CHARACTERI STI C EVALUATI ON METHOD FOR MAGNETI C DI SK

MEDI UM BACKGROUND OF THE | NVENTION 1. FIELD OF THE

I NVENTI ON The present invention relates to a method

for evaluating the characteristic of a magnetic disk

medium More particularly, it relates to a nethod of

guantitatively evaluating nonlinear transition
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di stortions of recorded signals, attributed to the

fact that bits are recorded closely adjacent to one

another in a high-density record nedium 2.

DESCRI PTI ON CEadKERBENATER ARE Anveghniggue cal led PRM

(Partial Response Maxi num Li kel i hood) has becone the
1. %ﬁkmd@mgﬂﬁﬂvﬁﬁﬁﬁgﬂfor signal processing in the

rea channel of a nagnetic device, instead of a
conventional peak detection nmethod. The PRML nethod is
a schene wherein PR equalization in which the signal
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beconmes difficult with the peak detection nethod. In

eval uadntrhron lsingaer t%ml%t%oftp%sm%%ﬂ FHASES or
t he
the 1like nonlinear distortions of recorded signals,

attributed to the fact that bits are recorded closely adjacent

to one another in a high-density record medium.
2. DESCRIPTION OF THE RELATED ART

A technique called PRML (Partial Response Maximum
Likelihood) has become the present-day mainstream for signal
processing in the read channel of a magnetic device, instead
of a conventional peak detection method. The PRML method is
a scheme wherein PR equalization, in which the signal waveform
from a head is equalized to a predetermined PR target by an
equalizer, is combined with an ML method, in which NRZ data
are reproduced from bit data sampled at a channel rate, by
maximum-likelihood decoding. When the bit interval becomes
narrow, interference of waveforms occurs, and bit detection

becomes difficult with the peak detection method. In



waveforminterference, bit detection at a higher line

record density is possible. However, when the line

record density becones conspicuously high (the bit

i nterval beconmes conspicuously narrow), nonlinear

di stortion of the head signal increases, and bit

detection in the PRVML nethod becones degraded. This
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superposition of signals. In the devel opnent of a
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inportant to precisely evaluate the magnitude of the
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reproduced 2 .
to precisely evaluate the magnitude of the nonlinear

distortion.

Nonlinear distortion includes two sorts: A nonlinear
transition shift and a partial erasure. If two magnetization
transitions have been recorded in close proximity, the
magnetization transition recorded later is influenced by a
leakage magnetic field from the magnetization transition
recorded before, and the position at which the former
magnetization transition is formed shifts frontward from its
original position. This is called a “nonlinear transition

shift”.

In addition, if two magnetization transitions have been
recorded in close proximity, the amplitude of a reproduced
pulse waveform based on each of the transitions becomes

smaller than the amplitude in the case where the reproduced



pul ses of isolated waveforns are |inearly superposed.
This is called "partial erasure". Partial erasure has
the following two factors: One of themis ascribable
to the fact that the magnetic field at a head
undergoes interference on account of a demagnetic
field froman adjacent bit, so the nmagnetization
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sorts of nonlinearities can be analyzed. However, it

has the problens that the processing

Various methods have heretofore been proposed for

measuring nonlinear distortion. They are classified into a
time domain method and a frequency domain method. The time
domain method includes a method disclosed in Dean Palmer et
al., IEEE Trans. Magn., Vol. 23, pp. 2377-2379, 1987. This
method is such that pseudo-random signals are recorded on a
disk, the dibit response of a reproduction system is obtained
by inverse convolution calculations between the input
pseudo-random signals and the reproduced signal waveform
thereof, and the magnitude of the nonlinear distortion 1is
obtained from the amplitude value of an echo on a dibit
response waveform attributed to a nonlinearity. The method
has the advantage that all sorts of nonlinearities can be

analyzed. However, it has the problems that the processing

of the calculations for obtaining the dibits is complicated,



of the calculations for obtaining the dibits is
conplicated, 3 and that an extrene neasurenent error
ari ses when a DC offset exists in the reproduced
signal waveform The frequency domain nmethod incl udes
a nmethod called a "Harnonic Elimnation nethod"” that
i s disclosed by Y. Tang et al., |EEE Trans. Magn.,
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that a periodic pattern which contains dibits and
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order higher harnonic conponents become zero in a case

where a npnllnear conmponent is zero, and a reference
pattern which contains only isolated bits, are
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a disk. The reproduced signal waveforms of the patterns are
frequency-analyzed to obtain the odd-numbered order higher
harmonic components of the respective waveforms, and the
nonlinear transition shift is evaluated in terms of the ratio
between the magnitudes of the higher harmonic components. The
method has the advantage that the processing is comparatively
simple and easy to perform. However, it has the problem that
the partial erasure and the nonlinear transition shift cannot
be separated, so the nonlinear transition shift appears to
become larger than its actual magnitude, under the influence
of the partial erasure. Besides, the method assumes that the
nonlinear transition shift is sufficiently smaller than a bit
interval, and it therefore has the problem that the
measurement precision of the nonlinear transition shift

becomes degraded if the assumption does not hold true.



interval, and it therefore has the problemthat the
nmeasur enent precision of the nonlinear transition
shift beconmes degraded if the assunption does not
hold true. 4 A nmethod in which the nonlinear
transition shift and the partial erasure are
separately neasured is disclosed by X. The, |EEE
Trans. Magn., Vol. 31, No. 6, pp. 3021-6, 1995. This
met hod is such that the partial erasure is first
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which 1s not influenced by the nonlinear transition
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method which is excellent in the point that the nonlinear

distortion can be separated. For the above reason, however,
it has the problem that the measurement precision of the
nonlinear transition shift becomes degraded if the assumption
of the nonlinear transition shift being sufficiently smaller

than the bit interval does not hold true.

Another method in which the nonlinear transition shift
and the partial erasure are separately measured is disclosed
in Japanese publication JP-A-10-269511. This method is an
improvement on the harmonic elimination method based on the
fifth order harmonic. The publication discloses that a
periodic pattern of 30 bits containing dibits and isolated
bits is employed as a measurement pattern. The fifth order
harmonic ratio between the measurement pattern and a

reference pattern, which is caused to contain only isolated



periodic pattern of 30 bits containing dibits and

isolated bits is enployed as a neasurenent pattern.

The fifth order harnonic ratio between the

measurenent pattern and a reference pattern, which is

caused to contain only isolated 5 bits by

successively changing the bit intervals of the dibits
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obtained fromthe m nimum value of the ratio.
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A measurement principle for the nonlinear transition
shift based on the prior-art harmonic elimination method
disclosed in the previously-mentioned publication by Yang et
al will now be elucidated in order to supplement the

embodiment of the present invention, as will be described

later.



conposed of the dibits P and the succeeding isol ated
bits Q Here, the term"dibit" signifies a pattern in
whi ch the magnetization transitions represents two
successive bits. This pattern is represented by an
NRZI (Non-Return to Zero |Invert) notation, as given
bel ow. Incidentally, the "NAZI notation" is a nethod

in W@QChBtbﬁoﬁél§&E@E@o@ﬁcapaﬂﬁgﬂﬁtbéﬁtb@ﬁih@aﬂSbﬁt@nand
is noted as "1" ereas the nonexistence or absence
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Consi der t he pattern 1100... (m O s)100...(n
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expressed as follows: 7 Formula 1 .
notation” is a method 1in which the existence of a

magnetization transition 1is noted as “1”, whereas the
nonexistence or absence of a magnetization transition 1is
noted as “0”.

Consider the pattern 1100...(m 0’s)100...(n 0's)1100... (m
0’s)100... (n 0's) (see FIG. 3).

Here, m = 6p and n = 6q (where p and g denote natural
numbers) hold true. The number of bits of this pattern is
N =2m + 2n + 6, and the period thereof is (2m + 2n + 6)T (where
T denotes the bit period of the dibits). It will be indicated
below that, in a case where nonlinear distortion 1is
nonexistent, the specified odd-numbered order higher

harmonics of the reproduced signal waveform become zero.

As shown in Fig. 4, the pattern in Fig. 3 can be
decomposed into three periodic patterns (a) - (c) of isolated
bits. Accordingly, the reproduced signal waveform y(t) is

expressed as follows:



y(t) = x(t) - x(t - (n + 1)1) + x(t - (n + 2)T) Here,
"x(t)" denotes the tenporal waveform of the periodic
pattern (a) in Fig. 4. The frequency spectrum Y(m of
t he reproduced signal waveformis expressed as:
Formula 2 Y(w) = X(an) - X(w) e-)m n+nT + X(co).
e-JUUS + 2)T Here, a fundanental frequency con is
expressed as: Formula 3 2Tc It OO0 NT (m+ n + 3)T
The kfh order harnoni c conponent is expressed as:

For mikgrfuYekic)0) = X(k coo) - X(k (1) 0)
etke",(n+i )T + X(k CO0) e Jk,ii(n+2)T n+i ,+2 X(k

y<t9)=02< XU( gQD)i & #“*1%% H Xk O p)nesiomn+ kit In

case o + the kth order harnonic 8
conponent becones zero as i ndicated below. Formula 5
nl P. nn kn Y(k no) X(k mD) (I - e ,n+n.3 + e mtn+a

o é;%,(zp+a% 1éenokanlg%&§2%gkb%ral waveform of the

periodic pattern (a) in Fig. 4.

The frequency spectrum Y (o) of the reproduced signal

waveform is expressed as:

Formula 2

Y(Cl)) — X(O)) _ X(m).e—ja)(n + 1)T + X((D)'e—jm(n + 2)T
Here, a fundamental frequency ®o is expressed as:

Formula 3

27 T
[6)) = - =
"7 NT m+n +3
The kth order harmonic component is expressed as:
Formula 4
Yk @, = XKk ay) — Xk o) oo e ) o Ikl + 2t

n+1 ._n+2

= X(k (l)O) — Xk (DO) . e_jm+n+3kn + Xk 0)0) . e—jm+n+3kn

In case of k = 2p + 2q + 1, the kth order harmonic



X(k )n |l e 6p+5q+3 + e ep+6q+3 eg+l ~1 n) 4k no) \I -
e, 3* +e, 31XkO0OO0) (I -eY+e73) =0 Here,
"k" is always an odd nunber, and k = 5 holds true in
the case of p = g =1 by way of exanple. Next, it wll
be indicated that, in the presence of a nonlinear
transition shift, the value thereof can be obtained
fromthe kth order harnonic conponents of the
respective reproduced signal waveforns of the
comPSﬁbﬂg'Be@%ﬁ%%rQeﬂﬁngéﬂﬂﬂdﬂbéﬁgﬁcbéﬂéﬁ and the
solated bits and the periodic pattern of the
isolated bits. In the presence of a nonlinear
transition shift, the tenporal waveformy(t) (the
reprogucedlg gnal wavef orm of the periodic pattern
contalnlng he dibits and the isolated bits) is
expressed as foIIomg, when A _denotes the nonlinear
vk Hpaaske @p -shif e m‘armth) =X (t) X (t-(n+l)
T+4) +x (t-(n+2) T+4),.) Here, since.x(t ﬁ% a x(t) +
A«(t%IMKJDahélFobF@anﬁb”?émdbédmnadfpﬁ | a

= Xk - @ - 5+ )
1 2
= Xk (DO) (l - Mj T+ e—j- ) =0

Here, “k” is always an odd number, and k = 5 holds true

in the case of p = q = 1 by way of example.

Next, it will be indicated that, in the presence of a
nonlinear transition shift, the value thereof can be obtained
from the kth order harmonic components of the respective
reproduced signal waveforms of the periodic pattern
containing the dibits and the isolated bits and the periodic

pattern of the isolated bits.

In the presence of a nonlinear transition shift, the

A

temporal waveform y{t) (the reproduced signal waveform of the

periodic pattern containing the dibits and the isolated bits)

is expressed as follows, when A denotes the nonlinear

transition shift:



y(t)=x(t)-x(t-(n+l) T+L) +x(t-(n+2) T+4) ) =x (t)-x
(t-(n+l) T)-& (t-(n+l) T) /dt+x (t-(n+2) T) +0x
(t-(n+2) T) ) /dt Let "y (t) " denote the tenpora
wavef orm of the periodic pattern containing the
dibits and the isolated bits, in the absence of a
nonlinear transition shift, and an error signal e(t)
i's degbgﬁql@s6folloms: Formula 8 A e(t) = Y(t) - Y(t)
- (n+1)T) / dt + A x(t - (n+2W / dt The

A fre uency S ectrun1 (or 0 . Formula 9 E(w) = 4
twga Y& GARmL if%cf@x% tgﬁ*éé T 10 The kth
or der harnnnlc component is expressed as follows:
Formul a 10 E(kwo)=-A kwOX(kw0)'e j' o' ~d("+0T+A

(Bans) APk EOREws) B ToBt6pe8) MA IBRT kB e T towing
is %%t+6p+ :3 -! (24+)R = -A kw0 X(kw0Q)' e
WO SX(kwO) ' e- 19+ 2

Formula 7

y(t)=x (t)—x (t—(n+1) T+A)+x (t—(n+2)T+A) )
=x (t)-x (t=(n+1)T)-A-x (t—(n+1)T) /dt+x (t—(n+2)T))
+A-x(t—=(n+2)T)) /dt

Let “y(t)” denote the temporal waveform of the periodic
pattern containing the dibits and the isolated bits, in the
absence of a nonlinear transition shift, and an error signal

e(t) 1s defined as follows:

Formula 8

A

elt) = y(t) — y(t)
= -A-x(t - +1)D/dt + A x(t —(n+ 2T)/dt

The frequency spectrum E(®) becomes:

Formula 9

Ho) = —A - oX{o) - e—jm(n+l)T + A - oX(®) - e‘jm(“+2)T

10



=- A kwOX(kwO) . (ej ' ~-el 3) =-A kwOX(kwo) Here, fromthe
followng: Formula 11 E(k nD) = Y(k oo) A (where Y(k
wo) denotes the kth order harnonic conponent of the
reproduced signal waveformyjt) of the periodic
pattern containing the dibits and the isolated bits),
the nonlinear transition shift A eventually becones:
Formula 12 A TE(k _ 1 (k 0)0)1 =- k Oo IX(k (D0Oj k
wo I X(k (,)o0l1 11 In this manner, the nonlinear
trapsition, shi-ber shagyshuat eb@Sot 88t I atd ochptrweeRd as
the magni tudes of the kth order harnoni c conponents
co19E Ehe respective reproduced signal waveforns of the
perirodic pattern containing the dibits and the
isolated bits, and the periodic pattern of the
isolated bits. Next, a neasurenent procedure for the
nonl i Eear tr:i\ﬁsiti on shift based on the prior-art
har monPE Bl nitiati on nethod will be descri bed.

- + ~jk 0(n+2)T
Ekg)=-A kg, Xk e @ +A kg Xkgp) e
. 2p+2q+]1 . 2p+2q+1 6g+2)T

=-A-kg, Xk, e'f(6p+6p+3)(6‘””” +Akgp Xk Coeey "

1 . 2
—-j(2q+- —J(2q+§)7r

Ak Xkp) e TV +A ke, Xkpy) e

'lzr —'—2—72'
=—A-ka)0X(ka)0)-(e 3 -e 37y
=—A-ka)0X(ka)0)

Here, from the following:

Formula 11

Ek oo = Y(k o)

A

(where Yk o, denotes the kth order harmonic component of the

A

reproduced signal waveform yt) of the periodic pattern

containing the dibits and the isolated bits), the nonlinear

transition shift A eventually becomes:

Formula 12

IE(k 0301 ’Y(k oo

kwo|X(k mo)l - kmolx(k 0;)0)'

11



The periodic pattern is assuned to have m= 6, n = 6,
the nunber of bits N = 30, and the bit period T. On
this occasion, the fundanmental frequency becones (Do
= 2n/ NT, and the higher harnonic to be elimnated
becones the fifth order harnonic. First, the periodic
pattern containing the dibits and the isolated bits:
110000001000000110000001000000 is recorded on a
magnetic disk at the bit period T. Subsequently, the

per irQdig, pat hghRecoNt @ di RGntiNe ibi £ 52386t BE shift is
isolated bits is read, and the nmagnitude 1Y(5 w] of

eva%ll&%tfeidf 59 tq{éjl%%t!?_%r )g%ghgeﬁw&%gniit%&gg _@ifntel% k?é/tffl-grder

requency analysis. sequent the periodic pattern

har%%n&%? éd@éé%gggﬁbﬂ§§ tﬁgoqg%%%%gggQQ19@%999&999%89$8nal

I'S recor e magneti c at the bit peri

Subsequent |y, the.isol ated-bit periodi ¢ _pa rn.i
wavBiaAT ey the RagieEaGoreLEars BEPAREIAR EhE Rk e and
har moni ¢ gnponent. i s obtai.ned by frequen nal ystLs.
they A SRAGEOR e SRENF PRoRF AL PANS! PR CaK PE Al 15013 ted
~evaluated as A=1Y(5wj / (5w X IX(5w) . As
bitst-ated above, in the prior-art harnonic elimnation

Next, a measurement procedure for the nonlinear
transition shift based on the prior-art harmonic elimination

method will be described.

The periodic pattern is assumed to have m = 6, n = 6,
the number of bits N = 30, and the bit period T. On this
occasion, the fundamental frequency becomes g = 2n/NT, and
the higher harmonic to be eliminated becomes the fifth order

harmonic.

First, the periodic pattern containing the dibits and
the isolated bits:
110000001000000110000001000000

is recorded on a magnetic disk at the bit period T.

Subsequently, the periodic pattern containing the
dibits and the isolated bits is read, and the magnitude hﬁimd

of the fifth order harmonic component is obtained by

12



nmet hod, the approximation x(t + A) a x(t) + Ax(t)/dt
is made assumng that the nonlinear transition shift
is sufficiently smaller than the bit period T.
Therefore, this method has the problemthat the
measur enent preci sion becones degraded if the
assunption does not hold true. Besides, this nethod
FreCRRRRL, seRanatie the partial erasure, so that the
nonl i near transition shift beconmes larger than its
actual magnitude in the presence of the partia
erasure. Also the nethod stated disclosed in the

prexi,gus Xle'?i?g t,ongds publi;eation, by: X The, ﬁ’}"ﬂéCBsolated

separatel measure$S the partial erasure and t
bltnqnllnear transition shift, assunmes that the
fionl i near transition shift is sufficiently smaller

t t ' e t has the sane problem as
1000{@3)%0&%9%%1#9 (ﬁ(ﬂ) e?W%gtlon met hod SUMVARY OF
. THE | NVENTI ON An o ect. of th e ventlo |s to
is FRSATEES HetHiy NI Tht Caft §Ep§£a?§ reabird

nonl i near transition shift and a partlal erasure in

t he measurenment of the nonlinear distortion of a

magneti c di sk, in which the nmeasurenent , precision

doe S UG WEEsie debRaded e o bt hpgﬁlpéégr gattern is

density where the nonlinear transition shift is not
reavbgldng btk retarivedeo 4 bid pertlerl. fThehnerAsd bRIMpELc

present invention can quantitatively evaluate the
companidmears obtained by frequency analysis.

In addition, the nonlinear transition shift A is

evaluated as A = hﬁimoi/(Sam Xlxﬁimob-

As stated above, in the prior-art harmonic elimination
method, the approximation x(t + A) = x(t) + Ax(t)/dt is made
assuming that the nonlinear transition shift is sufficiently
smaller than the bit period T. Therefore, this method has
the problem that the measurement precision becomes degraded
if the assumption does not hold true. Besides, this method
cannot separate the partial erasure, so that the nonlinear
transition shift becomes larger than its actual magnitude in

the presence of the partial erasure.

Also the method stated disclosed in the

previously-mentioned publication by X. Che, which separately
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di stortion without requiring fine adjustnent neans for
the bit interval of a periodic pattern
t o-be-recorded. The invention is characterized by
conprising the steps of recording a first periodic
signal which contains dibits and isolated bits, into
a magnetic disk in synchronismwith a clock signa
mea¥hireB it$eSYNCRrOOUST § SuBer ahat ittre ofortlNedmgbeshsition
di sk and which is generated on the basis of a trigger
shigkgnal ssynehr opous thd heomatiald-on efrabhhe tmgnehaft is
di sk; sanpling a read signal of the first periodic
surfigha tﬁ?C%HQQQerl%H@%FﬂH%'BEH“%éﬁi&@ng 4fd it has the
accordance wth a sanmpling clock which is synchronous
0 tatiqn Qf .t ' i : Whi-ch,i
sang ol o B DT Shor Ahe T ooy L pnar: ™ ethod.
Fourier-transform ng those sanpling data of the first
peri odi c signal which have been obtai ned by the
sanmpling, ther t ' r rm ned
odd- nunber ed ofﬁg%ﬂﬂ§?§§%?§ﬂ32gﬁggﬁg%§Nmﬁth respect to
a fundanental frequency; recording a second periodic
signal which contains only isolated bits, into the
magnetic disk in synchronismw th the cl ock signal,
sanPhi Ry aCt O4dt3e iTAS Bt LRECSELORT DX BHPElgﬁﬁwQFthOd
recorded on the magnetic disk, in accordance with the
whisanphnrgerd bekely ReAS e Branst bRAP A tHOSE: Samshidg and
data of the second periodic signal which have been
a pbthinéd dyasheesanpl thg, meherepyend obf aithe heonlinear
odd- nunber ed order harnoni c conmponent;
distortion of a magnetic disk, in which the measurement

precision does not become degraded even at a high record
density where the nonlinear transition shift is not
negligible relative to a bit period. The method of the present
invention can quantitatively evaluate the nonlinear
distortion without requiring fine adjustment means for the

bit interval of a periodic pattern to-be-recorded.

The invention is characterized by comprising the steps
of recording a first periodic signal which contains dibits
and isolated bits, into a magnetic disk in synchronism with
a clock signal which is synchronous to a rotation of the
magnetic disk and which is generated on the basis of a trigger
signal synchronous to the rotation of the magnetic disk;

sampling a read signal of the first periodic signal recorded

14



and calculating a partial erasure and a nonli near
transition shift of the magnetic disk fromthe
obt ai ned odd- nunbered order harnoni c conponent of the
first periodic signal and the obtained odd-nunbered
order harnoni c conponent of the second periodic
signal. Here, it is possible to set the first periodic

on £h@nahgnke ikave dipbits andoraghaktedikint & Wdbling clock
positions and periods that determ ned so that the

whigﬁeggtggﬂéﬂﬁgnggg'QHnQefggathéﬁnQEi@héoﬂ@@ﬁgﬁicnaYsk and
econe zero in the absence of a nonlinear conponent.

whipgfﬁ%gcgggePQEgadhﬁ1Sgg@ahmi§i§ Siegnal e W@H%@e@assﬁg?%l;

d qua tolthat the first periodic signal,
and_cont ai ns _on t i sol its. b
roufer RReRstRatrts | BfclRs SERRLAE; ABiR PO gnattey Bhest

riodic signal are
of the isol ated of .the

equyal to thase i_ts ir .
perp O Gad Kl SAe COTE P ED CRE (o heempLing,
partial erasure and the nponlinear transition shift .
thoBaRYHE SBFdrd 81 SR ST BIE T THAIS G 0P aeT hatnonic
approximation operation in which the terns of the .
comgessRd WhEDhF YHePCHed EesUBFAIRE tRonf F REAFREYAnSFEPBH"Y
shift are discarded is not conducted, unlike in the.
a spepof- ReriolaenBhpeadl WhiiAht FERtABPROAN 1Yol BRARTEREP TS,
~ neasurenent precision of the nonlinear transition
intshthe nagnetidedialded serenidnigie Wl itheaFclock signal;
transition shift is not negligible relative to the
sampiltinpeaioehd signal of the second periodic signal recorded
on the magnetic disk, in accordance with the sampling clock;
Fourier-transforming those sampling data of the second
periodic signal which have been obtained by the sampling,
thereby to obtain the odd-numbered order harmonic component;
and calculating a partial erasure and a nonlinear transition
shift of the magnetic disk from the obtained odd-numbered
order harmonic component of the first periodic signal and the

obtained odd-numbered order harmonic component of the second

periodic signal.

Here, it is possible to set the first periodic signal
to have dibits and isolated bits with positions and periods
that determined so that the predetermined odd-numbered
harmonic component may become zero in the absence of a
nonlinear component. The second periodic signal is a signal

which has a period equal to that of the first periodic signal,

15



BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a block
diagramof a read/wite tester which is used for
nmeasuri ng a nonlinear distortion according to the
present invention; Fig. 2 is a flow chart showi ng a
procedure for neasuring nonlinear distortion
according to the invention; Fig. 3 is a diagram

andShewtRdna peflipdike patbeabewhbehsi.s Thusetbditidons of the
harnmoni ¢ elimnation nmethod; and Fig. 4 is a diagram

is03heWHNg; Mavef @LEBs & BoMAIgdY tdiei c Relginedi §rpadd@dN to those
waveformin Fig. 3 is deconposed into three 1isolated

of EHLssgs%QQ%%QP%tsl%fDml PTHON OF Tkl PREEERRED

Now, an enbodi nent of the present invention
will be described. First, the basic principle of a
nmeasur enent nethod for nonlinear di stortion according

pat%ggﬁlr %ntjcorlc% &unb\%%tl%l Hickdat ? f%?"&r% 09 Ene

a|n|ng its and |soI or use

nth t t I h
nongdispear X RAPROAPE 't T hafton et ROG-Lesrad i o' ?%Hgted
m%:q.;vr'fsﬁ'zﬁ%&%&ﬁ%ﬁ%@ﬁ%ﬁ#%@M%@ﬁe s o e
d)5100 (n Os)1100. (mOs 2 (n
secgs ?@@ealggﬁéfQegﬁ@eSGﬁfaﬁae non dnﬁﬁﬁngaBSéﬁ&on Shlft

are discarded is not conducted, unlike in the prior-art
harmonic elimination method, so that the measurement
precision of the nonlinear transition shift is not degraded
even if the nonlinear transition shift is not negligible

relative to the bit period.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of a read/write tester which
is used for measuring a nonlinear distortion according to the
present invention;

Fig. 2 is a flow chart showing a procedure for measuring
nonlinear distortion according to the invention;

Fig. 3 is a diagram showing a periodic pattern which is
used in a harmonic elimination method; and

Fig. 4 is a diagram showing waveforms in which the
periodic pattern waveform in Fig. 3 is decomposed into three

isolated pulse sequences.
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g denote natural nunbers) hold true, and a period is
represented by (2m+ 2n + 6) T (where "T" denotes a
bit period) . The tenporal waveform of a reproduced
signal in the presence of nonlinear distortion (a
partial erasure and a nonlinear transition shift) can
be expressed as follows: Fornmula 13 17
y(t)=x(t)-(1-a)x(t-(n+l) T)+(1l-a)x(t-(n+2) T+A) Here,
"A" denotes the nonlinear transition shift, "a" the
partialp e di] @'@F"Mzwak? EEBP%M%bDWTOmef
the |so se shown at § . Letting
the frequency spectra of x(t) and y(t) be X(mb and
Y(0)), respectively, Fornula 14 Y(w) = X(w) - (1 -

o) Mg A dé&lféh J?m@%%(%rssgée v HEIE b

Fornmul a 15 21 mn+3) T A di ,
desRERPGFder IATRIE RATHORE esRe-S TRdey %% Rethod
2xk(i,+1) 21k(n+2+A / T) Y(k mo) = X k ¢oo) - wm?a be

or(gonlayeém Nl$tREFlP8o?CCPIdln§)tQ tRe 1nventlo

elucidated below.

A periodic pattern containing dibits and isolated bits,
for use in the invention, is identical to the pattern of the
prior-art harmonic elimination method stated 1in the
previously-mentioned publication by Y. Tang et al. That is,
it is the periodic pattern
1100...(m 0’s)100...(n 0’s)1100... (m 0"s)100... (n 0's)

Here, as stated before, m = 6p and n = 6g (where p and
g denote natural numbers) hold true, and a period 1is

represented by (2m + 2n + 6)T (where “T” denotes a bit period).
The temporal waveform of a reproduced signal in the
presence of nonlinear distortion (a partial erasure and a

nonlinear transition shift) can be expressed as follows:

Formula 13

17



Here, the following formulas hold true: 18 Fornula 17
27rk(n + 1) _ 27c(2p + 29 + 1) (69 + 1) N 2m+2n+6
2rc(2p + 29 + 1) (6g + 1) 2(6p + 6g + 3) TC 3
Formula 18 27ck(n + 2 + A/ T) _ 2rt(2p + 29 + 1) (6¢
+ 2+ A/ T) N.Z2m2n+6 21C(2p + 29 + 1) (69 + 2 +
Al T) 2(6p + 6gq + 3) = 3(6q+2+ A Accordingly, the

oll.owi ng _far a tryey, . k =
v (el B2 BTy Wt REE T R P D 1%

3(64+a+" = X(k (00) X(k (o0) (1 a) e 3 + X(k w)

(1 - a) erz-> = X(k w) - X(k COD) (11 - a) z 2 +

ﬁérgggg%eﬁg%géeggtéscgﬁesnéglfnégr_t%angﬁgign(ghif@Q “a
the partial erasure, and “x(t)” the temporal waveform of the

isolated pulse shown at (a) in Fig. 4.

Letting the frequency spectra of x(t) and y(t) be X(®)

and Y (w), respectively,

Formula 14
—jo(n+2)T +4)

Yo) = X(o) - (1 — aXo) - ¢ + (1 - aXo) e

Here, a fundamental frequency ®, 1is expressed as

follows:

Formula 15

27 T
Wy = —__ =
NT m + n + 3)T
Accordingly, the kth order harmonic component becomes:
Formula 16
_.2nkn +1) . 21kin+2+A / T)
Yk o) = Xk o) — XKk oo) - (L —a)- e’ v +Xkaoy) - 1-a)-e’ v

Here, the following formulas hold true:

18



Formula 20 Od = 3(2+ -) is set, the followng formula
is obtained: Formula 21 Y(k too) [ Xk a) o) =1- (1

- (X 1(2-1 2) +(1-a) (cos 0, i sinpd 1Y3
=1-(1-a) (Z-cos 93 +j (1- a) sin 6d) Here,
when Fornulas 22a and 22b =1 Re[Y(k (Do) / X(k (00)]

= Rand InY(k (G) / X(k co,)] are set, the follow ng
fornmukgspang obt ai ned: Fornula 23 R=1-(1- a)(1 z -
cos 8d) E'ornurr] a 24 1 (1-a) (v-sinp,,) 20
angﬂgn%the qslpr@kﬁglﬁed for cos 9d and sin 6d,
bt ai ned: Formula 25 cos
oY :2(R 2¥1(“1“+f 2(1 - a) Formula 26 (1)Y
2p + 29 +1 og + 1)

26p + 6 + 3)

wla

Formula 18

2rkin + 2 + A/ T) _ 2m@p + 29 + 1)-6g+2+A/T))
N 2m + 2n + 6
2T2p+ 29 +1)-6g+2+A/T))

26p + 6g + 3)

il

o A
—(6g + 2 + =
3( q T)

Accordingly, the following formula holds true:

Formula 19

YK ) = XK og) — XK @g) - 1 — @) - &3 + XK @p) - L — )+ 77502

= X(k ©g) — Xk o) - (1 — o) - eﬁjg + Xk o) - (1 —a) - e—j-3(2+;)

1 3
= X(k oo) = X(k @o) - (1 — oc)-(-z— j7)

A
+X(kmo)-(1—oc)-(cos§(2+$)—i-sin%(2+—))

Here, when
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-a.3 -2l singa =2(1- (x) Formula 27 F2(R- 1)+(1
-a)]2 +F 3(1 -a)-21~ =1 L 2(1-a) I L -2(1- a)
Accordingly, the partial erasure a becones: Fornula
28 R/ +12-2R+1+1 R-1-;3 - | The nonlinear shift A
beconmes: 21 Formula 29 3 3 2(R-1)+(1 -a) A = (6a-2)
-cos ( )-2 It TC 2(1 - a) In this manner, when the
val ues of the real part and inmginary part of the
rati o_between_the kth order harnmonic spectra of the
repr oBGEBHLRi ghal waveforms of the periodic pattern
containing the dibits and the isolated bits and the
|sal@tedkb|t periodic pattern are found, the partia

can be obt ai ned by Equati on (28) , and the
nonllnear transition shift can be obtained fromthe
val ue of the partial erasure by Equation (29).
However, the phases of the reproduced

04

is set, the following formula is obtained:

Formula 21

‘[—)+l—oc-

|
-
|
o
i
123
1\

Yk wo) / Xk @) = (cos@, — i sina,)

i
=
|
2
——
|
Q
0
[63]
D
o
S’
+
(-}

3
'-(1—a)-(7—sined)

Here, when

Formulas 22a and 22b

re[¥(k 00) / %k 00)] = R and Itk 0o / Xk 0d] = T
are set, the following formulas are obtained:
Formula 23

R:1—(1—oc)-(é—cosed)

Formula 24

I = (1—a)-(73—sined)
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signal waveforns of the periodic pattern containing
the dibits and the isolated bits and isol ated-bit
periodic pattern nust be in conplete agreenent.

O herwise, the ratio between the respective kth order
har noni ¢ conponents becones erroneous, and the
partial erasure and the nonlinear transition shift
cannot be evaluated precisely. In the nethod of the
present invention, therefore, the positions of the

respective isolated. bits of the rd odi ter :
con %?ﬂiﬁgeSFh506PH%€§ and t4;W%£F%]% (ﬁ??§'%£§tﬁﬁ§ Oas
i sol at ed- bi t. peri.adic at.t.ern are brought into
theaé?é Rt 5ﬁ%qﬁ%§§M%ﬁ%;%ﬁEﬁ%§%§hg into the disk and
the read processing fromthe disk are perforned in
synchronismwi th timng signals which are coordinated
with disk rotations. 22 Next, a practicable nmethod for
neasuf PAGUASNEPnear distortion in accordance with the
invention will be described. Fig. 1 shows a
read/ wii teptester o300 for nmeasuring the nonlinear
cosdhsForrrUg——ﬁrqagnetic disk 101 is fixed to the
rotary sh o a spindle notor 102, and it is rotated
and controlled by a notor driver 103. A head 104 is
fixed to a head positioning nechani sm 105 through a
suspension arm 113. The head 104 is noved in the
radi aFodinuéeat i2en of the magnetic disk 101 while
floating over the record surface of the magnetic disk
101 d%qugNEPEagfon of the nmagnetic disk

Sin @gq =

201 — a)

Formula 27

2
(2R - D+ -] | (V30 - o) - 21|
21l — o) 20 — o)

=1

Accordingly, the partial erasure o becomes:

Formula 28

R+ 17— 2R+ 1
Lo =
R-1-+v3-1

+ 1

The nonlinear shift A becomes:
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101. A data generator 108 produces wite data 131
corresponding to a data pattern programred bef orehand.
The wite data 131 are converted by a wite anplifier
106 into a wite current whose direction changes in
accordance wwth the pattern, and which causes the
magnetic flux of a recording elenent (not shown) in
the head 104 to change. Thus, the data are recorded
into the magnetic disk 101. The data recorded on the
magnet.i iisk »301 are read out by the head 104. The
signa%oggg&%o&% fromthe head 104 is anplified by a
read anplifier 107, and a read signal 122 output from

. the Bead Li Bi er 10ZRis Wnplt te@hto o data

“ Bcqustt rofl —ugi £2909. The datg acJuiS|tion unit 109
sanples the read signal 122, and stores sanpling data
in an internal wavefqrm nnﬁ% énot gh wn) . A . q
di gilfalt o reg@ deci s cope Wt 'ehSi 8 gBMFé#aPW an

_ avail able can be used as the data acquisition 2% unit .

imapgglary MArteitiedite "pet1e7oahean pELC e FEuPE deg Npggonic
mul ti pl the index pul se signal 124 of the spindle,k |

spamty HOXNe hegrtgdues@atidgaa WAVEECENScR EsitgRaPeriedic
and a sanpling clock signal 130, respectively.

patAcoor dianflajnitre thrd ikl toclers] gl ipzd atgtl e and the
sanmpling clock signal 130 are synchronous. The wite

1 s ocll aockd S0 Yn e rli2@ldics pased ras arhef Pasile Thodewfiaherasure
data output of the data generator 108, and the

carsBEP B gl @k, Bhgaakoh3@8), and the nonlinear transition

shift can be obtained from the value of the partial erasure
by Equation (29). However, the phases of the reproduced
signal waveforms of the periodic pattern containing the
dibits and the isolated bits and isolated-bit periodic
pattern must be in complete agreement. Otherwise, the ratio
between the respective kth order harmonic components becomes
erroneous, and the partial erasure and the nonlinear
transition shift cannot be evaluated precisely. In the method
of the present invention, therefore, the positions of the
respective isolated bits of the periodic pattern containing
the dibits and the isolated bits and the isolated-bit periodic
pattern are brought into agreement, and the write processing
into the disk and the read processing from the disk are
performed in synchronism with timing signals which are

coordinated with disk rotations.
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is used as the sanpling clock of the data acquisition
unit 109. Here, the frequency of the sanpling clock
signal 130 is about 8 - 16 tines the frequency of the
wite clock signal 129. In witing the data, the
wite data corresponding to the progranmed pattern
are outputted fromthe data generator 108, wth the

' ndﬁé‘x‘@“' $€ ﬁfeg@@icé-}gffe ot et SPESE! RelBLe nt02nonlinear
serving as a trigger and in synchronismwith the wite

disEg??EonS|gﬁala%%%r&g%y by, ;Gapsidig t e EPYI &Medill  be

ern to be tten into the disk 101. On the other
des%ﬁ.”?éa%bg gt o P 7 éggdgéﬁgﬁsf@%‘%‘?*%ﬁ%? et hagx
theSyBRiB %2%'%8 TRe sandl g ”'cﬁgoiifsg%aojmbs R,
R e SN S e

agreenent. 24 The read/wite tester 100 [ ntro
andb9095ﬂpé&§d Bntr SOt " Shi K a do %@é fgﬁlls e

generates. The control sjignals |nclude for exanpl e,
to a Ipoad i P eord restchaghal 1 6F theSIUGroRi AYSPERSERE arn
head positioni ng nmechani sm 105, and a data out put
113cofiteolhesigri) 4 f ¢ nhvedata goweraddraioBlregtion of the
addition, the sanpling data of the data acquisition
maguemuclagskaﬁéltwhméﬁefdedtnoqth@eaoﬁb@téECQ$ﬂ shicéagle of
a signal line 126. Besides, a program (not shown) for
theCoBputeitig thesnardl nearing rotation of the magnetic disk
101. A data generator 108 produces write data 131
corresponding to a data pattern programmed beforehand. The
write data 131 are converted by a write amplifier 106 into
a write current whose direction changes in accordance with
the pattern, and which causes the magnetic flux of a recording

element (not shown) in the head 104 to change. Thus, the data

are recorded into the magnetic disk 101.

The data recorded on the magnetic disk 101 are read out
by the head 104. The signal read out from the head 104 is
amplifiedbyeareadamplifier107,znmiareadsignallZZoutput
from the read amplifier 107 is inputted to a data acquisition
unit 109. The data acquisition unit 109 samples the read
signal 122, and stores sampling data in an internal waveform
memory (not shown). A digital storage oscilloscope which is

commercially available can be used as the data acquisition
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di stortion fromthe sanpling data is stored in the
conputer 111. Next, a procedure for neasuring
nonl i near distortion wll be described. First, as
preprocessing, a peripheral track of a nmeasurenent
track 112 on the magnetic disk 101 (that 1is, a track
adj acent the neasurenent track 112) is AC-erased by
unithepolead 104. The AC erase is perforned in such a way
that a square wave signal on the order of 300 - 500
Mz is witten into the magnetic disk 101 in
correspondence with one round of the track. Here, the

AC grase Jis et opwedsd %}& hepf asof.yihatz whenubheiply

disk i's erased 1n a specified direction, a nonlinear

di st.ort] h jti hift ' |
ene BB Rah P L OPL D A A RSE L Bk e
sto

di rtion ascribable to.t adj acenc f. bit LS
creph I8 U Py oRasorbal B0 dihe: et 3B hdane
in the flow chart _of Fig. .25 First, at a.step 201
130i,nr|@§g.ecfz,lvg°ieren Bre-paPEden ShEnt'ELEEng Lach FeORAq 12
isolated bits is witten_.into the measurenent ack .
andophe heamRbhe? i RSB LEFE L iLH Os§hE N BT S LRI E h H?L? write
index signal 124. In order to wite the periodic

clopat segnalt hed fid PeRENgS dillst aserG Sélpekp%\gtfé}% IGf-azputput
bits is programmed in the data generator 108 in

of tbereéspangenceatwthl 0pr exfed divet edhPeridd-ock signal 130

is used as the sampling clock of the data acquisition unit
109. Here, the frequency of the sampling clock signal 130
is about 8 — 16 times the frequency of the write clock signal

129.

In writing the data, the write data corresponding to the
programmed pattern are outputted from the data generator 108,
with the index pulse signal 124 of the spindle motor 102
serving as a trigger and in synchronism with the write clock
signal 129, thereby causing the programmed pattern to be
written into the disk 101. On the other hand, in reading out
the data, the data acquisition unit 109 samples the read
signal 122, with the index pulse signal 124 serving as a
trigger and in synchronism with the sampling clock signal 130.
Thus, the phases of the data in the cases of writing and

reading out the data can be always brought into agreement.
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110000001000000110000001000000 This pattern
corresponds to a case where p =q =11is put in the
periodic pattern containing the dibits and the
isolated bits as stated before, and the fifth order
harnoni ¢ wave thereof becones zero in the absence of
nonlinear distortion. Here, the nunber of the periods

or tgpetiddons-itf thecpattiern 19 benprogradmesy shaulkdus
preferably be | arge because this enhances the

conTERIULERRAY SPLRELRT QN orkONEYLer11 1 ideridie tubtbernef cbherol

periods’is too large, the tine required for data

. _processi i ncr 0Xi - IS ' =¥
e T ol G e

of %Epend%niglqiﬁ%lot%g%giaetaakpégd H&E . P‘gignir?‘cﬁ]brﬁggf‘ﬂgﬁgg%’a%ga? and

OS1C1
rograme are outputted "fromt

nerator 108, with the index signal, 1 ser.vi a
S AW G R e i R At
129. The data are witten py the, head 104. .26 Then,.
addifd Ger 56 E2PR Sebriehhrar g 4% Geits Goen ndric 109
isolated bits is read fromthe magnetic disk 101, an
arej hrans§egpedone the FeravuSegnat 1 i< Sl édswwgt]lﬁé’e Y26.
i ndex signal 124 serving as a trigger, thereby to_,
Besglstesin & lREGITath Grefersheiar hohPE EOFPBRERE. CNR™ BPEddnear
~to performthe sanpling, the periodic pattern on the
di sdiogk 11001 fomt dihei wgmeHe ndl ilatst drfd stofed 461 &06d Chpsiter
is first read out by the head 104, and the
111.

Next, a procedure for measuring nonlinear distortion
will be described. First, as preprocessing, a peripheral
track of a measurement track 112 on the magnetic disk 101 (that
is, a track adjacent the measurement track 112) is AC-erased
by the head 104. The AC erase is performed in such a way that
a square wave signal on the order of 300 - 500 MHz is written
into the magnetic disk 101 in correspondence with one round
of the track. Here, the AC erase is performed for the reason
that, when the disk is erased in a specified direction, a
nonlinear distortion (hard transition shift) ascribable to
the erase appears to become the error of the nonlinear
distortion ascribable to the adjacency of bits as is to be

actually measured.

A further procedure is shown in the flow chart of Fig.
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resulting read signal 122 is sanpled by the data
acquisition wunit 109, with the index signal 124
serving as a trigger and in synchronismwth the
sanpling clock signal 130. In addition, the resulting
sanpling data are transferred to the conputer 111.
The conputer 111 subjects the sanpling data to a

2. Fopifigf, t pansf osfept herebynt gight at h theddifddi ©rgdettern
har moni ¢ component Y(5mo) of a frequency spectrum

conb8E R4 ngWQT i WENOt 68 qa fdmndanent gk ckr egpiepeyctand dirftd Sthe
given as wo = 2n/ 30T = 7C/ 15T. Accordingly, the fifth

meagpggﬁeﬂg%f{%@w oblect@fge%a%%rféﬁ&p@mk atop, f{ﬁqyfﬂeureﬁlsm
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pree.e 8lEss RELi3fSddi tion, the fol | owi ng i sol at ed- bit
perlodlc pattern of 30 bits is programed in the data

110§8REOAIG0 OB | 4D LUt Esifence wi th predet er i ned
periods: Approximately 100 is suitable as the nunber
of the periods or repetitions as in the case of the
periodic pattern containing the dibits and the
| solfatied phitttern goirdemspalnds to a case where p = g = 1 1is

put in the periodic pattern containing the dibits and the
isolated bits as stated before, and the fifth order harmonic
wave thereof becomes zero in the absence of nonlinear
distortion. Here, the number of the periods or repetitions
of the pattern to be programmed should preferably be large
because this enhances the measurement precision. However,
if the number of the periods is too large, the time required
for data processing increases. Approximately 100 is suitable
as the number of the periods, although this number depends

also upon a bit period T.

Subsequently, the programmed write data are outputted
from the data generator 108, with the index signal 124 serving
as a trigger and in synchronism with the write clock signal

129, The data are written by the head 104.
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those positions (the 9th bit and 24th bit) of the
isolated-bit periodic pattern at which the isol ated
bits appear need to agree with those of the periodic
pattern containing the dibits and the isolated bits.
O herw se, a phase shift occurs, and the neasurenent
cannot be nmade correctly. The isolated-bit periodic
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ha rSPgrar CoIR LB ng b SEUST GUbrEST HEFBbYTE o SHPAFATL hEne
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Here, the fifth order harnonic conponent obtained is
thesépoag tRCSB}ER. 1528l sabserpetty, Patthe fvgs 264, emg the
partial erasure and the nonlinear transition shift
resailé ievalreatedipnem LR I5 fedkediby Kiendriteé aeApofenton
of the periodic pattern containing the dibits and the
uniits@lat edibht sheanddehes fghah b2 dereharmpriit 2 comgasenend
of the periodic pattern consisting only of the
in synchronism with the sampling clock signal 130. In
addition, the resulting sampling data are transferred to the
computer 111. The computer 111 subjects the sampling data
to a Fourier transform, thereby to obtain the fifth order

harmonic component Y (5my) of a frequency spectrum.

Here, “my” denotes a fundamental frequency, and it is
given as ®o = 2n/30T = n/15T. Accordingly, the fifth order
harmonic becomes a component at a frequency of n/3T. Here,

“T” denotes the period of the write clock signal 129.

Subsequently, at a step 203, a periodic pattern
consisting only of isolated bits 1s written into the
measurement track on the magnetic disk 101, in synchronism
with the index signal 124. Before writing the periodic
pattern, a track on the periphery of the measurement track

112 on the magnetic disk 101 1is first AC-erased as
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isolated bits. In order to performthe evaluations, a
ratio Y(5wo)/ X(5(o0) is first obtained fromthe fifth
order harnmonic conponent Y(5wo) of the periodic
pattern containing the dibits and the isolated bits,
and the fifth order harnonic conponent X (5wo) of the
periodic pattern consisting only of the isolated

preBkbseskindddi tifgn, sdheciahl 0 drke deyidedihgt 0idoIgBbd-bit
part R and an imaginary part |I. The partial erasure a
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isolated bits and fromwhich the fifth order harnonic
andwakie isslekiedi bated iOtHhdrewabsercehofse sidfit meaurs, and
component, a
the measurement cannot be made correctly. The isolated-bit
periodic pattern that 1is written repeatedly is step 203
(approximately 100 times) 1is

000000001000000000000001000000

The programmed write data are outputted from the data
generator 108, with the index signal 124 serving as a trigger
and in synchronism with the write clock signal 129, and the

data are written by the head 104.

At a step 204, the read signal of the periodic pattern
consisting only of the isolated bits, is sampled with the
index signal 124 serving as a trigger, thereby to obtain the
fifth order harmonic component. The processing of this step
is similar to that of the step 202 stated above. Here, the

fifth order harmonic component obtained is set as X (500) .
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usabl e period pattern containing dibits and isol ated
bits is not restricted to the described periodic
pattern. Any periodic pattern containing dibits and
isolated bits may be used as long as it satisfies the
conditions stated before. Furthernore, although this
enbodi nent has been described as to the case where
the wite clock in the data witing node and the
sanpling clock in the data sanpling node are created

fro%l{)ggﬁa&qgf tS§ QEeI%bﬁ)E?’p‘tﬂ@l $a PPL 91 .o 8BS and the

S|gna be created by another nethod. By way
nonglnea? %§$1{P§n@!dhﬁ:%|%0 QEQaEQ?:§ﬁﬂphﬂﬁ9f§EQﬁkorder
Create ondtI aS|s 0] synchroni zi ng
t 4]
harﬁgaaclﬁpgggn%&écs ”13§p% N3 889 WE%Eté%Vtéﬁigghreﬁéhghe

track beforehand. ., 30.\Wat is e
ainghir efer v iléoieaegalbl&ﬁ neatrhoﬁﬁ it agheifs narugnic
conprising the ste s of: rotating, magnet i
comgpaRNL( ) d@ﬁ%rQFF @décwﬁﬁ %ﬁ%cﬁoggbﬁanﬂh%@ﬁx of the
- linked to the rotation of the na%netlc di sk;
isolagerdbPhgsa it Ardser iteuPETdicgalt |enF8atlH@tll%?%nefal gatio
di sk in synchronismwith the wite clock signal, the
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bits; (d) generating a sanpling clock signal which is
component Y (5my) of the periodic pattern containing the dibits

and the isolated bits, and the fifth order harmonic component
X (500) of the periodic pattern consisting only of the isolated
bits. 1In addition, the ratio is divided into a real part R
and an imaginary part I. The partial erasure o is obtained
in conformity with Equation (28). The nonlinear transition
shift A is obtained in conformity with Equation (29). Then,

the measurement of the nonlinear distortion is completed.

As described above, the partial erasure and the
nonlinear transition shift can be separately evaluated with
the present invention. Further, an approximation operation
in which the terms of the second and higher degrees of the
nonlinear transition shift are discarded is not executed,
unlike in the prior-art harmonic elimination method, so that
the measurement precision of the nonlinear transition shift
is not degraded even if the nonlinear transition shift is not

negligible relative to the bit period.
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linked to the rotation of the magnetic disk; (e)
reading the first periodic signal fromthe magnetic
disk to provide a first read signal; (f) sanpling the
first read signal in accordance wth the sanpling
clock signal to provide first sanpled data; (Q)
frequency-anal yzing the first sanpled data; (h)
selecting, fromthe frequency-anal yzed first sanpl ed
data, a predeterm ned odd-nunbered order harnonic

CONRPPERL W thikespestilheng hurdaEeAt akstreduenay; o the
recording a second signal into the magnetic disk in

. . i Wi . nth an
cas%ygfhﬁdéljgémﬂg %Ltﬂﬁil\’g :%ag:to%nﬁlﬁz}ﬁ'cgpélo +bhe S 8g )ri@s d

erio i gnal” contain isolated bits; (]
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to pro a second read signal; sanpl i ng the

o SO SRS, £ 908k 1, 85501 dapeg ki the sampling.,

frequengy-anal yzi ng the second, sanpl ed data; _( . .
usapdpPeRefrhgd P?Bﬁ??ﬂec??%ﬁh%h89-%h%???éﬂugéfﬁﬂd“§% &f 1S
data, the predetermn ned odd- nunbered order harnonic
notc oRPBREAE TRFL htPesigitt d0° THEL T Un®SRMHIC f PEGLETSy; AnY
and (n) calculating at |east one of a partial erasure
perapdis peftior@acontandilticon bty aod dFe LadGretic ymew e
from the predeterm ned odd- nunbered order conponents
useglelasctleghd s it satisfies the conditions stated before.

Furthermore, although this embodiment has been
described as to the case where the write clock in the data
writing mode and the sampling clock in the data sampling mode
are created from the index pulse of the spindle motor, these
signals may well be created by another method. By way of
example, the write clock and the sampling clock can also be
created on the Dbasis of a synchronizing signal of
predetermined length that is written by the head into a

specified position within the measurement track beforehand.
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steps (h) and (m fromthe frequency-anal yzed first
and second sanpled data. 2. The nethod of claiml,
wherein step (g) conprises Fourier-transformng the
first sanpled data. 3. The nmethod of claim 1, wherein
step (1) conprises Fourier-transformng the second
sanpl ed data 4. The nethod of claim1, wherein the

whasampl kngiglack s:signal has a frequency that is higher
than the frequency of the wite clock signal. 5. The

et hod, ofy, ol 2k A spher e-p1thhe i bheaueney ofort e magnetic
sanpling clock signal ranges fromsix tines higher to

s8] D Lume S o dhe w1l ock STonal .
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periodi c
magnetic disk in synchronism with the write clock signal, the
first periodic signal containing dibits and isolated bits;

(d) generating a sampling clock signal which is
linked to the rotation of the magnetic disk;

(e) reading the first periodic signal from the
magnetic disk to provide a first read signal;

(f) sampling the first read signal in accordance
with the sampling clock signal to provide first sampled data;

(g) frequency-analyzing the first sampled data;

(h) selecting, from the frequency-analyzed first
sampled data, a predetermined odd-numbered order harmonic
component with respect to a fundamental frequency;

(i) recording a second signal into the magnetic disk
in synchronism with the write clock signal, the second
periodic signal containing only isolated bits;

(j) reading the second periodic signal from the
magnetic disk to provide a second read signal;

(k) sampling the second read signal in accordance

with the sampling clock signal to provide second sampled data;
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signal is recorded in a neasurenment track during step
(c), and further conprising the step of recordi ng an
AC erase signal on a track adjacent to the

measurenent track before step (c) is conducted. 11.

The nmethod of claim1, wherein the first periodic

signal has positions and periods of the dibits and the

i sol at eq 1hi trscdelcerovi-tet Sx thatt Hhespredet eampbed data;
odd- nunber ed harnoni ¢ conponent becones zero in the

absence 9f sa1Berlihgear repmMpRAeNteqd@ncyhenaelRed 8&cond
cIa|n111 wherein the second perlog signal is a

samgﬁ%@aga%g'Cbhgaﬁrédggékﬁgngguéhdtﬁuﬁﬁéke@foEH@r fhEsbnic
eriodic signal and which contains only the isol ated
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i'ng positions that are substantially equal

Pos 233 %ba1tli deiolfbRd 1REE o g glggktesﬁlggggure
and a nonlinear transition shift of the magnetic disk from
the predetermined odd-numbered order components selected in
steps (h) and (m) from the frequency-analyzed first and second
sampled data.

2. The method of claim 1, wherein step (g) comprises
Fourier-transforming the first sampled data.

3. The method of claim 1, wherein step (1) comprises
Fourier-transforming the second sampled data

4. The method of claim 1, wherein the sampling clock
signal has a frequency that is higher than the frequency of
the write clock signal.

5. The method of claim 4, wherein the frequency of the
sampling clock signal ranges from six times higher to eight
times higher than the write clock signal.

6. The method of claim 1, wherein the first periodic
signal is recorded a predetermined number of times during step
(c).

7. The method of claim 6, wherein the predetermined
number of times is greater than 50.

8. The method of claim 7, wherein the predetermined

number of times is up to a hundred.
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9. The method of claim 6, wherein the second periodic
signal is recorded the predetermined number of times during
step (1).

10. The method of claim 1, wherein the first periodic
signal is recorded in a measurement track during step (c),
and further comprising the step of recording an AC erase
signal on a track adjacent to the measurement track before
step (c) 1s conducted.

11. The method of claim 1, wherein the first periodic
signal has positions and periods of the dibits and the
isolated bits determined so that the predetermined
odd-numbered harmonic component becomes zero in the absence
of a nonlinear component.

12. The method of claim 11, wherein the second periodic
signal is a signal which has a period equal to that of the
first periodic signal and which contains only the isolated
bits, the isolated bits of the second periodic signal having
positions that are substantially equal to the positions of

the isolated bits in the first periodic signal.
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