhe araded anek the atyeklineariy was

e/ Usod 10706P o a sy B Lo s ars Pl onal t nat woul d be
gener e, 1 om <SR SRR Shel e e, Puil nent g Ml
and the track scan data so that it can be used to accurately model the PES
10  linearity. This process begins at step 702 where an expand and contract
unit 806 modifies the track scan data accumulated by data collector 804.
In particular, expand and contract unit 806 either adds additional data
points or removes data points from the track scan data so that the track
scan data reaches its minimum at the point indicated by equation 1
15 above.. This distance corresponds to the point at which the data would
reach its minimum if the writer width matched the nominal track width.
Under one embodiment, expand and contract unit 806 determines

how many points must be added or deleted by using the following

equation:

EQ.2

[WR WDT—NTW]
20 D= —

d

Where d is the step size used when moving the head across the
track to collect the track scan data, WR_WDT is the writer width, NTW is
the nominal track width, and D is an integer indicating the number of

25  data points that needed to be added to or deleted from the track scan



transitions that were to be nodel ed, created inaccuracies in the PES 5
linearity. As a result, the prior art could not generate a PES nodel that
provi ded o pmogocorrel ati on between the nodel and the actpal/Usimwade ty
produced by the heads when they were placed in a drive. The present
inventors have identified a method for adjusting the track scan data so
that it can be used to accurately nodel the PES 10 linearity. This process
begins at step 702 where an expand and c®® ract unit 806 nodifies the track
scan data accunul ated by data collector 804. |In particular, expand and
contract unit 806 either adds additional data points or renoves data
poi nts from t hdatar déID d pesitizieadetn phimts mised ttpdesk delsterh 14dP ds negaties it s
m ni rum at the £oint indiéat d.bﬁaqgtation 1 15 above.. This distance

t +tO\ RS 1BFRLE

corresponds t clqtAPBIsHee data would reach its minimumif the

writer width mat Chegl%é 2’3#@9%&&4 is!d B niffed tm tHQ‘E’&E#%E%n Qg%égéiﬁ?%& expand

and contract unit 8 erm nes how many poi nts mus et ed

by using the fgf sQuiragwelakadwANeckiqles. WEHAEE tBIIWiER2 ardl notiepeatddi s t he

step size used when noving the head across the track to collect the track
scan data, MR MBE fossinfyeliaityi.t er wi dth, NTWis the nominal track wi dth, and

Dis an integer indicati nglﬁt,he nunber of 25 data points that needed to be
added to or del et edMhesmlelgEng date povnis fpgmothe) tragls seaerdatsy the oreeent. 13

ggt g' plo;‘ n? Si f] ei%%%%ﬁio%gdlferd@é%g}g%i_err}{[o%eg ecﬁaccia tp%irl%tes g‘glne ttﬁg 'lefltfofDarR(j? {Begati ve,

right of a point "P" that is at the center of the data scan curve. Removal
of such points is shown in FIG. 15 where four points have been deleted

10  from a set of track scan data 1501 around a center point 1500. In FIG. 15,
point 1502 is the first point to be deleted followed by point 1504. Point
1506 is then deleted followed by point 1508. Note that an equal number
of points do not have to be deleted from each side of center point 1500.
Instead, points are removed from the left and then the right until the

15 number of points deleted equals D from equation 1.

Note that deleting points involves removing collected data from a
memory containing the track scan data. When a data point is removed,
the other data points in the memory are shifted so that the remaining
data points appear consecutive. Thus, looking at the data after the data

20  points have been removed, each of the remaining data points appear to
have been collected from points on the medium that are separated by the
step size d.

When inserting data points into the track scan data, the data

points are similarly inserted alternatively to the left of and to the right of
25  a center point of the track scan data. This is shown in FIG. 14, where

points 1400, 1402, and 1404 had been inserted into a set of track scan data



The witer wwdth is determned fromthe track scan data using any of
several well-known techni ques. These techniques are not repeated 5 here
for sinpwabty3oéhen del eting data points fromthe track BCHUS@Z0296 t he
present invention alternately renoves data points fromthe left of and to
the right of a point "P" that is at the center of the data scan curve.
Renmoval of such points is shown in FIG 15 where four points have been
deleted to froma set of track scan datal4d501 around a center point 1500.
In FIG 15, point 1502 is the first point to be deleted followed by point
1504. Point 1506 is then deleted followed by point 1508. Note that an
equal nunber Bi0lpwiomnsl ganteopoindvB060 Bbed@ﬁaﬁedfﬂﬁbd&éﬁphﬁ§$dbmbaﬂtenter
poi nt 1500. Insteq&,%goints are_renmoved fromthe gﬁ%t d then the right
until the 15 RasHe petermuned| EpRy 2B A%FESD of ey skt dipiats. t hat
del eting pointgs_] v r i I d f . ai ni ng
the track scaﬂiaggéghVﬁ%%dgggéggg%gﬁ%?ggtg%g%%%%EP%?gage%g%ggﬁégﬁgg%bints
in the menory @gfi@shkifded so that the remaining data points appear
consecutive. Thus, |ooking at the data after the data 20 points have been
removed, each of the remaining dataggo'nts appear to have been collected
frompoints on the mediumthat are : égrated by the step size d. Wen
inserting data points into thg irack8camara,...the data p@Qss are
simlarly inserted alternativefy tonthe left of and to the right of 25 a
center point of the track scan data. This is shown in FIG 14, where points
1400, 1402, anwherodetais hesimlunebieanth datr poissinssrted-tecthedeiof @aint WO

02/ 17306 PCT/USQ%Ll /96
P, 5 i5 tt

188 a1aé &f the jth data point, and p is the center point. Thus,
data point 1404 would be calculated as:

g =Sp_2 +S5,,+8,
left,2 3

EQ. 4

10  where Sp.; is the value of data point 1408 of FIG. 14, Sp is the value of
data point 1410, and Sy is the value of data point 1400.
Similarly, data points inserted to the right of point p are

calculated as:

S,
e =, m=1,2,...... EQ.5
right,m m +1 Q
15 Note that the inserted data points are simply inserted into a

memory. As such, they are considered as having been read from the
medium at a radial position that is separated by the step size d from the
two closest data points in the memory. Thus, inserted point 1400 is
considered to have been generated at a radial point that is a distance d
20  from the point where data point 1406 was read and a point that is a

distance d from the point at which data point 1404 was read.



1401 around center point 1406. The values of the data points that are
inserted are determ ned froman average of other data points. In

parti cul avQ oviBoedlat a points inserted to the left of the crar@sopwrwt P are
calculated as: PI SJ _J=P-111 5L left,m- , 1n=1,2,...... Er.3 +1
where Slamis the value of the nth data point inserted to the left of point
p, § is the value of the jth data point, and p is the center point. Thus,
data point 1404 woul d be calcul ated as: -$52 + Sp-1 + S Sleft,2 _ 3 EQ 4 10
where Sp-2 is the value of data point 1408 of FIG 14, Sp-1 is the val ue of
data point 1410, and Sp is the value of data point 1400. Simlarly, data
poi nts inserted to.Onke th¢ gark starpdata has bean expminciedatrechbrdsact@i-fn step sJ
S,-lght,,n=J =nP. + 1 rn = 2, ...,.. EQ 5 Note that the jinserted
data points ar@Z%ithpRyorsse g i7n?%1t51ueﬁ€$oﬁt?&? Vi vgh%lﬁ,ttf*ﬂ@gpaélﬁsg or

consi dered as havi egn_ r. fr e i dj hd t hat
IS separated b%/oa}}\gﬁ%&%%g& t% ilsgggld) 9 I?é(;am%s} he sﬁfo\?\%ﬂ(ﬁgﬁé@gtg@a{lgihggf%{lggkﬁ% t he
menory. Thus, &{@ﬁ{(ﬁ—ﬁd poi nt 1400 is considered to have been generated at
a radial point that is a distance d 20 fromthe point where data point 1406
was read and a poi niS(phal(ri-Q) & 28(r 1) + 4S(r) + 28(r +1) + S(r+2) FO. 6

10

where S(x) is the value of a data point in the track scan data indexed by a
value "x", and r is the index of a current data point being filtered. This
filtering operation is performed for each data point in the expanded
and/or contracted track scan data.

10 After the data has been smoothed in step 704, it is truncated so
that the data only includes enough points to cover two track widths. The
number of data points needed can be calculated as:

2-NIwW
d

Preferably, the truncated data is taken from both the left and the

EQ.7

15 right of the track scan data in equal amounts.
In step 708, the adjusted track scan data is used to generate A and
B burst data using a burst generator 809, which forms part of a PES
generator 807. Since bursts A and B are written at half track offsets
relative to track center, the burst data can be calculated using the
20  following equations:

NTW

A(r) = SAE(r + ) ~ SAE, EQ. 8

NTW

B(r)= SAE(r - )— SAE, EQ. 9



di stance d fromthe point at which data point 1404 was read. WO 02/ 17306
PCT/ US01/ 10796 -15 Once the track scan data has been expanded or

contract adoomsbep 702, the process of FIG 7 continues BPCTES@EpI7®4 wher e
t he expanded or contracted data is snoothed by a snoot hing unit 808 using
afiltering equation: 5 S(r)=S(r-2)+ 2S5(r-1)+ 4S(r) + 2S(r+l)+ S(r+2) EQ
6 10 where S(x) is the value of a data point in the track scan data

i ndexed by a value "x", and r is the indléx of a current data point being
filtered. This filtering operation is perforned for each data point in the
expanded and/or contracted track scan data. 10 _After the data has been
snoot hed i n stwepheronis fhe dress raek lacetionoSAER# a Difengdiseaabug thatie padels

SO B0 11 0,018, R LR LIS, TP U 1 Se B0 dLp oo
taken from bot H‘a&lggféhﬂ{ %nggggr&ﬂ%‘agi(%eﬂegm 9 i e AdAak Z%@R Wiith Jny equal

anounts. In stép justed track’scan data is used to generate A

and B burst dgAB(:Y)Sh fige @alierFithe enrkakah d@8Pforwhe tocatin®n Bed nediud PES
generator 807. Since bursts A and B are witten at half track offsets

rel ative to trakktifiedtler 'x"t he burst data can be cal cul ated using the 20
following equati OnS:Onég Ec%e A aSr'la\cF Brbu-;s’l\gg’\c/a-ha%al\)Ee%nEg%nerated, it can be used to
generate normal and quadrate PES data at step 710 using a normal and
quadrature PES generator 810. The normal PES data is formed using the
general equation for normal PES which is:
10 PS1(r) = B(r) — A(r) EQ. 10
where PS1(r) is the normal PES. Since the quadrate PES is the normal
PES shifted by half a track width, the quadrate PES can be calculated

from the normal PES as:

EQ.11

PS2(r) = PSl(r - NTW)

15 where PS2(r) is the quadrate PES.

After the normal and quadrate PES have been generated, the PES
is linearized at step 712 using a linearization unit 812. There are many
known techniques for linearizing the PES signal including such
techniques as NPQ, seamless, NPQ + seamless, and simplified NPQ +

20 seamless. For example, the equation for determining the seamless
linearized PES is:

PE PS1

where PES is the linearized PES data, PS1 is the normal PES and PS2 is
the quadrature PES. The equation for NPQ + seamless is:



B(r) = SAE(r- NTWSAE, EQ 9 WO 02/17306 PCT/US01/ 10796 -16 where r is the
cross track location, SAEe is a DC noise value that is equal to the track
val ue of whe2/ampaust ed track scan data at a point that is pawpUStr@cde w dt h
away fromtrack center, NTWis the nom nal track width and SAE(x) is the
val ue of the track scan data for the |l ocation on the medium 5 identified
by "x". Once the A and B burst data has been generated, it can be used to
generate normal and quadrate PES data at-18tep 710 using a nornal and
guadrature PES generator 810. The normal PES data is forned using the
general equation for normal PES which is: 10 PS1(r) = B(r) - A(r) EQ 10
where PS1(r) is the normal PE%EP.S_i nce t Blaqudth ate PES is theEQgrlsoral PES
shifted by half a track w dth; h‘el/;\t/;&qa,dpgﬂq‘ﬁgﬁ_m be cal cul at (} fromthe
normal PES as: PS2(r) = PS1 r - NWI EQ 11 15 where PS2(r) is the
quadrate PES. Afd gfe é(i‘{fatfgi){f@%irﬁ ArisyaPetesBhteflave been generated, the

PES is linearized at step 712 using a |1 nearization unit 812. There are

many known techni ques foigglineari zi pgrthe PES siyma¢ |rcl udi pgy gych
t echni ques as NPQ seanl ess’ ™KBQ"¥ seani €85, I%gﬁd Sinpf?fied NPQ + 20

seani ess. For he:. th .0 .
l i neari zed PES%%?@ FI;E%S t:a %l?ﬁégk%thcfcc%gf%@éﬁfté%%d&%tﬁ/@@ W%ﬁaﬁg the

5 average gains at one quarter track and track center equal, and PESnpgs is

the result of commutation between NPQS_n and NPQS_q which are:

NPQS n=-51 EQ.15
2|PS2)|
PS2
ECEE EQ.
NPOS_q=3re Q.16

Once the PES data has been linearized, the PES data has a form as
10 shown in FIG. 16 where radial position is shown along horizontal axis
1600 and the amplitude of the PES value is shown along vertical axis
1602.
At step 714, the linearized PES data is fit to a polynomial by a
polynomial fit unit 814. In particular, peak-to-peak sections of the PES
15  data, such as section 1604 of FIG. 16, which represent movement across
an entire track, are fit to a polynomial. Under one embodiment, a section
is fit to a seventh order polynomial. Under most embodiments, the data
is fit to the polynomial using a least square means technique that is well
known in the art. The resulting output polynomial is the output of PES
20  generator 307.
To determine how linear the PES data is, the derivative of the
polynomial is determined at various points along the track width. These

derivatives are compared to each other to identify a maximum derivative



where PES is the linearized PES data, PS1 is the normal PES and PS2 is the
quadrature PES. The equation for NPQ + seamless is: WO 02/17306

PCT/ USO1MO®#967306 17- PS1 + PS2 PESJPS1+PS21 +JPS1- PS2| EQCTL/BSoiandeé he
equation for sinplified NPQ + seam ess is: PESSinplified - NQ = KPESNPQS +
(1- 2k) PESNPQS 2 EQ 14 where k is a calibration factor cal cul ated
adaptively by making the 5 average gains at one quarter track and track
center equal, and PESNPQs is the resul t1®f conmmutati on between NPQS_n and
NPQS g which are: NPQS - n = Psi EQ 15 21PS2l NPQS - q = PS2 EQ 16

21 PSII Once the PES data has been linearized, the PES data has a form as

10 shown in Flaad aemithieren defiiedtiyrosat Sﬁepn7]i6sb$rmgninataﬁtgcmma2@n8w axi's
1600 and the anplitude f t he %S vaI shgqwn aiaong vertic axjs 1602.
At step 714, CGrainy Tl wataset Gcplea takestthe RGO Rf B P%@ﬁﬁ&%mﬁ%@aﬂve

pol ynom alsuilhtaé.g&q}{e rgﬁgﬁlqrgﬁ%%{‘}at%‘éég gg?a\%gaé%n??ﬂf sections of the PES

15 dat a, sec represent novenent across

an entire track, argpgi a%alﬁofaﬁop@ r%}i‘&@iﬂe%i to ctionCc BHLAESL0, WhRACt i ON
is fit to a seventh or pol yno Under st embodf nents, the data is

fit to the spolgmopams tied i latiasto sauhreshubdndls enhﬂﬂe@ugl&hén renge] |
known in the aerrglboc-irﬂr?erztg,s ’éjl'{et tlhrl?‘gsh%lfgi %l{é 15 (e)zlqlgglotng ,'ZZi l If ItIS’Le tgg?n ?gtgc? lljs;[ groefateF;ES
than the threshold at step 720, the PES data is considered to be non-linear
and the head is rejected at step 722. If the gain ratio is less than or equal
to the threshold, the head is kept at step 724.

10 In tests performed by the present inventors, the correlation
between the linearity of the modeled PES data and the actual PES data
generated by the head when its placed in a disc drive is much better than
the correlation between the model PES and the actual PES for prior art
systems that used the track scan data directly without expanding or

15 contracting the data. As such, by expanding or contracting the track scan
data, the present invention greatly improves the ability to predict the
linearity of the PES that any particular head will produce.

In summary, the present invention provides a method of
qualifying a head 110 to be used in a disc drive 100. The method

20  includes collecting a set of track scan data 1101, 1301 by moving the head
across transitions 1004, 1204 in a track on a medium. The track scan data
is changed based on a difference between a writer width of the head
1001, 1201 and a nominal track width 1002, 1202 to produce modified
track scan data 1401, 1501. Position error signal data 1604 is then

25  determined from at least some of the data in the modified set of track



20 generator 807. To determ ne how linear the PES data is, the derivative
of the polynomal is determ ned at various points along the track w dth.
These davovali3ves are conpared to each other to identifyPal/waxiwoem
derivative WO 02/17306 PCT/US01/10796 -18 and a m nimum derivative at step
716 by a gain ratio calculator 816. Gain ratio calculator 816 al so takes
the ratio of the nmaxi mum derivative and the mninumderivative to generate
a gainratio. This gain ratio is provided9to a rejection conponent 820,
which 5 conpares the gain ratio to a threshold 818 in step 718. I n nany
enbodi ments, the threshold 818 is equal to 2. If the gain ratio is greater
t han the t hresttendlate 140&pl5020 ThenléndeERy ddtthe ippsgmseder signabdpta Hdld- | i near
and the head is rejected at step 722 If the gain ratio is |less than or
equal to the FW@QH@I‘Iﬂah?Ylg‘%%difﬁ)-kept at step 724. 10 In tests

performed by the prgs i t (o] k t wee jnearity
of the nodel ed PES glat%g%ea{ln%%gﬁéﬁé% t3a$ﬁ§%35£éf§%§% i%ﬁﬁr&g{f\g& %@ﬁ%}ﬁgdgng'ad when
its placed in gijgeddbr vlgaliﬁyiﬂgq{éa_agtﬁwrfo& hagisc tdiev € 000.€ITHel Aspdratureen the
nodel PES and the actual PESfor prior art systens that used the track
scan data d retclydesi tehadita expldratonB0dr that coflectactiacy tsben dddta. Adnsuch,
by expanding or contracting the track scan data, the present .invention
great |y i nproveanserAepnirasior $0fr ebpngest the trackesean ylaga basedpes theat any

et hod of  quatiiyPg B At S et datt f AR aREL il S BB URE et noa

20 i ncl udes col;gg} 1062, 21 A8 1P brod @K niBRed kAN A% dhBP1abY T00YI NG, the

position error signal generator 807 generates a description of a position

10 error signal 1604 based on the modified track scan data 1401, 1501. This

description is used by a gain ratio calculator 816 to calculate a gain ratio

of the position error signal. Based on this gain ratio, a rejection
component 820 determines whether to reject the head.

It is to be understood that even though numerous characteristics

15 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

matters of structure and arrangement of parts within the principles of

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

meaning of the terms in which the appended claims are expressed. For

example, the particular elements may vary depending on the particular

application for the head qualifying system while maintaining

substantially the same functionality without departing from the scope

25 and spirit of the present invention. In addition, although the preferred

embodiment described herein is directed to a head qualifying system for



across transitions 1004, 1204 in a track on a nedium The track scan data

i s changed based on a difference between a witer wdth of the head 1001,
1201 andveonomidn@l track wi dth 1002, 1202 to produce nodi PCRUSOI0ZWK Scan
data 1401, 1501. Position error signal data 1604 is then 25 determ ned from
at |l east sone of the data in the nodified set of track WD 02/17306

PCT/ US01/ 10796 -19 scan data 1401, 1501. The linearity of the position
error signal data 1604 is used to qualiby the head 110. In other

enbodi nents of the present invention, an apparatus is provided for
qual i fying heads 110 for a disc drive 100. The apparatus 5 includes a data
col l ector 804 4 hadgrenicl dist siriveagistanait wll de rexipgsaldBy /thogintkidletianh 806
changes the track scan data based on the difference between a head's
witer wdth 1denrt tizsthanenchingsmfrthe presesit inverdidn gaoobe appbed to oprasduce
nodi fied track scan q ta 143%“ 1501. A _position error_signal generator 807
generates a deEFSIPEi e BPCAIRYRS 94 BRHD sEFieans: Srighoyt URgSEAMGHet he

nodi fied track . .ThiS. description is used by a gain
ratio calculat%@gg%Q%ﬁgﬁgéégﬁFﬂ%%Q%ﬁﬁgpéé?%gio of the position error

signal. Based on this gain ratio, a rejection conponent 820 determ nes
whether to reject the head. It is to be understood that even though
nunerous characteristics 15 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 nents of the
invention, this disclosure is illustrative only, and changes may be nade
in detail, especially in matters of structure and arrangenent of parts

wi thin the principles of



20 the present invention to the full extent indicated by the broad general
meaning of the terns in which the appended clains are expressed. For

exanpl e, wdne2/pané i cul ar el enents may vary dependi ng on t heCpasel/wadear
application for the head qualifying systemwhile nmaintaining substantially
the sane functionality w thout departing fromthe scope 25 and spirit of
the present invention. In addition, although the preferred enbodi nent
described herein is directed to a head qglal i fying systemfor WO 02/ 17306
PCT/ US01/ 10796 -20 a nagnetic disc drive system it will be appreciated by
those skilled in the art that the teachings of the present invention can
be applied to S I ke tape drives or optical systens, wthout
departing fro:WfSﬁw%%féﬁ\gﬁgI&i rit of the present invention. 5 WO

02/ 17306 PCT/US01/ 10796 -21- WHAT IS CLAIMED IS: 1. A nethod of qualifying
a head to be used in a disc drive, the nethod conprising steps of: (a)
collecting a skt ofAmeblodsdamatifyiaghyhemitoise tdeel imeadisachbeesthd r ansi ti ons
in atrack on a nedium (b) changing the set of track scan data based on a
difference bengwsl ePmpriside SIERAPE of the head and a nominal track width

t d difi t of t dat,a, det 1 Ni iti
error signal data fORIKCREATT CORECRPethpataa g HE RGP RPER cot of

track scan data; and transitions in a track on a medium;

(b) changing the set of track scan data based on a difference
between a writer width of the head and a nominal track
width to produce a modified set of track scan data;

(c) determining position error signal data from at least some of the
data in the modified set of track scan data; and

(d) qualifying the head based on the linearity of the position error
signal data.

2. The method of claim 1 wherein changing step (b) comprises

removing track scan data from the set of track scan data.

3. The method of claim 2 wherein changing step (b) further
comprises smoothing the remaining track scan data in the set after

removing track scan data.

4. The method of claim 1 wherein changing step (b) comprises

adding track scan data to the set of track scan data.

5. The method of claim 4 wherein adding track scan data further

comprises determining the value of the track scan data point to be added



(d) qualifying the head based on the linearity of the position error
signal data. 2. The nethod of claim1 wherein changing step (b) conprises
renmovi ngwo avkrscan data fromthe set of track scan dat a. PGT/USouelomest hod of
claim 2 wherein changing step (b) further conprises snoothing the

remai ning track scan data in the set after renoving track scan data. 4.
The nmethod of claim 1l wherein changing step (b) conprises adding track
scan data to the set of track scan data. 5. The nethod of claim4 wherein
addi ng track scan data further conprise%zdeternining t he val ue of the
track scan data point to be added WO 02/17306 PCT/US01/10796 -22 by

averagi ng the val ue of at | east track scan dat oints.in the set of

T ack soan dat®) BEABIE e VR REETSEE P A P AR o EHRARE AT T ep (b)

further conpr&éggcggqﬂggiggﬂﬁhe set of track scan data after the track
ints %ave een a

scan data poin ded. 7. An apparatus for qualifying heads for
a disc drive, the apparatus conprising: a data collector for collecting
track scan data; an expander/ contractor for changing the track scan data
based on the @iffefknuethed wéehaim thwhdranwhangingwsitepr (b)dnmudther nomi nal  track
wi dth to produce nodified tacé}scan datﬁ; a position erroL si gnal

generator for GERRTER’S FHoet § 406 frag S‘éangé@iafﬁ%ﬁhéﬁ%‘ sepyHafe pased on

the nodified track Sean dalfided

7. An apparatus for qualifying heads for a disc drive, the apparatus
comprising:
a data collector for collecting track scan data;
an expander/contractor for changing the track scan data based on
the difference between a head's writer width and a nominal
track width to produce modified track scan data;
a position error signal generator for generating a description of a
position error signal based on the modified track scan data;
a gain ratio calculator for calculating a gain ratio based on the
description of the position error signal; and
a rejection component that determines whether to reject the head

based on the gain ratio.

8. The apparatus of claim 7 wherein the expander/contractor

changes the track scan data by adding a data point to the track scan data.

9. The apparatus of claim 7 wherein the expander/contractor
changes the track scan data by removing a data point from the track scan

data.



a gain ratio calculator for calculating a gain ratio based on the
description of the position error signal; and a rejection conponent that
det erm navowhieBher to reject the head based on the gain parisol/®79¢The
apparatus of claim7 wherein the expander/ contractor changes the track
scan data by adding a data point to the track scan data. 9. The apparatus
of claim?7 wherein the expander/ contractor changes the track scan data by
renoving a data point fromthe track scag% data. WD 02/ 17306 PCT/ US01/ 10796
-23 10. The apparatus of claim7 wherein“the position error signal
generator conprises a non-linearized position error signal generator and a
| i neari zation conponent that linearizes the non-linearized position error
si gnal .

10.  The apparatus of claim 7 wherein the position error signal
generator comprises a non-linearized position error signal generator and
a linearization component that linearizes the non-linearized position

error signal.



